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Symposium Objectives
IV

Introduction
The 2004 ENVISAT Symposium follows the previous successful Symposia in
Gothenburg (2000), Florence (1997), Hamburg (1993) and Cannes (1992).

Objectives
The main objectives of the ENVISAT Symposium are:
• to provide a forum for investigators to present results of

on-going research project activities;
• to review and assess the development of applications and services.

The Symposium is opened to all interested parties, from scientists to operational
users, working on the exploitation of the ESA Earth Observation missions. The
Symposium will allow to review the scientific benefits of both the ENVISAT
mission and the 13 years long ERS missions. The Symposium is the main forum
for the reporting of the ESA Principal Investigators working on the Third
Announcement of Opportunity for ERS Data (A03), the ENVISAT Calibration and
Validation, the ENVISAT Announcement of Opportunity and the on going
Category-I projects. The Symposium is also the main forum for the reporting of
scientists and operational users of Envisat data working in the framework of
European, national and international projects. The Symposium also features a
number of special sessions in particular a session dealing with the transfer from
research to applications and a session adrcssing the underlying science required for
the ESA/EU initiative on Global Monitoring for Environment and Security
(GMES). We wish all participants a fruitful symposium and a nice week in
Salzburg.

The Envisat Symposium Organising Committee

Committees

Symposium Organising Committee

H. Laur, Chairman
G. Elfering, ESA Conference Bureau
S. Cheli, Communication
Y.-L. Desnos, Scientific Programme
H. Lacoste, Editor - Proceedings
S. Jutz, User Services
E. Mondre, Austrian Space Agency

Technical Committee

J. Benveniste
M. Engdahl
R. Malosti
F. Palazzo
P. Regner
C. Zehner



Scientific Committee
F. Achard - JRC
J. Aiken - Plymouth Marine Laboratory, UK
A. Arnaud - Altamira information SL, Spain
R. Bamler - DLR, Germany
F. Baret - Institut National de Recherche Agronornique, France
I. Barton - CSIRO Marine Research, Australia
P. Berry - De Montfort University, UK
J.L. Bertaux - CNRS, France
C. Birkett - NASA, USA
A. Broquetas - Universitat Politecnica de Catalunya, Spain
J. Burrows - University of Bremen, Germany
C. Camy-Peyret - CNRS, France
B. Carli - CNR, Italy
P. Challenor - Southampton Oceanography Centre, UK
K. Chance - Harvard-Smithsonian Center for Astrophysics, USA
D. Cotton - Satellite Observing System, UK
P. Curran - University of Southampton, UK
W. Dierking - Alfred Wegener Institute, Germany
R. Doerffer - GKSS, Germany
H. Fischer - Forschungszentrum Karlsruhe GmbH, Germany
J. Fischer - Freie Universitat Berlin, Germany
A. Goede - KNMI, Netherlands
J. Gower - Institute of Ocean Sciences, Canada
R. Guzzi - ASJ, ltaly
R. Hanssen - Delft University of Technology, Netherlands
M.-X. He - Ocean Remote Sensing Institute, China
B. Holt - JPL, USA
J. Hyyppa - Finnish Geodetic Institute, Finland
J. Johannessen - NERSC, Norway
H. Johnsen - NORUT IT, Norway
H. Kelder - KNMI, Netherlands
G. Kirchengast - University of Graz, Austria
P. Knudsen - Kort & Matrikelstyrelsen, Denmark
E. Kyrola - Finnish Meteorological Institute, Finland
S. Laxon - University College London, UK
T. Le Toan - CESBIO, France
J. Lillibridge - NOAA, USA
D. Massonnet - CNES, France
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W. Mauser - University of Munich, Germany
E. Meier - RSL, Switzerland
A. Moreira - DLR, Germany
A. Morel - LPCM, France
J. Moreno - University of Valencia, Spain
D. Murtagh - Stockholms Universitet, Sweden
C. Mutlow - RAL, UK
H. Nakajima - NIES, Japan
P. Pampaloni - IROE/CNR, Italy
L. Pettersson - NERSC, Norway
B. Pinty - JRC
C. Prati - Politecnico di Milano, Italy
J. Privette - NASA, USA
J. Pulliainen - Helsinki University of Technology, Finland
P. Queffeulou - IFREMER, France
S. Quegan - Sheffield University, UK
F. Remy - LEGOS, France
I. Robinson - University of Southampton, UK
F. Rocca - Politecnico di Milano, Italy
H. Rott - University of Innsbruck, Austria
K. Ruddick - MUMM, Belgium
S. Santer - Universite' du Littoral, France
R. Scharroo - Delft Institute for Earth-Oriented Space Research, Netherlands
C. Schmullius - Friedrich Schiller University Jena, Germany
M. Shimada - JAXA, Japan
P. Simon - Belgian Institute for Space Aeronomy, Belgium
H. Skriver - Technical University of Denmark, Denmark
Y.M. Timofeyev - St. Petersburg State University, Russia
R. Touzi - Canada Centre for Remote Sensing, Canada
P. Vachon - Canada Centre for Remote Sensing, Canada
M. Verstraete - JRC
G. Wadge - ESSC, UK
W. Wagner - Vienna University of Technology, Austria
U. Wegmuller - Gamma Remote Sensing, Switzerland
H. Yesou - SERTIT, France
A. Zakharov - Institute of Radioengineering and Electronics - RAS, Russia
Zengyuan Li - MOST - Minister of Science and Technology of China, China
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Exhibitors at Envisat 2004

1. Austrian Space Agency
2. ICEMON
3. Advanced Computer Systems
4. Kongsberg Spacetec
5. Gamma Remote Sensing

.•...

6. Geoville Informations
7. CREASO GmbH
8. Altamira Information
9. Brockmann Consult
10. SPOT Image
11. DLR
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Author Information

Paper Submission
The deadline for the submission of final papers for the Symposium Proceedings is
10 September.

Presentation Guidelines

Oral Presentations
Please note: the official language of the Symposium is English.

What shall be the duration of each presentation?
Each oral presentation has an allocation of 20 minutes, inclusive of 5 minutes
discussion and change over. The program indicates lecture room and time-slot for
each contribution.

How to present?
Computer files (e.g. powerpoint, interactive presentations) will be projected using
the Local Desktop Computer and PCNideo Projector.
Should there be any specific presentation request (e.g. Overhead Projector), such
information must be provided before the beginning of the Symposium to the ESA
Conference Bureau.

How to upload presentations on the local Desktop Computer?
During the Symposium: Should you not be able to upload your presentation on the
dedicated web site, presenters can still submit their final presentation up to 2 hours
before the start of the relevant session in the Speaker's Secretariat room.

How to correct an uploaded presentation?
Presenters can edit and modify their presentation and upload the new version again
on the web site; late changes can be made in the file on the PC's located in the
Secretariat room.

When to check the presentation installed on the local Desktop PC?
Presenters can access the lecture room where their presentation will be held, 30
minutes before the start of the relevant session.

Please consider the following timetable for checking the presentation:
08. 10-08.40 For presentations between 08.40-10.20
10.20-10.50 (coffee break) For presentations between 10.50- 12.30
13.30-14.00 (lunch break) For presentations between 14.00-15.40
15.40-16.10 (coffee break) For presentations between 16.10-17 .50



IX

What shall a presenter do before the start of his/her session?
Presenters arc invited to contact their chairmen or their session's secretary before
the start of the session.

What equipment is installed in each lecture room?
The lecture rooms are equipped with:
one PC/Video projector
a Desktop Computer (Software installed - in English- will include Windows XP,

PowcrPoint 2003 and Acrobat Reader)

Poster Presentations

When/where is the poster session?
Posters will be on display all day in the Poster Area. the day of the corresponding
Oral Session. Coffee breaks will be served close to the Poster Area to offer an
additional opportunity for poster viewing. The formal Poster Session will be held
daily from 18.00 to 19.30 in the Poster Arca, where a drink will be offered to all
the attendees. to make the session also a social event.
Poster authors are therefore requested to be in stand-by c/0.1·1! to their posters
during the Poster session and preferably also during the coffee breaks.

What shall be the poster format?
The poster panels are 98 cm wide and 2.00 m. high.

When to mount the posters?
Please consider the following table for mounting/dismounting the posters:
08. l 0-08.40 For poster mounting
19.30-20.00 For poster dismounting

How to identify the poster?
Each poster has an assigned id as specified in the program to enable its
identification.

What will happen after the end of the poster session?
After 20:00 the remaining posters will be discarded.

What equipment is available in the Poster area?
All the material necessary for attaching the poster to the poster board will be
available in the Poster Arca.
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Day 1
Monday 6 September

I I :00 Registration

14:30 - 18:00

Session 1: Opening Plenary Session

Chairman: K. Pseiner, Head a/Austrian Space Agencv

14:30 - Welcome to Salzburg
15:30 local and National Authorities:

Mr Eduard Mainoni, Secretary ofState of the Federal Republic of Austria
within the Federal Minis/IT of Transport, Innovation and Technology

Mr. J.-J. Dordain, Director General, European Space Agencv

Mr J. Achache, Director of Earth Observation Programmes, European Space
Aaenn·b '

15 :30 - Overview on Envisat Results
17: 15

Land: H. Rott (University of Innsbruck, Austria)

Oceans: J.-L. Fellous (IFREMER, France)

Polar Regions: D. Wingham (University College London, United Kingdom)

Atmosphere: H. Grassl (Max Planck Institute for Meteorology, Germany)

SAR Interferometry: F. Rocca (Politccnic University of Milan, Italy)

17 :30 - Questions & Answers with the Press
18:00 Walk to the Residenz Palace (in Salzburg City Centre)

18:00 - Cocktail offered by the European Space Agemy and the Austrian
20:30 Space Agency

Chamber Concert offered by the City of Salzburg and Land of
Salzburg



Day2
Tuesday 7 September - 08:40 - 10:20

MOZART 4-5

Session 2Al: SAR Signal Processing (Quality and Performance)
Chairs: P. Pasquali & P. Meadows

Secretary: B. Rosich-Tell

08:40 Envisat ASAR Instrument Performance and Product Quality Status after Two and a Half
Years of Operation (608)
B. Rosich-Tell, P. Meadows, A. Monti-Guarnieri

09:00 Terrain-Dependent Geometric and RadiometricASAR Calibration (343)
D. Small. E. Meier. D. Niiesch, D. Small

09:20 Quality Assessment ofEnvisat ASAR WaveMode Products Based on Regional and
Seasonal Comparisons with WAMModel Outputs (439)
V. Kerhaol, H. Johnsen, B. Chapron. B. Rosich-Tell

09:40 The ERS-2 SAR Performance: The First 9 Years (640)
P. Meadows. B. Rosich-Tell

10:00 Review of the Impact of ERS-2 Piloting Modes on the SAR Doppler Stability (265)
N. Miranda, B. Rosich-Tell, C. Santella

Poster Session 2P01: SAR Signal Processing (Quality and Performance)

2POI-l lntercalibration ofERS AMI and Envisat ASARwith Ground-Based Parabolic
Antennas (512)
A. Zakharov, P. Zherdev, A. Sokolov

Tuesday 7 September - 08 :40 - I0:20
Mozart 1-2

Session 2A2: MERIS Performance and Products Quality
Chairs: J. Fisher & B. Pinty

Secretary: P. Gory!

08:40 MERIS Calibration Validation and Quality Status (639)
P. Goryl, S. De/wart, J. Huot

09:00 In-flight Spectral Calibration of MERIS (700)



Day 2
R. Preusker, J. Fischer. S.De/wart. l. Bourg

09:20 Vicarious Calibration of MERIS over Ocean in the Near Infrared ( 106)
Y Martiny, R. Santer, I. Smolskaia

09:40 Long-term MERIS Land Product Accuracy Assessment Based on Vicarious
Calibration and Regional Validation (224)
R. Zurita Milla, J. Clevers, M. Kncubuehler, S. De/wart, M. Schacpman

IO:OO MERIS & Land Applications (423)
Y Cohron

Poster Session 2P02: MERIS Performance and Products Quality

2P02-l MERIS Cloud Top Pressure Validation using Airborne Lidar Measurements (697)
R. Preusker, R. Lindstrot, T. Ruht: et al.

2P02-2 Cross Calibration Methods (I 73)
.!. Nieke. M. Kneubuehler

2P02-3 Use of Envisat MERIS Data for Validating Aerosol Retrieval: the Case Study of
Athens-Greece (254)
A. Reta/is, N. Sifakis

2P02-5 Validation of MERIS Biophysical Products from the Valeri Project (547)
.\/. Weiss. F. Baret, S. Garrigues et al.

Tuesday 7 September - 08:40 - 10:20
DOPPLER

Session 2A3: Atmosphere Overview (1)
Chairs: J. Burrows & R. Koopman

Secretarv: J. Langen

08:40 SCIAMACHY: Results from the First Two Years of Operation (420)
.!. Burrows, H. Bovensmann, A. Richter et al.

09:00

09:20

Retrieval. Validation and Assimilation ofSCIAMACHY Ozone Columns ( 132)
H. Eskes, R. Van der A, £. Brinksma, P. Veefkind, .!. De Haan

The GOME and SCIAMACHY Water Vapor Record for Climate and Chemistry
Transport Model Evaluation ( 183)
R. Lang, A. Maurel/is, M. Lawrence

09:40 MIPAS Near Real Time Level 2 Results (9 I)
B. Carli



Day2

10:00 Stratospheric Chemistry in Austral Spring 2002 as Observed by MIPAS/Envisat (328)
G. Stiller, T. Von Clarmann, H. Fischer, B. Funke et al.

Poster Session 2P03: Atmosphere Overview

2P03- l Validation of MIPAS Level 2 Data Products of H20 by In-Situ Measurements and
Trajectory Mapping (32)
S. Rohs, M. Blaesner, K. Grunow, P. Konopka et al.

2P03-2 Validation ofClON02 Profile Retrievals fromMIPAS/Envisat Measurements (74)
M Hopfner, C. Blom, T. Blumenstock, T. von Clarmann et al.

2P03-3 Comparison of Zonal Variability in Total Ozone Derived from ERS-2 GOME and the
Chemistry-ClimateModel ECHAM4.L39 (118)
T. Erbertseder, V Eyring, M Dameris, M Bittner et al.

2P03-4 SCIAMACHY -Validation Using the AMAXDOAS Instrument (591)
K.-P. Heue, M Bruns, J.P. Burrows. W-D.Lee et al.

2P03-5 Reflectance Comparison between SCIAMACHYand a Radiative Transfer Code in the
UV (124)
G. Tilstra, G. van Soest, M de Graaf, J. Acarreta et al.

2P03-6 Model Results, Balloon and Satellite Data lntercomparison Using Variational Chemical
Data Assimilation (129)
N. Huret, M Pirre, E. Riviere, J. Urban et al.

2P03-7 Validation ofMIPAS-Envisat Profiles for CH4 and N20 with Data from the MIPAS
STR Instrument on Board the Geophysica (134)
T. Gulde, C.E. Blom, M Hiipfner, C. Keim et al.

2P03-8 Investigation of GOME Scan-mirror Degradation (160)
JM Krijger, I. Aben, J. Landgraf

2P03-9 Comparison ofERS-2 GOME Total Ozone and Nitrogen Dioxide Datawith the Ground
based Spectroscopic Measurements over Russia and NIS (162)
D. Ionov, Y. Timofeyev,A. Shalamiansky, J. Lambert

2P03-10 First Confrontation between SCIAMACHYN02 Columns and the Outputs ofa
Regional CTM (180)
N. Blond, K.F. Boersma, H.J. Eskes

2P03-l l SCIAMACHYN02: Air Quality Monitoring on a Global Scale (202)
K. Folker/ Boersma, /. Desmedt, R. Vander A, N. Blond et al.

2P03-12 Validation of Stratospheric Temperature Profiles Observed by MIPAS/Envisat (233)
D.-Y Wang, T. von Clarmann, H. Fischer, B. Funke et al.
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21'03-13 Stratospheric Ozone Profiles Observed by MIPAS/Envisat and their Use for the
VORTEX Split Event in Fall 2002 (236)
D.-Y. Wang, T. von Clarmann, fl. Fischer, B. Funke et al

2P03-14 The GOME Near-Real-Time Service: Mission Continuity, Status and Future Plans (239)
D. Lovola, W.Lengert, M. Weber, T. Ruppert ct al.

21'03-15 German Contribution to the Validation of SCIAMACHY (242)
K. Brumstedt, B. Kirchhoff'

21'03-16 Validation ofSCIAMACHY Level I: UV-Vis Nadir and Limb (262)
0. 1·a11 Soe.11.G. Tilstra. .!. 1·1111Genl. P. Stommes

21'03-17 Comparison between Earth Reflectance Spectra from 300-1 750 nm Measured by
SCIAMACHY and Radiative Transfer Model Results (264)
!'. Stommes. .!. Acarreta, W.Knap. CJ. Tilstra

21'03-1X SCIAMACHY Long-Term Monitoring Results (294)
S. .\'oi!I,H. Bovensmann, .!. Skupin. M.W. Wu/Ikect al.

21'03-1lJ Validation of SCIAMACHY BrO Profiles by Balloon-borne In-situ Measurements (322)
S. Hrcchanvy.A. Engel. J-U. (iroo/!. 0. Gunther el al.

21'03-20 The Use of Data-quality Information for Optimal Scientific Application of MIPAS
Trace-gas Data (331)
R.. Mantovani,R. Koopman

21'03-21 MIPAS-Envisat Validation Measurements with the High Resolution FT-Fl R
Spectrometer SAFI RE-A (364)
U. Cortesi, G. Bianchini, G. Rcdaclli, E. Castelli ct al.

21'03-22 The Use of Data-quality Information for Optimal Scientific Application of Gomes
Trace-Gas Data (365)
L Saavedra, R. Koopman

21'03-23 Long Term Monitoring of GOM E/ERS-2 On-fly Calibration Parameters (371)
S. Wahl, B. Aberle, S. Slijkhuis. D. Loyola

21'03-24 The Use of Data-quality Information for Optimal Scientific Application of
SCIAMACllY Trace-gas Data (375)
A. Dehn. R. Koopman

2P03-25 Re-analysis ofERS-2/GOMF Diffuser Properties (424)
S. Slijkhuis. S. Wahl, B. Aberle, o. l.ovola

21'03-26 Validation ofMIPAS-Envisat CH4 and N20 Vertical Profiles by Airborne In Situ
Observations (465)
.J. Baehr, C M. Volk,E. lvanova. A. Wemer el al.



Day2

2P03-27 The SCIAMACHYLevel Ib-2 Offline Data Processor: Current Status and Recent
Developments (467)
A. van Bargen, B. Aberle, A. Doicu, M. Hess et al.

2P03-28 Improvements of the SCIAMACHYRadiometric Calibration and its Validation on Solar
Irradiances in the Spectral Range from 240 to 2380nm (476)
J. Skupin, K. Gerilowski, S. Noel, M. Wuttke et al.

2P03-29 Global Long Term Data Sets of the Atmospheric H20 Column Derived fromGOME
and SCIAMACHY (489)
T. Wagner,M. Grzegorski, S. Sanghavi, U. Platt

2P03-30 Validation ofMIPAS Profiles of the Scientific Data Processor at !MK Karlsuhe with
Data from the MIPAS-STR Instrument on Board the Geophysica (528)
C.E. Blom, T. van Clarmann, T. Gulde, M.Hopfner et al.

2P03-31 Advancements of the Operational Level 0 to I Processing ofSCIAMACHY (544)
S. Slijkhuis, B. Aberle, J. Frerick, A. van Bargen et al.

2P03-32 Radiometric Characterisation ofMIPAS on Envisat (576)
G. Wagner,M. Birk, A. Kleinert, F. Friedl-Vallon

2P03-33 Analysis of Water Vapour and Methane from the MIPAS Satellite Instrument (612)
V.Payne, A. Dudhia, C. Piccolo

2P03-34 SCIAMACHY on Envisat - Summary on Results from the First 2 Years in Orbit (623)
H. Bovensmann, J. Burrows, TeamSCIAMACHY

2P03-35 Ozone Isotopes Retrievals (623)
C. Piccolo, A. Dudhia, V.Payne, J. Urban et al.

Tuesday 7 September - 08:40 - 10:20
MOZART 3

Session 2A4: AATSR Performance and Products Quality
Chairs: I. Barton & D. Llewellyn-Jones

Secretary: K. Cardon

08:40 Validation of the First Two Years of the AATSRMeteo Product Sea Surface
Temperatures at the Met Office (78)
J. Watts,A. O'Carrol, R. Saunders

09:00 An Assessment of the Accuracy of SST Retrievals from AATSR: Comparisons with
In-situ Radiometers, Buoy Data and the AVHRR and MODIS Satellite Sensors (16)
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G. Corle/I, I. Barton, C Don/011 et al.

09:20 Reducing Errors in Satellite-derived Sea Surface Temperature - Application to AATSR
Data Analyses (210)
I. Barton

09:40 Validation of the AATSR L2 CiSST Product with In-situ Measurements from the M
AERI (289)
t: Sores, P. Minne/I, J. Remedios et al.

I0:00 Verification of the In-Orbit Calibration of the Visible and Near-Infrared Channels of
AATSR (394)
l). Smith, C. Poulsen, B. latter

Poster Session 2P04: AATSR Performance and Products Quality

2P04-I Validation of AATSR SST Skin Observations Using the ISAR Radiometer (71)
C. IJ011/on, I. Robinson, G. Fisher, M. Reyno/di·

Tuesday 7 September - 08:40 - I0:20
TRAKL

Session 2A5: Altimeter Signal Processing
Chairs: M. Roca & F. Remy
Secretarv: J. Benveniste

08:40 Global Waveform Shape Analysis for Envisat RA-2 ( 143)
M. Dowson, J. Garlick, P. Berri'

09:00 Retrieval of Geophysical Parameters from RA2 Envisat Waveforms Using a Non-linear
MLE Retracker (281)
J. Gomez-Enri, C. Gommenginger. P. Challenor. M Srokosz, G. Quartlv

09:20 Preliminary Results obtained using the Envisat RA-2 Individual Echoes (Full-rate
Waveforms with Phase Information) (323)
JI. Roca, S. laxon, D. Martinez

09:40 Exploitation of the Envisat RA-2 Individual Echoes and S-band Data over Ocean,
Coastal Region and Continental Water: Preliminary Results (593)
0. Zanife, J. Dumont, F. Mercier, J. Bcnvcnistc
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10:00 RAIES: Envisat RA2 Individual Echoes and S-band Data for New Scientific
Applications for Ocean, Coastal, Land and Ice Remote Sensing (642)
P. Challenor, C. Gommenginger, G. Quartly

Poster Session 2P05: Altimeter Signal Processing

2P05-l Non-Parametric Sea-state Bias Models and Their Relevance to Sea Level Change
Studies (198)
R. Scharroo, J. Lillibridge

2P05-2 RA-2 S-Band Anomaly: Detection and Waveforms Reconstruction (301)
A. Martini, P. Femenias, MP. Milagro Perez, G. Alberti

2P05-3 An On-line Satellite Altimetry Data Processing System:ADS CENTRAL (587)
T. Schoene, A. Helm, A. Brau, H. Wen et al.

2P05-4 Envisat Radar Altimeter Individual Echoes and S-band Applications (643)
0.-Z. Zanife, B. Soussi, M Roca, F. Remy et al.

2P05-5 High Level Envisat Radar Altimeter & CryoSat Land/Ocean/lee Easy-to-Use Synergy
Products Development (HERACLES) (676)
J. Dorandeu, G. Dibarboure, F. Mercier, P. Sicard et al.

Tuesday 7 September - 08:40- 10:20
KARAJAN 1-2-3

Special Session 2A6: GMES and Science (1)
Chairs: J. Achache & J. Metthey

Secretary: P. Regner

08:40 GMES Programme and Prospects: ESA GSE Activities
M. Doherty

08:55 GMES Programme and Prospects: EC FP6 GMES Activities
M. Malacarne

09: 10 Research Needs for the GMES Service Element: Land
B. Su

09:25 Research Needs for the GMES Service Element: Ocean and Coastal Zones
R. Doerffer

09:40 Research Needs for the GMES Service Element:Atmosphere
J.M F/aud
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09:55 A Model-based Approach to the Selection of In-situ Measurements
J. .tic Glade

Tuesday 7 September - I 0:50 - 12:30

MOZART 4-5

Session 2B 1: SAR Signal Processing
Chairs: A. Monti-Guarnieri & A. Zakharov

Secretary: B. Rosich-Tel!

I0:50 Unambiguous Doppler Centroid Estimation (356)
D. D'Aria. A. Monti Guarnieri. P. Mazzucchelli

11: I0 Co-registration Properties of Burst-mode Data (221)
J. Holzner, R. Bamler

I I :30 Ad-hoc SCAN SAR Omega-k Processing (355)
A.. vtonti Guarnieri. D. D'Aria

11:50 Polarization Dependency in Doppler Frequency Shift and its Application to Envisat
ASAR Alt-Pol Data (370)
I. Frie.1tad Pedersen, G. Engen. H. Johnsen

12: I0 Advances in Permanent Scatterer Analysis ( 158)
A. Ferretti, F. Rocca. C Prati et al.

Poster Session 2P06: SAR Signal Processing

2P06-I Evaluation of a Space Intersection Strategy for Use with Stereoscopic SAR Imagery
over Developing Countries (40)
E. Edward\', A. Sow/er, M. Smith

2P06-2 Development and Validation ofa Sea Surface Fractal Model: Project Results and New
Perspectives (20 I )
F. Berizzi, M. Bertacca. G. Bertini, F. Dell'Acqua et al.

2P06-3 De-speckling of SAR Imagery Based on Multi-resolution Analysis: a Comparison of Ml
and Map Estimators (253)
L. Alparone, F. Argenti, N. Rovai. M. Bianchini et al.

2P06-4 Technical Aspects ofEnvisat ASAR Geocoding Capability at DLR (274)
.\!. Huber, W Hummelbrunner.J. Raggam,D. Small et al.

2P06-5 Flashing Fields! A Preliminary Investigation (292)
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U. Wegmu/ler, C. Werner, R. Cordey

2P06-6 Applications ofEnvisat-ASAR Data in Rainy and Cloudy Areas in Southern China
(390)
Y. Shao, J. Chen, H. Lin

2P06-7 Sensitivity of Topographic Roughness on Interferometric SAR Data Coregistration
(466)
H. Yue, R. Hanssen, J. Kianicka, P. Marinkovic et al.

2P06-8 Automatical Geocoding ofEnvisat ASAR Products (473)
I. Lauknes, E. Maines

2P06-9 Construction of the Ocean Surface from SAR Images (573}
W. Koch, W. Rosenthal

2P06-IO Extraction of Weak Internal WaveModulation from an Envisat ASAR Image by EMD
with a Simple Boundary Processing Technique (598)
K. Zeng, M-X He, M-Q. Fang

2P06- Application of Precise Correlation Techniques with SAR, ASAR for Seismic Fault Slip
11 Detection: a Complement to Interferometry. Two Case Studies (694)

M Pirri, F. Sarti, P. Briole, K. Feig/

Tuesday 7 September - 10:50 - 12:30,
Mozart 1-2

Session 2B2: Coastal Studies (1)
Chairs: J. Aiken & J. Gower

Secretary: M Bouvet

10:50 Investigation of the Temporal Development of Pigment-concentration in the Baltic Sea
with MERIS Data (223)
H. Krawczyk, A. Neumann, B. Gerasch

11:10 Validation of Optical Satellites Data Based on Traditional Methods and Use of Data
from Ships of Opportunity (706)
K. Sorensen, J. Magnusson, J. Hekedal, E. Aas

11:30 Validation of Chlorophyll Fluorescence in Coastal Waters Derived fromMERIS (211)
J. Gower, S. King

11:50 Determination of the Confidence Range of Coastal Water Products Derived from
MERIS Data (629)
R. Doerffer, H. Schiller

12:10 From SeaWiFS to MERIS: Great Barrier Reef Lagoon Case Study (663)
L. Ametistova, I. Jones
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Poster Session 2P07: Coastal Studies

2P07-l Mapping Coastal Aquaculture and Fisheries Structures by Satellite Imaging Radar (8)
C. Travaglio. G. Profeti, J. Aguilar-Manjarrez. N. Lopez

2P07-2 Polarimetric SAR Image Signatures of the Coastal Ocean (31)
IV Huang, J. Yang, B. Fu, L. Yao et al.

2P07-3 Radar and Optical Observations of Oceanic and Atmospheric Phenomena in the Black
Sea Shore Area (59)
0. Lavrova, M. Mityagina, T. Bocharova

2P07-4 Evidence of the West Sakhalin Current in ERS-2 and Envisat Co-located SAR images
(148)
V Dubina. L. Milnik

2P07-5 lntercomparison of Satellite Derived Products over Coastal Waters in the SISCAL
Project ( 153)
J. Vidol, R. San/er, F. Fell

2P07-6 A New Way of Detecting Intense Plankton Blooms Provided by MERIS (212)
J. Gower, S. King, W. Yan, G. Borstad ct al.

2P07-7 River Plume Slicks and their SAR Imagery (230)
S. Ermakov. J. da Silva

2P07-8 The SISCAL Service - Implementation and User Evaluation (412)
F. Fell, R. Santer, G. Tihor, T. Johansen et al.

2P07-9 DISMAR: Data Integration System for Marine Pollution and Water Quality (496)
T. Hamre, S. Sandven

2P07-IO Synergy of Numerical Modeling and Envisat MERIS for an Operational Suspended
Particulate Matter Transport Model (552)
G. Gayer, J. Horstmann

21'07-1 I Determination of Parameters from Envisat Data for Estimating Primary Production by
Phytoplankton in Coastal Waters (631)
R. Doer/fer, R. Rottgers. fl. Schiller, K. Schiller et al.

21'07-12 Status of Operational Demonstration ofCoastWatch Coastal Oceanographic and
Hydrologic Applications of Envisat ASAR Imagery (633)
W. Pichcl, K. Friedman, P. Clemente-Colon, F. Mona/do et al.

21'07-13 Distribution and Flux of Suspended Matter in the Wadden Sea Investigated with Optical
In-situ Measurements and Remote Sensing (702)
T. Badewien, N. Gemein, F. Terjung. R. Rel/fer et al.
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Tuesday 7 September - 10:50- 12:50

DOPPLER

Session 2B3: Atmosphere Overview (2)
Chairs: R. Koopman & J. Burrows

Secretary: J. Langen

I0:50 Atmospheric Effects Due to the October-November 2003 Solar Proton Event as
Observed by MIPAS/Envisat (668)
M. Lopez-Puertas. T. Von Clarmann, H. Fischer et al.

11:I0 GOMOS Results: An Overview (xxx)
J.-L. Bertaux

11:30 Validating and Improving GOMOS Inversion Algorithms (AONORM) (502)
J. Tamminen

11:50 Temperature and Ozone Profiles from GOMOS in Comparison
to CHAMP, MIPAS Operational GOMOSOzone and
ECMWFAnalysis Data (510)
C. Retscher, G. Kirchengast, A. Gohiet

12:I0 Ozone Distributions in the Arctic Winter/Spring 2002/2003 as Measured by GOMOS,
MIPAS, and SCIAMACHY (516)
A. Bracher, K. Eichmann, C. Von Savigny, M. Weber

12:30 UPAS/GDOAS4.0: a Major Upgrade of the ERS-2 GOME Total Ozone Operational
Processor (433)
M. Van Roozendael, D. Loyola, R. Spurr et al.

Tuesday 7 September - 10:50- 12:30
MOZART 3

Session 2B4: Envisat Orbit Performance
Chairs: B. Duesmann & M Otten

Secretary: B. Duesmann

I0:50 Envisat Precise Orbit Determination (536)
M. Otten, J. Dow

11:I0 The Attitude of Envisat; the Past and Current Pointing PerformanceObserved by the
Payload (373)
B. Duesmann, R. Koopman, L. Ventimiglia
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11:30 Envisat Orbit Control, Philosophy. Experience and Challenges (34 7)
A. Rudolph, P. Barge//ini, M. Garcia Matatoros, L. Ventimiglia. D. Kuiiper

11:50 Envisat and ERS-2 Orbit Determination (650)
P. Moore, J. Wang

12: I0 Improved ERS and Envisat Precise Orbit Determination ( 187)
£. Doornbos. R. Scharroo

Poster Session 2P08: Envisat Orbit Performance

2P08- I Simultaneous Orbit Error Analysis for Contemporary Altimeter Missions (574)
rr. Bosch

Tuesday 7 September - 10:50 - 12:30

TRAKL

Session 285: Altimeter Performance and Products Quality (1)
Chairs: S. Lason & J. Lillibridge

Secretarv: P. Femenias

I0:50 Envisat Altimetry Mission Status ( 122)
P. Fcmcnias

11: I0 Estimating Envisat Sea State Bias from Altimetric Data (440)
S. Labroue, P. Gaspar, J. Dorandcu, 0. Zani/e

11:30 Envisat Radar Altimeter Calibration with High-Sea GPS Buoys (9)
T. Schueler

11:50 Envisat and ERS Validation and Cross-calibration Activities at CLS (360)
J. Dorandeu, Y.Fougere. F. .\!err::

12: l 0 Env isat - Range Calibration Using a Transponder ( l 04)
E. Cristea. W. Hauslcitner



Day2
Poster Session 2P09: Altimeter Performance and Products Quality

2P09-l Analysis of Envisat Ra-2 Backscatter over Natural Land Calibration Targets (141)
S.MS. Bramer, C.P.D. Johnson, P.A. Berry

2P09-2 Envisat RA-2 SigmaOAbsolute Calibration, Phase E Results (266)
P. Femenias, N. Pierdicca, C. Bignami, M Roca et al.

2P09-3 Validation of Satellite Altimeter Range Measurements over Salar De Uyuni, Bolivia
(484)
H.A Fricker, M Roca, S.W.Laxon, C.C. Carabajal et al.

2P09-5 Bottom-mounted Tide Gauges for Radar AltimetryMonitoring (583)
T. Schoene, M Forberg, S. Esselborn

2P09-6 Altimeter Calibration Using a Ruggedized GPS-buoy (586)
T. Schoene, M Forberg, R. Galas, C. Reigber

2P09-7 Resampling and Enhancement of Altimeter Data at Tide Gauges (635)
W.Bosch, R. Savcenko

2P09-8 Lake LevelMonitoring and Altimeter Calibration in the Great Lakes (653)
Y. Yi,K. Cheng, C. Shum, A. Braun, S. Ca/man!

Tuesday 7 September - 10:50- 12:30
KARAJAN 1-2-3

Special Session 2B6: GMES and Science (2)
Chairs: J. Metthey & J. Achache

Secretary: P. Regner

I0:50 Research Goals of the GMES FP6 Integrated Projects: MERSEA
J. Johannessen

11:05 Research Goals of the GMES FP6 Integrated Projects: GEOLAND
A. Be/ward

11:20 Research Goals of the GMES FP6 Integrated Projects: GEMS
T.Hollingsworth

11:35 Panel Discussion
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Tuesday 7 September 14:00 - 15:40

MOZART 4-5

Session 2Cl: SAR Signal Processing (Persistent Scatterers
Interferometry)

Chairs: A. Arnaud & F. Rocca
Secretarv: M. Engdahl

14:00 Validation of Point Scatterer Phase Statistics in Multi-pass lnSAR (595)
c. Kctrlaar. R. Hanssen, P. Marinkovic

14:20 The Development ofa Scientific Persistent Scatterer System: Modifications for Mixed
ERS/Envisat Time Series (315)
N. Adam, B. Kampes, M. Eineder

14:40 ERS and Envisat Long-Term Differential Interferometry
with the Coherent Pixels Technique (CPT) (437)
.!. Mallorqui. P. Blanco, A. Broquetas cl al.

15:00 Assessment of ASAR/IMS Multi-polarization Images Phase Difference in the
Framework of Persistent Scatterers Interferometry (368)
.!. Inglad«, C Henry. .!. So111Tis

15:20 ERS-Envisat Permanent Scatterers (269)
n. l'crissin, C. Prati, F. Rocca, A. Ferrett

Poster Session 2Pl 0: SAR Signal Processing (Persistent Scatterers
Interferometry)

2PIO-I SPINUA: A Flexible Processing Chain for FRS I Envisat Long Term Interferometry
(409)
F. llovcng«, R. Nutricato, A. Re/ice. L Guerriero el al.

2P I0-2 Utilization of Parallelization Algorithms and Resources in lnSAIVPS-lnSAR Data
Processing (588)
P.. vlarinkovic, R. l lanssen
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Tuesday 7 September- 14:00- 15:40

MOZART 1-2

Session 2C2: Coastal Studies (2)
Chairs: L.H. Pettersson & W Alpers

Secretary: A.M Hayes

14:00 Multi-sensor Synergy for Monitoring of Algal Bloom in the North Sea (367)
B. Furevik, D. Durand, L. Pettersson

14:20 ERS SAR and Envisat ASAR Observations of Oceanic Dynamic Phenomena in the
Southwestern Okhotsk Sea (83)
L. Mitnik, V.Dubina, G. Shevchenko

14:40 On Radar Imaging of Current Features: Mesoscale Eddies
and Current Fronts Detection (111)
J. Johannessen, JI. Kudryavtsev, D. Akimov et al.

15:00 Coastal Wave and Surface Velocities Retrieval Using ASAR-SLC(641)
F. Collard, B. Chapron, F. Ardhuin

15:20 Use of Synthetic Aperture Radar for the Analysis of Wave Fields
at the Coast (533)
J. Nieto-Borge, T Schneiderhan, A. Niedermeier, J. Schulz-Stellenjleth

Tuesday 7 September - 14:00- 15:40
DOPPLER

Session 2C3: Atmosphere Overview (3)
Chairs: B. Carli &H. Kelder
Secretary: R. Koopman

14:00 Validation ofMIPAS-Envisat Profiles for 03, HN03 and Temperature with Data from
the MIPAS-STR Instrument on Board the Geophysica (126)
C. Blom, T. Gulde, M Hopfner et al.

14:20 Validation and Analysis ofGOMOS Measurements Using Stratospheric Balloon-borne
Instruments (263)
J. Renard, J. Ovarlez, C. Brogniez et al.

14:40 SCIAMACHYValidation with AMAXDOASN02 and 03 Measurements(l90)
P. Wang,A. Richter, M Bruns et al.
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15:00 Integrated Characterisation ofEnvisat Ozone Profile Data Using Ground-based Network

Data (521)
C. De Clcrcq. .J. Lambert

15:20 Validation ofSCIAMACHY - Current and Future Product Qualities (708)
A. Piters, If. Kelder, U. Plull et ul.

Tuesday 7 September - 14:00 15:40
MOZART 3

Session 2C4: Application of Scansar Complex Product
(Wide Swath SLC)

Chairs: R. Cordey & B. Rosich-Tell
Secrctarv: T. Pearson

14:00 ASAR Wide-Swath Single-Look Complex Products: Processing and Demonstration
Status (52)
R. Corder. T. Pearson, Y.-L De.11101, B. Rosich-Tell

14:20 The ASAR Wide Swath Single Look Complex Product: Properties and Applications
( 195)
P. Guccione, C. CaffiJrio. A. Monti Guarnieri

14:40 Wave and Wind Measurements Using High Resolution Envisat ASAR Wide Swath SLC
Data (610)
.J. Schulz-Stcllenflcth, T. Sc/111eidcrhu11

15:00 SCANSAR SLC : Marine Applications (712)
F Collard B. Chapron

15:20 Scansar Interferometry for Atmospheric Parameter Estimation (703)
R. I fa11.1.1·c11,P. Marincovic
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Tuesday 7 September - 14:00 - 15:40

TRAKL

Session 2CS: Altimeter Performance and Products Quality (2)

Chairs: R. Scharroo & J. Dorandeu
Secretary: P. Femenias

14:00 Validation ofEnvisat Altimetry over lee Caps (174)
B. Soussi, B. Legresv, F. Remv, F. Papa, 0. Zanife

14:20 Long Term Monitoring of the Envisat RA-2 Drift with the GLOSS/CLIV AR Fast Sea
Level Data Tide Gauge Network (391)
F. Lefevre, J. Dorandeu, P. Le Traon, Cls Ca/val Team

14:40 Envisat Altimeter Calibration and Validation (540)
u. Otten, J. Dow

15:00 JGS Tide Gauge Benchmark Monitoring Pilot Project (579)
T. Schoene

15:20 Analysis of En visat RA2 Altimeter Sigma-nought Bloom Events for S and Ku Bands
Backscattering Intercomparison (470)
F. De Biasio, N. Pierdicca, S. Zecchetto, L. Pulvirenti

Tuesday 7 September - 14:00 - 15:40

KARAJAN 1-2-3

Special Session 2C6: How to Move from Reseach to Applications? (1)
Chairs: 0. Arino & S. Coulson

Secretary: M. Paganini

14:00 BEGO: Earth Observation from Space Assisting in the Protection of the UNESCO
World Heritage Sites: an Example in Central Africa (DUP/DUE) (692)
M. Hernandez, D. Fernandez, 0. Arino

14:20 HUMAN: Humanitarian Mapping Service (DUP/DUE) (691)
R. Carrier, H. Hansen, A. Valvo

14:40 EPIDEMlO: EO in Epidemiology (DUP/DUE) (374)
P. Vounatsou, G. Pluschke, A. Gemperli. K. Weise



Day 2

15:00 TEMlS: L'Oreal and Solar UV Radiation (DUP/DUE) (357)
F. Christiaens

15:20 The role ofR&D in Developing Marketable EO Services (562)
P. Curtis, F. Knops

Tuesday 7 September - 16:10 - 17:50
MOZART 4-5

Session 201: SAR Signal Processing (Interferometry)
Chairs: C. Prati & R. Sam/er

Secretarv: A1.Engdahl

16:10 On the Exploitation of the SBAS Algorithm for the Analysis of the Deformations
Detected from the ERS and Envisat DIFSAR Data (499)
R. Lanari. P. Berardino. F. Casu et al.

16:30 Interferometric SAR Data Coregistration by Point-like Scatterers (46)
H. Yue, R. Hanssen, P. Marinkovic. F. Leijen, G. Ketelaar

16:50 Multipolarimetric Envisat Interferometry: Techniques and Preliminary Results (651)
P Pasquali, A. Monti Guarnieri

17: 10 Combination of ERS and Multiple Modes of Envisat SAR Data for Differential
Interferometric Applications (678)
J. C!U1a,J. Duro, J. Ingiada. A. Arnaud

17:30 Improving the Quality of ERS-Em isat Interferograms (276)
C. Prati, F. De Zan, A. Ferretti. F. Rocca

Poster Session 2Pt 1: SAR Signal Processing (Interferometry)

2P 11-2 A Re-Appraisal of the 1992 Landers Earthquake InSAR Data Using the Ambiguity
Search Method (39)
vt. Warren, A. Sowter. R. Binglev

2Pl 1-3 An Assessment of the Ambiguity Search Method for DEM Generation and Land Motion
Detection Using Spaceborne InSAR Data (41)
.I. Sowter. M. Warren, R. Bi11g/e1·

2P 11-4 High Resolution Differential Interferometry using time series of
ERS and Envisat SAR data
J. Closa, J. Duro, J. Inglad« . .\" Adam. A. Arnaud
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2Pl 1-6 A New Approach for Estimating Crustal Deformation Fields Using DlnSAR and

Permanent Scatterers: Preliminary Results (730)
A.O. Kohlhase, K.L. Feig!, A. Ferretti, D. Massonnet

Tuesday7 September-16:10-17:50
MOZART 1-2

Session 2D2: Coastal Studies (3)
Chairs: W Alpers & L.H. Pettersson

Secretary: M Bouvet

16:I0 Atmospheric Fronts off the East Coast of Taiwan Studied by ERS SAR Imagery (520)
W. Alpers, J. Chen, I. Lin

16:30 Ocean Surface Polarization Signature (542)
B. Chapron, T. Elfouhaily, F. Collard, F. Ardhuin

16:50 Modelling of SAR Signatures of Bathymetric Features in the Bristol Channel Using a
Coupled Wave-Current Model (11)
u. Trevor, J. Wolf, S. Wake/in, A. Elliott

I7:I0 Application of Spaceborne SAR for BathymetricMonitoring (245)
J. Vogelzang, C. De Valk, H. Wensink

17:30 Mapping Surface Roughness and Sediment Texture of Intertidal Flats Using ERS SAR
and Envisat ASAR Imagery (I 05)
D. Van der Wal, T. Ysebaert, P. Herman, A. Wielemaker-Van Den Dool

Tuesday7 September-16:10-17:50
DOPPLER

Session 2D3: Trace Gases (1)
Chairs:A. Goede & B. Carli
Secretary: R. Koopman

16:I0 Equatorial Kelvin Wave Signatures in Tropical Ozone Measurements fromGOME (15)
R. Timmermans, H. Kelder, R. Van Oss

16:30 Ozone in the Middle and Upper Atmosphere as Observed by MIPAS/Envisat (532)
M. Kaufmann, S. Gil-Lopez, M. Lopez-Puertas et al.

16:50 Trace Gas Measurements from the SCIAMACHYValidation Dataset: 03, BrO, and
HCHO (568)
K. Chance. C. Sioris, T. K11ros11et al.



Day 2

I7: I0 Measurements of Water Vapor in the Lower Stratosphere and the Tropopausc Region
with MIPAS/Envisat (325)
.'vi.Milz, T Von Clarmann, H Fischer el al.

17:30 Water Vapour and Methane Abundances under Non-L TL Conditions from MIPAS
Upper Atmosphere Measurements (603)
.\f Koukouli, Al. l.ol'cz-Pucnas. B. Funke et al.

Tuesday 7 September - 16:I0 - 17:50
MOZART 3

Session 204: MERIS Signal Processing
Chairs: t: Curran & F. Bare!

Secretarv: S. De/wart

16: I0 Do MERIS. SeaWiFS and MODIS Products Measure up to the Requirements of Coastal
Monitoring? (203)
C Brockmann. K. Stelzer. R. 1 'aughan et al.

16:30 Retrieval of Land Surface Reflectance and Albedo from MERIS Data (313)
L Guantcr, J Moreno

I6:50 A Method for Atmospheric Correction Based on the MERIS Spectral and Spatial
Variability (405)
D. Beal. F. Burel. C Bacour et al.

17: I0 MERIS LAL !Cover, fAPAR and Chlorophyll Content Products: Principles and
Validation (517)
F. Burel. I'. Bruniquel, C Bacour ct al.

17:30 New Features in BEAM. the Envisat MERIS & AATSR Toolbox (550)
.\'. Fomfcrra. C Brockmann. P. Reg11cr

Poster Session 2P13: MERIS Signal Processing

21'13-1 Development of Operational Processing Lines of the Cyclopes Project (93)
P. Bichcron, H. Miras, M Hue. F .\iiio et of.

2P 13-2 Colour Display Strategics for Enhanced Representation of MFRIS Data ( 178)
V Tsagaris. V Anastassopoulos. Y Giannopoulos

21'13-3 Feature Extraction of MERIS Data ( 179)
V. Tsagari», I'. Anastassopoulos



Day2
2P 13-4 Observing the Ocean from Envisat: a New UNESCO-Bilka Teaching Module

Demonstrating the Synergistic Use of Data from Envisat Sensors to Study
Oceanographic Phenomena ( 189)
V.Byfield, C. Donlon. J.C. Da Silva. F. Shillington et al.

2P 13-5 The CYCLOPES Project: Development of High Level Biophysical Products for
Medium Resolution Sensors for Regional to Global Applications (477)
F. Baret, F. Nino, B. Miras, M Leroy et al.

2Pl3-6 MERIS Level 3 Value Added Product Production Line for Regional Full Resolution
Products of Europe (Cati project 1413 - GEMEL3) (545)
C. Brockmann, B. Fichtelmann. K.P. Gunther, A. Neumann et al.

2P 13-7 Development of Algorithms for the Exploitation of MERIS Data over Land (693)
V. Bruniquel-Pinel, C. Casillon. F. Baret, W. 1·011 Hoyningen-Huene et al.

Tuesday 7 September - 16: 10 - 17 :50
TRAKL

Session 205: Altimeter Performance and Products Quality (3)
Chairs: J. Lillibridge & R. Scharroo

Secretary: P. Femenias

16: I0 Rain and Ice Flagging of Envisat Altimeter and MWR Data (205)
J. Lillibridge, R. Scharroo, G. Quartlv

16:30 Radiometric and Altimetric Range Calibration (645)
P. Moore, S. Edwards, M King

16:50 In-flight Calibration/Validation of Envisat/MWR (541)
E. Obligis. N. Tran, L. Eymard

17: I0 Analysis of ERS-2 and TOP EX Microwave Radiometer In-flight Calibration and
Monitoring (546)
N. Tran, E. Obligis, L. Eymard

17:30 Impact of Microwave Radiometers on Sea Level Change Studies (196)
R. Scharroo. J. Lillibridge
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Tuesday 7 September - 16: 10 - 17 :50
KARAJAN 1-2-3

Special Session 206: How to Move from Reseach to Applications? (2)
Chairs: S. Coulson & 0. Arino

Sccrctarv: F. Sarti

16:10 FO Services for Hydrocarbon l.xploration (145)
vt. lnslcv. P. Murphv .. -1. l.aakc

I6:30 HJ Sen ices for Offshore and ( ias (609)
S. Si111ch'e11.R. Stephens, F. l.ctcvrc er ill.

I (1:50 FO Services for Land Subsidence Problems in Civil Engineering (677)
C ·. Russell. K. Kosar, T. Con Ier, L. f lachcthal

I 7: I0 FO Opportunities in Fisheries and Aquaculture Sectors (634)
T. Hoi1·i11

17:30 l.O Opportunities in Insurance Sectors (279)
_I. Shaw, C Evrc, .·I. Shi111·

Poster Session 2P14: How to Move from Research to Applications?

2P 14-1 Compact Active Transponders for Operational SAR lnicrfcromctry Applications ( 18)
st. llavncs, S. Smart. :I. S111ith

2Pl4-2 RWT Tool: Offshore Wind l.ncrgy Mapping from SAR (26)
C '. Bav Hasager, Al. :\'ie/1rn .. \/. C 'hristianscn

2P 14-.\ Improvements to the Applicability of SAR Interferometric Techniques for the
vlonitoring of Mining Induced Surface Deformation (96)
l:'. ll'eg11111/ler.C. Wemer. T. Srm::::i .. I. ll'ie.1111w111

21' 14-4 \'alue Added Geocodcd l.nv isat-ASAR Product Service (2J 7)
l ). Kosmann .. it. Huber .. I. Roth .. \!. Hollner et al.

2P14-5 16857 Gigabytes Later: Results from 24 Months of I.n. isat DDS Operations (255)
H. Collini-Xocker. S. Budcssi, IJ. Castrovillari. D. To111<1ssi11iet al.

2Pl4-6 l'.SA/EOMD Action for Multibasclinc with Permanent Scatterers ERS lnSAR DEM
Performance Assessment Tm1 ard Application Needs (3 14)
!..Rognant, C. Prati
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2P 14-7 Development of an Operational EO Service for Flood Monitoring within an EOMD
Project (318)
K. Fellah, P. Chastanet, F. Col Maurer, F. Axes et al.

2Pl4-8 Image Information Mining for Earth Observation at ESA (335)
S. D'E/ia

2P 14-9 The ESA Service Support Environment (340)
P.G. Marchetti, S. D'Elia

2PI4-IO EOMD PSIGN Project: Developing Markets for EO-derived Land Motion Measurement
Products (346)
R. Capes

2PI4-I I Value Chains in the Tourism Segment for New Satellite Data Sales Channels (348)
0. Schleider

2Pl4-12 Improved Water Forecasts from Integrating EO Products - An EOMD Approach (400)
J. V.T. Sorensen, KI. Dahl-Madsen, M Rugbjerg, A. C. Erichsen et al.

2P 14-13 Earth Observation Market Development of Envi sat Based Services - "SAR-Based Oil
Spill and Fishing Vessel Detection Services" (464)
L. Steinbakk, M Indregard, T. Knight. J.P. Pedersen

2P 14-14 EO-based Information Service for Windfarm Management (EO-WINDF ARM) - a
Project within the EOMD Activity (480)
B.R. Furevik, M Stette, T. Ranchin, C. Hasager et al.

2Pl4-15 Ground Motion History for Stoke-on-Trent (UK) Interpreted from PSlnSAR and
Thematic Geological Information (61 8)
D. Tragheim,M Cutshaw, L. Bateson

2Pl4-16 Experience with Near Real Time Distribution ofEnvisat ASAR Data to End-Users (628)
L. Toudal, R. Saldo

2Pl4-17 The Evolution of the Operational ESA SAR Processors (660)
T. Henry, P. Lim

2Pl4-18 Open GRID Services for Envisat and EO Applications (684)
L. Fusco, P. Goncalves, F. Brito, M Fu/coli et al.

2Pl4-l 9 Eduspace: Preparing Future EO Users (719)
M. Fea, L. Ghaye, B. Stremsholm, I. Duvaux-Bechon, et al.
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Poster Session 2P15: Special Session - GMES and Science

2P 15-1 The Water Quality Service of COASTWATCH (71 I)
.I. .\!a11gi11.S. Durr. R. Doer/fer. 0. Fanion d'A11do11 el al.

2Pl5-2 Using 1:Rs I and ASAR Imagery for Mapping Forest in French Ciuiana (89)
T. Hi/me. Y. Ra11.1·te.t.Sirro, 11..·1lwla et al.

2 PI 5-3 Demonstration of M FRIS Data L sc for Agri-environmental Applications (I 00)
11.Poiln;. 1 ·. l.efevrc. r. Duthil

2P 15-4 Subsidence Detection in the Arca ot Thessaloniki (Northern Greece) Using DlnSAR
Techniques (384)
IJ. Raucoulcs, I. Parchlaridis. F. Xovali. (i. Cooksley ct al.

2P 15-5 llEVION: Satellite Sea Ice Monitoring as a Component of GM LS (418)
S. Sandven, 11. Ta11gC11

2P 15-6 The ERS/Envisat Experience as Design Guideline for the CiM FS SAR ( ipcrational
Mission (554)
G. Lcvrini .. \1. Zink

Tuesday 7 September 18:00 - 19:00
\10/ART 3

Session 2E4: Looking after Water in Africa - TIGER
CliairscJ. Achachc & W. l.ichent

Sccrctarv: .!. Aschbacher

18:00 Tl CiER - Status, Plans and ( 'haflcngcs
.!. Avchbachcr

18: I0 Monitoring Dam Management Changes Using Envisat: Katuc Ri\ er Basin. Zambia
(648)
S. Hughes. C. l'a11 dcr I lcvdcn

18:20 The Impact of ARGOS and Mctco'Sat Transmission Systems on lntcgrutcd Water
Resources Management in the River Niger Basin (658)
l ..·I. Olo1110da

18:30 Round Table: Challenges for TICiFR - I low lo Address Them')
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Poster Session 2P16: Looking after Water in Africa -TIGER

2P 16-l The Use of Envisat ASAR Data and GIS in a Pilot Project for Mapping Current and
Potential Rice Production in Nigeria's Fadama Wetlands (687)
A. Fortescue

2Pl6-2 Envisat Usage in Southern Africa (690)
.W. Ferraz, R. Harris
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Wednesday 8 September - 08:40 ~ 10:20

MOZART 4-5

Session 3A 1: Landslides
Chairs: F. Rocca & H. Roll

Secretarv: F. Palazzo

08:40 Landslides in Iceland Studied using SAR Interferometry (607)
S. Jo11.1.1011.K. Ag11.1t.1.rn11

Analysis of the Displacement along a Funicular with Large Baseline lntcrfcrograrns on
Point Targets (231)
T. Struzzi. L". Wegmiillcr. K. Graf. C. ll"emL'/'.A. Wie.1·111w111

09:00

09:20 Combined Use of Artificial and Permanent Scatterers (270)
F. Roccc:. .I Allievi. C. Prati et al.

09:40 SLAM: Integration of Remote Sensing Techniques within Landslide Risk Analysis
(DUP/DUE) (569)
.\". Casag]! .. H. Brugioni, P. Cw111tiet al.

I 0:00 Monitoring Landslide Activity 1\ ith SAR Interferometry (704)
C. Colcsann, J. Wasowski, A. Furnagalli

Poster Session 3P01: Landslides

3!'01-1 ASAR Contribution to Landslides Inventory and Monitoring (278)
.!. Fralcu . .J-B. Henrv, .J-1'. Malet. 0. Maquair« el al.

3PO 1-2 Slope Instability and Surface Deformation in Dunedin City, New Zealand (344)
.\".F. Stevens. P. Glasscv. H. Smith Ix11/e

31'01-3 Remote Sensing as a Tool for Supporting Landslide Risk Analysis (604)
P. Farina. IJ. Colombo. A. lmnagall}. l-: Gonucr el al.

31'01-4 Ground-surface Changes Detected by LO: their Relationships with Causative Factors of
Slope Instability and Hazard Zonation (705)
P. Gostclow. J. Wa.1mr.1ki
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Wednesday 8 September - 08:40 - 10:20

KARAJAN 2-3

Session 3A2: Vegetation
Chairs:J. Moreno & F. Baret

Secretary: M .Rast

08:40 Evaluation of the MERIS Terrestrial Chlorophyll Index (81)
P. Curran. J. Dash

09:00 AVHRR Compatible Vegetation Index Derived from MERIS Data (219)
K. Guenther. S. Maier

09:20 Retrieval of Vegetation Biophysical Variables from MERIS Data:
Methodology and Validation with the SPARC Dataset (471)
J. Moreno, G. Fernandez, S. Gandia

09:40 Monitoring Rangeland in the Canadian Prairie Using MERIS (599)
J. Busler. C. Nadeau, H. Wehn. A. Smith

10:00 Using MERIS on Envisat for Land Cover Mapping (240)
J. Clevers, R. Zurita Milla, M Schaepman, H. Bartholomeus

Poster Session 3P02: Vegetation

3P02-I Estimation of Biophysical Parameters from Surface Retlectances (53)
Y. Knvazikhin, R. Myneni, N. Shabanov. W. Yang, B. Tan

3P02-2 The Greening Earth (54)
R. Mvneni, R. Nemani, C. Tucker
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Wednesday 8 September- 08:40- 10:20

MOZART 1-2

Session 3A3: Trace Gases (2)
Chairs: t: Kvrola & K. Chance

Sccrctatv: T. Wehr

08:40 Retrieval ol'CH4. C02 CO and H20 FROM SCIAMACHY Onbourd Fnvisat (90)
( ·. l-raukenbery, U. !'lull. T. 11'agm», ( ·. l-rankcnbcn;

09:00 Greenhouse (related) Gases CO and CH4: First Results on Global Distribution. Seasonal
Variation and Pollution Events Detected by SCIAMACllY (44)
.I, Stra11111c.H. Sctuiivcr. A. Gl1111de111a111,ct al.

09:20 Retrieval of CO. H20. CH4. C02. and N20 Columns from SCIAMACHY/En\isat by
WFM-DOAS: Current Status (.\87)
.\!. linchwit:

09:40 Derivation ofBry in the UT/LS Using SCIAMACHY Limb Scattering Observations
(481)
( ·. Sioris, R. Salawitch, L Kovalcnko, t; ( 'luutc«

10:00 Satellite Remote Sensing ofS02: Volcanic Eruptions and Anthropogenic Emissions
( 19)
.If Khokhar. U. !'lat!. T. Wagna

Wednesday 8 September - 08:40 10:20
DOPPLER

Session 3A4: Ocean Circulation
Chairs: P. Challcnor & ./. .Jolw1111c.1'.1c11

Sccrctarv: J. Bcnvcnistc

08:40 Contribution of ERS and Envisat in Past Present and Future Multi-mission Altimeter
Systems (352)
r. Le Tra1111

09:00 Analysis of Near Real Time Envisat Radar Altimeter Data (457)
A:. Whinncr. G. Jacobs

09:20 Validation and Applications of Near-Real Time Altimctry Data for Operational
Oceanography in Coastal and Shelf Seas ( 120)
.!. Hoevcr. T. Bocvitli
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09:40 Oceanographic Characterization of the Cape Verde Region Using Multisensor Data
(332)
J Fernandes, C Lazaro, M Santos, P. Oliveira

10:00 Tides in Coastal Areas from Altimeter Data (350)
G. Wensink

Poster Session 3P03: Ocean Circulation

3P03- l Using SAR Images for Detection of a Surface Poleward Current off the West Coast of
the Iberian Peninsula ( 156)
JM. Torres Palenzuela, L. Gonzalez Vilas

3P03-2 Mean Sea Surfaces - and Inter-annual Ocean Variability (208)
0. Andersen, P. Knudsen, A.L. Vest

3P03-3 Improving Ocean Analyses and ENSO Forecasts at NOAA Using the Global Ocean
Data Assimilation System and Altimetric Sea Level (297)
J Lillibridge, D. Behringer, Y. Xue, J. Kuhn

3P03-4 SARTool: Building Marine SAR Applications (442)
F. Collard, V. Kerhaol

3P03-5 Nonlinear Internal Waves in the South China Sea (539)
M-K. Hsu, A.K. Liu

3P03-6 Internal Waves in the East China Sea and the Yellow Sea Studied by SAR, MERIS,
MODIS and ASTER Imagery (632)
W. Alpers, M-X He, K. Zeng, X-M. Li et al.

3P03-7 Investigation oflnternal Waves in the East (Japan) Sea Using Synthetic Aperture Radar
(638)
D. Kim, W. Moon, S. Nam, K. Kim

3P03-8 Southern Ocean Ocean Tide Modeling (654)
CK. Shum, Y. Yi

3P03-9 Southern Ocean Sea Level Variations (659)
C Kuo, C.K. Shum. A. Braun

3P03-IO Absolute Local Sea Surface in the Vanuatu Archipelago from GPS, Satellite Altimetry
and Pressure Gauge Data (664)
V. Ballu, K. Cheng, M.-N. Bouin, S. Calmant et al.
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Wednesday 8 September - 08:30 - 08:40

MOZART 3

Introduction to the Scatterometer Sessions
Chairs: T. IIollingsworth & E. Attema

Wednesday 8 September 08:40 - I0:20
MOZART 3

Session 3A5: Scatterometer Performance
Chairs: A. Stoffclcn & T. Hollingsworth

Secretarv: E. ..111e111a

08:-lO The Advanced Scaucromctcr Processing System for ERS Data: Design. Products and
Performances (422)
R. ( 'rapolicchlo, i: l.cconuc, X. .\"er/

09:00 Calibration of the ERS-2 Scaucrornctcr in Gyro-less Mode (563)
.\'. Manisc, X. Nc1·1, Al. Achcrov

09:20 The lrnprov ed C-band Geophysical Mode! Function CMOD5 (537)
II. l lersbach, A. Sto//den. S. /)e I laan

09:-10 On FRS Scaucromctcr Sea Ice and Wind Stress Determination (670)
.I. Stoffelrn . ./. Vcrspcek. J. D« Kloc

I0:00 '\eural-nctwork Based Stateless Ice Detection in ERS Scaucromctcr Data (566)
.\" .\e_1·1.P. Pc11ia11.r .. \ .. vlani-:: .. \l . lchcmr
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Wednesday 8 September - I0:50 - 12:30

MOZART 4-5

Session 3Bl: Subsidence
Chairs: T. Strozzi & R. Hanssen

Secretary: P. Bally

I0:50 Radar Interferometric Analysis of Mining Induced Surface Subsidence Using Permanent
Scatterers (45)
D. Walter, J. Hoffmann, B. Kampes, A. Sroka

11: I0 Monitoring Subsidence Caused by Potash Mining in a Temperate Rural Area, Using an
Improved InSAR Method (452)
I. Kerneling, D. Petley

11:30 Radar Interferometry Technique for Urban Subsidence Monitoring: a Case Study in
Bangkok and its Vicinity (518)
J. Worawattanamateekul, J. Hoffmann, N. Adam et al.

11:50 Urban Unstability revealed by DINSAR and PS Interferometry: Montmartre Case
Example in Paris City (France) (561)
B. Deffontaines, B. Fruneau, A. Arnaud et al.

12: I0 Land Subsidence Measurement with SAR Interferometric Data (443)
M. Crosetto, B. Crippa, 0. Monserrat et al.

Poster Session 3P04: Subsidence

3P04-I Evaluation of Applicability ofERS INSAR Data for Monitoring ofYamburg-Nyda Gas
Pipelines State ( l l 5)
A. Zakharov, N. Khrenov

3P04-2 Detection of Urban Land Subsidence in the City ofTurku in Finland Using Differential
SAR lnterferometry (215)
M Karjalainen, K. Kari/a, J. Hyyppd

3P04-3 Monitoring Land Subsidence in Mexico City with Envisat ASAR Interferometry (234)
T. Strozzi, U. Wegmiiller, C. Werner, A. Wiesmann

3P04-4 Surface Deformation at Rotorua, New Zealand Measured by InSAR, 1996-2003 (345)
J. Hole, N. Stevens, G. Wadge

3P04-5 Interferometry Techniques for Urban Subsidence Analysis over Beijing (392)
V. Prinet, J. Bai, Y.J. Zhang, P. Chen
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3P04- 7 Identification and Measurement of Mining Subsidence with SAR Interferometry:

Experience from Upper Silesian Coal Basin in Poland (497)
/'. Perski

3P04-8 Reflexions and Insights from Urban SAR Interferometry for Monitoring Vertical
Deformation Due to Water Pumping: the 1laussmann-St-Lazare Case Example (Paris.
France) (575)
B. Frz111ea11.B. 1Je/fimtoi11e1, ;1-,H. Prunicr-l.cparmcnticr. A. Arnaud cl al.

3P04-9 Mine Subsidence Monitoring: a Comparison among Envisat, ERS. and JERS-1 (683)
G. Un/in, M. /lsi11g-Ch1111g Chang. C. Rizas, M. 011111m

Wednesday 8 September- 10:50- 12:30
KARA.JAN 2-3

Session 382: Thematic Mapping
Chairs: D. Smull & J-P. Rudant

SecretarvA. Keith

I0:50 \!!ERIS Data for Monitoring Dynamics of Vegetation Cover in Semiarid Wetlands - a
Case Study of the Niger Inland Delta (Mali. West Africa) (339)
R. Seiler, E. Csaplovic-.

I I: I0 Potential of ERS and Envisat SAR Data for Environmental Monitoring of Kolkota
(Calcutta) City and Coastal Region of West Bengal. India (657)
R. Chatterjee. T. Sarkar. P. Rorer al.

11:30 Continuite des Programmes SAR/ERS ct ASAR/En visat pour la Misc ii Jour
Cartographique en Contcxtc Tropical (42)
.I. Rlll/0111. J. Ko110111e,A. Mascrct el al.

l l :50 Land Cover/Land Use Classification in a Semiarid Environment in East Africa Using
Multi-temporal Alternating Polarisation Envisat ASAR Data (614)
/J. Klein. A. Moll. G. Men:

12: 10 Erosion Assessment in the Brazilian Ccrrudos Using Multi-temporal SAR Imagery (222)
A. 1 'ricliny, S. Rodrigue.1

Poster Session 3P05: Thematic Mapping
3P05- I Utilisation ct Contribution des Images Satcllitaires dans la Caracterisation des

Conditions Environnementales Liees ,\ !'Apparition des Epidemics d'Lbola (43)
G.. \1011.\SU\'li/I, J-P. Rndant, F. l.erov, I. .Jea1111eel al.
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3P05-2 Multitemporal and Dual-polarization SAR Data for Detection of Urban Areas (79)
J. Liao, Y. Huang, H. Guo

3P05-3 Multi-incidence Angle DEM Generation and Land Cover Classification Using
Envisat/ ASAR Data (82)
X. Li, H. Guo, Z. Li, C. Wang

3P05-4 Contribution ofEnvisat RA-2 to Global SRTM Evaluation ( 125)
J. Bennett, P. A. Berry, J. D. Garlick

3P05-5 Urban Dynamic with Multitemporal Envisat/ERS SAR Images and Multispectral SPOT
Optical Image by Using Data Fusion Approach ( 131)
V. de Paul Onana, J.-P. Rudant

3P05-6 The Role of Earth Observation in the Good Practice Guidance for Reporting Land Use,
Land Use Change and Forestry Activities as Specified by the Kyoto Protocol ( 171)
W. Wagner, M Jonas, C. Hoffmann, U. Gangkofer et al.

3P05-7 Global Land Topography and Ocean Bathymetry from Radar Altimetry (302)
D. Defrenne, J. Benveniste

3P05-8 Synthetic Aperture Radar Studies of Desert Duricrusts (358)
K. White. u. Charlton

3P05-9 Assessment of Wildlife Habitat Using Remotely Sensed and GIS Data in Royal Bardia
National Park, Nepal (385)
T. Thapa. J. Lichtenegger

3P05-IO Analysis of ASAR Polarisation Signatures from Urban Areas (393)
D.J. Weydahl, R. Olsen

3P05-l I Performance Evaluation ofa Combined Multi-resolution Textural Classification ofa
Single ERS-1 Image (417)
A. Sofia. T. lftene

3P05-l 2 Land Cover I Land Use Classification Using MERIS Full Resolution Data (461)
U. Gessner, S. W. Maier, KP. Guenther

3P05-13 Generating, Comparing and Exploiting DEMs for Hydrological Applications over the
Galapagos Islands (530)
N. d'Ozouville, J. Benveniste. B. Deffontaines. S. Violette et al.

3P05-14 Application ofEnvisat ASAR Data for Alpine Land Use Classification (594)
L. Kenyi. M. Schardt

31'05-15 Use of InSar Products for Gold Exploration in the Kedougou-Kenieba Inlier of Senegal
and Mali (West Africa) (624)
S. Wade. J. Lichtenegger, M Barbieri, J.P. Rl/(/a/11
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31'05-16 Analysis and Processing of ASAR and MERIS Data for Urban Areas Classification and
Monitoring (625)
T. vlacr! Pellizzeri, P. 0u111ha. P. L11111hard11,F. Dell'A n111a

31'05-17 The Generation of a UK and Ireland ERS SAR Multi-temporal Mosaic (647)
P. J1cadm\'s

31'115-1x A Numerical Algorithm to Acquire the Average Height or Land Surface from Radar
Altimeter Mean Return Wave ( 177)
.v 7.!11J11.X. Hu, Y. /'.hang

31'05-1 lJ Recent Geological Evolution of the Lake Abhc Basin Using Multitcmporal Satellite
Images ( 199)
!... vlarinangcl), A.I'. Rossi. G.G. Ori

31'05-20 Reconstruction of the Palcohydrology in Desert Areas Using SAR and Digital
Topography Data (200)
t.. Marinangeli, G.G. Ori. A.P. Rossi, G. /Ji Achilfc

31'05-21 Applications of Envisat ASAR Data in Urban Environment, Soil Moisture and Crop
Studics(214)
II. Guo . .!. Liao. Z. U. .!. Chen

31'05-22 Derivation ofa Multi-sensor Interferometric DEM of the Dead Sea Region (217)
L'. .\farsclwlk. M. Bauer. B. l'fei//i'r .. 1. Roth ct al.

31'05-23 DEM Resolution (220)
.!. IIolzncr

31'05-2-1 Utilisation de Donnces Spatialcs llautc Resolution pour la Cartographic des Rizicres,
Giics Larvaires Potcntiels des Anopheles Vcctcur de Paludismc duns la Region des
llautes Terres Ccntralcs de Madagascar (280)
F. Rakot11111i111a11a,R. V. Ranitrcmanona. I. Jeanne, G. Mo11.1·sa1·1111ct al.

31'05-25 The Use of ASAR Mosaics for Operational Global Monitoring (649)
t: Guvader

31'05-26 Canadian Em isat ASAR Applications: Preliminary Results (718)
.!..!. 1w1 der Sanden, P. Budkcwitsch. A. Deschamps, M. D'Iorio et al.
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Wednesday 8 September - I0:50 - 12:30

MOZART 1-2

Session 3B3: Trace Gases (3)
Chairs: K. Chance & E. Kyra/a

Secretarv: T. Wehr

I0:50 Retrieval of Sulphur Containing Atmospheric Constituents from MIP AS/En visat (429)
A. Burgess. A. Dudhia, R. Grainger

11: I0 Polar NOx in the Middle and Upper Stratosphere Observed by MIPAS on Envisat (666)
B. Funke, T. Von Clarmann. H. Fischer et al.

11:30 Air Pollution Monitoring: Results from the TEMIS Project (419)
R. Vander A. F. Boersma, I. De Smedt et al.

I I :50 Surface UV Radiation Monitoring Based on GOME and SClAMACHY ( 14)
J. VanGe/fen. R. Vandcr A. u. Van Weele.M.Allaart, H. Eskes

12: I0 The Mg II Solar Activity Proxy Indicator Derived from GOME and SCIAMACHY (463)
J. Skupin, M Weber,H. Bovensmann, J. Burrows

Poster Session 3Pl 1: Trace Gases

3Pl 1-1 First Results on Global Distribution and Seasonal Variation ofC02 Detected by
SCIAMACHY (35)
W.Hartmann. S. Houweling, H. Schrijver, I. Aben

3P 11-2 Identification of Tropospheric Emissions Sources from Satellite Observations:
Synergistic Use of Trace Gas Measurements ofCH20, and N02 (37)
T. Marbach, S. Beirle. J. Hol/wedel. U. Platt et al.

3P 11-3 First Results on the DOAS - Retrieval of OCIO from SC JAMACHY Nadir
Measurements (38)
S. Kiihl, W. Wilms-Grabe,C. Frankenberg. S. Kraus et al.

3PI 1-4 Retrieval ofSCIAMACHY Near-Infrared CH4 and CO Measurements (50)
A.M.S. Gloudemans, H. Schrijver, A.X. Maurel/is, Q. Kleipool et al.

3PI 1-5 CAPACITY: Operational Atmospheric Chemistry Monitoring (56)
H. Kelder, H. Bovensmann, B. Kerridge. A. Goede et al.
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3PI 1-6 The Chlorine Deactivation Period During the Antarctic Vortex Major Warming in
September/October 2002: CION02 Measurements by MIPAS/Ell\isat (72)
.\!. I lopfucr. T 1·011Clannann, H. Fischer, .V. Glauhor el al.

3PI 1-7 Envisat Data Analyse from Democratic Congo (87)
K Kingrnge

3P 11-8 Ozone and Water Vapour in the Tropical Upper Troposphere as Ohscrx ed by the
MIPAS Instrument ( 136)
u. Sctnbhi, A. M. Waler/all . .l.J. Remedios, Ci. Allcn

3P I 1-9 Intcrcornparison of SCIAMACHY and CIOME Rcflcctanccs. Gcolocation and RAL
Ozone Profiles (250)
B. Latter. R. Siddons. IJ. Kerridge

Wl l-10 Modelling the Earth's Radiation Budget within the EVERCiRLJ·:'.'i Project (268)
L·. Fries»

.11'11-11 A Database of Spectral Surface Reflectance from 335-772 nm Derived from 5.5 Years
of GOME Observations (275)
P. S1w11111es.R. Koelcmciicr . .V. Fournier .. \!. Eisinger el al.

WI l-12 Stratospheric N205 in the Austral Spring 2002 as Retrieved from Limb Emission
Spectra Recorded by the Michelson Interferometer for Passive Atmospheric Sounding
(MIPAS) (324)
G.. \fengi.1/u Tsidu, T von ( 'Iannann. (j P. Stiller. M. Ilocpfncr et al.

W 11-13 Polar and Mid-Latitude Tropospheric BrO Climatology Derived from GOME and
SCIAMACIIY as Part of the TEMIS Project (377)
.\. Thevs, I. De Smedt.. \!. I'an Roozcndacl, C Far/ et al.

WI l-14 Measurement and Validation ofHydrochlorolluorocarbon-22 from the MIPAS
Instrument (441)
l). .\foore . J. Remedios .. I. lJ'uterfi1ll

.11'11-15 Infrared Remote Sensing of Organic Compounds in the Upper Troposphere (4 79)
.-1. ll'uler/iill . J. Remedios. Ci. Allen

WI 1-16 Mapping of Tropospheric N02 from Limb-nadir Matching (482)
C Sioris. R. Martin

WI 1-17 Obscrx at ion of CIO by Mil' AS/En vi sat Before and During the Antarctic Major
Warming in September 2002 (513)
.v Glatthor. II. Fischer

WI I-IX Monitoring Tropospheric N02 with SCIAMACHY (526)
S. Bcirle. L'. Plutt, T Wagner

Wl l-ILJ ('()in the Middle Atmosphere Measured with MIPAS/Ell\isat (557)
B. Funke. M. l.opez-Pucrtus. T 1·011Clannann, 11.Fischer el al.
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3Pl 1-20 Water Vapour Isotope Measurements: Comparisons between Results from MIPAS and

the Odin SMR (611)
V. Payne, A. Dudhia, C. Piccolo, J. Urban el al.

Wednesday 8 September - I0:50 - 12:30
DOPPLER

Session 3B4: Ocean Circulation and Marine Geoid
Chairs: P. Knudsen & J. Lillibridge

Secretarv: J. Benveniste

I0:50 Long-term Sea Level Change from Multi-satellite Altimetry in the European Seas (615)
L. Fenoglio-Marc, E. Groten

11: I0 Deriving 2Hz ERS-1 Geodetic Mission Altimetry for Gravity and Marine Geoid
Purposes (277)
0. Andersen, P. Reny, S. Dreher. P. Knudsen. R. Trimmer

11:30 Multi-mission Mean Sea Surface and Geoid Models for Ocean Monitoring within the
GOCINA Project (285)
P. Knudsen, 0. Andersen, A. Vest

11:50 Geodynamics and Reconstruction of the Earth's Interior Structure by the Geoid Data in
Different Region of the World Ocean (6)
R. Greku

12:10 Bathymetry from Space: Geophysics, Oceanography. and Climatology (427)
D. Sandwcll, W. Smith, R. Raney

Poster Session 3P06: Ocean Circulation and Marine Geoid

3P06- l The KMS03 Multi-mission Altimetric Mean Sea Surface (282)
0. Andersen, P. Knudsen, A. Vest

3P06-2 High Resolution Altimetric Gravity Field Mapping (KMS2002) (284)
0. Andersen, P. Knudsen
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Wednesday 8 September - 10:50- 12:30
MOZART 3

Session 385: Scatterometer Assimilation
Chairs: T. Hollingsworth & A. Stoffelcn

Secretarv: E. Attetna

I0:50 Re-introduction of ERS-2 Scatterornctcr Data in the Operational ECv1WF Assimilation
System (408)
P. Janssen, L. Isaksen

11: I0 Towards an Objective Pcrtormancc slcosnrc ofSpoccbonic u'ind Sensors. ERS Test
Case r33 7)
vt. Portahella. A. Stoffclcn. I'. Wismann

11:30 Timely ERS-2 Scatterornetcr Winds for Weather Nowcasting (411)
A. Stoffelen

I I :50 Analysis of the Remotely Sensed Winds: Sensitivity of ORCA Model to the
Scatterometer Wind Forcing (70 I)
-~· Bcniamv, L. Ayiana

12: I0 Im estigation of the Wind Forcing of Ocean Circulation Using the Decade-long
Scatterometer Measurements from ERS-1 and -2 (206)
L. Fu

Wednesday 8 September - 14:00 - 15:40
MOZART 4-5

Session 3Cl: Volcanoes and Earthquakes
Chairs: S. Jonsson & G. Wadgc

Secretatv: F.-M. Seifert

14:00 Persistent Scatterers on Volcanoes (63 7)
.~- Hooper. P. Segall. fl. Zehker et al.

14:20 Interferometric Synthetic Aperture Radar (InSAR) Study of Okmok Volcano. Alaska,
1992-2003: Magma Supply Dynamics and Post-emplacement Lam Flow Deformation
(271)
Z. Lu. T. Master/ark. D. Dzurisin



Day3
14:40 Measurements of Deformation Due to Seismic and Volcanic Sources Using ERS and

Envisat Data: Examples from North and South America and Asia (486)
Y. Fialko, D. Sandwell

15:00 Mapping Interseismic Strain Accumulation Using InSAR- New Results from Western
Tibet and Eastern Turkey (616)
T. Wright,B. Parsons, R. Holley et al.

15:20 Post-seismic Deformation across the Central Nevada Seismic Belt, USA, Measured by
InSAR (485)
N. Gourmelen. F. Amelung

Poster Session 3P07: Volcanoes and Earthquakes

3P07-l InSAR Survey of Alaskan Volcanoes (272)
Z. Lu, D. Dzurisin. C. Wicks

3P07-2 Contemporary Deformation in the Taupo Volcanic Zone, New Zealand. from ERS and
Envisat Permanent Scatterer Processing (307)
N.F. Stevens, J. Hole, G. Wadge,J. Beavan et al.

3P07-3 Towards Near-Real-Time Envisat ASAR Interferometry at Active Volcanoes (389)
YF. Stevens, G. Wadge,A. Celentano

3P07-4 InSAR Observations of Crustal Deformation in Iceland - an Overview (570)
R. Pedersen, F. Sigmundsson, K.L. Feigl, C. Pagli et al.

3P07-5 Estimation of Barn Earthquake Coseismic Displacement Using Envisat ASAR
Interferometric Data (592)
L. Kenyi

3P07-6 Measuring Inter-seismic Deformation by InSAR in Eastern Turkey (661)
K. Feig/, S. .WcC!usky,S. Akarvardar, S. Ergintav et al.

Wednesdays September-14:00-15:40
KARAJAN 2-3

Session 3C2: Carbon & Kyoto
Chairs: S. Quegan & Z. Li

Secretary: E. Volden

14:00 GLOBCARBON: Multi-Sensor Estimation of Global Biophysical Products for Global
Terrestrial Carbon Studies (DUP/DUE) (326)
S.Plummer, 0. Arino, F. Fierens et al.



Day 3
14:20 KYOTO-INV: Reporting on Land Use and Forestry under the Kyoto Protocol

(DUP/DUE) (543)
.!. Romero. R. Vol::. :'vi.Giamboni. H". Ruesch

14:40 Monitoring Forests as Carbon Sinks Using Remote Sensing (85)
F. Go11::1ilc::-A/011so. S. Merino-De-Miguel, A. Rold1i11-£a111<1rl'li11 cl al.

15:00 Inferring Carbon Fluxes or Forests from Tandem Coherence: Environmental and
Management Controls (577)
S. (J11cgu11.P. Drczct

15:20 Lnvisat-Indonesia Radar Biomass Experiment (EIRBEX) (260)
,\!. Raimadoya. M. Doh.11111,B. Trisasongko. R. \'W1 Rcnslnin;

Wednesday 8 September -- 14:00 - 15:40
MOZART 1-2

Session 3C3: Atmosphere Retrieval (1)
Chairs: 0.P. Stiller & A. Goede

Secrctarv: R. Koopman

14:00 The GOD FIT Direct Fitting Algorithm: a New Approach for Total Column Retrieval
(426)
R. Spurr. /\4. Van Roozcndael . ./. La111hl'/"/, ( '. Fart

14:20 An Online Version ofWFDO/\S Algorithm for Total Column Retrieval with CiOME
and SCl/\MACHY (353)
t.. l.amsul, st. weber. A. Ro::.01101·ct al.

14:40 Inverse Modelling of Methane Emissions from Satellite Observations within the
EVERCjREEN Project (I 38)
./. vlcirink. .!. fakes . .-1. Gocd«

15:00 SCIAM/\CHY Water Vapour Retrieval Using AMC-DO/\S (235)
S. Soi;/ .. \!. Buchwitz, 11.Ho1·e11.1111w111,./. Burrows

15:20 GEO-MTR: a 2-Dimcnsional Multi-target Retrieval System for MIP/\S/Envisat
Observations ( 159)
B. Dinelli . .t1. Carloni, . I. Dudhia et al.
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Wednesday 8 September- 14:00 - 15:40
DOPPLER

Session 3C4: Wind and Wave (1)
Chairs: P. Queffelou &D. Cotton

Secretary: J. Benveniste

14:00 Altimeter Dual Frequency Measurements with Envisat RA-2 (564)
B. Chapron, J. Tournadre. Y. Qui/fen, F. Collard

14:20 Impact of Multi Near Real-time Altimeter (Envisat and Jason) Assimilation Data on
Wave Analyses and Forecast (238)
C. Skandrani, J. Lefevre, P. Queffeulou

14:40 Satellite Wave Height and Wind Speed Validation over the Mediterranean Sea (333)
P. Queffeulou, A. Bentamy

15:00 Climate Change and Extreme Wave Heights in the North Atlantic (527)
P. Challenor, W. Wimmer, I. Ashton

15:20 Extreme Wave Statistics from SAR Wavemode (445)
S. Lehner. T. Konig. J. Schulz-Stellenfleth. W. Rosenthal

Wednesday 8 September- 14:00 - 15:40
MOZART 3

Session 3C5: Scatterometer Applications (1)
Chairs: M.X He & R. Ezraty

Secretary: P. Lecomte

14:00 Improving Tropical Cyclone Prediction Using Scatterometer Surface Winds in Model
Initialization (669)
S. Chen. J. Tenerelli. W. Zhao. R. Foster. W. Liu

14:20 Some Evidence on the Link between Solar Activity and Climate from ERS
Scatterometer Data over Land (359)
V. Wismann

14:40 Arctic Multi-year Sea Ice Monitoring: A decade of Observations Using the ERS
Scatterometers (372)
R. Ezraty
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I5:00 Antarctic Iceberg Abundance. Size. and Drift Derived from Active Microwave Data
(462)
X. Young. G. IIrland, R. Williams

15:20 Use of Soil Moisture Scatterorncter Data in Hydrological Predictions (299)
G. Bloschl, W. Wagner

Wednesday XSeptember - 16: I0 - 17:50
MOZART 4-5

Session 301: Barn Earthquake
Chairs: E. Fielding & B. Parsons

Sccrctarv: F. Sarti

16: I0 Using SAR lnterferometryand Tclcscismic Data to Determine Source Parameters for
the 2003 Barn Earthquake (475)
S Jo11s1011./'. \fai, D. Small cl al.

16:30 Interferometric Displacement and Damage Assessment for the 2003 Barn Earthquake
(304)
J. Hoffmann. A. Roth. S. l'oigt

16:50 Coseismic Deformation of the Bam \111 6.5 Earthquake (Iran) from ASAR
Interferometry and Slip Inversion hy Boundary-element Method (548)
J. Sun. F. Liang. X. Xu

17: 10 Earthquake Mechanisms from l.nvisat ASAR Imagery: the 2003 Barn (Iran) Earthquake
Rupture ofa "Truly Blind" Faull (559)
H. Parsons. Ci. Funning. T. Wright ct al.

17:30 l.nvisat lnSAR Correlation Changes Reveal Surface Ruptures and Building Damage
from 2003 Earthquake at Barn. Iran (644)
F. Fielding .. \!. Talebian. M. Qorashi cl al.



Day3

Wednesday 8 September - 16:I0 - 17:50
KARAJAN 2-3

Session 302: Forestry
Chairs: J. Pulliainen & C. Sch11111/li11s

Secretary: M. Engdahl

16: I0 LAI Estimation of Boreal Forest with Envisat ASAR ( 168)
T. Manninen, P. Stenberg, M Rautiainen et al.

16:30 Comparison of Stem Volume Retrieval Accuracy in Boreal Forest Using Multi-temporal
ERS Coherence Images (508)
.H Santoro, J. Askne, L. Eriksson, C. Sch11111//i11s

16:50 Mui titemporal ERS and Envisat Imagery for the Estimation of the Reforestation Process
of Burned Areas (474)
F. Del Frate, F. Catalucci, F. Del Frate et al.

17: I0 Forest Disturbance and Attributes Observed by Envisat ASAR (620)
G. Sun, J. Ranson, V Kharuk, Z. Li

17:30 Burnt Area Detection by Envisat ASAR Wide Swath Backscatter in Boreal Forests of
Siberia (680)
S. Huang, F. Siegert

Wednesday 8 September - 16: I 0 - 17:50

MOZART 1-2

Session 303: Atmosphere Retrieval (2)
Chairs: C. Camy-Peiret & G.P. Stiller

Secretary: T Wehr

16: I0 Retrievals of 03 and H20 in the Lower Stratosphere and Troposphere from Envisat
(252)
WJ. Reburn, VL. Jay, R. Siddans, B.J. Kerridge

16:30 Retrieval of Atmospheric Parameters from MIPAS Measurements at IMK/IAA and
Application to Atmospheric Sciences (338)
T. Von Clarmann, H. Fischer, B. Funke et al

16:50 Microwindows (416)
A. Dudhia, C. Piccolo, V Payne, A. Burgess, A. Dudhia



Day 3
17: I0 ltcrativ ely Regularized Gauss-New ton Method for Atmospheric Remote Sensing

Applied to MIPAS and SCIAMACHY Limb Sounding Observations (478)
.I. Doicu

17:30 Bright Limb Observations by CiOMOS. OSIRIS and SCIAMACllY (449)
F. 1\1-riihi

Poster Session 3P08: Atmosphere Retrieval

3P08- I Simplification of SCIAMACl IY's Polarisation Retrieval ( 127)
(i Tilstra . .V. Schutgens. P. Sru111111e1

3P08-2 Retrieval ofTemperature and Pointing Information from MIPAS Limb Emission
Spectra (336)
T. von Clannann, f-1.Fischer. B. Funke. S. Gil-Lope: cl al.

3P08-3 Tomographic Retrieval Approach and Diagnostics for Mll'AS-Envisat (366)
T. Srcck. M. lfoffner, T. von ( 'larmann, U. Grabowski

3P08-4 Rcgridding of' Remote Sounding Measurements and Application to Ozone Profile
lnicrcomparisons (386)
r C 'aliscsi, VT. Socbijanta

31108-5 Rctricv al of Atmospheric Trace Constituents from Envisat MIPAS Obsen ations by
Means of Rapid Radiative Transfer Calculations: First Results for C'FC-11 (399)
I.. I loffi11ann.. vt. Riese. P. l'rcussc. R. Spang el al.

3P08-6 Ozone Profile Retrieval from SCIAMACllY Nadir Measurements (401)
K. Brcunstcdt, V. Rozanov. S. Tell111a11.. \!. Weher et al.

3P08- 7 Retrieval of Tropospheric Ozone Columns from GOME Observations (410)
R. 1·w1der A, A. Segers, II. Eskcs. M. 1·a11Weele

3P08-8 A Neural Network Algorithm for the Retrieval of Temperature Profiles from GOME
Radiance Measurements (451)
F. Del Fratc .. \!. lapaolo. S. C 'nsndio

3P08-9 Profile Retrieval of SCIAMACl IY Limb Sounding Observations ( :"i 14)
S. l tilgcrs. A. Doicu, S. Sliikhui«. F. Schreier et al.

WOX-10 Studies in Support of an Advanced ESA Mission to Sound Atmospheric Composition
atier Envisat (524)
B. Kcrridgc, A. Baran, .\!. Birk. S. Buehler el al.

WOX-11 Mcsospheric and Lower Thcrmospheric Temperature and C02 Ymr as Measured by
Mll'AS/Envisat (667)
Al. t.opcz-Puenas. T. 1·011 ( 'Iunnann, 11.Fischer. B. Funke cl al.
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Wednesday 8 September- 16:I0 - 17:50
DOPPLER

Session 3D4: Wind and Wave (2)

Chairs:D. Cotton & P. Queffelou
Secretary: J. Benveniste

16:10 Assimilation ofERS and Envisat Wave Data at ECMWF (403)
S. Abdalla. J. Bidlot, S. Abdalla, P. Janssen

16:30 Comparison ofEnvisat ASAR Data with Met Office Global Spectral Wave Model (57)
J. Li. M. Holt

16:50 EDOWA: Envisat Data for Operational Wave Analysis (99)
H. Hajji

17:10 Assimilation of ASAR Envisat Wave Spectra in Wave Model WAM: Toward
Operational Use ( 140)
L. Aouf. J. Lefevre, D. Hauser, B. Chapron

17:30 Rapid Nearshore Wave Climate from Earth Observation Measurements (351)
G. Wensink

Poster Session 3P09: Wind and Wave

3P09-l Cross Calibration ofEnvisat, ERS-2, JASON, TOPEX-POSEIDON, and Geosat Follow
on Wind and Wave Data, Based on Comparisons with In-situ Data and Wave Model
Analysis Fields (341)
D. Cotton. P. Challenor, J.-M. Lefevre

3P09-2 Global Validation of Envisat RA-2 Wind and Wave. and MWR Products (402)
S. Abdalla, P. Janssen

3P09-3 Ocean Wave Period from Space: Validation Using Envisat RA2 Data (606)
C. Gommenginger, D. Col/on, M. Srokosz, P. Challenor

3P09-4 A Comparative Study of Extreme Waves by Satellite Data (617)
M.R. Della Rocca

3P09-5 Numerical Simulation of Active Sensor Sea and Wind Response over Shallow Sea (674)
E. Pugliese Carratelli, C. Giarrusso, G. Spulsi
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Wednesday 8 September - 16: I0 - 17:50

MOZART 3

Session 305: Scatterometer Applications (2)
Chairs: W Wog11er & C. Anderson

Secretarv: P. Lecomte

1(,:10 Sen ices using Soil Moisture Measured from Space (312)
R. Beck. F. Grocsz

16:30 Soil Moisture Products from C-hand Scatterometcrs: from LRS-1·2 to METOI' (379 I
K. Scipal. Z. Bartalis. V. Naeimi. W. Wagner

16:50 Effectiveness ofCvband Scaucrornctcr in Hydrological Tasks (-136)
C. Scheffler, W. Flligel. P. Krause

I7: I0 Analysis or ERS SAR and Wind Scattcromcter Data Complementarity mer an Agro
pastoral Sahel ian Area (584)
S. Zinc, P. Frison. L. .larlan et al.

17:30 The Advanced Scaucrornctcr (;\scat) on the METOP Satellites: an Operational Follow
on to ESA ERS C-band Scaucromctcrs (556)
C. Anderson . .I. Figa . .I. Wilson. B. Gclsthnrpe. E. Auema

Poster Session 3P10: Scatterometer

3PIO-I The ERS-2 Scaucrornctcr Mission: l.vcnis and Long-loop Instrument and Data
Performances Assessment (421 )
R. Crapolicchio, P. l.ccomtc

31'10-2 The Global Validation ofERS Wind and Wave Products at ECMWF (432)
II. Hersbach, S. Abdalla

Wednesday 8 September -- 17:50- 18:50
MOZART 3

Session 3E5: 30 Years C-Band Scatterometer Services

Round Table
Chairs: //. l lcrshach & £. A /fe1110

Secrl'/an ·:
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Thursday 9 September - 08:40 - I0:20

MOZART 4-5

Session 4Al: Agriculture (1)
Chairs: P. Pampaloni & T. Le Toan

Secretary: A. Zmuda

08:40 Multitemporal Analysis of MERIS FR Data for Crop Monitoring in Two Agricultural
Areas: Barrax and Toulouse (582)
.'vf.Gonzalez-Sampedro, J. Moreno, T. Le Toan

09:00 Synergetic Use ofEnvisat-1/ASAR IMG/APG Data and Optical SPOT XS/XI Data for
Land Cover and Agricultural Crops Mapping (507)
M. Mroz, A. Sobieraj, M Ciolkowska

09:20 Multipolarized and Multi temporal Analysis of Envisat ASAR Data for Agricultural
Inventories (InVeKoS) in Germany ( 112)
V. Hochschild, C. Weise

09:40 Sensitivity of ASAR AP Data to Crop and Soil Parameters (503)
F. Mattia, L. Dente, G. Satalino, T. Le Toan

10:00 The Internet Rice Information System - an EOMD Initiative (283)
F. Holecz, E. Van Valkengoed. M. Salopek, P. Bolton

Thursday 9 September - 08:40- 10:20
KARAJAN 2-3

Session 4A2: Oil Spills I Ship Detection
Chairs: M.X. He & R.B. Olsen

Secretary: £. Volden

08:40 Oil Spills Automatic Detection from SAR Images (321)
F. Nirchio. P. Trivero, W.Biamino et al.

09:00 Automatic Oil Spill Detection Based on Envisat, RADARSA T
and ERS Images (I 0)
A. Solberg

09:20 An Experience of Using ERS-1 /2, Envisat and RADARSA T SAR Images for Oil Spills
Mapping in the Waters of the Caspian, Yellow and East China Seas (388)
A. Ivanov, M. Fang, M He



09:40

10:00

Day 4
Polarisation-Dependent Signatures of Ships (488)
R. Olsen. T Arncsen. P. Vachon

An Open Source Framework for Integration of Vessel Positions Detected in Spaccbornc
SAR Imagery in Operational Fisheries Monitoring and Control (665)
G. Lemoine, G. Schwartz-Jnvtc. :V. Kourti. I. Shepherd. C Ccscn«

Poster Session 4P01: Oil Spills/Ship Detection

Problems in Detecting Oil Pollution in Black Sea Coastal Zone by Satellite Radar
Means ( 113)
vt. .\litrngina

4POl-2 Multiscalc Segmentation of Oil Slick in SAR Images Based on Morphological Pyramid
(293)

4POl-I

TF.\'. Kanoa, G. Mercier, F. limrc. 1·. /Je Paul 011a11a cl al.

4PO 1-3 Ship Detection with Fnvisat's Alternating Polarisation Mode (308)
.1. S111ith. J Chcsworth, II. Gn-idunu-;

4PO 1-4 A NO\ cl Algorithm for Ship Detection in ERS and En vi sat SAR Imagery
Based on the Wavelet Transform (438)
.I.I Xlallorqni. M. Tello. C l.opcz-Xlartincz, //. Grcidanus

08:40

09:00

09:20

09:-lO

Thursday 9 September - 08:40 - I0:20
MOZART 1-2

Session 4A3: Clouds and Aerosal (1)
Chairs: R. Gu::::i& D. Murtagh

Sccrctarv: ( ·. Zehner

Global Obser, at ions of UV-absorbing Aerosols from ERS-2/CiOME Data (241)
vt. !Je Grau]. r. Sta111111n. R. Kocle111eijl'!"

Aerosol Optical Thickness Retrieval O\Cr Land and Water Using SCIAMACllY;GOME
Data (67)
1 · f.."11.1111icrc::_1-k-.Hich11!l'C.c;_ /Jc J,,•rn11·

Retrieval of Cloud Phase from Earth Spectra around 1.6 Microns as Measured by
SCIAMACHY ( 119)
J -uarrct«; P. Sta111111<·s.W Knap

Determination of Cloud Parameters from Satellite Instruments for the Correction of
Tropospheric Trace Gases ( 13)
vt. (;r::egonki. C /'011 Fricdcburg. L".Ptatt, T Wagnff
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I0:00 Improved Cloud Detection for Upper Tropospheric Clouds Using Spectrally Resolved

Infra-red Limb Sounding Instruments (51)
J. Grcenhough, J. Remedios, R. Spang

Thursday 9 September - 08:40 - I0:20

DOPPLER

Session 4A4: Wetlands I Floods
Ch~irs:H. Yesou& H. Bach
Secretary: D. Fernande:

08:40 ASAR Multi temporal and Dual Polarization Observations of Wetland Marshes (491)
H. Karszenbaum, F. Grings, J. Jacobo et al.

09:00 InSAR-based Hydrology of South Florida (49)
S. Wdowinski,F. Amelung, T.Dixon et al.

09:20 Assimilation of Snow Properties Derived from ASAR Wide Swath Data in a
Hydrological Model of the Neckar Catchment for Improved Flood Forecast (248)
H. Bach, F. Appel, A. Loew et al.

09:40 Towards Operational Flood Mapping with Satellite SAR (I 08)
S. Solbe, I. Solheim

10:00 Evaluation ofa Remote Sensing Based Regional Flood/Waterlog and Drought Monitoring
Model Utilising Multi-source Satellite Data Set Including Envisat Data (472)
G. Csornai, Z. Suba, G. Nddor, et al.

Poster Session 4P02: Wetlands/Floods

4P02- l Usage of Satellite Information for Analysis of the Hydrological Processes (I)
V. Chuh, S. Myagkov, M. Torskiv

4P02-2 Inferno+ - a Project for the Integration of Remote Sensing Information in Operational
Water Balance and Flood Forecasting Models (88)
R. Ludwig, W Schulz, U. Merkel, N. Demuth et al.

P02-3 Mapping and Monitoring of Wetlands in the Lake Chad Basin Using Envisat ASAR
Wide Swath and Envisat ASAR Alternating Polarization Data (92)
T. Westra,R. De Wulf



-W02-4 ASAR Derived Flood Maps for Flood Propagation Model Calibration (229)
J-B. l lcnrv, P.. \fatgen, F. Pupprnhcrger. L Pfister et al.

Day4

4P02-5 Multisource SAR Data for Flood Monitoring in 2003 in China (26 I)
J. l.iao. S. Wang

4P02-6 Hydrological Modelling in a Subtropical Catchment Arca - Use of Remote Sensing
Techniques for its Parametrisation (342)
T I lurum. P. Saccon, N ( 'alasans Reg(}

4P02-7 Assessment of the Synergistic Exploitation of Envisat ASAR and MERIS Data for Plain
Flood Rapid Mapping: a Part of the Dragon Flood Project (381)
H Ycsou, Jircn l.i, Jing l.i, Y Wung i'! al.

08:40

09:00

09:20

09:40

10:00

Thursday 9 September - 08:40 - I0:20
MOZART 3

Session 4A5: Ice (1)
Chairs: S. Lavon & N. Young

Sccretar: '. F.-AJ Seifert

SAR and InSAR Studies on Selected Tidewater Glaciers in Spitsbcrgen (460)
Z Pcrski . J. Jania, Al. Sohcr

Recent fluctuations and Damming of Glaciar Peri to Moreno. Patagonia. Observed by
Means of ERS and En vi sat SAR Imagery ( 117)
II. R(}ff. M Stuefcr, T. Nagler. C Riedl

Flow Evolution through the 1993-5 Surge of Bering Glacier Alaska Measured by ERS
SAR Feature-tracking (244)
A. L11ck111a11,T. Murray, A. Luckman

Using ERS and Lnvisat Data to Study the Glacier Changes in Tibet. the
Nianqingtanggulashanmai Example (ESA Project no 2401) (378)
J Deroin .. \1. Dai. L. Chuang et al.

Recent Variations of Larsen Ice Shelf Antarctic Peninsula. Observed by l.nvisat ( 192)
C Riedl. H Roll, W. Rack



Day4
Thursday 9 September - 10:50 - 12:30

MOZART 4-5

Session 481: Agriculture (2)
Chairs:

Secretary:

10:50 Retrieving Wheat Biomass from ASAR Data (578)
T. Le Toan, A1.Gonzalez-Sampedro, J. Moreno

11: 10 The Role of Envisat ASAR in Agriculture ( 133)
F. Holecz, P. Pasquali. M Barbieri. S. Monaco, C. Heimo

11:30 Agricultural Monitoring in Finland Using Envisat Alternating Polarization SAR Images
(95)
M. Karjalainen, H. Kaartinen, J. Hvyppd. R. Kuittinen

11:50 Estimation of Crop Parameters from Muitiyear ERS - Envisat SAR Data Set (605)
C. Lucau, P. Defourny

I2: IO Rice Monitoring Using Envisat ASAR Data in China (619)
P. Yong, Z. Li, G. Sun el al.

Poster Session 4P03: Agriculture

4P03-3 Crop Classification Based on Microwave Images Acquired from Envisat and ERS ( 165)
K. Stankiewicz

4P03-4 Ecological Agricultural Crops Classification Using Envisat-ASAR in Oases of
Taklamakan Desert (227)
Q. Dong, H. Guo, Z. Li



Day 4
Thursday 9 September - I0:50 - 12:30

KARAJAN 2-3

Session 4B2: Water Quality
Chairs: R. Doerrfcr & K. Ruddick

Secretatv: .1.-P. Huot

10:50 Suspended Matter Dynamics in Lake Constance in 2003 Derived from MERIS and
MODIS Satellite Data (317)
.!. Ihuh, P. Geg«

11:10 Mapping of Photosynthetic Pigments in Spanish Inland Waters Using MERIS Imagery
( 186)
R. Pena-Martinez. A. R11iz- I'erdu. .!. /Jo111i11g11ez-Go111ez

11:30 Retrieval of Limnological Parameters of Pcrialpinc Lakes by Means of MERIS Data
(207)
D. l loricioiu. //. Roll, E. Rott et al.

11:50 Amazon Floodplain Water Quality Monitoring using MERIS and MODIS Data (621)
J. Martinez, L Mauricc-Bonrgoin. P. Morcira-Turcq, el al.

12: I0 Water Quality and Algae Bloom Mapping in the CASE 2 Waters of the Baltic Sea and
Finnish Lakes Using Envisat MERIS Data (257)
.!. P11/liai11e11. J. Vcps.ildinen. S. Koponcn el al.

Poster Session 4P04: Water Quality

4P04-I Large European Lakes Vanern and Vattern in MERIS Images (225)
A. Reinart. /J. Pierson, !V.Striimbcck
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Thursday 9 September - 10:50- 12:30

MOZART 1-2

Session 483: Clouds and Aerosols (2)
Chairs: Y.M. Timofeyev& R. Guzzi

Secretary: C. Zehner

I0:50 MIPAS/Envisat Observations of PSCs in the Artie and Antarctic Winters 2002 to 2004:
a Comprehensive Dataset for Polar Process Studies (309)
R. Spang, J. Remedios, L. Kramer et al.

11: I0 Aerosol Optical Depth over Europe - Retrieval from ATSR-2 Data for the Year 2000 (65)
R. Schoemaker, G. De Lee111r,R. Schoemaker

11:30 Retrieving Aerosol Properties and Land Surface Reflectance from Multi-angle AATSR
Measurements (246)
W Grey, P. North, S. Los

11:50 CONTRAIL: Monitoring Aircraft Condensation Trails (DUP/DUE) (383)
F. Jelinek

12: I0 Detection of Condensation Trails, Cirrus Clouds and Retrieval of their Properties with
AATSR (538)
If. Mannstein, K. Dammann, W. Krebs, L. Bugliaro, B. Mayer

Thursday 9 September - I0:50 - 12:30
DOPPLER

Session 484: Soil Moisture
Chairs: W. Wagner& W.Mauser

Secretary: R. Cordey

10:50 Has SAR Failed in Soil Moisture Retrieval? (76)
W Wagner, C. Pathe

11:I0 Use ERS-2 SAR Data for Estimating Soil Moisture and Vegetation Water Content
Variations in Bo real Forests (662)
.!. Pu//iainen. P. Hari, M. Hallikainen et al.

I I :30 Retrieval of Soil Moisture from Envisat ASAR Images: a Comparison of Inversion
Algorithms ( 161)
P. Pampaloni, E. Santi, S. Paloscia et al.



Day 4
I I :50 vlultiscale Soil Moisture Rctriev al to Monitor the Global Change of the Water Cycle -

Perspectives from the Ci LOWA-Danube Project ( 110)
W Xlausc»: A. Lii11·, R. /.1/lhl'ig

12: I 0 Soil Moisture Mapping with C-band Multi-polarization SAR Imagery (I 02)
Z U, .\'. Ren, X Li. L Wa11g

Poster Session 4P05: Soil Moisture

4P05- I The Retrieval of Soil Moisture Using Medium Resolution Em isat ASAR Wide Swath
Data (25)
.\'. l\011g. S. Darling. R. S111irh

4P05-2 Coupled Modelling of Microwave l.andsurfacc Interactions Using Lil\ isat ASAR APS
Data (63)
.I. /JJC\\', IV. Mauser

05-3 Soil Moisture Experiments in 2003 (SMEX03) ASAR Studies (80)
T. .lackson, R. \'WI der Vcldc, R. Hindlish, JC. Shi

4P05-4 Estimation of the Rain Moisture of Soils trorn Envisat ASAR ( 155)
I. Kultnvkov. A. Born·. r. Ycfimov

4P05-5 Methodology for the Processing of ASAR Wide Swath Data for the Derivation of Land
Surface Properties of the Mosel Catchment (24 7)
.\'. /Jrn1111h.F. Appel. II. Rach. A. /.11C11· er al.

4P05-6 Retrieving of Surface Moisture and Roughness for Agricultural Soil Surfaces with
ASAR-Envisat Data (273)
.\/. Zribi. N. Ho/ah, ;\', Baghdadi

4P05- 7 Subsurface Microwave Remote Sensing of Soil Water Content: Field Studies in the
Negev Desert and Optical Modeling (453)
/J. 8/11111herg,J. Dunlcls . ./. Ben- .:ishcr. I'. Frcilikher cl al.

4P05-8 Analysis of ASAR lmagcry for l lydrological Applications in Sardinia. Italy (487)
( ·. l'aniconi, K. Guillotte. I. Glicrbrnnti .. \!. Bernier cl al.

4P05-9 Esti111ating the Soil Moisture from LRS-2 SAR Data in the Kurukavak Basin. Turkey
(627)
/... ikvurck. A. U11al Sor111a11



Day4
Thursday 9 September - 10:50 - 12:30

MOZART 3

Session 485: Ice (2)
Chairs: N. Young & S. Laxon

Secretary: P. Femenias

I0:50 Use of Envisat Dual-frequency Radar Altimeter Data over Continental Surfaces ( 194)
F. Papa. B..Legresy, F. Remy et al.

11: I0 Dual-Frequency Radar Altimeter above the Antarctic lee Sheet (94)
F. Remy, A. Levasseur, B. Legresy

11:30 Comparisons of Envisat and ERS Radar Altimetry and ICESat Laser Altimetry for lee
sheet Elevation Change Studies (622)
J. Dimarzio, H Zwally, A. Brenner

11:50 Rheological Models of European lee Coasts from SAR Interferometry and Altimetry ( 17)
A. Sharov, S. Etzold

12: I0 Surface Wind Field and Snow Grain Size over Antarctica Derived from ATSR Data
(519)
N. Young, G. Hyland, J. Anderson, M. ru.

Poster Session 4P06: Ice

4P06-l Melting of Seasonal Snow in Dronning Maud Land, East Antarctica Derived from
Envisat ASAR Imagery (66)
O.P. Mattila

4P06-2 Envisat Radar Altimetry over the Vostok Lake Area, Antarctica ( 191)
B. Legresy, S. Roemer, F. Remy

4P06-3 Envisat Radar Altimetry over the Amery Ice Shelf (I 93)
B. Legresy, R. Coleman, F. Remy

4P06-4 Glacier Velocity Measurements Using Differential Interferometric SAR in Antarctic
Grove Mountain (213)
C. Xiao, Li Zhen, Z. Yanmei

4P06-5 SAR Fim Line Detection and Glacial Climate Response; Svartisen Glacier, Northern
Norway (396)
R. Storvold, K.A. Hegda, £. Maines

4P06-6 Synergy of Active and Passive Satellite Microwave Data for Cryospheric Studies (458)
A. Kouraev
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Thursday 9 September - 14:00 - 15:40

MOZART 4-5

Session 4Cl: Fires and Land Surface Temperature
Chairs: F. Achard & C. Mutlow

Secretarv: M. Simon

14:00 The Waterrned Field Experiment: Validation of the AATSR-LST Product with ln-situ
Measurements (290)
£. .\'01"€.1, G. Soria. J. Sobrino et al.

14:20 Validation ofEnvisat AATSR Data Derived Land Surface Temperature - a Case Study
over Indian Region (2)
K. Badarinath

14:40 Evaluation of the Envisat-AATSR Land Surface Temperature Algorithm with Ground
Measurements in the Valencia Test Site (30)
C. Coll. E. Valor, V. Case/In el al.

I5:00 Large-scale Forest Fires in Siberia Analysed by MODIS. MERIS and ASTER Multi
resolution Satellite Imagery (646)
F. Siegert. S. Huang

I5 :20 GLOBFIRE: ATSR-2 and AATSR World Fire Atlas Products. Validation. Consistency
and Relationship with Climate Variables (681)
0. Ari110. S. Plummer. D. Dcfrenn«

Poster Session 4P07: Fires and Land Surface Temperature

4P07-l Surface Temperature Estimation from AATSR Data (709)
.J...1.Sobrino, J. Cuenca, C. Soria

4P07-2 Retriev al of Surface Temperatures from ATSR Thermal Images Through a
vlonowindow Algorithm ( 144)
.·I. Perez Burgos, J.L Ca.1u1101·a Roque. A. Calle Montes



Day4
Thursday 9 September - 14:00- 15:40

KARAJAN 2-3

Session 4C2: Ocean Colour
Chairs: A. Morel & J. Aiken

Secretary: J.-P. Huot

14:00 REV AMP: the Latest North Sea Chlorophyll Atlas Results (498)
S. Peters, H. Van der Woerd, R. Pasterkamp et al.

14:20 Ocean Colour Multi-sensor Analysis During a Phytoplankton Spring Bloom in the North
Sea Region (500)
A. Folkestad, L. Pettersson, D. Durand

14:40 Application of MERIS Data to Assess C02 Upper Ocean Fluxes: Development and
Validation ofa Satellite-model Approach (707)
F. D'Ortenzio, D. Antoine

15:00 An Ocean Color Inversion Algorithm for Chlorophyll, Backscatter Coefficient and
Coloured Dissolved Organic Matter (601)
Y. Park, K. Ruddick

15:20 Optical Observations of Marine Film Slicks (361)
I. Sergievskava, J. Da Silva, S. Ermakov, S. Correia

Poster Session 4P08: Ocean Colour

4P08-l A Comparative Analysis of Simple Radiative Transfer Approaches for Aquatic
Environments (60)
L. Sokoletskv, Y.Z. Yacobi

4P08-2 Results of MERIS Level-2 Validation in Namibian Coastal Area and Atlantic Ocean ( 103:
T. ou». H. Siegel. M Gerth

4P08-3 Detection of Pseudo-Nitzchia SPP Toxic Blooms Using MERIS Images on the Galician
Coast(l54)
.LM. Torres Palenzuela, L. Gonzalez Vilas, A. Mosquera Gimenez

4P08-4 Identification of Hydrogen Sulphide Eruptions at the Namibian Coast Using MERIS
Sensor(218)
T. Olide

4P08-5 A Review of Chlorophyll Concentration in the Gulfof Eilat (Aqaba) Open Waters by
In-situ Monitoring and Remote-Sensing Derived Data from the Past Two Decades (447)
A. Dadashev, D. Blumberg. D. lluz, L. Sokoletskv et al.

4P08-6 Study of the Surface Kuroshio Bifurcations around Taiwan by MERIS Data (504)
M.Fang



Day4
Thursday 9 September - 14:00 - 15:40

MOZART 1-2

Session 4C3: Ozone Profiles Retrieval from GOME (1)
Chairs: J.-C. Lambert & Y. Mcijcr

Secretarv: S. Casadio

14:00 Retrieval of Ozone Profiles from CiOME and SCIAMACllY (GOME O.l Profiling WG)
(249)
R. I",111011. R. Van dcr ;/

14:20 Ozone Profile Retrieval from (jQML Radiance Measurements: the Inversion Problem
Sol\ ed by Regularization(Ci0\,1E ().\Profiling WG) O 10)
./. l.undgm( 0. Husckatnp

14:40 Recalibrated Ozone Profiles from CiOME-UY!VIS-Nadir-Spectra O 19)
S. Te/lma1111. M. Wehcr. 1· Ro::.a1101', ./. Burm11·.1

15:00 Ozone Profile Retrieval from Global Ozone Monitoring Experiment iCiOME) (CiOME
03 Profiling WG) (560)
/\. Chance. X. Liu, R. Spurr et al.

15:20 Global Height-Resolved Ozone Distributions Spanning the Troposphere and
Stratosphere from Eight Years ofCiOME Observations (673)
R. Siddons. H. Lui/er. H. Kcrridg« ct al.

Thursday 9 September - 14:00 - 15:40
DOPPLER

Session 4C4: Snow
Chairs: 11.Roll & K. Partington

Sccretarv: R. Cordcv

14:00 Feasibility of I.nvisat Data for the l.srimation of Snow Pack Characteristics and Areal
Fraction ofSnow Cover in Borcal Forests (251)
./. Pulliaincn, S. Met.1ii111iiki.K. l.uoju» et al.

14:20 S1Hrn Classification Algorithm for l.m isat ASAR ( 169)
T. .\'aglcr. I/. Roll

14:40 \ 1ulti-sensor/Multi-temporal Analysis of Envisat Data for Snov, Monitoring (.106)
R. So/herg . ./. Amlicn, II. Koren et al.



Day4
15:00 Near Real Time Snow Covered Area Mapping with Envi sat ASAR Wide Swath in

Norwegian Mountaineous Areas (468)
£. Maines, !. Lauknes, R. Storvold

15:20 Mapping Snow Cover in Alpine Areas with Envisat/ SAR Images (349)
P. Pampaloni, S. Pettinato, P. Poggi el al.

Poster Session 4P09: Snow

4P09- l Snow Water Equivalent Retrieval Using Delta-K InSAR Repeat Pass Processing of
Envisat ASAR Data (551)
Y.Larsen, C. Engen, £. Maines. K. Hogda et al.

4P09-2 Comparison of ASAR Data and RADARSAT-1 Data for Cryospheric Applications in
Canada (682)
Y. Gauthier, M Bernier. S. Hardi'. F. Weber et al.

Thursday 9 September - 14:00 - 15:40

MOZART 3

Session 4CS: Sea-Ice (1)
Chairs: W. Dierking & D. Flett

Secretarv: 0. Grabak

14:00 Demonstration of Envisat Data for Sea Ice Monitoring in the Northern Sea Route ( 181)
V Alexandrov, 0. Johannessen, S. Samii-en et al.

14:20 Arctic Sea Ice Thickness from Envisat Altimetry Data ( 114)
A. Ridout, S. Lason

14:40 Comparison of Single and Dual Polarised Envisat ASAR Data with Laser Scanner Data
of Sea Ice Thickness in Fram Strait (626)
L. Toudal. K. Kloster, S. Hvidegaard. F. Rene

15:00 Lincoln Sea and Nares Strait (469)
P. Gudmandsen

15:20 Remote Sensing of Freshwater Ice Cover Using Satellite Synthetic Aperture Radar
(SAR) Data (259)
G. Leshkevich, S. Nghiem
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Thursday 9 September - 16: I0 - 17:50

MO/ART 4-5

Session 401: Hazard and Disaster Relief
Chairs: L. Wcg11111/lcr& K. Fclluh

Sccretarv: .\1. Paganini

16: I0 I low Space Can Better Support Emergency Management and Critical Infrastructure
Protection (I 72.)
I. Hccking

16:30 Lsc of SAR Data for Natural Disaster 'v1itigation in the Mobile Environment (h36)
.\!. l.u11hi1110. T. lldm«. t; l11dcrs1011et al.

I6:50 Flood Risks Management and Prevention-WARM (44~)
C. f.:ing .. \!. Coste», .!. I'm/Li

17: I0 Towards a European Rapid Mapping Service for Disasters Monitoring (714)
K. Fellah. H.. tllcubach. S. Hatti11011 ct al.

17:30 Building Damage Detection Using Satellite SAR Intensity Images for Recent
l.arthquakcs (327)
.\/. skusuok«. F. Yamazuki

Poster Session 4Pl 0: Hazard and Disaster Relief

-IP I0-1 Improv ing the Acccssibi Iity to Russian Satellite Data for Mitigating Natural Disaster (4)
L Kudasltcv

-IPI0-3 Integration ol'Envisat-ASAR Data in a llazard-Monitoring-Ci!S - l.nvisat Project (70)
r.·. Scharrer. t: .\lii11::er. r.-. lf'cher-lhcfrnhach. :I. 011dn11111</lrn11

4P I0--1 CST ARS. a Nell' State-of-the-Art Satellite Receiving Facility: Operational and
Research Capabilities (-19-1)
//. Graher

4P I0-:' The Geo hazards Integrated Global Observ ing Strategy (710)
.\!. f'agu11i11i. F. Palazzo. S. slarsl), R .. vtis-otu-n



Day4
Thursday 9 September - 16: I0 - 17:50

KARAJAN 2-3

Session 4D2: Clouds and Aerosols (3)
Chairs: R. Santer & M Verstraete

Secretary: P. Colagrande

16: I0 Synergetic Aerosol Retrieval from Envisat ( 128)
T. Holzer-Popp, M. Schroedter-Homscheidt

16:30 A Surface Reflectance Model for MERIS Aerosol Remote Sensing over Land (188)
R. Semler

16:50 MERIS Water Vapour Retrieval and its Validation by means of Ground-Based
Measurements (699)
J. Fischer, P. Albert, R. Bennartz, R. Preusker

17: I0 Remote Sensing of Particle Matter Using MERIS ( 151)
J. Vidot, R. Santer, D. Ramon

17:30 Comparison of MERIS; MODIS and MSG Cloud Top Pressure (698)
R. Preusker. J. Fischer, S. Tjemkes, A. De Smet

Poster Session 4Pl 1: Clouds and Aerosols

4P 11-1 Development of a Full Radiative Transfer Model in the Oxygen A-band for Satellite
Retrieval of Cloud Pressure (62)
N. Fournier. P. Stammes, M. Eisinger

4P 11-2 MIPAS/Envisat Observations of Properties Polar Stratospheric Clouds During the
Antarctic Winter 2003 in Comparison with Lidar Measurements (75)
M. Hiipfner. T. von Clarmann, H. Fischer, N. Glatthor et al.

4P 11-3 Coincident Cloud Observations by Altimetry and Radiometry (98)
G. Quartly. C. Poulsen

4Pl 1-4 Validation of MERIS Atmospheric Corrections: Towards a New Aerosol Climatology
( 107)
N. Martiny. R. Santer, I. Smolskaia

4Pl 1-6 Optimal Combination of Polarization and Spectral Information for the Retrieval of
GOME/ERS-2 Cloud Parameters ( 130)
D. Lovola, Y. Livschitz, T. Ruppert
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4P I I - 7 Coupling Oxygen Absorption at 762 NM with Scattering (I 85)

R. Sauter. F. Zagolsk!

4P I 1-lJ Validation of a Regional Model of Dust Aerosols Cycle (382)
( ·. Schmcchtig

-IPI 1-111 Sensitivity of the MIPAS on Envisat to the Detection of Polar Stratospheric Clouds and
their Composition (425)
i. Kramer. R. Spang. J. Remedios

41' I 1-11 Integrated Air Quality Monitoring Service Using Ground Networks Measurements and
FO Products (428)
D. Ra111011. R. Sun/ff. J. /"idol

41'11-12 Aerosol Simulation in Monte Carlo Based Radiative Transfer Modeling (490)
S. Sanghavi. C. 1·011Fricdcburg. ( ·. Frankrnherg. S. Bcir!« ct al.

Thursday 9 September - 16: I0 17:50
MOZART 1-2

Session 403: Ozone Profiles Retrieval from GOME (2)
Chairs: C. Zehner & R. Siddons

Sccretarv: S. Casadio

16: I 0 Estimating Ozone Vertical Distributions with GOME Data and '\eural Ne: work
Techniques (GOMI·: 03 Profiling WCi) (455)
F. /)e/ nu«, S. ( 'asadio. F. /)e/ Fmh'. M. lapaol»

16:30 '\e11 8 year NNORSY-GOME Ozone Profile Retrieval Data Set (GOME 03 Profiling
WCi) (590)
.I. Kaife! .. \/. .'vhiller. J. Kaprnr

16:50 Information Aspects of Height-resolved Atmospheric Ozone Derived hy Optimal
Estimation from CiOME Satellite Measurements (CiOME OJ Profiling WG) (581)
.!. l.antbcrt, C. De ( 'lcrcq. H. l\el"l"i<f~eL'I al.

17: 10 Objective l.valuation of the Impact ofRAL CiOME Ozone Profiles on the UK Met
Ot'!ice 3D-VAR Analyses (CiOME 03 Profiling WCi) (501)
R. Dragani. S. Migliorini . .-1. O'.\cill cl al.

17:30 Characterization of Eight Different CiOME Ozone Profile Algorithms (GOM I'. 03
Profiling WG) (354)
r vteijcr. R. Van dcr A, !'. Bhartiu cl al.
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Thursday 9 September - 16:10 - 17:50

DOPPLER

Session 404: Lake Levels
Chairs: C. Birkett & P.A. Berrv

Secretary: J. Benveniste

16:10 Monitoring of Lake and River Systems using Retracked Satellite Altimeter Data (430)
E. Mathers. P. Berry. J. Garlick

16:30 The Envisat/ERS River and Lake Retracking System (431)
J. Garlick, P. Berry, E. Mathers, J. Benvenistc

16:50 Global Inland Water Monitoring with Multi-mission Satellite Altimetry: Current Status
and Future Prospects (434)
P. Berry. J. Garlick. E. Mathers

17: I0 Comparison of the Envisat Waveform Retrackers over Inland Waters (435)
F. Frappart, A. Cazenave, F. Seyler. S. Ca/111a111

17:30 Floods and Droughts in Africa: Relation to Short-term Climate Variability (28)
C. Birkett

Poster Session 4P12: Lake Levels

4Pl2-I River and Lake from Radar Altimetry, Sample Products for Hydrologists (303)
J. Bcnveniste. P. Berry, D. Defrenne. D. Di Cola el al.

4P 12-2 Amazon River Stages by Envisat vs Other Satellite Altimeters (671)
S. Calmant, F. Ser/er, A. Cazenave, F. Frappart



Day4
Thursday 9 September - 16: I 0 - 17:50

MOZART 3

Session 405: Sea-Ice (2)
Chairs: D. Fie!/ & W Dierking

Secretarv: 0. Grabak

16: 10 On the Lsc ofEnvisat ASAR for Remote Sensing of Sea Ice (672)
S .. \'ghie111

16:30 Comparison of Helicopter-home Measurements of Sea Ice Thickness and Surface
Roughness with SAR Signatures (I 09)
T. Busche. C. Vo11Sa Idem. C. I law. If". /)ierking

16:50 The Potential of Cross-Polarization Information for Operational Sea Ice Monitoring
(493)
B. Schrnchl. R. Ca1·c.1. IJ. Fie!/ el al.

17: I 0 Operational Experience \I ith l.nvisat ASAR Wide Swath Data at the Canadian Ice
Sen ice (363)
D. Fie/I. R. De Abreu . .!. Falkingham

17:30 What do We Gain hy Using an L-hand SAR for Sea Ice Mapping".' (84)
W. !Jierki11g. H. Skrii·cr . .!. Dull

Poster Session 4Pl3: Sea-Ice

-IP I 3-1 A First Experiment or Near Real Time (NRT) Processing of Lm isat. ASAR Images to
Assist Ship Routing in Antarctica ( 12)
F. l'urmiggiuni

-IP I 3-2 Analysis of Sea Ice Roughness and Thickness Variation for lmprox cmcnt or SAR Ice
Type Classi Iication ( 77)
C. 1w1 Saldcrn, T. Busche. C. I laas, II". /)i<"l"ki11g

4P 13-3 The Distrihution of Sea Ice in Srorljordcn ( 135)
R. //all

41' I _,_4 Monitoring Polynya Processes and Sea Ice Production in the l.aptcv Sea ( 137)
C. I law. It". Dierking, T. ltusche . .!. lloc/e111i11111cl al.

41' 13-5 En vi sat and the Ice Conditions in the Baltic Sea ( 15 7)
.\/ Simi/ii . .!. Karvonen. R. Bcrg/1111d, .\/ .. vtakvncn cl al.
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4P 13-6 Ice Cover of the Okhotsk Sea: a Study Using Envisat ASAR, ERS-2 SAR and AQUA

AMSR-E Data (175)
D. Dorkin. L. Milnik, V. Dubina

4Pl3-7 ERS/RADARSAT/Envisat SAR Satellite Studies of the Behavior Ecology of lee Forni
of Seals Affected by Differences of Winter Severity, Winter Hydrology and Climate
Change (228)
V. Melentvev, V. Chernook, M Sjoberg. S. Sandven

4P 13-8 Remote Sensing of Frost Flowers and Sea Ice (256)
L. Kaleschke

4P 13-9 Sea lee Monitoring with ASAR Alternating Polarization Mode: Results from the
Canadian Ice Service Gulf2003 and 2004 Field Validation Programs (362)
D. Flett. M. Arkell, R. De Abreu. S. Prinscnberg

4PI3-IO Near Real Time Use of the Envisat ASAR Images as an Aid of Winter Navigation in the
Baltic Sea (509)
J. Vainio

4Pl3-l l Computer Based Detection and Tracking of Antarctic Icebergs in SAR Images (555)
T. Silva. G.R. Bigg

4Pl3-12 Use ofEnvisat Data in Sea Ice Modeling (572)
u. Leppdranta, K. Wang

4P 13-13 Application of ASAR Coregistration between Multi-temporal WS Acquisitions for the
Purpose of Polynya Monitoring (695)
R. Duca. F. Del Frate. F. Parmiggiani

Poster Session 4P14: Sea Surface Temperature

4P 14-1 Using AATSR Data within the GODAE High Resolution Sea Surface Temperature
Pilot Project (GHRSST-PP) (86)
C. Donlon, D. Poulter, I. Robinson

Poster Session 4P15: Atmosphere Assimilation

4P 15-2 Land Surface Parameters for Atmospheric Modelling Applications (300)
K. Van de Ve], S. Adriaensen, K. De Ridder, F. Lefebre I!/ al.

4Pl5-3 Assimilation of Ozone Profiles from MIPAS in the STRATAQ CTM (506)
B. Grassi, G. Redaelli. G. Visconti
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Poster Session 4Pt 6: Future Earth Observation Missions

4P 16-1 The TcrraSAR-X SAR Products (243)
.\!. Eiucdcr. B. Scluittlcr. 11.Breit, T. Frit: cl al.

Poster Session 4Pt 7: Wind and Wave/Sea State
-IP17-1 Quantitativ c Remote Sensing: Horns Rev Wind Farm Case Study (23)

( » B1n- I lasager .. \!. .\id1c11 .. \!. ( 'hristianscn

4P 17-2 Ocean Surface Wave Spectrum from Em isat ASAR Observations, During the Valpareso
Experiment Compared to Airborne Radar Observations. In-situ Data. and Wave
Prediction Models ( 16.\)
. I. .\fouchc. D. I luuscr. I» Kcrbaol. 13.( 'lurprnn cl al.

-IP17-?> Offshore Wake Effect Study from Earth ( lhservation SAR ( 123)
st.B. Chrisuanscn, ('.13. llusagcr

-IP17-4 Estimation of Wind Speed Frequency Distribution (291)
O.F. Omi.liora

-IPI 7-5 \kchanisms for the SAR Imaging of the Ocean (406)
st. Kuncvskv. /'. Karacv

-IP17-6 Rio logical and Geophysical Parameters from Envisat over the Ocean (450)
Ir. Rosenthal, S. Lehner. R. /)oer//iT. I'. l.cink« cl al.

-IP17-7 C- and Ku-hand Ocean Gcophysicul Model Functions under High Winds Conditions
(630)
/J. Esteban Fcnunul«: F Kerr, S. lrasicr . .!. Carrndl <'I al.

-IP17-8 lnvcsrigation of Ocean Surface Streaks with Respect to
SAR Wind Retrieval (729)
J I lors1111w111. W. Koch
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Days
Friday I0 September - 08:40 - I0:20

MOZART 4-5

Session SAl: Siberia II (l)
Chairs: C. Schmullius & T. Le Toan

Secretary: S. Plummer

SIBERIA-II - Multi-sensor Concept for Greenhouse Gas Accounting in Northern
Eurasia (589)
C. Schmullius

Relating Earth Observation to Dynamic Vegetation Modelling in SIBERIA-II (565)
T. Le Toan, S. Quegan, W. Lucht et al.

SIBERIA-II: Earth Observation in a Landscape-Based Greenhouse Gas Accounting
Approach (600)
A. Shvidenko. S. Nilsson, I. Mccallum el al.

Processing of Envisat ASAR Wide Swath Imagery for Derivation of Biophysical
Parameters of Siberian Forest - a Contribution of DLR to the Siberia II Project (286)
S. Voig). A. Petrocchi, M. Huber, A. Roth

Identification ofWetiands in Siberia with Envisat ASAR WS Data (150)
A. Bartsch, C. Pathe, A. Shvidenko, W. Wagner

Friday I 0 September - 08:20* - I 0:20

MOZART 1-2

Session 5A2: Sea Surface Temperature
Chairs: I. Robinson & I. Barton

Secretary: S. Pinnock

Comparisons of AATSR-derived Sea Surface Temperature with Estimates from a
Geostationary Satellite (209)
!. Barton

The ATSR/AATSR Data-Set: A Comprehensive of the Climate System (7 l 3)
D. Llcwellvn-Jones, G. Corlett, C. Mutlow

Measuring Climate Change Using ATSR Sea-surface Temperatures (395)
S. Lawrence, D. Llewellvn-Jones
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09:-IO Comparison or ATSR-1 and ATSR-2 Sea Surface Temperatures During 1995 and

Analyses of ATSR-2 SSTs from 1995 to 2000 (27)
.·I O'Carrol, R. Saunders. J lru11.1

10:00 Ml'.DSPIRATION: Delivering a Ne11Generation of High Resolution Sea Surface
Temperature Data Products (DlJP/DlJL) (549)
( ·. Oon/011, I. Robinson

Friday I0 September - 08:40 - I0:20
DOPPLER

Session 5A3: Future Earth Observation Missions (1)
Chairs: H. I locrsch & r. Gilles

Sccrctarv: B. IIoersch

08:40 ESA Third Party Missions Programme (720)
13. !Ioersch

09:00 Fluctuations of the Earth's Ice Fields: the Contribution of the !'.RS and CryoSat Missions
(728)
/J. lf'inghum

09:20 TerraSAR-L Product Philosophy UJ4)
st. Zin]:

09:40 The Scientific Use ofTerraSAR-X (721)
.I Roth

I0:00 Al.OS Science and Application Programme (725)
st. Shimada

Friday I0 September 08:40 - I0:20
MOZART 3

Session 5A4: Wind and Wave I Sea State (1)
Chairs: J I lors/111a1111& JI. Johnsen

Sccrctatv: G. Cambell

08:40 ;\Simplified SAR Ocean Wave Spectrum Inversion (523)
13. Clw1Jro11. F. Col/uni. F. .Irdliuin
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09:00 Mesoscale Flow Variability in Tropical Storms Using SAR Imagery (495)
H. Graber, S. Lehner, M. Donelan et al.

09:20 Exploiting Envisat-ERS Data for Deriving Air-Sea Fluxes ofC02 (696)
J. Aiken, N. Hardam-Mountford, S. Ufermann et al.

Impact of En visat Alternating-polarization Mode Imagery on Rough-surface Scattering
Models and the Generation of High-resolution Wind Maps (330)
D. Thompson, F. Mona/do, J. Horstmann et al.

09:40

10:00 Multi-polarisation Ocean Radar Cross-section from Envisat ASAR Observations,
Airborne Polarimetric Radar Measurements and Empirical or Semi-Empirical Models
(64)
A. Mouche. D. Hauser, V. Kudrvavstev, J. Daloze

Friday I 0 September - I 0:50 - 12:30

MOZART 4-5

Session SB1: Siberia II (2)
Chairs: C. Schmullius & S. Plummer

Secretary: S. Plummer

I0:50 Development and Validation of a Diurnal Difference Indicator for Freeze-thaw
Monitoring in the Siberia II Project (585)
R. Kille/. A. Bartsch. W. Wagner

11: I0 SIBERIA-JI: Using MERIS to Derive Land-cover Information (415)
L. Skinner, A. Luckman

11:30 SIBERIA-II: Monitoring Forest Cover Changes in Siberia by Means ofSpaceborne Data
(597)
M. Santoro. H. Balzter. C. George el al.

11:50 Assessment of En visat/ASAR Data for Forest Observations in Siberia (571)
T. le Toan, A. Wiesmann, J. l 'hermitte et al.

12: I0 SIBERIA-II - Multi-product and Multi-sensor Validation Strategies in the Context of
GLOBCARBON, GLOBCOVER and GOFC-GOLD (602)
C. Sch11111/li11s.H. Baiz/er, S. Plummer



Day 5
Friday I0 September - 10:50 - 12:50

MOZART 1-2

Session 582: Atmosphere Assimilation
Chairs: //. f.:eldff & W. Laho:

Sccrctarv: C. Zehner

I 0:50 Monitoring and Assimilation of l.nv isat data at ECMWI. (2-1 l
. l. Dctho]'

11: I 0 :\ '\e\\ -l-Dimensional Variational Assimilation System Applied to l.nv isat \11PAS
and SCIAMACHY Observations (5X)
J Sclnri11gcr. H. Elbcrn

11 :30 Assimilation of Ozone and Water Vapour into the Uni tied Model (h9)

W l.ahoz, A. Geer, R. Hu1111i.11crct al.

11 :50 Assimilation of Envisat Products for ( 'ontinuous Monitoring of Atmospheric Trace
Gases - First Results from EVIV A (.105)
T. l.rbcrtscdcr. F. Baierl .. \!. Bittner cl al.

12: I0 Climatology and Case Studies of Ozone for the Ycar 2003 as Seen by (i0\10S and
OSIRIS Data Assimilation (511)
S l lassincn. £. Krriihi .. ·l. Se/!/h'ilii ct al.

12:30 Towards Assimilating Infrared Limb Radiances from MIPAS in the l.CMWF System
(I X-1)
.\. /J(}/'11/Wlll, S. l lcalv .. \!. .\la!ricanli

Friday I0 September - I0:50 12:30
DOPPLER

Session 583: Future Earth Observation Missions (2)
Chairs: r. (iii/cs & B. Hocrsch

Secrctarv: B. Hoersch

I0:50 RADARSAT-2: Mission Oven ic« and Applications ( 72-1)
Ci.Stapl:»

11: I 0 COSMO-SkyMed Mission: Scientific Relevance and Application Potential (723)
c. Ruin. t. Candela. S /."/Ioli
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11:30 Beyond SPOT 5: Pleiades, Part of the French-Italian Program Orfeo (722)
B. Boissin

11:50 Constellations for Operational EO: Development of the DMC and Follow-on
Constellations (726)
P. Stephens, P. Davies

12:10 METOP and EPS, the Next Step in Operational Polar Meteorology (727)
P. Edwards, M. Cohen

Friday 10 September- 10:50-12:30

MOZART 3

Session 584: Wave and Wind/Sea State (2)
Chairs: B. Chapron & D. Thompson

Secretary: G. Cambell

10:50 Envisat Wind Fields for Offshore Windfarming (446)
S. Lehner, T. Schnciderhan, J. Horstmann, H. Gunther

11:10 An Empirical Imaging Model for SAR Ocean Wave Measurements (525)
A. Niedermeier, J. Schulz-Stel/enfleth, J. Nieto-Borge

11:30 An Operational Algorithm for SAR Wind Field Retrieval ( 142)
J. Horstmann, W. Koch

11:50 Detailed Look at Ocean Surface Features in the Gulf of Tehuantepec through SAR and
ASAR (397)
F. Ocampo-Torres

12: I0 A Parametric Inversion Scheme for Envisat ASAR Ocean Wave Measurements (596)
J. Schulz-Stellenfleth, S. Lehner, M. Holt
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Abstract No. 608

Envisat ASAR Instrument Performance and Product Quality Status
after Two and a Half Years of Operation

B. Rosich-Tell1, P. Meadows", A. Monti-Guarnied
1 ESA, Italv

: BAE SYSTEMS Advanced Technology Centre, United Kingdom
3 Politecnico di Milano, Italy

Two and a half years of successful operations have proven the performance of the Envisat Advanced
Synthetic Aperture Radar. The instrument is fully operational in all modes, including Global
Monitoring Mode since December 2003, and it is providing high quality data to more than 250
projects. Quality control and calibration activities are routinely performed to ensure the maximum
quality and the accurate calibration of ASAR products. Furthermore, the ESA ASAR processor (PF
ASAR) has been progressively upgraded to further improve the quality of the products and a new
product, the Wide Swath Mode Single Look Complex (WSS) product, has been implemented. This
paper presents a detailed status of the achieved quality and calibration of ASAR products based on
the above activities. In addition, the paper provides an overview of the ASAR instrument
performance since the Envisat launch and it introduces the new WSS product that will be available
to the user community before the end of2004.

Abstract No. 343

Terrain-Dependent Geometric and Radiometric ASAR Calibration

D. Small, E. Meier, D. Niiesch
University ofZiirich, Switzerland

We present issues and solutions concerning the calibration and validation of Envisat ASAR image
products - both their geometry and radiometry are investigated. Concerning geometric calibration,
the slant range products (IMS, APS) offer the best available resolution. We tabulate differences
between measured (in image products) and predicted (via geodetic position and range and Doppler
equations) positions of calibration targets such as transponders and comer reflectors. The differences
are interpreted and used to calibrate and validate the ASAR sampling window start time (SWST)
and orbit references. We extend the prediction methodology described above to ground range
precision products (IMP, APP) whereby the annotated slant/ground polynomial description must be
considered. For medium resolution products (IMM, APM, WSM) multiple versions of the
polynomial transformation are annotated - we demonstrate geometric terrain correction of such
ground range products using our chosen methodology.Concerning radiometric calibration, we
review the definitions of beta nought and gamma nought, and quantify absolute radiometric errors
caused by variations in local illuminated area and off-nadir angle (affecting antenna gain pattern



[AGP] distribution) caused by rolling topography. Terrain-induced local area and AGP influences
arc often either not modelled at all or only for nearly flat terrain. We quantify the loss of radiometric
fidelity caused by the lack of adequate modelling and compensation. We describe the necessary
processing steps for slant range and ground range products - during preparation of the latter.
nominal ;\(ii' normalisations arc included that must be undone before more robust corrections may
be applied. For test sites in Switzerland. \I c demonstrate radiometric comparisons bctw ccn imagery
acquired in different modes that could not be made without the robust radiometric normalisations
described above. We describe a method for creating composite radar backscatter maps formed by
\\Cighting according to the local resolution contributions from multiple acquisitions acquired at
different incidence angles and look directions. For our S11iss test site. 11c sho« ho« such maps offer
rc lativ c ly high local n:solution throughout. and improved intcrpn:tability.

Abstract Xo, 439

Quality Assessment of Envisat ASAR Wave Mode Products Based on
Regional and Seasonal Comparisons with WAM Model Outputs

V. Kerbaol", H. Johnsen", B. Chapron ', B. Rosich-Tetr1
1 BOOST Technologies. France

-'Norut IT. Norwav
3 Ifrenter, Franc;

J t:S.11/:SRIN, Italv

The Env isat ASAR Wave Mode (WV) products oiler the unique ability to prov idc continuous global
directional information on wave field to 11a\ c modellers. In order to better assess general products
quality. the main three outputs products (the Single Look Comp lex imagcttcs - WVL the level I b
cross spectra - WVS and the level 2 ocean Wai c spectra - WVW) have been continuously
monitored and thouroughly compared and analysed 1\ ith collocated parameters of the numerical
11a1c model WAM as provided by ECM\VF since January 2003. In particular. regional and seasonal
comparisons arc systematically performed to reline algorithms.As a result. it is stressed that
calibration issue still remains unsolved as pointed out by continuous sun ey of mean sigmaO
alonganalysis period preventing efficient rctricv al of SAR derived local 11ind speed.Additionally,
unexpected computational error arose on \\.VS products leading to a strong degration of azimuthal
cross spectral components in the real part of the spectrum. Except for these technical processing
problems, the product performs wcl! providingumbiguuy free cross spectra in approximately 75% of
the cases on a global basis.Furthermore. it 11ill be shown that while level 2 products arc globally in
good agreement with WAM outputs in terms ofsignilicant wave height (SWiil. specific limitations
can be outlined due to wind dependency on SAR imaging mechanisms. As expected, SAR derived is
underestimated under high sea state conditions due to well-known azimuthal lm1 pass filtering.
More interestingly. it is also noted that SAR tends to overestimate SWH under 1011wind conditions
due to underestimation ofClvl Olr-dcrivcd Tilt modulation transfer function. lvcnrually, interesting
results on Doppler centroid analysis 11ill also be presented.

Abstract '.\o. 640



The ERS-2 SAR Performance: The First 9 Years

P. Meadows', B. Rosich-Tell2
1 BAE Systems Advanced Technology Centre, United Kingdom

l ESAIESRIN, Italy

The ERS-2 Synthetic Aperture Radar (SAR) has been in operation since April 1995 and its
performance is routinely assessed via a variety of quality assessment and calibration measures.
These include the various impulse response function (IRF) parameters, radiometric calibration
constants for each product type, radiometric stability, image localisation and image noise
estimates.The quality assessment measures and radiometric stability have been derived using the
ESA SAR transponders deployed in Flcvoland, The Netherlands and to a limited extent by using the
IRF parameters of ERS ground stations. The transponders hav e also been used to derive an ERS-2
SAR calibration constant while the transponders and the ground stations have been used to assess
image localisation. Internal calibration is assessed via calibration and replica pulse powers;
monitoring of the calibration pulse power (the best guide to the transmitter pulse power) has shown
a steady decrease of 0.66dB per year up to the end of 2000 and 0.82dB thereafter. In February 2003,
the gain of the ERS-2 SAR was increased by 3dB. The main impact of the changes in transmitter
pulse power has been on the noise equivalent radar cross-section of ERS-2 SAR imagery; this w as -
26dB at the start of the mission and -21 dB just before the recent gain change. Following the change
from three. one and now zero gyroscope operations, the ERS-2 attitude and SAR Doppler variations
have also been monitored. The paper will give details of the ERS-2 SAR performance based on the
quantities discussed above.

Abstract No. 265

Review of the Impact of ERS-2 Piloting Modes on the SAR Doppler
Stability

N. Miranda', B. Rosich-Teli2, C. Santella3
1 Serco, Italy

1 ESAIESRIN. Italv
3 Vitrociset. Ital);

ERS-2 was piloted in yaw-steering mode using three gyroscopes since the beginning of the mission
until February 2000, when a new yaw-steering mode using only one gyroscope was implemented.
The ERS-2 gyroscopes have experienced several problems during the mission and the new mono
gyro mode (I GP) was intended to ensure the mission continuity even in case of additional failures.
In January 200 I a new test piloting mode using no gyroscopes. the Extra-Backup Mode (EBM), was
implemented as a first stage of a gyro-less piloting mode. The aim of this challenging mode was to



maintain the remaining gyroscopes performance only for those activ itics absolutely requiring them.
such as some orbit manoeuvres. A more accurate version of th is ym\ -siccring zero-gyro mode
(ZCiM) was operationally used since June 2001 and the performance \\as further improved with the
implementation of the YmY Control Monitoring mode (YCM) at the beginning of 2002. The
evolution from the nominal and extremely stable three-gyro piloting mode (3CiP) to the YCM has
allowed to successfully continuing the ERS-2 operations despite of the gyroscopes failures.
Nevertheless. this evolution has signilicantly affected the stability of the satellite attitude and the
SAR Doppler Centroid frequency. The scope of this paper is to provide an overview of the different
ERS-2 piloting modes and to assess their impact on the platform attitude. the SAR Doppler stability.
the product quality and the applications performance. particularly for interferometry.
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Abstract No. 512

Intercalibration of ERS AMI and Envisat ASAR with Ground-Based
Parabolic Antennas

A. Zakharov', P. Zherdev2, A. Sokolov2
1 IRE RAS, Russian Federation

2 SDB MPEI, Russian Federation

The goal of the report is to sum up results of ERS SAR and Envisat ASAR calibration and
intercalibration in the area of Bear Lakes calibration site using under extension of A03-343
project.The area of study is calibration site in Moscow region with parabolic antennas (4.8 meters
diameter of the dish), which were used over 5 years as calibration target. The targets possess
radiometric, polarimetric and interferometric calibration features because of appropriate
modification in a form of insertion conducting disks and diffraction grid in antenna focal area. Of
highest importance is the fact that parabolic antenna equipped with diffraction grid consisting of a
set of metal wires is able to control polarization plane of backscattered electromagnetic wave with
linear polarization.During fall of 2003 -spring 2004 a set of simultaneous observations of Bear lakes
calibration site with ERS and Envisat was conducted. Various calibration scenarios based on
parabolic antennas were provided. Among the targets there was antenna with diffraction grid
oriented at the predefined angle with respect to polarization plane. The observations made are good
basis for a conclusion about polarization properties of Envisat. Comparative analysis of ERS and
Envisat measurements of ground based antenna RCS is a chance for intercalibration.We foresee to
get results on the phase stabilities of large antennas using Envisat data as it was done before with
ERS AMI data.
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Abstract No. 639

MERIS Calibration Validation and Quality Status

I 2 2P. Goryl , S. Delwart , J. Huot
1 ESAIESRIN, Italv

::ESA/ESTEC, Netheriands

This presentation will adress the status of the calibration and the validation of the MERIS products
more than two years after the Envisat launch. A synthesis of the on board calibration and vicarious
calibration program will be discussed. An overview of the validation results, for the ocean. land and
atmosphere products will be showed. And finally. the overall quality and evolution of the processor
since the launch will be presented.

Abstract No. 700

In-flight Spectral Calibration of MERIS

R. Preusker ', J. Fischer", S. Delwart", L. Bourg'
1 Freie Universitat Berlin, Germanv' .- ESA/ESTEC, Netherlands

We present methods for and the results of the in-flight spectral calibration of MERIS, using a) the
absorption within the Oxygen A-band at 760 nm and b ) Fraunhofcr lines of the solar spectrum.
Specific spectral band settings were used during a limited number of orbits. Particular attention has
been paid to the elimination of the influence of air mass by the utilization of the "spectral shape
function". The spectral characterization has been achieved within 0.1 nm. in accordance with most
mission objectives. This allows the investigation of the sensors spectral stability within the mission
life-time. The presented methods can be adapted to other instruments.

Abstract No. 106

Vicarious Calibration of MERIS over Ocean in the Near Infrared

N. Martiny, R. Santer, I. Smolskaia
ULCO, France

For the vicarious calibration of MERIS (Medium Resolution Imaging Spectrometer) over ocean in
the near infrared we have selected six sites: Venice and Lampedusa (Italy). El Arenosillo (Spain),
CalCOFl/San Nicolas (United States). Helgeland (Germany) and Gotland (Sweden). The sites are



all equipped 11ith a CI MEL station that forms part of the A ERON ET network. The basic idea is to
associate CI MEL sky radiance measurements 11ith MERIS level I b data in a t11in geometry which
corresponds to the same scattering angle. This vicarious calibration relies on an accurate description
of the atmospheric scattering based on the CI MEL measurements. We realized a similar study using
data over five sites during a 5-month period. The results highligthcd that there was a good
agreement bet« een the on board calibration and our method within 2'% in the near infrared. from 884
nm to 664 nm. Nevertheless, the period considered 11as short and only 8 days were selected for this
task. This paper aims at consolidating these results using other sites and more data.

Abstract \'o. 224

Long-term MERIS Land Product Accuracy Assessment Based on
Vicarious Calibration and Regional Validation

R. Zurita Vlilla1, J. Clevers', M. Kneubuehler", S. Delwart ', M. Schaepman'
1 Wageningen University, Netherlands

2 Univ. Zurich I RSL. Switzerland
3 ESA/ESTEC. Netherlands

Since the launch of MERIS on Em isat. sci era I 1icarious calibration efforts hav c been taken place to
estimate the TOA radiance performance of MERIS over time. Dedicated land based experiments
have demonstrated good performance of the \1ERIS instrument and 11c report in the first part of this
contribution about multitemporal vicarious calibration approaches performed at Railroad Valley
Playa in J\ic1ada (USA) [Kneubuchlcr ct al. 2003]. Subsequently 11e will use the such derived
calibration coefficients and compare the impact of uncertainty of MERIS measurements on standard
product retricv als over land. We will use the standard features of the basic Em isat toolbox for
(A)ATSR and MERIS (BEAM) as well as the SMAC and binning processor to compare results on a
national. The validation procedure is based on existing land use maps of the Netherlands. which are
aggregated to match with MERIS FR or RR pixel sizes. Vicariously derived calibration uncertainties
will be interpolated based on orbit numbers to match the temporal acquisitions in Railroad Valley
and the Netherlands. We will conclude on the evolution of temporal MERIS performance over land,
respecting also potential reprocessing efforts of existing MERIS data. Kncubuhlcr, M.. Schaepman.
M.E.. Thome. K.J.. & Schlapfer, D.R. (2003) MERIS/Envisat vicarious calibration over land. In
Sensors. Systems. and Next-Generation Satellites VII (eds R. Meynart. S.P. l\ceck. H. Shimoda,
J.B. Lurie & \1.L. Aten), Vol. 5234. pp. 61-1-623. SPI E. Barcelona.



Abstract No. 423

MERIS & Land Applications

N. Gobron
JRC, Italy

The paper reviews the evaluation and the performance of the Medium Resolution Imaging
Spectrometer (MERIS) Land Surface Product, i.e MGVI.This surface product represents the
Fraction of Absorbed Photosynthetically Active Radiation (FAPAR) which can be used to quantify
the presence of vegetation with good reliability on a global scale. Analyses are conducted by inter
comparing similar products generated at the European Commission Joint Research Center (EC-JRC)
using various optical sensors as well as in-situ measurements.time series of FAPAR over a large
sample of vegetation type and maps are used to demonstrate MERIS capabilities for vegetation
monitoring at both regional and global scale.
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Abstract No. 697

MERIS Cloud Top Pressure Validation using Airborne Lidar
Measurements

R. Preusker', R. Lindstrot', T. Ruhtz', J. Fischer", M. Wiegener2, B. Heese2
1 Freie Universitat Berlin, Germanv

:>Ludwig-Maximilian University Munich. Germany

The MERIS cloud top pressure product has been validated by means of an aircraft. The aircraft is
equipped with a LIDAR to retrieve accurate cloud top heights, as well as with an imaging
spectrometer having similar characteristics as MERIS to retrieve cloud top pressure. The aircraft is
operating in altitudes between 8000 and 12000 ti and has taken measurements in a time frame of 15
min before and 15 min after the overpass of Envisat. The area of the flights was around Berlin to
cover different land surface types, mainly forests, lakes and fields. The spectrometer has been
additionally used to determine the spectral properties of the surface. The retrieved cloud top heights
have been directly used for the validation of the MERIS cloud top pressure product. The impact of
the characteristics of the different cameras has been examined.

Abstract No. 173

Cross Calibration Methods

J. Nieke1, M. Kneubuehler '
1 RSL, Switzerland

2 University of Zurich. Switzerland

Besides pre-launch and on-board calibration, the method of vicariously calibrating space sensors
became a reliable tool for space sensor calibration. One possibility of cross calibration is to inter
calibrate sensors aboard different satellite platforms. directly. Another possibility is to make use of
additional ground-truth data taken during the overtl ights of the sensors.Both methods are compared
for the MERIS instrument using data sets from various space-, airborne sensors and ground-truth
instrumentation. Examples for the spaceborne sensors data sets are those from GLI, MODlS,
SeaWiFS. AHVRR (NI 6, N 17) onboard the spacecrafts (ADEOS-2, Terra, Aqua, Envisat, Orbview-
2/SeaStar, NOAA-16 and NOAA-17, the airborne data set was taken by the CASI instrument. Both
methods have different advantages and disadvantages, however the overall goal leads to a better
understanding of differences in data sets produced by MERIS.



Abstract No. 254

Use of Envisat MERIS Data for Validating Aerosol Retrieval: the Case
Study of Athens-Greece

A. Retalis, N. Sifakis
National Observatorv ofA thens, Greece

Satellite sensors of high and moderate spatial resolution have started been used in the last decade to
assess and mar atmospheric pollution over cities. and a variety of ad hoc techniques have been
developed. This paper presents preliminary results of the ES;\ AO 1495 project aiming at the
acquisition and examination of Em isat 'v1ERIS data lor monitoring air pollution in the lower
troposphere of Athens-Greece, Air pollution has been assessed in terms of aerosol optical thickness
(AOT).Ele\ en Em isat MERIS Level 2 Full Resolution images were selected in the period from June
to September 2003. Most of the images were cloud-free. The corresponding ground-hased air
pollutant data were gathered by the EARTll national pollution-monitoring network. This network
covers the area of Athens 11ith eighteen stations. Acquired data refer to hourly concentration
measurements of PM 10. S02. N02. NO. 03 and CO. Analysis of the data 11as initially performed
for de tining the prcx ailing atmospheric conditions. in particular the air qua Iity. PM I0 measurements
indicated high values ( ,50 igr/m.}, which is set as the upper limit for the mean daily valucj for most
of the selected days. Firstly. a categorisation of the available images to high-polluted and 1011-
polluted according to pullution levels (I'M 10 measurements) wa« performed. Thus. images \IL'f'C

characterised 11ith high pollution. moderate pollution and low pollution. Secondly. images were
imported to the E'JVl!ERDAS Imagine sothrnre and then exported to Gco Till format in order to
he processed for AOT retrieval over land in thc v icinity of Greater Athens Arca based on the use of
the DTA (Differential Textural Analysis) code. The extracted AOT from l.nvisat MERIS sensor will
he further 1alidatcd 11ith the corresponding AOT extracted from the MOD IS sensor and the I'M I0
measurements from the EARTI I network of ground based air pollution monitoring stations.

Abstract :\'o. 547

Validation of MERIS Biophysical Products from the Valeri Project

"1 \'. . t F B 2 S C' . 2 G D ' . 2 D B ' 12Jl' • veiss . . aret • , .• arngues . . enve . . ea .
V. Bruniqucl', B. Ruelle2

1 NOVEL TIS, Fm nee,
_,INRA CS'E, Fm nee,

MERIS biophysical products including LAI and IAPAR have been evaluated mer fc11 VALERI
sites. Different ways of estimating I.Al. IAPAR from MERIS (CYCLOPES products. MODIS
products. Chen's as w cll as Roujcan & Lacaze algorithms) were considered. Results arc lirst inter-



compared to assess their consistency. A dedicated methodology has been applied to estimate the
value of the considered biophysical variables at the spatial resolution of large swath satellites from
ground measurements. Each individual site, an area of 3x3 km' flat and relatively homogeneous at
the 1km scale, is sampled by selecting elementary sampling units (ESUs) that represent the
variability observed within the whole site. Over each ESU, which spreads over 20x20 rn-, gap
fraction measurements are performed using hemispherical photographs. A concurrent (±7 days)
SPOT-HRV image is then used to up-scale the ground measurements performed over the ensemble
of ESUs to the whole site, thanks to a transfer function. This allows therefore a comparison to the
VALERI ground estimates. Conclusion is drawn on the accuracy of the biophysical products derived
from large swath sensors.
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Abstract No. 420

SCIAMACHY: Results from the First Two Years of Operation

J. Burrows, H. Bovensmann, A. Richter, M. Buchwitz, A. Rozanov,
V. Rozanov, C. Von Savigny, K. Eichmann, S. Noel

University of Bremen, Germany

SCIAMACHY (Scanning lmagin Absorption spectroMcter for Atmospheric CHartographY) is a
national contribution by Germany, The Netherlands and Belgium to the ESA Envisat, which was
proposed by an international team of scientists in 1988 from Germany in response to the call for
instrumentation for the the ESA Polar Platform. SCIAMACHY was launched aboard Envisat on the
28th of February 2002. and has now provided successfully two years of
measurements.SCIAMACHY measures back scattered light upwelling from the atmosphere
alternately in limb and nadir viewing geometry and also measures the occultation of the sun and the
moon through the atmosphere in the northern and southern hemisphere respectively. The
SCIAMACHY spectrometer comprises eight specral channels and thereby measures simultaneously
the spectrum between 220 and 2380 nm. Retrievals from SCIAMACHY yield important information
about the composition of the mesosphere, stratosphere and the troposphere. The targeted
atmospheric constituents are as follows: a) Trace gases in absorption03, N02, BrO, OCIO, HCHO,
H20, CO, N20, C02, CH4, b) Emissions from the upper atmosphere from02(lt.), NO, OH, metal
atomsc) Trace constituents and parameters:PMC, PSC, aerosol and tropospheric cloud parameters
This contribution will bring together a series of results obtained from the first two years of operation
of the instrument.

Abstract No. 132

Retrieval, Validation and Assimilation of SCIAMACHY Ozone
Columns

H. Eskes, R. Van der A, E. Brinksma, P. Veefkind, J. De Haan
KNMI, Netherlands

In this contribution we will discuss a new algorithm, called TOSOMI, to retrieve total ozone from
SCIAMACHY observations. It is based on the DOAS algorithm developed for GOME (TOGOMI
algorithm) and OM!. Innovations include a new procedure to compute the air-mass factor (empirical
approach) and a new formulation to account for rotational Raman scattering. The SCIAMACHY
columns for 2003/2004 are assimilated in the ozone chemistry-transport model TM3DAM. The
observation minus forecast statistics was used to verify the retrieval results, and several problems
have been identified with this procedure during the development of the TOSOMI algorithm.
Validation results with ground-based measurements (Brewer, Dobson) and the TOMS version 8
ozone columns will be presented. The SCIAMACHY total ozone retrieval, data assimilation



analyses and ozone forecasts are all a\ ailahlc in near-real time on the TEM IS project web site.
http ://w\\ \\ .tern is. n I/.

Abstract No. 183

The GOME and SCIAMACHY Water Vapor Record for Climate and
Chemistry Transport Model Evaluation

R. Lang', A. Maurellis", M. Lawrence'
1 Max-Planck-Institutefor Chemsitrv. Germanv

_.National Institutefor Space Research. Netherlands

Monitoring ofw arcr vapor from space is a difficult task due to the strong spatial variability of WV
and its complex spectroscopic structure. Until about the turn of the century only a very limited
number of instruments such as SSMI or TOYS were able to provide total column water vapor
measurements on a global scale and for sufficiently long time series. Data from these instruments
have therefore been operationally assimilated in EC:v1\VF and NCEP forecasts and re-analysis data
sets. Ho\1 ever. both of the instruments hav c certain restrictions. The SSM I micro« ave sounder
measures solely m er ocean surfaces and TOYS. 11 hi ch measures em ittcd thermal radiation. is
especially scnsii i,c to the middle and upper troposphere. This lack of lovver tropospheric scnsiti, ity
introduces some bias in the retrieved total columns. CiOMI: on ERS-2 measures absorptions of waler
vapor from backscattered solar radiation in three absorption hands in thc v isiblc part of the spectrum
and therefore serves not only as one of the Icv, alternative sources to the aforementioned instruments
for the period between 1995 and the beginning of the new millennium - comprising a 9-year waler
vapor data record - but is also capable of measuring mer all surface types with a sufficient
scnsitiv ity to the lm1 er and middle part of the troposphere for accurate column rctricv als. We use the
(j()ME water vapor record, which will be extended by the CiOME instrument scric-, on the METop
satellites. lor evaluations of modeled \\ ater \ apor lie Ids in Chemistry Transport Models (CTM) like
Mi\TCH-MPIC and General Circulation Models (GCM) like EClli\M. We demonstrate that
monthly and yearly averages of a good part of the 9-ycar CiOME record can he used successfully for
climate and chemistry model evaluation. We further sho« preliminary results from SCli\Mi\CHY.
from which water vapor columns with similar accuracy and improved horizontal spatial resolution
can he retrieved. SCli\Mi\CllY is therefore expected to he able successfully lo bridge the gap
bctw ccn the current GOME measurements and the launch ofGOM E-2.



Abstract No. 91

MIPAS Near Real Time Level 2 Results

B. Carli
IFAC-CNR. Italy

Starting from the end of March 2002, MIPAS (Michelson Interferometer for Passive Atmospheric
Sounding) is measuring atmospheric middle-infrared limb-emission spectra from the sun
synchronous, nearly-polar orbit of the Envisat satellite. The spectra are acquired continuously during
both day and night and their Level 2 analysis provides, through an inversion process, a 3-
dimensional, almost global, map of many atmospheric constituents every 24 hours.The code for the
Level 2 near real-time (NRT) analysis of MIPAS spectra was developed by an international
consortium of scientists (ORM Team) supported by the European Space Agency (ESA) and was
implemented in the Envisat Payload Data Segment. This code is designed to provide. in an
automated and continuous mode, atmospheric vertical profiles of temperature, pressure and
concentration of six key species: 03, H20, CH4. HN03, N20 and N02, in the range 6-68 km.
Depending on data availability, the Level 2 NRT processor provided from the first day of operation
continuous products and no modification was necessary in the code. Changes were limited to the
tuning of auxiliary data and setting parameters. Some quality improvements, involving an extra
computing time that is not feasible with the near real time processor. were adopted in a parallel off
line processor. Results are presented that assess the quality of MIPAS measurements and their
innovation in terms of vertical resolution and multidimensional coverage (time, space and chemical
species).

Abstract No. 328

Stratospheric Chemistry in Austral Spring 2002 as Observed by
MIP AS/Envisat

G. Stiller1, T. Von Clarrnann', H. Fischer1, B. Funke2, S. Gil-Lopez2, N.
Glatthor", U. Crabowski", M. Hoepfner', M. Kaufmann", S. Kellmann', M.
Kiefer", M. Koukouli", A. Linden', M. Lopez-Puertas", G. Mengistu Tsidu1,

M. Milz1, T. Steck', D. Wang1
1Forschungszentrum I University of Karlsruhe, Germany

J fnstituto de Astrofisica de Andalucia, Spain

Around 25 September 2002 a Southern polar major warming occured which led to a split of the
Antarctic vortex, an event which had never been observed before. MIPAS on Envisat recorded
spectrally high-resolved atmospheric emission spectra in the infrared before, during, and after the
vortex split. From the spectra vertical distributions of temperature and various trace species were



derived 11ith the non-operational scientific data processing system at 1MK. complementing the ESA
operational data products. NOx (NO and N02) as well as NOy species (ClON02.HN03, N205, and
HN04) gi1 e insight into heterogeneous processes on polar stratospheric clouds and denitrification.
By detection of ClOx species (ClON02 and ClO) in conjunction 11ith the occurance of polar
stratospheric clouds chlorine deactivation was observed. Water vapour in the lowermost stratosphere
allows to deduce dehydration processes due to PSC formation. A survey of species derived from
MlPAS measurements will be presented and analysed in terms of chemical processes during the
vortex split.
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Abstract No. 32

Validation of MIP AS Level 2 Data Products of H20 by In-Situ
Measurements and Trajectory Mapping

S. Rohs 1, M. Blaesner ', K. Grunow', P. Konopka 1, N. Spelten 1, C. Schiller'
1 Forschungszentrum Juelich, Germany

::FU Berlin, Germany

Correlative measurements of H20 for validation of the MIPAS and SCIAMACHY satellite
instruments were carried out in several campaigns using the Lyman-alpha fluorescence hygrometer
FISH, operated onboard the Geophysica high-altitude aircraft and balloons. Up to now, data were
obtained on more than 20 aircraft flights and 3 balloon flights, both at mid and high
latitudes.Trajectories are calculated I0 days forward and backward of the correlative measurements
to identify additional footprints of the Envisat experiments in the same air masses probed by the in
situ hygrometers. With this approach, we can match 5-10 Envisat profiles spread over the Northern
hemisphere within this period to the path of a single aircraft or balloon flight. Therefore, the
statistical significance of a single validation measurements will be increased, and potential
mismatches between the satellite and the correlative measurement are minimised. First tests with
early MIPAS retrievals show that this method can compensate erroneous results for the validation,
in particular in regions with high atmospheric variability.Using our measurements and this trajectory
mapping technique, we will present validation of the new level 2 data products of MIPAS to be
released this spring.

Abstract No. 74

Validation of ClON02 Profile Retrievals from MIPAS/Envisat
Measurements

M. Hopfner", C. Blom1, T. Blumenstock', T. Von Clarrnann', H. Fischer",
F. Friedl-Vallon1, N. Glatthor", U. Grabowskt', A. Griesfeller1, T. Gulde",
F. Hase1, C. Keim', S. Kellmanu', M. Kiefer1, A. Kleinert', A. Lengel',

A. Linden 1, G. Liu 1, G. Maucher', G. Mengistu Tsidu 1, M. Milz\ H. Oelhaf",
C. Piesch", T. Steck', G. Stiller", D. Wang', G. Wetzel1, B. Funke", G. Toon3

1 Forschungszentrum Karlsruhe, Germany
: Institute de Astrofisica de Andalucia. Spain
3 Jet Propulsion Laboratory, United States



Since mid-September 2002 the M ichclson Interferometer forPassive Atmospheric Sounding
(M !PAS) on Envisat measures continuously high-rcsolutionmid-infrurcd limb-emission spectra of
the atmosphere 11ith global coverage. In this paper 11c present a 1alidation of CION02 profiles
retrieved by use of the scientific off-line processor at the lnstitut fur Mctcornlogie und
Klimaforschung.Karlsruhe.Comparisons are made with thermal emission FTIR measurements by the
balloon-borne MIPAS-8 and the air-borne MIPAS-STR instruments. withsolar occultauon
obscrv ations by the balloon-borne Mk IV spectrometer.and with solar absorption observations from
grnundhased FTIR instruments. MIPAS-13 as well as MIPAS-STR were deployed during dedicated
1alidation campaigns for the chemical payload of Em isat in September 2002 and February/March
2003. Thus. a number of close co-locations in space and time were achieved. For the two MklV
balloon flights in December 2002 and April 200:1 from K iruna, nearest MI PAS/Em is at
profilclocations are used for intcrcomparison. and differences arc discussed taking intoaccount the
relative position or the polar vortex. Groundbascd FTIR observations or total column amounts of
CION02 allow. due to theircontinuous temporal coverage, a statistical assessment of integrated
profiles from MIPAS/Ln1isat.

Abstract \'.o. 118

Comparison of Zonal Variability in Total Ozone Derived from ERS-2
GOME and the Chemistry-Climate Model ECHAM4.L39

T. Erbcrtseder, V. Eyring, M. Dameris, M. Bittner, D. Loyola
DLR. Germany

X years of ERS-2'(i0ME total ozone observations and corresponding ozone fields or the coupled
chemistry-climate model ECHA M-1 1.:19(DLR )1Cll LM arc analyzed in order to compare zonal
ozone variations. Coupled chemistry-climate models (CCMs) with detailed descriptions of the
stratosphere can address how climate change. stratospheric ozone and UV radiation interact, now
and in the future. Long run satellite observations of total ozone as from the (ilohal Ozone
Monitoring Experiment (GOME) aboard ERS-2 arc an excellent source for validating CCM results.
since they cm er the ozone 1 ariahility 11ith prov en accuracy and high temporal and spatial
resolutions.The stratosphere is strongly influenced by manifold dynamical processes that CCMs
must he able to reproduce correctly. An important example is the forcing and propagation of
planetary-scale 11aves. As a first validation step it must he shown that the amplitudes and phases of'
the quasi stationary planetary waves in the I011er and middle stratosphere arc reproduced. I Icre total
ovonc can be considered as a tracer to illuminate this dynamic variability.GOML has been
successfully prov iding total ozone observations since July 1995. All total ozone ohscrx at ions (GDP
Version J.0) from July 1995 to June 2003 were assimilated by a spectral Kalman Filtering approach
to gain an 8 year data set of daily global ozone distributions. This data set is now used to evaluate
lirst results of a multi-year model simulation representing "year 2000" conditions 11ith an updated
version of ECllAM-1.L39/CHEM. a cc:-.111ith a horizontal resolution of'T30 and 3') layers in the
vertical (surface to·· 10 hl'a).Wc present a comparison of total ozone. 11a1e amplitudes and phases.
their zonal and hemispheric means. to address the differences of the total ozone variability. The
horizontal zonal amplitudes and phases are derived by means of a spectral statistical analysis.



Emphasis is on monthly and inter-annual variability of the zonal wave numbers one and two. These
results are also used to derive two hemispheric Ozone Variability Indices.

Abstract No. 591

SCIAMACHY-Validation Using the AMAXDOAS Instrument

I 2 2 I I IK. Heue, M. Bruns , J. Burrows , W. Lee, U. Platt, I. Pundt,
A. Richter", T. Wagner1, P. Wang2
1 University of Heidelberg, Germany
] Univeristyof Bremen, Germany

The AMAXDOAS-instrument is a special designed Multi Axis DOAS instrument for airborne
measurements. In September 2002 and February I March 2003 it was installed on the DLR-Falcon
during two SCIAMACHY-validation campaigns. Together with the AMAXDOAS an Ozone lidar
(OLEX) and a microwave radiometer (AZUR) were installed on the Falcon. In about 40 flights the
airplane flew from the Artie to the Tropics. All these flights were coordinated with SCIAMACHY
overpasses.With four different viewing angles the AMAXDOAS measured the traces gases N02,
03, BrO and OClO below and above the aircraft. Two spectrometers are used for the wavelength
region between 300nm and 550nm.Here we want to present our results and compare these to
SClAMACHY or GOME. We want to concentrate on N02 vertical columns measured below and
above the airplane to separate tropospheric and stratospheric columns.

Abstract No. 124

Reflectance Comparison between SCIAMACHY and a Radiative
Transfer Code in the UV

G. Tilstra, G. Van Soest, M. De Graaf, J. Acarreta, P. Stammes
Royal Netherlands Meteorological Institute (KNMI), Netherlands

Using an accurate radiative transfer code as a reference, we studied the reflectance measured by the
SCIAMACHY instrument onboard Envisat in the ultra-violet (240-400 nm). To make the
comparison possible, we selected a target site over the Sahara desert, which was completely free of
clouds. After having supplied the proper ground albedo, surface pressure, and ozone profile to the
radiative transfer code, a model reflectance could be calculated quite accurately (5% error at
most).The conclusion resulting from the analysis is that SCIAMACHY currently underestimates the
actual Earth reflectance by as much as 15 percent. The deviation is found to be wavelength
dependent, but apparently does not depend significantly on the SCIAMACHY scan mirror angle.
This type of comparison can also be helpful in the in-flight calibration of other UV satellite
spectrometers (OM!).



Abstract No. 129

Model Results, Balloon and Satellite Data Intercomparison Using
Variational Chemical Data Assimilation

N. Huret', 1\1. Pirre', E. Riviere'. J. Urban", G. Moreau', V. Catoire", C.
Carnv-Pevret''

1 CNRS and L'ni1·e1:.1·itr;,/'Orleans, France
c Observatoire de Bordeaux, France

3 LPCEICNRS and Universitv of' Orleans, France
.i LPMAICVRS.· France

In the frame of the Em isat validation campaigns. the balloon home instrument SPIRALE 11as
launched from Aire sur I'Adour on October 2. 2002 and from Kiruna on January 21. 200.\.
SPIRA LE measures in situ a large number of chemical species: 03. CO. Cl l-l, N20. llNOJ. N02.
NO and HCI by infrared absorption spectroscopy using tunable diodes lasers (TDLAS ). ODIN and
l.nvisat satellites instruments were operating during these periods. The aim of the paper is to check
the consistency between measurements (balloon and satellite instruments) and model results hy
using the 1 ariational assimilation technique of chemical data. To this end the 1ariational assimilation
code associated 11 ith the lagrangian model \.1iPLaSMO have been used to search for the best
agreement between all the data and the model. Analyses of the assimilation results arc presented and
agreements and/or disagreements between balloon and satellite data. between satellite data. or
between data and model results arc pointed out.

Abstract '.\o. 134
Validation of MIPAS-Envisat Profiles for CH4 and N20 with Data

from the MIPAS-STR Instrument on Board the Geophysica

T. Gulde', C. Blom1, M. Hopfner", C. Keim', G. Liu ', C. Piesch ', C.
Sartorius", C. Volk2

1 Forschungszcntrum/Universltiit Karlsruhe, Germani·
c Johann Wolfgang Goethe Universitdt Frankfurt, Germanv

M IPAS-STR ( \1IPAS-STRatosphnic aircraft) is a cryogenic Fourier transform emission sounder.
By a combination of continuous limb sounding and upward measurements. two-dimensional
distributions of the temperature and of several trace gases can he dcriv ed. The spatial resolution of
the individual profiles is about 2 km vertically and 35 km horizonrallv in !light direction. We report
the 1alidation of M II' AS-Em isat pro Iiks in the upper troposphere and the lo« crmo st stratosphere
11 ith corrclativ c data dcriv ed by M IPAS-STR on board the high-altitude aircraft M:'i:'i-Gcophysica.



The validation is presented for the 22 July 2002 orbit 2051 at middle latitudes and, in the Arctic
region. for several orbits of February 28th. March 2nd and March 12th, 2003. We focus on the
profiles of the trace gases CH4 and N20. The presentation includes the quality control of the
MIPAS-STR measurements by inter-comparison with in-situ data from the M55-Geophysica. For
the validation of MlPAS-Envisat we use two methods:( I) direct comparison with N20 and CH4
from the channel 2 ofMlPAS-STR (2) measurements ofCFC-11 and CFC-12 from the channel 1 of
MlPAS-STR in combination with the rigid correlations, derived by HAGAR, of the CFCs with CH4
and N20. respectively.

Abstract No. 160

Investigation of GOME Scan-mirror Degradation

J. Krijger, I. Aben, J. Landgraf
SRON, Netherlands

Degradation of optical components in space is a problem affecting many remote sensing
instruments, due to the prolonged exposure to the conditions in orbit.Degradation has been
confirmed for GOME and will likely in the future similarly affect SClAMACHY onboard Envisat,
which makes understanding the degradation of GOME important.Over the 8 year life time of
GOME. the measurements of the Earth radiances and the Sun irradiances were subject to different
instrument degradation in the UV (e.g., scan mirror and PMDs). To quantify this degrading effect a
comparison will be made between the GOME reflectance spectra with forward simulations of
GOME spectra based on adequate description of the atmosphere (ozone, temperature, and pressure
profiles) obtained from co-located cloud-free independent ozone sonde measurements. For this
purpose we will use the polarization-sensitive measurement of the main channels of GOME. without
correction for the polarization sensitivity of the instrument. The use of the polarization sensitive
measurement excludes the degradation effect of the PMDs. and will hopefully isolate the scan
mirror degradation.

Abstract No. 162

Comparison of ERS-2 GOME Total Ozone and Nitrogen Dioxide Data
with the Ground-based Spectroscopic Measurements over Russia and

NIS

D. Ionov', Y. Timofeyev', A. Shalamiansky2, J. Lambert", V. Sernenov",
V. Slnyakov", N. Elansky", A. Elokhov5, A. Gruzdev5

1 St.Petersburg Stale University, Russian Federation
c Main Geophysical Observatory. Russian Federation



3 Belgian Institutefor Space Aeronomy, Belgium
4 Kvrgu: National University, Kyrgvzstan

'Institute ofAtmospheric Physics, Russian Federation

Follow ing the launch of GOME instrument on board ES;\ ERS-2 satellite in 1995. the quality of
resulting data products on total 010ne and N02 have been validated against independent well
controlled ground-based measurements. 11ith corresponding improvements to the retrieval
algorithms being introduced and data reprocessing being run. when necessary. Along with the other
international ground-based network measurements (e.g. NDSC. SJ\OZJ the Russia and NIS (Nc«
Independent States) contributed to (iOME validation with the data of national ground-based UV
visible observ ations in 1996-2002. The regular measurements of total ozone are carried out with a
number of filter ozonornctcrs M-124 calibrated against Dobson spectrophotometer. which is
regularly compared with WMO standard. The network covers a 11idc range of latitude - from 38 to
78 degrees north. and the developed processing algorithm allows performing nearly all-weather
obser, ations of 010ne vertical column. The t11ilight observations of :\02 1ertical column are
performed 11ith the measurements of zenith-scattered solar radiation in the 1 isiblc range at a number
of locations included in the list of NDSC stations as a complcmcntary.ln this study the data of
operational GOME data on total ozone and nitrogen dioxide (CJD!' version J..7. 3.0) wa-; compared
to the daily averaged ground-based ozone data. collected 01 er the 17 locations ( 14-141 EI 43- 78 N l,
and t11ilight obscrv at ions of N02 vertical column at h en igorod (55. 7 N. 3Ci.8 E. Russia) and lssyk
Kul (42.6 :\. 77.0 E. Kyrgyzstan) for the period of 1996-2001. Within the investigation. an
agreement of both individual and monthly averaged (iOME measurements 11ith corresponding
ground-based obscrv ations was examined and analyzed 11ith respect to different conditions (season,
sun elevation), temporal/spatial criteria choice (actual overpass location. correction for diurnal
1ariation) and data processing (G DI' 1crsion 2. 7. 3 .0 ).Th is work 11as supported by joint foundation
of Russian Ministry of Education and St.Petersburg Administration ( PD02- I .5-96) and the President
of Russia grant (M K-2686.2003.05 ).

Abstract No. 180

First Confrontation between SCIAMACHY N02 Columns and the
Outputs of a Regional CTM

N. Blond1, K. Boersma", H. Eskes2
1 LISA. France

-' KN.\11. Netherlands

Air pollution forecasting is a challenging scientific problem, which has recently received a high
priority in many industrialized countries due to the increasing consciousness of the effect of
pollutants emissions on health and cnv ironmcnt. For the last t11cnty years. several Chemistry
Transport Models (CTMs) have been developed at regional and continental scales. They require
accurate input data (emissions. initial and boundary conditions. mctcorolouy) 11hich arc uncertain
and often difficult to collect in real time. Comparisons between ground-based observations and



simulations still show discrepancies for ozone; for other species, including aerosols, a systematic
model skill evaluation is not feasible because data coverage is thin and measurement sites are often
not representative for model grid cells. Recently, satellite observations of the tropospheric
composition have become available. The satellites provide column measurements of the boundary
layer and free troposphere over averaged areas comparable to the model grid cells, which makes
them potentially ideal for model evaluation. However, the retrieval of tropospheric columns from
the satellite measurements is also largely un-validated due to a lack of independent measurements.
Therefore, the confrontation of satellite data with chemical fields modelled by of a high-resolution
CTM may bring essential information to identify errors in both CTM and retrieval systems. We will
present the results of such a confrontation between SClAMACHY N02 columns and the outputs of
the high-resolution regional-scale CTM CHIMERE.

Abstract No. 202

SCIAMACHY N02: Air Quality Monitoring on a Global Scale

K. Boersma', I. Desmedt", R. Van der A1, N. Blond3, M. Van Roozendael", H.
Eskes1

1 KNMl, Netherlands
2 BIRA-IASB, Belgium

3 LISA, France

Total and tropospheric N02 column retrievals from SCIAMACHY on board Envisat will be
discussed. In the framework of ESA's Tropospheric Emission Monitoring Internet Service (TEMIS,
WW\\ .temis.nl) project, a scientific N02 data product is generated in a joint cooperation between
KNMI and BIRA/IASB. The method that is used is the retrieval-assimilation-modelling approach
that has already been applied on GOME data as described by Eskcs et al. [2003] and Boersma et al.
[2004].Currently, the level-I c data poses a number of problems: theradiometric calibration of both
Earthshine and Solar spectra is biased. Difficulties in the N02 slant column density retrieval are
overcome by using an Earth radiance spectrum for a fixed location on Earth as a reference spectrum.
A first order correction factor resulting from a comparison between MODIS and SCIAMACHY
radiances results in reasonable cloud fraction and pressure estimates based on the FRESCO cloud
retrieval scheme.SCIAMACHY N02 results will be presented for the year 2003. Various aspects of
this dataset will be discussed, including interesting spatial and temporal features, a comparison with
GOME retrievals, errors in the retrievals, and validation. Boersma, K.F., et al. (2004), Error
Analysis for Tropospheric N02Retrieval from Space J. Geophys. Res., I09,
doi: I0.1029/2003JD003962.Eskes, H. J. et al. (2003 ), EU GOA project Final report (available on
www.knrni.nl/goa/)
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Validation of Stratospheric Temperature Profiles Observed by
MIPAS/Envisat

D. Wang', T. Von Clarrnann", H. Fischer2, B. Funke'. S. Cil-Lripez'',
N. Glatthor '. U. Grabowskt', M. Hopfner", S. Kettmann", M. Kiefer2•

A. Linden", M. Lupez-Puertas", G. Mengistu Tsidu2• M. Milz2, T. Steck",
G. Stiller"

1Forsc/11111gs::e11tr11111um/ Univcrsitdt Karlsruhe. Gcrnianv
.' Forsch1111gs::.e11tr111111111llUniversiuit Karlsruhe.I MK. Germanv

' /11.1/i/11/o de Astrofisica de Andaluc!a, CSIC. Spain

This analysis presents stratospheric temperatures observed by MIP;\S on Em isal. MIPAS
temperatures arc retrieved by several data processors al different institutions. The Mll'i\S data
analysis processor al lnstitut lllr Mctcoro logie und Klimaforschunu ( IMK) prov ides simultaneous
rciricv al of temperature and linc-ol-sight parameters. as 11ell as. indirectly. pressure from measured
spectra and the spacecraft ephemerides. This step precedes the species abundance retricv al-. because
an accurate know ledge or the obscrv ational geometry and the physical stale of the atmosphere is an
essential requirement for any space-based limb-x ie11ing remote sensing experiment attempting to
characterize the chemical composition or our em ironmcnt. The MIP;\S !:VIK stratospheric
temperature data arc compared with a number or other observations. including world-wide
radiosonde. HALO!·. solar occult.uion, and CHAMP and Si\C-C radio occuliation measurements. as
well as ECM\VF and METO assimilation analyses. The indiv idual profiles and /onal means
measured by MIPJ\S and other instruments at different locations and times sho« reasonable
agreement. though deviations may ex is: due lo characteristics of the instruments and observation
scenarios. The global mean differences between Mll';\S and other ohscrv.uiuns arc less than I K.
This indicates the rcliahilty ol'Mll'i\S-I:VIK data products and their capability for prov iding valuable
scientific information.

Abstract No. 236

Stratospheric Ozone Profiles Observed by MIPAS/Envisat and their
Use for the VORTEX Split Event in Fall 2002

D. Wang'. T. Von Clarrnann", H. Fischer", B. Funke:', S. Gil-Lope/,
N. Clatthor ', U. Crabowski", :\1. Hopfuer", S. Kcllrnann", :\1. Kiefer2•

A. Linden", M. Lopez-Puertas'. G. Mcngistu Tsidu2• :\1. '.\1ilz2.
T. Steck", G. Stiller2

1Forsch1111gs::.e11/n1111und Universitiit Karlsruhe. Germanv



2 Forschungszentrum und Universitdt Karlsruhe, !MK, Germany
3 lnstituto de Astrofisica de Andalucia, CSJC, Spain

Stratospheric ozone profiles are retrieved from limb-viewing infrared spectra observed by
MIPAS/Envisat using the !MK (Institut fur Meteorologie und Klimaforschung) science data
processor. The MIPAS ozone volume mixing ratio (VMR) profiles are compared with those
obtained by HALOE and Sub-Millimeter Radiometer (SMR) on ODIN. The three instruments show
good consistency, with mean differences within S\pm$(4-8)\% (0.1-0.3 ppmv). These results
indicate the reliabilty of MIPAS-IMK data products and their capability for providing valuable
scientific information. The ozone data are used to investigate the characteristics of the
unprecedented Antarctic major stratospheric warming of 2002. In response to the rapid poleward
increase of temperatures and remarkable reversal of the latitudinal temperature gradients at 35 km or
below in several days, the zonal mean ozone VMR increase poleward, and have maximum values of
7 ppmv in a wide region between 20 - 40 km at latitudes south of 40°S. The longitudinal variations
are dominated by wave 1 at the onset of the warming. The wave 1 amplitudes drastically increase at
60°S - 80°S. reaching maxima of 2 - 3 ppmv in the region of 20 and 35 km. The large-amplitude
wave I disturbances break down in one or two days, and the amplitudes of wave I and 2 become
comparable. resulting in an apparent wave 2 pattern with the ozone VMR peaked around longitudes
of3G°E and 100°w.

Abstract No. 239

The GOME Near-Real-Time Service: Mission Continuity, Status and
Future Plans

D. Loyola', W. Lengerr', M. Weber3, T. Ruppert', K. Reiniger",
T. Erbertseder ', E. Doyle2, A. Maltese2, P. Fischer2,

K. Brarnstedr', J. Burrows'
1 DLR, Germany

2 ESAIESRIN, Italv
3 University alBremen, Germany

Ozone and other relevant trace gases are important constituents of the Earth atmosphere and play
key roles in several important environmental issues (UV exposure, climate change). The availability
of global and accurate near-real-time information on atmospheric ozone and other substances and
their distribution is essential for monitoring the ozone layer.The GOME/ERS-2 near-real-time
service is a valuable contribution to the ozone monitoring effort. Furthermore, it is extremely
important to maintain this service in order to provide continuous long-term ozone monitoring with
an overlap to the current and future missions like SCIAMACHY/Envisat, OMI/AURA and GOME-
2/M ETOP.The GOME near-real-time service was initiated in January 1997 with the installation of
the GOME Data Processor (GDP) at the Kiruna station in Schweden: it was extended in November
2001 with the GDP installation at the Gatineau station in Canada and completed in February 2002



with the GDP installation at the Maspalomas station in Spain. In July 2003 the ERS-2 tape recorder
failed after eight years of continuous acquisition. Since then ESA and DLR are working in the
continuation of the ERS-2 LBR (low bit rate) mission extending the CiOME coverage with
additional ground stations.The current GOME NRT sen ice provides accurate ozone information for
Europe, North America and, on campaign basis, in the Antarctic. The Antarctic Recciv ing Station of
DLR in O'Higgins was operated from October to December 2003 and from January to March 2004.
The Matera station in Italy has started acquiring CiOM E data in March 2004. The additions of other
ERS-2 LBR stations in Mexico and North Brazil arc currently planned.

Abstract No. 242

German Contribution to the Validation of SCIAMACHY

K. Brarnstedt'. B. Kirchhoff.z
1 Universitv ofBremen, Germanv

2 lnstitut]. Utnweltphvsik, Germany

An adequate \ alidation of SCI;\ MACI IY data products is a prerequisite for a successful completion
of the SCIAMACllY mission. The German validation team. consisting of23 different projects with
more than 60 scientists. contributes \\ ith a wide range of instrument types as important part of the
international validation community. /v global network of ground-based stations with DOAS, FTIR,
microwave instruments and ozone sondcs has been build. Satellite inter-comparisons utilize the
measurements of independent space-born sensors. Balloon-borne instruments participate in the
Lnvisat Stratospheric Aircraft and Balloon validation campaigns and the German FALCON research
aircraft has undertaken large flights from the Arctic to the Tropics. Herc an O\ en ic1\ of the German
activities during two and half years ofSCIJ\MACllY lifetime is given.

Abstract No. 262

Validation of SCIAMACHY Level 1: UV-Vis Nadir and Limb

G. Van Soest, G. Tilstra, J. Van Gent, P. Stammes
KNMI, Netherlands

In this contribution \\C compare radiances calculated by radiative transfer models (RTM) with
carthshine and limb radiances measured by SCIJ\MACllY.For the nadir carthshinc reflectance
calculation we concentrated on the UV channels. The RTM (we used LIDORT or DJ\K) is supplied
with ozone profiles retrieved from SCIAMACHY limb measurements [I). The result is a powerful
validation technique which utilizes the unique combination of co-located nadir and limb
obscrv ations in one instrument. We discuss the details of the \ alidation method and
results.Secondly. we present the first validation of absolute limb radiances from SCIJ\MJ\CHY by
comparison with the SCIARALI RTM. We characterize the quality of the SCIAMJ\CHY data as a



function of wavelength and a number of instrument parameters.( I] C. von Savigny, IFE/IUP
Bremen; http://www. iup.physik. un i-bremen .de/scia-arc/

Abstract No. 264

Comparison between Earth Reflectance Spectra from 300-1750 nm
Measured by SCIAMACHY and Radiative Transfer Model Results

P. Stammes, J. Acarreta, W. Knap, G. Tilstra
KNMI, Netherlands

SCIAMACHY. launched in March 2002 on-board the Envisat satellite.is a spectrometer covering
the wavelength range 240-2380 nm with a spectral resolution between 0.2 and 1.5 nm. It measures
the Earth radiance and solar irradiance at 8000 distinct wavelengths.The ground pixel size varies
between 30 km x 30 km and 30 km x 240 km. Unlike many other satellite instruments which
measure at selected wavelengths,SCIAMACHY offers for the first time a full spectral view of the
Earth in the shortwave range. Various processes occurring in the atmosphere and on the surface can
be determined from this spectrum. Absorption lines of ozone. N02, 02, H20, C02, and several
minor gases can be used to determine column densities and in some cases profiles of these trace
gases. The spectral scattering and absorption properties of clouds and aerosols arc being observed.
as w ell as the spectral reflectanccs of surface types. Because the calibration of SCIAMACHY is still
ongoing in 2004. only reflectance results below 1750 nm will be shown.We will present reflectance
spectra of typical Earth scenes (clear and cloudy) as measured in nadir view mode for the range 300-
1750 nm. and compare these to model results from the doubling-adding radiative transfer code OAK
and MODTRAN 4.1.

Abstract No. 294

SCIAMACHY Long-Term Monitoring Results

S. Noel1, H. Bovensrnann", J. Skupin", M. Wuttke", J. Burrows",
M. Gottwald", E. Krieg3

1 University of' Bremen, Germany
2 IFEllUP University of Bremen, Germany

3 DLR-I MF, Germany

The Scanning Imaging Absorption spectroMcter for AtmosphcricCHartographY (SCIAMACHY) is
a contribution to the Envisat satellite. which has been launched successfully in March 2002.
SCIAMACHY determines the amount and distributions of a large number of atmospheric
constituents by measuring Earthshine radiance and solar irradiancc spectra simultaneously from
about 240 to 2380 nm in nadir. limb and occultation viewing geometry. To assure the high quality of



the SCIAMACI IY data products mer the mission. a continuous monitoring or the SCIAMACHY
functionality and performance is essential.For this purposes. the SCIAMACllY mission planning
concept includes dedicated calibration measurements on a daily. weekly and monthly time scale.
These calibration measurements arc regularly analysed: they comprise solar and lunar measurements
as well as measurements using SCIAMACHY's internal light sources (spectral and white lamp).This
presentation will give a short overview or the SCIAMACllYcalibration and monitoring
conccpt.Furthcrmnrc. results or the monitoring uctiv itics will be presented sho« ing lor example
that:* The SCIAMACllY instrument is radiomctrically very stable mer time." The internal White
Light Source (\\'l.S) has proven to be stable enough tor throughput monitoring." SCIAMACHY is
scnsiti. c enough to detect variations in the solar activity on a sub-percent scale.

Abstract No. 322

Validation of SCIAMACHY BrO Profiles by Balloon-borne In-situ
Measurements

S t 2 , I I I. Hrechanyy , A. Engel , .J. Grooll , G. Gunther , P. Konopka , A.
Rozanov', H. Steinhorst', F. Stroh 1

1 Forschungszentrunt .Jiilich GmbH. Germanv
-'Institutefor Meteorology and Geophysics. Germany

3 Universitv of Bre111e11,Germanv

The CIO BrO instrument of Research Center .liilich onboard the TRll'Ll. multi-instrument balloon
payload has performed three llights for the \ alidation or SCIAMACllY (SCanning Imaging
Absorption spcctro vlctcr for Atmospheric CartographY) onboard Emisat.Whilc SCIAMACHY uses
Differential Optical Absorption Spectroscopy ([)OAS) from UV limb observations to obtain BrO
profiles. the CIOiBrO instrument employs the in-situ CCRF (Chemical Conv crsiou Resonance
Huorcsccnccj technique providing really independent validation measurements. However, spatial
and temporal mismatches as well as effects of thc v cry different spatial resolution o lthc instruments
need to be carefully considered due to the photochemical diurnal x ariation and possible atmospheric
heterogeneities in BrO.Three different geophysical regimes were chosen for the llights: mid-latitude
autumn (Airc-sur-l'Adour, France: 2-l September 2002). high latitude spring (Kiruna. Sweden: 6
March 2003) and high latitude summer (Kiruna: '!.lune 2003).lntcrrnmparisons of the in-situ BrO
profilc-, with SCl;\t\IACHY profiles derived by off-line retrievals of the Universities of Bremen and
I Ian ard do in general sho« good agreement. l lo« c1 er. small scale structures in the in-situ profiles
obscrv ed in the June 2003 measurement an: not rcpruduccd w ithin the SCIAMACI IY profiles and
can most probably be assigned to dynamical processes. Implications for the SCIAMACHY
validation as well as for BrO photochemistry as derived from dynamical and photochemical
simulations employing the Research Center Julich ClaMS (Chemical Lagrangian Model of the
Stratosphere) modcl w ill be discussed.



Abstract No. 331

The Use of Data-quality Information for Optimal Scientific
Application of MIPAS Trace-gas Data

R. Mantovani, R. Koopman
ESA/ESRIN, Italy

The objective of this paper is to show how the information related to the instrument status and the
complex processing chain is fundamental to use in an optimal way the MIP AS trace-gas data.
Instruments are designed as a compromise between scientific requirements and technical feasibility.
Data processors are designed as a compromise between extraction of maximal information from the
instrument and the constraints in processing and dissemination resources. This latter compromise
should drive the data quality expected from an instrument. In practice, data quality is variable due to
several sources of quality degradation. Optimal application of these data to scientific studies
requires knowledge of the data quality. This paper explains important transient error sources that
frequently affect data quality. These are related to instrument anomalies and degradations, near-real
time calibration quality variations, and data processor issues. The paper outlines the various sources
of information that have been set up to provide the data user with quality information, in particular
many dedicated records in the products themselves, and several documentation resources available
on line. It also describes methods of applying this information, for example by filtering using
specific data fields. For some parameters, error information in product files is not yet adequate, and
improved information is available in separate documents. Finally the off-line consolidation of
products allows corrections to near-real-time calibrations, attitude assessments and meteorological
initialisation data, and have therefore a significant quality advantage over near-real-time data. This
paper addresses the most important differences between the two.

Abstract No. 364

MIPAS-Envisat Validation Measurements with the High Resolution
FT-FIR Spectrometer SAFIRE-A

U. Cortesi', G. Bianchint', G. Redaelli2, E. Castelli", B. Dinelli3, L. Palchetti1
1 IFAC-CNR, Italy

c Universita dell'Aquila, Italy
3 ISAC-CNR, Italy

Results of Envisat validation measurements obtained by the high resolution Fourier transform far
infrared spectrometer SAFIRE-A during dedicated campaigns with the M-55 Geophysica aircraft
carried out in the frame of the ESABC (Envisat stratospheric aircraft and balloon campaigns)



programme arc presented and discussed.Si\FIRF-A operated as part of the core payload of remote
sensing chemistry sensors deployed on-hoard the M-55 stratospheric platform at mid and high
latitudes. with the aim of validating the chemistry instruments of the I.nv isat satellite. and mainly
focussed on the validation orMIPAS levcl-? products. The instrument \\as flown in six flights from
Forli. Italy (Lat. 44°N. Lon. 12°E) in July and October 2002 and in four !lights from Kiruna,
Sweden (Lat. 6~'N. Lon. 20°E) in March 2003 for a total or approximately 45 flight hours and in
several cases attained high quality limh sounding measurements of the volume mixing ratio vertical
profiles for 03. llN03. N20 and CIO in good spatial and temporal coincidence with Mll'i\S scans.
The inter-comparison between vertical distribution of Ozone. HN03 and N20 rctricv ed from data or
the satellite and of the aircraft instruments has been supported hy modelling tools specifically
developed hy l inivcrsity of L'Aquila. In this paper. \I c describe in some detail the analysis
conducted for the inter-comparison and prm idc a comprehensive men ic\1 of the consolidated
results obtained hy Si\ FIRE-A Em isat \ alidation measurements.

Abstract '.\o. 365

The Use of Data-quality Information for Optimal Scientific
Application of GO MOS Trace-Gas Data

I ' 2L. Saavedra , R. Koopman", L. Saavedra
ES'A//:SR/N, ltalv

The objcctiv c of this paper is lo show ho« the information related to the instrument status and the
complex processing chain is fundamental to use in an optimal \1ay the CiOMOS trace-gas data.
Instruments arc designed as a compromise between scientific requirements and technical feasibility.
Data processors arc designed as a compromise between extraction of maximal information from the
instrument and the constraints in processing and dissemination resources. This latter compromise
should driv c the data quality expected from an instrument. In practice. data quality is 1ariablc due to
several sources of quality degradation. Optimal application of these data to scientific studies
requires know ledge of the data quality. This paper explains important transient error sources that
frequently affect data quality. These arc related to instrument anomalies and degradations. near-real
time calibration quality variations. and data processor issues. The paper outlines the 1arious sources
of information that hav e been set up to prm idc the data user with quality information. in particular
many dedicated records in the products thcmsclv cs. and sci era I documentation resources available
on line. It also describes methods of applying this information. for example hy filtering using
specific data fields. For some parameters. error information in product files is not yet adequate. and
imp rm ed in formation is available in separate documents. Finally the o tt-linc consolidation of
products allo« s corrections to near-real-time calibrations. attitude assessments and meteorological
initialization data. and have therefore a significant quality advantage over near-real-time data. This
paper addresses the most important differences between the t110.



Abstract No. 371

Long Term Monitoring of GOME/ERS-2 On-fly Calibration
Parameters

S. Wahl, B. Aberle, S. Slijkhuis, D. Loyola
DLR, Germany

Alier more than 8 years successful operation of GOME and its data processing, it is of great interest
to analyse the on-fly calibration results and their parameters to get a tirst long term monitoring of
their behaviour. The calibration parameters calculated during the Level 0 to 1 processing are a good
means to analyse the stability of the instrument. In the same way the daily sun measurements arc
important for analysing the instrument degradation. Most of these parameters arc stored in a
database covering the complete GOME mission. In this study a time series of the most important
parameters like the sun mean reference, the wavelength calibration, the pixel-to-pixel gain, the
leakage current and polarisation correction factors will be shown.

Abstract No. 375

The Use of Data-quality Information for Optimal Scientific
Application of SCIAMACHY Trace-gas Data

A. Dehn1, R. Koopman'
1 SERCO, Italv

) .
- ESA/ESR!N, Italy

The objective of this paper is to show how the information related to the instrument status and the
complex processing chain is fundamental to use in an optimal way the SCIAMACHY trace-gas data.
Instruments are designed as a compromise between scientific requirements and technical feasibility.
Data processors are designed as a compromise between extraction of maximal information from the
instrument and the constraints in processing and dissemination resources. This latter compromise
should drive the data quality expected from an instrument. In practice, data quality is variable due to
several sources of quality degradation. Optimal application of these data to scientific studies
requires knowledge of the data quality. This paper explains important transient error sources that
frequently affect data quality. These are related to instrument anomalies and degradations, near-real
time calibration quality variations, and data processor issues. The paper outlines the various sources
of information that have been set up to provide the data user with quality information, in particular
many dedicated records in the products themselves. and several documentation resources available
on line. It also describes methods of applying this information. for example by filtering using
specific data fields. For some parameters, error information in product files is not yet adequate, and
improved information is available in separate documents. Finally the off-line consolidation of
products allows corrections to near-real-time calibrations. attitude assessments and meteorological



initialisation data. and have therefore a significant quality advantage over near-real-time data. This
paper addresses the most important differences between the two.

Abstract No. 424

Re-Analysis of ERS-2/GOME Diffuser Properties

S. Slijkhuis1, S. Wahl2, B. Aberle", D. Loyola2
1 DLR, Ger11w111·
-'-, Germany.

Trace-gas profile retrievals from the GOME instrument depend on the calibration accuracy of the
on-board dilfuscr.Wc have re-analysed historical GOME solar irradiance measurements. This work
shows that the optical properties in the diffuser lightpath arc significantly more complex than
previously thought.

Abstract No. 465

Validation of MIPAS-Envisat CH4 and N20 Vertical Profiles by
Airborne In Situ Observations

I I I I I 2J. Baehr, C. Volk, E. Ivanova , A. Werner, T. Wetter, A. Engel ,
U. Schmidt", G. Stiller", T. Von Clarrnann", N. Glatthor2, S. Kellmann2

1 Johann Wolfgang Goethe University Frankfurt, Germany
l Forschungszentrum Karlsruhe, Germany

Airborne in situ measurements ofN20, Cl 14, CFCs 11 and 12 with the High Altitude Gas Analyzer
(HAGAR) and the balloon-borne cryosamplcr of the University of Frankfurt arc compared to
vertical profiles from MIPAS-Envisat. We validate !'.SA Level-2 standard products (v. 4.61) and
non-operational trace gas profiles of Cll4. N20, CFC-I I and CFC-12 derived with the scientific
data processor run at IMK Karlsruhe.Three validation campaigns were performed by the high
altitude research aircraft M-55 Geophysica comprising a total of 16 flights in July and October 2002
out of Forli in northern Italy and in February/March 2003 out of Kiruna, Sweden. Flights were
planned to achieve good collocation with MIPAS-E profiles up to 20 km. HAGAR measures N20,
CH4 and the halocarbons F I I and F 12 with in situ gas chromatography (CIC-ECO) at a time
resolution of 90 s. Calibrations are performed every 7.5 minutes during flight using two standard
gases tied to the NOAA/CMDL scale yielding an absolute accuracy of 2'X,. The in-situ data from
HAGAR arc correlated with near-coincident measurements made with MIPAS-E in order to assess
the quality of di Ifcrent M IPAS data processors.



Abstract No. 467

The SCIAMACHY Level lb-2 Offline Data Processor: Current Status
and Recent Developments

A. Von Bargen, B. Aberle, A. Doicu, M. Hess, S. Hilgers, D. Huber,
K. Kretschel, F. Schreier, S. Slijkhuis, S. Wahl

German Aerospace Center, Germany

This contribution is dedicated to demonstrate the ability of the Level 1b-2 offline data processing for
SCIAMACHY nadir and limb sounding measurements. Starting with the current status of the
operational version, we will present the most recent developments in algorithms and software and
demonstrate the improvements for the data products. One focus will be on the discussion of the limb
profile retrieval of 03 and N02. Another emphasis wiil be on the improvement of nadir UV/VIS
data products. Special care will be taken on the discussion of the impact of Level 1b data quality for
the Level 2 product generation. An additional goal is to provide the user community a detailed
insight what to be expected in the coming versions of the Level 2 offline data processing of
SCIAMACHY measurements.

Abstract No. 476

Improvements of the SCIAMACHY Radiometric Calibration and its
Validation on Solar Irradiances in the Spectral Range from 240 to

2380nm

J. Skupin', K. Gerilowski", S. Noei2, M. Wuttke2, H. Bovensmann", J.
Burrows'

1 University of Bremen, Germany
2 Institute of Environmental Physics (!UP), Germany

SCIAMACHY (SCanning Imaging Absorption Spectrometer for Atmospheric CHartographY) is
part of the payload of ESA's Environmental Satellite Envisat which was launched into a sun
synchronous polar orbit on 2002-03-0 I. The main purpose of SCIAMACHY is to determine the
amount and distribution of various trace gases and aerosol as well as cloud cover and cloud top
height in Earth's atmosphere by measuring the atmospheric radiance in limb and nadir geometry. In
addition several solar observations are performed on a regular daily or even orbital time
grid.SCIAMACHY is the first spacebome instrument covering a wavelength range from 240 to
2380 nm thus including ultraviolet, visible and near infrared spectral regions. A prerequisite for high
quality data products is the in-flight validation and if necessary the improvement of the radiometric
calibration of SCIAMACHY. First in-flight validation results already showed inconsistencies in the
radiometric calibration of SCIAMACHY. Hence the on-ground calibration was thoroughly revised.



In addition beforehand disregarded on-ground calibration measurements as well as in-flight data
were analysed. As a result an improved radiometric calibration for SCIAMACHY could be
derived.The following topics will be prcscntcdf a) Results of the revision of the on-ground
calibratiorub) Improvements for the calibration ofirradiance measurements (solar measuremcnts)(c)
Improvements for the calibration or radiance measurements (Earthshine measurements)(d) As an
example of the improved radiometric calibration the comparison of the solar irradiance measured by
SCIAMACHY with other in-orbit instruments like SOLSTICE and SOLSPEC as well as with a
spectrum derived by R. L. Kurucz will be given.

Abstract No. 489

Global Long Term Data Sets of the Atmospheric H20 Column
Derived from GOME and SCIAMACHY

T. Wagner, M. Grzegorski, S. Sanghavi, U. Platt
Uni-Heidelberg. Germany

Atmospheric water vapour is the most important greenhouse gas which is responsible for about 2/3
of the natural greenhouse effect, therefore changes in atmospheric water vapour in a changing
climate is subject to intense debate. H20 is also involved in many important reaction cycles of
atmospheric chemistry, e.g. in the production of the OH radical. Thus, long time series of global
H20 data arc highly required. New UV/vis satellite sensors like GOME, SCIAMACHY or OM! are
capable of measuring the total atmospheric H20 column (including also the surface near
concentrations). Thus these sensors allow to investigate the global long term evolution of H20 and
possibly also to identify a trend due to climate change. Such studies can in particular focus on
different regions and seasons. H20 column data from GOME and SCIAMACHY might be also of
great value for meteorological weather forecast.We present global long term data sets of H20
derived from GOME and first results from SCIAMACHY.

Abstract No. 528

Validation of MI PAS Profiles of the Scientific Data Processor
at IMK Karlsuhe with Data from the MIPAS-STR Instrument

on Board the Geophysica

C. Blom, T. Von Clarmann, T. Gulde, M. Hopfner, C. Keim,
S. Kellmann, N. Glatthor, G. Liu, C. Piesch, C. Sartorius,

G. Stiller, G. Tsidu
Forschungszentrum/Universitdt Karlsruhe, Germany



We report the validation of temperature and trace gas profiles derived from the MIPAS NRT level
!b data with the scientific data processor developed at the IMK Karsruhe in the upper troposphere
and the lowermost stratosphere with correlative data derived by MIPAS-STR onboard the high
altitude aircraft M55-Geophysica. The validation is presented for the 22 July 2002 orbit 2051 at
middle latitudes and, in the Arctic region, for several orbits of February 28th, March 2nd and March
12th, 2003. We focus on the profiles of the temperature and of the trace gases 03, HN03, CION02,
CFC- I I, CFC-12, N20 and CH4.

Abstract No. 544

Advancements of the Operational Level 0 to 1 Processing of
SCIAMACHY

S. Slijkhuis', B. Aberle', J. Frerick", A. Von Bargen", S. Wahl1
1DLR, Germany

2 ESA-ESTEC, Netherlands

In this paper we present an overview of the advancements which have been made to the operational
Level 0 to I processing ofSCIAMACHY, since software version 4 of December 2002. The aim is to
give the users of SCIAMACHY level I data an impression of the improvements in Level 1 data
quality since the first ACVE workshop.We further present an outlook to the changes in the
prototype software. which will become operational in the near future.

Abstract No. 612

Analysis of Water Vapour and Methane from the MIP AS Satellite
Instrument

V. Payne, A. Dudhia, C. Piccolo
University of Oxford, United Kingdom

Water vapour and methane are two of the target gases retrieved operationally in near real time from
the Michelson Interferometer for Passive Atmospheric Sounding (MIPAS) on Envisat. Water vapour
and methane are chemically linked, since methane oxidation is the main source of water vapour in
the stratosphere. The oxidation of methane eventually produces water vapour and molecular
hydrogen such that the sum H2 + H20 + 2CH4 is approximately constant with altitude. Assuming
that the mixingratio of molecular hydrogen is constant with altitude in the lower stratosphere, we
would also expect the quantity H20 + 2CH4 to be reasonably constant in this region, providing a
useful internal validation test.Here we assess the quality of water vapour and methane profiles from
the ESAoperational retrieval, based on three years worth of MIPAS data. Monthly means of MIPAS
profiles are used to examine differences from climatology, seasonal cycles and long-term trends.



Comparisons are also made with measurements from the Halogen Occultation Experiment
(HALOE) on UARS.

Abstract No. 623

SCIAMACHY on Envisat - Summary on Results from the First 2
Years in Orbit

H. Bovensmann, J. Burrows, Sciamachy Team
University ofBremen, FBI, Germany

The Scanning Imaging Absorption spectroMcter for Atmospheric CHartographY (SCIAMACl-IY) is
a German/Dutch/Belg ium contribution to the Envisat satellite. which was launched in March 2002.
The SClAMACHY instrument measures sunlight transmitted. reflected and scattered by the Earth's
atmosphere or surface simultaneously from the UV to the SWIR spectral region (240 - 2380 nm) in
nadir, limb. and occultation viewing geometry. This measurement strategy allows the global
characterisation of the composition of the Earth atmosphere from the boundary layer up to the
mesosphere. In the troposphere SCIAMACl IY delivers tropospheric column concentrations of 03,
N02, S02. 1-120. HCHO, CO. C02. Cl-14 as well as cloud and aerosol information. In the
stratosphere profiles of 03, N02, BrO. H20 and other parameters can he derived. Beside this
SCIAMACHY is able to contribute with solar irradiance data and upper atmospheric soundings to
solar-terrestrial research relevant for the understanding of climate change. The talk will summarise
on the results and findings from the lirst 2 years of SClAMACHY in orbit. demonstrating
SCIAMACHY's capability to characterise the composition of the Earth atmosphere from the
boundary layer to the mesosphere. SC IAMAC HY data has the potential to significantly contribute to
applications in the area of GMES "Atmospheric Monitoring", Kyoto and Montreal Protocol
verification as well as "Chemical Weather" applications.

Abstract No. 716

Ozone Isotopes Retrievals

C. Piccolo1, A. Dudhia1, V. Payne', J. Urban", D. Murtagh",
P. Huck", H. Oelhaft4

1 University ofOxford, United Kingdom
2 Observatoire de Bordeaux, France

3 Chalmers University of"Technology, Sweden
4 Forschungszentrum Karlsruhe, Germanv

The isotopic ratios of stratospheric ozone can he used as valuable tracers for many processes in the
atmosphere. Stratospheric enrichment of heavy ozone, produced by a higher photodissociation of



heavy oxygen molecules, can reveal information about sources and sinks of heavy ozone and the
transport processes which influence its distribution. Here we compare stratospheric enrichments of
heavy ozone obtained from three limb sounders: MlPAS (Michelson Interferometer for Passive
Atmospheric Sounding), on board Envisat, SMR (Sub-Millimetre Radiometer), on board the Odin
satellite, and MIPAS-82, the balloon-borne Michelson Interferometer for Passive Atmospheric
Sounding.
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Abstract No. 78

Validation of the First Two Years of the AATSR Meteo Product
Sea Surface Temperatures at the Met Office

J. Watts, A. O'Carrol, R. Saunders
Met Office, United Kingdom

The Advanced Along-Track Scanning Radiometer (AATSR) Meteo product has been available in
near-real time since 19 August 2002. Validation has been performed on these data at the Met Office
on a daily basis, two days after the observations have been made. Skin and bulk SSTs, which have
been calculated from the Meteo product, have been compared with alternative SST measurements in
the form of buoy data, a I degree climate SST analysis field compiled from in situ measurements
and AVHRR SSTs, a 5-degree 5-day averaged in situ dataset and the Tropical Rainfall Monitoring
Mission (TRMM) Microwave Imager (TMI) SSTs. All of these have shown the Meteo product skin
SSTs to be of high accuracy, and the AATSR instrument to be performing within specification.For
the first three months. a maximum of only I0 orbits per day of AA TSR Meteo product data were
available in near-real time from an ESA FTP server. The introduction of a second ground receiving
station and FTP server to the data chain in November 2002 allowed the full complement of Envisat
orbits to be represented in the product. Since February 2003, supply of the product from ESA has
been very reliable, although whole-day outages, such as those for out-gassing events, are still
occasionally experienced.Analyses have shown evidence of a state dependent bias between the 2-
channel and 3-channel night time dual-view SST observations in the AATSR Meteo product.
Comparisons against in situ data have also suggested that warm mean global biases are present in
both the 2-channel dual-view SSTs (a bias of approximately 0.05K) and the 3-channel dual-view
SSTs (a bias of approximately 0.22K).

Abstract No. 16

An Assessment of the Accuracy of SST Retrievals from AATSR:
Comparisons with In-situ Radiometers, Buoy Data and the AVHRR

and MODIS Satellite Sensors

G. Corlett', I. Barton", C. Donlon", D. Llewellyn-Jones', P. Mlnnett",
T. Nightingale5, E. Noyes', A. Pearce", A. O'Carrol'', J. Remedios',

I. Robinson", R. Saunders ', J. Watts3, L. Horrocks"
1 University of Leicester, United Kingdom

2 CSIRO, Austria
3 Met Office, United Kingdom

4 University of Miami, United States



5 RAL, United Kingdom
6 CS/RO, Australia

University of Southampton, United Kingdom

The Advanced Along-Track Scanning Radiometer (AATSR) was launched on Envisat in March
2002. The AATSR instrument is a highly stable self-calibrating radiometer designed to make precise
and accurate global Sea-Surface Temperature (SST) measurements. These data, when added to the
large data set collected from its predecessors ATSR and ATSR-2, will provide a long-term record of
SST mcasurerncnts t> 15 years) that can be used for independent monitoring and detecting of climate
change. The formal specifications require that retrieved AATSR SST values achieve an absolute
accuracy of better than ± 0.5 K, with ± 0.3 K (one sigma) adopted by the project as the target
accuracy. An intensive SST validation programme has been in operation since launch that involves
validating retrieved AATSR SST values against a) SST data retrieved from other satellite sensors
such as AVHRR and MODIS b) a global network of buoy derived SST measurements and c) SST
values determined from in-situ data collected from high-precision radiometers. This presentation
will summarise the AATSR SST validation programme and will show that AATSR is currently
meeting its objective to determine accurate global SST measurements to within 0.3 K (one sigma).

Abstract No. 210

Reducing Errors in Satellite-derived Sea Surface Temperature -
Application to AATSR Data Analyses

I. Barton
CS!RO, Australia

Operational multi-channel algorithms for deriving sea surface temperature (SST) from satellite data
arc derived using theoretical models of infrared radiation transfer through the atmosphere or by
regression of satellite data with ground-based obscrx ations. In both cases the algorithm derivation
implies a "first-guess" of the water vapour content along the atmospheric path between the satellite
and the surface. Deviations from this first-guess water vapour profile may result in errors in the
derived SST. The six channels of the AATSR (3 wavelengths x 2 views) account for much of this
variation, but significant errors can still occur. These errors can be reduced by first using the
AATSR data to derive some estimation of the water vapour content of the atmosphere, and then
selecting SST algorithm coefficients from a pre-determined table. The derivation of \I ater vapour
content and distribution using AATSR data will be presented first followed by details of the two
step advanced approach to SST dcriv at ion.



Abstract No. 289

Validation of the AATSR L2 GSST Product with In-situ
Measurements from the M-AERI

E. Noyes', P. Minnett2, J. Remedios', B. Mannerlngs', G. Corlett', M.
Edwards', D. Llewellyn-Jones'

1 University of Leicester, United Kingdom
2 RSMASIMPO, University of Miami, United States

The Along-Track Scanning Radiometer (ATSR) is a space-borne instrument designed to accurately
measure Skin Sea Surface Temperature (SSST). The instrument has a unique design in that it has
both a nadir- and forward-view, allowing the Earth's surface to be viewed through two different
atmospheric path lengths and enabling an improved atmospheric correction to be made when
retrieving measurements of SSST. The infrared radiometer also uses an innovative and exceptionally
stable on-board calibration system, which, together with actively cooled detectors, gives
exceptionally high radiometric sensitivity and precision, enabling SSSTs to be retrieved to within ±
0.3 K (I-sigma limit). The most recent ATSR, the Advanced ATSR (AATSR), is the third
instrument in the series and was launched onboard ESA's Envisat Satellite in March 2002. The
Marine-Atmospheric Emitted Radiance Interferometer (M-AERI) is an in situ instrument which
provides accurate measurements of SSST along regular cruise tracks in the Caribbean Sea (residual
uncertainties in the measurements arc < 0.03 K). The measurements from this instrument, which is
permanently deployed onboard the Explorer of the Seas cruise ship, are therefore ideal for providing
a near-continuous SSST dataset that can be used to validate the AATSR Level 2 operational dual
view Gridded Sea Surface Temperature (GSST) product over the area. The M-AERI provides an
unprecedented number of measurements which enables us to validate the AATSR SST products on a
scale that has not been possible with its two predecessors, ATSR-1 and ATSR-2. We present
validation results obtained between September 2002 and September 2003 which indicate that,
although the AATSR appears to measure slightly warm (circa + 0.14 K), the GSST product is
accurate to within 0.28-0.41 K (Root Mean Square difference) in this geographical region,
depending on the validation criteria used. Further investigations into a number of validation points
that do not fall within the target ± 0.3 K accuracy zone have been carried out and will also be
presented.



Abstract No. 394

Verification of the In-Orbit Calibration of the Visible and Near
Infrared Channels of AATSR

D. Smith, C. Poulsen, B. Latter
CCLRC Rutherford Appleton Laboratory, United Kingdom

The visible and near infrared (VNIR) channels of the Advanced Along Track Scanning Radiometer
(AATSR) arc calibrated by an on-board VISCAL system. The VISCAL system is based around a
white Russian Opal di lfuser that provides a signal corresponding to approximately I5'X, top of
atmosphere (TOA) reflectance.The authors present the results from a range of techniques to
determine the in-orbit calibration of the VISCAL system. Two basic approaches have been used
here: one to compare AATSR TOA re llcctanccs with those measured by other sensors such as
ATSR-2, MERIS and GOME, and the other to compare measurements from Arctic stratus clouds
with simulated reflccances using a model based on DISORT. The comparisons with other satellite
sensors arc made using data from complete orbits as well as specific ground targets that arc known
to he stable and uniform. The results from all methods show a consistent bias of the AATSR
calibration. which will he discussed.In addition to the absolute calibration, time series of TOA
reflcctanccs from the test sites arc used to determine the long-term stability of the calibration
system. The results from the first two years of the mission arc presented here.
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Abstract No. 71

Validation of AATSR SST Skin Observations Using the ISAR
Radiometer

C. Donlon', I. Robinson", G. Fisher2, M. Reynolds", W. Wimmer2
1 Met Office, United Kingdom

2 Southampton Oceanography Centre, United Kingdom
3 Brookhaven National Laboratory, United States

This paper describes quasi-operational autonomous deployments of the Infrared Sea surface
Temperature Autonomous Radiometer (ISAR) system to validate the Envisat AATSR. The ISAR
instrument has been developed specifically for the autonomous validation of satellite SSTskin
temperature data and 4 instruments are permanently deployed on ships operating in the USA and in
the EU. We present ISAR SSTskin observations and associated ocean/atmosphere data collected
during sustained deployments aboard the P&O Ferries ship 'Pride of Bilbao' operating in the English
Channel and Bay of Biscay in collaboration with the Southampton Oceanography Centre Ferry Box
Experiment. Data for the Period May - September 2004 have been collocated in time and space with
Envisat AATSR data and analysed to validate AATSR SST data products. These deployments
provide valuable SSTskin validation data as they are obtained in cooler ocean waters compared to
the vast majority of available SSTskin temperature data collected by other international groups.
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Abstract No. 143

Global Waveform Shape Analysis for Envisat RA-2

M. Dowson, J. Garlick, P. Berry
De Montfort University, UnitedKingdom

Prior work with ERS RA-I data has already shown the complex spatially-correlated occurence of
different echo shapes over the earth's surface. A global analysis of ERS data from both the ERS-1
Geodetic Mission and ERS-1/2 35 day data has illustrated the geographically comelated temporal
changes in waveform shapes, and has demonstrated the physical mechanisms underlying these
variations. This paper presents a global analysis of echo shape distribution over all surfaces for the
Envisat RA-2, in both Ku and S bands. Detailed results for specific regions of interest are also
given, and the results are compared and contrasted with those obtained for ERS-1, ERS-2, and
Topex (in both Ku and C bands). The mode switching performance of the RA-2 at Ku band is
investigated globally, and an analysis is presented of echo retrieval and shape distributions for all
three modes.

Abstract No. 281

Retrieval of Geophysical Parameters from RA2 Envisat Waveforms
Using a Non-linear MLE Retracker

J. Gomez-Enri, C. Gommenginger, P. Challenor, M. Srokosz, G. Quartly
Southampton Oceanography Centre, UnitedKingdom

The Southampton Oceanography Centre ocean retracker, initially designed for ERS-1 altimeter data,
has been updated for RA-2 Envisat waveform data, in order to be used to retrieve some geophysical
parameters suchas, the significant wave height, the backscatter power and the range. Such algorithm,
based on the Maximum Likelihood Estimation, is capableto obtain those parameters, assuming both
linear and non-linearconditions for the ocean. The use of the non-linear case allows us toestimate
additional parameters, such us the skewness, which relates tothe nonlinearity of the wave field (i.e.
peakier crests/flattertroughs) and a cross-skewness term, with no clear physicalsignificance. Jn the
present work, we have retrieved the significantwavc height and the range from RA-2 Envisat 18 Hz
waveforms using theSOC ocean retracker. First results show that the linear MLE modelretrieves
parameters consistent with those in RA-2 SGDR records. Thiswork is part of an ESA study for the
exploitation of the Envisat radaraltimeter individual echoes and S-band data for ocean, coastal
zone, land and ice/sea-ice altimetry (RAIES).



Abstract No. 323

Preliminary Results obtained using the Envisat RA-2 Individual
Echoes (Full-rate Waveforms with Phase Information)

M. Roca 1, S. Laxon", D. Martincz1
1 Pi/do Labs, Spain

·' CPOMIUCL, United Kingdom

The RA-2 in its nominal operation provides averaged waveforms at the rate of 18 Hz (one averaged
waveform over 100 individual echoes. every 0.0557 seconds). It has also the capability to provide
limited bursts of individual, unavcraged echo sample data in phase (I) and quadrature(<)). at the full
PRF rate. In this concept the full-rate data arc stored. for a short burst. into an internal buffer
memory. in parallel to the normal averaging and other functions of the instrument. The buffered data
are subsequently read out at a much lower rate and appended to the normal science data. These
Individual Echoes (IE) are. therefore. not processed on-board in the same way that the nominal RA-
2 waveforms arc. It has been demonstrated that through the lull rate data it is possible to discover
some behaviours than can not be seen with the averaged data. Moreover, it is the first time in
altimetry that 11e have echoes that contain the information of the phase. This is a great potential for
new science studies.This paper describes the algorithm applied on-ground to the IE of the RA-2
Burst Waveforms to reproduce the same process done by the instrument on-board. Once this
algorithm is applied to the IE they will be in the same condition than the normal RA-2 tclcmetrcd
average waveform. The final objective of this work is the used of the IE fully processed and
instrument calibrated for calibration, validation and science exploitation purposes. We will present
preliminary results of studies carried out using these IF.In particular we will present the use of these
data with transponders for the Sigma_O calibration. During the l.nvisat commissioning phase a
Sigma-0 transponder was deployed in Holland (llock Van Holland). Data were collected and
analysed and a sigma-0 absolute bias was estimated IRoca M. ct al., December 2002]. At that time
only averaged waveforms were analysed due to unavailability of a procedure to analyse IE.
However. the IE were always collected over the transponder passes. These IE waveforms can he
used to improve the accuracy of the previously estimated Sigma-0 bias.We will also present
preliminary results of the analysis of the behaviour of IE over the "Salar D'Uyuni" in Bolivia and
their comparison with an independent CJPS survey over the same area [Fricker ct al.. April 2003] to
better understand biases in rctracking of specular echoes. The results can be used to improve the
current understanding of retrack cd elevations 01 er sea ice and help to improve tuning of current sea
ice retracking schemes for the Envisat RA-2 instrument.The blurring on the averaged waveforms
depends on the total movement of the range window [Roca. February 2002]. which in turn depends
on slope of the terrain. the orbit slope and ultimately. how well the on-board tracker tracks that
particular waveform shape. In early studies using ERS data. the blurring on the averaged waveforms
has been estimated hy simulating the ERS range window movement during tracking [Peacock.
March 2002]. Using individual echoes there is no longer the need to do so. 11c can directly use these
echoes. The IE will be averaged in the correct 11ay and compared to the averaged waveform
provided in the nominal RA-2 product. Changes on the rctracked epoch and slope of the leading
edge will be assessed for different type of waveforms over different surfaces.References: Roca M.,



Jackson H., Celani C., "RA-2 Sigma-0 Absolute Calibration" Envisat Validation Workshop
Proceedings, Frascati, December 2002.Fricker, H.A., S.W. Laxon, M. Roca, C. Carabajal, K. Quinn,
A. Borsa, J-B. Minster (2003). "Validation of satellite altimeter range measurements over salar de
Uyuni, Bolivia". Presented at EGS-AGU-EUG Joint Assembly, Nice, France, 7-1 l April 2003.Roca
M., "The RA-2 On-Board Tracker and its Autonomous Adaptable Resolution", ESA Technical Note,
POTN-ESA-RA-1316, I.a, 13 February 2002.Peacock, N.R, and Laxon, S.W., (in press). "Sea
Surface Height Determination in the Arctic Ocean from ERS Altimetry". J. Geophys. Res.

Abstract No. 593

Exploitation of the Envisat RA-2 Individual Echoes and S-band Data
over Ocean, Coastal Region and Continental Water: Preliminary

Results

0. Zanife', J. Dumont', F. Mercier", J. Benveniste2
1 CLS, France

2 ESAIESRIN, Italy

The radar altimeter, RA-2 on board Envisat, has an additional mode : the burst mode or individual
echoes (IE) collection. A description of this mode is presented in M. Roca et al. paper (2004) in this
conference. Such a source of information is a unique feature of RA-2. It is also offering a unique
possibility to assess further the full potential and capabilities of altimeter measurements. First,
speckle characteristics over different altimeter scenes, ocean, ice, land, but also, potential blurring
effects associated with range window changes during the I00 echoes average process, shall directly
help understand and evaluate better the instrument and processing limits and capabilities. Many
investigations and full use of the radar altimeter measurements, including the combined use with the
concurrent S-band measurements, shall indeed be triggered by the enhanced possibilities of this new
and unique altimeter mode.In particular, one remaining weakness and challenging goal in current
altimetric measurements is to advance and better assess uncertainties in the range resulting from the
actual mean height of the sea surface being above the derived-altimeter height. The error directly
comes from the interaction between the altimeter impulse response and the non-symmetric reflecting
sea surface that slightly shills the mean power towards the wave troughs. But, as found with
different altimeter missions, these range correction characteristics change from instrument to
instrument (Zanife et al 2003). Using individual echoes is thus certainly a key to better understand
and quantify instrumental effects (waveform blurring, speckle and gate-to-gate correlation statistics,
...).Over land surfaces, the individual echoes will allow the monitoring of the behaviour of the
altimeter over transition zones, i.e. at the border between surfaces exhibiting drastic differences in
surface characteristics and/or topography. Changes in the phase of the radar signal will also help
discriminating transition of the reflecting media. However, a large number of possible transition
zones configurations may be envisaged. For some situations, the transition zone may simply be
identified from the fluctuation of only one parameter whereas for other cases, a smart combination
of several parameters can be necessary. The retrieved geographical extent of the transition zone has
to be compared with the real value to assess the sensitivity of the technique.The main goal of S-band



estimates is to provide an estimate of the altimeter range performed with a different frequency than
the one used in Ku-band in order to derive the ionospheric correction on the altimeter range. Due to
the design of the instrument, S-band estimates will always be less accurate than Ku-band ones (25
IE in S band against I 00 IE in Ku-band. gate resolution of 94 cm in S band against 4 7 cm in Ku
band. 64 waveform samples in S band against 130 in Ku band. this includes the 2 DFT samples).
One way of improving the S band range estimate is to couple the Ku and the S band parameters by
inputting the Ku Significant Wave Height (SWH) in the rctracking algorithm for the S-band
waveforms.In this paper we will present preliminary results on the blurring effect coupled with
investigations on the tracker bias, on the speckle theory validation (bin to bin correlation. pulse to
pulse correlation, probability density of the noise affecting the individual echoes) and about
transitions zones using Ku band IE. Also. pre Iiminary results about the improvement of the S band
range estimates will be presented.Reference : /anife 0/, P. Vincent. L. Arnarouchc. JP. Dumont, P.
Thibaut and S. Labrouc, "Comparison of the Ku-band Range Noise Level and the Relative Sea State
Bias of the Jason-I. TOPEX and POSEIDON-I Radar Altimeters", Marine Geodesy, Volume 26,
Number 3-4. July-December 2003, pp: 200-238

Abstract :\lo. 642

RAIES: Envisat RA2 Individual Echoes and S-band Data for New
Scientific Applications for Ocean, Coastal, Land and Ice Remote

Sensing

P. Challenor '. C. Gommenglnger ', G. Quartly', .J. Gomez-Enri', M.
Srokosz', P. Berry", L. Mathers", J. Bennett', D. Cotton", D. Carter:'. I.

Leduc", C. Rogers", J. Benveniste
1 Southampton Oceanography Centre, United Kingdom

l De Montfort University, United Kingdom
3 Satellite Observing Systems. United Kingdom

4 SciSys Ltd. United Kingdom
5 ESRIN, Italy

This paper presents the latest results of an ESA-fundcd study for the scientific exploitation of
l.nvisat RJ\2 Individual Echo and S-band (RAIES) data for ocean, coastal, land and ice remote
sensing. l.nvisat RJ\-2 is the first space borne altimeter to provide both Ku and S band average
waveforms, as well as bursts of up to 2000 individual echoes at Ku band, in addition to the standard
altimeter geophysical products. The paper will review the processing scheme required to reconstruct
RA2 individual echoes and retrieve amplitude and phase of the returned signals. New scientific
applications with Envisat will he presented for the ocean and the coastal zone. including improved
rain. wind and wave products using Ku and/or S-band data, novel ocean wave parameter retrieval
using waveform re-tracking over the ocean. and the estimation of the sea surface wave spectrum
along the altimeter track using the phase of the individual echoes. The project will also present our
latest findings on the range of new science applications made possible with Envisat individual



echoes or averaged waveforms for land and ice remote sensing. The paper will summarise the
achievements and scientific findings of the study to date, highlight existing difficulties and provide
recommendations to facilitate the exploitation of RA2 data.
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Abstract No. 198

Non-Parametric Sea-state Bias Models and Their Relevance to Sea
Level Change Studies

R. Scharron', J. Lillibridge2
1NOAA, United States

2 NOAA I Lab for Satellite Altimetry, United States

The sea-state bias (SSB) correction to sea surface height is the dominant error source in satellite
altimetry. We have developed a "hybrid" method for estimating SSB error models that blends the
direct estimation approach with a smoothing and extrapolation by a best-fit parametric function. We
have applied it to ERS-1, ERS-2, TOP EX, Poseidon, GFO, Jason- I, and Envisat. We observe
remarkable similarities in the structure of the SSB models between the various altimeters,
particularly those with a common heritage such as Jason-I and Poseidon. Dual-frequency altimeters
like those of Envisat and TOPEX are handled with additional care, as the ranges on both frequencies
contribute to the sea state bias in an ionosphere-free combination. Particular emphasis is put on the
comparison of the two sides of the TOP EX altimeter and the impact that changes in SSB modelling
have on sea level change studies.

Abstract No. 301

RA-2 S-Band Anomaly: Detection and Waveforms Reconstruction

A. Martini', P. Fernenias", M. Milagro Perez', G. Alberti'
1Serco S.p.a., Italy

2 ESA, Italy
3 CORISTA, Italy

As widely known the RA-2 data are affected by the so-called "S-Band anomaly" discovered in the
early days of the Commissioning Phase. It consists in the accumulation of the S-Band echo
waveforms that starts, apparently randomly, after an instrument Acquisition phase. Investigation is
on going to try and find the instrumental cause of this behaviour but in the meantime the data
affected by this anomaly are completely unusable. For this reason the need has arisen for the users to
be able to detect the anomalous data and eventually reconstruct a usable signal from them.This
paper describes the algorithm developed for the LI b processor that allows to set a flag identifying
the data affected by the "S-Band anomaly" and reconstruct normal echo waveforms to be then
ingested in the nominal re-tracking procedure at L2. It presents also the results obtained after the
implementation in the LI b reference processor.



Abstract No. 587

An Online Satellite Altimetry Data Processing System: ADS
CENTRAL

I 2 3 2 s lb 2 c R . b 2T. Schoene, A. Helm , A. Braun , H. Wen , . Esse om , . erg er
1 Geoliorschungs Zentrum Potsdam, Germany

2 GFZ Potsdam, Germanv
3 Byrd Polar Research Center, U1;itedStates

Answering the emerging questions about human-driven climate changes and. more specifically, the
sea level change. an interdisciplinary interpretation otv arious data sets is needed. Scv cral groups on
the national and international level arc recently active in building up services to facilitate the access
to geoscientific data to a broader community. especially the access to higher level products. GFZ
Potsdam is currently developing the modular German Earth Science and lnlorrnation System
(GESIS). In the frame ofGESIS the Altimeter Database System (ADS) has been already developed
and implemented. The ADS module provides high quality altimeter data for a variety of different
altimeter missions and, moreover, processing capabilities for radar altirnctry data to a wide range of
users. ADS is an attempt to offer easy access to the daily growing satellite altirnctry database and
numerous geophysical correction models and orbits. Due to the effectiveness of the underlying data
structure and software system, new missions and models can he added to the system at any time.
The system has undergone several tests by external and internal users successfully and has been
proven to he very useful. Especially to those users not having convenient access to a satellite
altimctry data processing system and database. ADS offers new possibilities for research
activities.ADS can he accessed worldwide via the internet based user-interface "ADS Central" with
a standard browser at http://gesis.gfz-potsdam.de/ads. Alier a registration process the system offers
higher level standard products. calculated routinely from the harmonized and inter-calibrated
satellite database. Additionally. ADS allows to generate individual user specific products. The user
is able to perform several processing and analyzing steps. c.g. to generate mean sea surface height
grids. to extract altimetry data time series around a given location. to analyze parameter variability.
or to perform a crossover analysis. Furthermore. the user can specify general parameters like the
time interval or regional subsets and may select different correction models (e.g. tidal models). It is
further possible to enter several quality parameters to optimize the data for individual applications.
These individual user defined products are automatically processed by ADS at CiFZ Potsdam and
are subsequently distributed to the user.



Abstract No. 643

Envisat Radar Altimeter Individual Echoes and S-band Applications

0. Zanife', B. Soussi', M. Roca2, F. Remy', B. Chapron",
M. Milagro", J. Benveniste6

1 CLS, France
2 Pi/do, Spain

3 LEGGS, France
4 IFREMER, France

5 Serco, France
6 ESA, Italy

A unique feature of the Envisat Radar Altimeter (RA-2) is to provide bursts of
individual.unaveraged Ku band echo sample data in phase (1) and quadrature (Q), at thefull rate
1800 Hz.This data offers a unique possibility to assess the full capabilities of altimeter
measurements.Both technically and scientifically, much can be expected from these bursts
ofindividual echoes, e.g., speckle characteristics over different altimeter scenes, ocean.ice, land,
coastal zone transitions but also blurring effects associated with range windowchanges during the
100 echoes on-board averaging. Moreover, for the first timein altimetry from space, investigations
can be carried on the direct use of phase inforrnationfrom backscatter signals. Envisat RA-2 also
features a second frequency inS band. The combination between absolutely calibrated Ku and S
band data can yieldintcresting improvement for wind speed, wave period, gas exchange estimates,
etc.Preliminary results from the technical and scientific application of Envisat RA-2individual
echoes and S band data will be shown.

Abstract No. 676

High Level Envisat Radar Altimeter & CryoSat Land/ocean/ice Easy
to-use Synergy Products Development (HERACLES)

J. Dorandeu', G. Dibarboure', F. Mercier", P. Sicard', V. Rosmorduc', F.
Remy", J. Benveniste'', M. Milagro3

1 C.L.S., France
)

· Legos, France
3 ESA/ESRIN, Italy

The Envisat radar altimeter mission will be joined soon by CryoSat. The two missions will overtly
ice. land and ocean surfaces with complementary samplings, allowing improvements in observing



capabilities. The HERACLES project aims at developing algorithms and merging techniques to
provide both scientists and newcomers to altimetry with easy-to-use Envisat and CryoSat synergy
products, including dual-crossovers and gridded data. A great part of the project is devoted to
studies to homogenize Envisat and CryoSat level 2 products and to investigate complemenlarities
between the two missions. In particular. the CryoSat specificities in terms of orbit and geophysical
corrections arc taken into account to allow optimal merging of the two datasets. As part of the
project, a prototype processor is designed and developed to produce Envisat/CryoSat combined
datasets. High priority is given to interactions with users during the project with easy-to-to-use,
homogeneous and unified products. Both usefulness and effectiveness of these merged products will
he assessed after the dissemination of demonstration products and based on input and feedback from
HERACLES users.
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Abstract No. 356

Unambiguous Doppler Centroid Estimation

D. D'Aria1, A. Monti Guamieri", P. Mazzucchelli'
1ARESYS srl, Italy

2 Politecnico di Milano, Italy

We propose technique to compute Doppler Centroid frequency (both ambiguous and unambiguous)
on a SAR image, like from Envisat or RADA RSAT. The Doppler Centroid is estimated, as usual,
into two steps: (I) ambiguous Doppler centroid modeling and estimation, and, (2), integer ambiguity
(multiple of PRF) estimation. The whole processing is performed on a range compressed Envisat
ASAR image (or, in general, range compressed SAR data). The first step is accomplished by
expiating blockwise one of the existing techniques to derive ambiguous estimate of the Doippler
Centroid, and fitting a low order polynomial model (without explicitely unwrapping measures). The
fit is perfromed by as a proper weighted average. The second step performs ambiguity estimation.
Two statistical methods have been chosen to accomplish the task: multi look beat frequency
(MLBF) and wavelength diversity ambiguity resolver (WDAR). The first method is suitable for high
contrast images, and is used to retrieve an unbiased absolute Doppler centroid frequency. The
second method is good for low contrast scenes but has an important drawback: it provides a biased
DC estimation. The biasing constant is called WDAR frequency offset and it has to be estimated
independently. In our approach, these algorithms are used jointly to retrieve both the integer
ambiguity value and the frequency offset constant (that allows the estimation to be performed also
on low contrast scenes acquired from the same orbit). MLBF and WDAR estimations reliability,
strongly depends on the way the processing blocks are chosen so a very fine block search process,
based on image contrast, has to be performed. In addiction to these statistical methods, a measure of
DC frequency absolute mean value is derived from acquisition geometry ( being known the sensor
yaw-steering law). Depending on the variance of the three measures performed (WDAR, MLBF and
geometrical), the most probable integer ambiguity value is chosen.

Abstract No. 221

Co-registration Properties of Burst-mode Data

J. Holzner, R. Bamler
DLR, Germany

Burst-mode data are characterised by their flexible structure. This also provides many possibilities
for interferometric burst-mode data processing. Two main options for interferogram generation are
discussed. For the single burst interferogram formation option individual burst interferograms are
formed and then coherently added in order to obtain a swath interferogram. The second method is
called multiple coherent burst interferogram. With this option the complex burst images are



superimposed in advance to swath intcrfcrogram formation. With this two options also two options
for the derivation of the co-registration parameters from the data arc available. Estimation accuracy
for single burst-mode depends very much on estimation window size. For a window that covers the
whole azimuth extend of the burst. the auto-correlation function and. hence. the co-registration
estimate have a resolution or standard deviation in the order of the auto-correlation of SAR data that
was acquired in strip-map mode. In contrast to this the window sizes used for multiple coherent
burst mode co-registration can be relatively small and still co-registration estimates with standard
deviation corresponding to the strip-map mode resolution can be obtained. Some care. however.
must be taken to remove outliers that occur due to the multimodal auto-correlation function. Since
the standard deviation of the cross-correlation estimate depends on the resolution of the SAR data
the obtained co-registration estimates have different qualities. For option I patches for each burst of
the primary and secondary channel arc correlated. Then the co-registration results arc averaged 111

order to decrease the standard deviation of the shill estimates.

Abstract No. 355

Ad-hoc SCANSAR Omega-k Processing

A. Monti Guarnieri 1, D. D' Aria2
1 Politecnico di Milano, ltalv

:> Aresys, Italy .

Omcga-k focusing algorithm is known as an efficient technique to focus SAR data. Moreover, it is
"exact" as long as an ideal straight and flat geometry is assumed. It can he performed by applying an
analytical phase term in the omega-k domain and by rcsampling the resulting spectrum along the
omega coordinate t i.c. applying the so called Stolt interpolation). In non ideal. non-stationary
geometry. this technique needs to be implemented blockwisc, to lit time-varying Doppler
parameters. In ScanSAR processing, thinks may be worse due to possible variation of l'RF from
swath to swath. and the need of a very good radiometric and phase calibration. In these cases the
mosaicking of the blocks requires some skill. in order to ensure (I) phase preservation. (2) to
spectral registration and (3) time domain registration. We show in the paper the impact on the final
image. the implications of these aspect in omega-k processing and Stolt Interpolation. and the way
to derive the proper solution even in the case of large Doppler Centroid.

Abstract No. 370

Polarization Dependency in Doppler Frequency Shift and its
Application to Envisat ASAR Alt-Pol Data

I. Friestad Pedersen, G. Engen, H. Johnsen
Norut IT, Norway



It has recently been shown that the Doppler frequency shift (anomaly) in Synthetic Aperture Radar
data is highly correlated to the wind field component along the radar line of sight. For coastal areas
this anomaly may just as likely be connected to the coastal current component than to the wind, or a
mixture between wind field and surface current. The goal of this paper was to investigate the
capabilities of dual polarization data to resolve or improve the wind/current retrieval based on SAR
Doppler measurements. The idea is that while the contribution from wind is polarization dependent,
the contribution from a steady current is polarization independent. It is therefore of importance to
model the expected Doppler frequency shift for different polarizations as function of wind speed and
imaging geometry (incidence angle). A theoretical framework for using Doppler shift information
from SAR measurements for wind/current retrieval is developed and applied to Envisat ASAR
Alternating Polarization Mode data. The basis for the development has been the derivation of a
general expression of the backscattering model source function, which includes a wide range of
incidence angles as well as the effect of surface curvature on polarization responses. Results
showing the theoretical computed C-band Doppler frequency shift between HH and VY polarization
as a function of wind speed for different incidence angles are presented. At a wind speed of 10 mis
and an incidence angle of 30 deg, a Doppler shift difference (HH-VV) of the order of 10 Hz is
predicted. For 25 deg incidence angle the difference is reduced to the order of 4 Hz. We conclude
that the difference in Doppler frequency shift between HH and VY polarization is significant,
especially at higher incidence angles. The theoretical results are supported by Doppler frequency
estimation from Envisat ASAR Alt-Pol data.

Abstract No. 158

Advances in Permanent Scatterer Analysis

A. Ferretti', F. Rocca", C. Prati", F. Novali", G. Savin', M. Bianchi1
1 Tele-Rilevamento Europa - T.R.E. s.r.l., Italy

2 Politecnico di Milano-Dipartimento di Elettronica, Italy

The Permanent Scatterers (PS) technique allows the identification of a sparse grid of radar targets
only slightly affected by temporal and geometrical decorrelation. The PS can be exploited
successfully for monitoring very different deformation processes, from landslides to tectonic
motion. Lately, the technique has been improved in order to cope with: (I) highly non-uniform
displacements; (2) identification of radar targets exhibiting PS behaviour only on a subset of SAR
scenes; (3) extraction of motion information where two or three dominant scattering centres (rather
than a single one) are present.As well known, a polynomial model for the displacement time series
is not suitable in areas where strong deformation phenomena occur, e.g. mining areas or
water/gas/oil pumping zones. In this kind of analyses, areas affected by severe subsidence or uplift
phenomena can be identified, but - usually - PS density is very low and PS time series can show
phase unwrapping errors. Whenever the displacement field is spatially correlated (a reasonable
hypothesis, not difficult to meet), the so-called "advanced PS analysis" can take advantage of this
behaviour: for each PS candidate, phase data are unwrapped with respect to an "a priori"
deformation model estimated from the nearest PS. As it will be shown, this allows one to recover
much more information and increase significantly the PS density.Special attention has then been



paid to the impact of reflectivity changes (i.e. amplitude values) on PS identification. In this
contribution Semi-PS (SPS) and Temporary PS (TPS) arc first defined and possible solutions to
their detection arc proposed with examples coming from real data-sets. Finally, it will he shown how
PS density can be further improved applying higher order models for scattering mechanism within
each resolution cell. The price to be paid is a much higher computational burden.
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Abstract No. 40

Evaluation of a Space Intersection Strategy for use with Stereoscopic
SAR Imagery over Developing Countries

E. Edwards, A. Sowter, M. Smith
University of Nottingham, United Kingdom

The generation of topographic data from spaccbome stereoscopic Synthetic Aperture Radar
(StereoSAR) imagery, requires the use of a precise sensor model for relating image coordinates to
object space and involves a process normally referred to as space intersection. The recent launch of
the Envisat satellite has augmented the number of sensors available for providing StereoSAR
imagery over cloud affected developing countries, such as the Caribbean, where the use of optical or
even spacebome interferometric SAR techniques would be extremely limited. Using the range
Doppler equations and the superior orbital data of the Envisat satellite, this study presents a rigorous
strategy for conducting space intersection without the use of costly ground control points. The
Caribbean Island of Jamaica will be used as a test case and the results would be compared with
those obtained using RADARSAT imagery.

Abstract No. 201

Development and Validation of a Sea Surface Fractal Model: Project
Results and New Perspectives

F. Berizzi', M. Bertacca", G. Bertini", F. Dell'Acqua3, P. Gamba3,
A. Garzelli", M. Martorella", F. Nencini4

1 University of Pisa, Italy
1 Univ. of Pisa, Italy
3 Univ. of Pavia, Italy
4 Univ. of Siena, Italy

In 1998, in response to the "Announcement of Opportunity for the exploitation of Envisat data", the
University of Pisa together with the University of Pavia and Siena presented a project to the
European Space Agency (ESA) entitled "Development and validation of a sea surface model". The
aim of this project was to develop and demonstrate the validity and usefulness of a sea surface
fractal model [1-3], when applied to ASAR Envisat images. The first two years of the project were
funded by the Agenzia Spaziale Italiana (ASI) from 1999 to 200 I. Because of the delay in Envisat
launch, the project stopped for one year. Now, with the availability of the ASAR end ERSl/2 data,
courtesy provided by ESA, the project is restarted.The purpose of this paper is to provide a summary
of the main results obtained in the project and introduce the new objectives we are going to pursue.
Sea surface is largely demonstrate to have fractal nature [4], [5]. Based on this postulate, the



researchers of the University of Pisa have developed a fractal model of the sea surface [1-3]. The
model exploits the fractal properties of Weierstrass surfaces to account for the multiscale structure
of the sea and the dispersion effect is also included to model the sea wave motion. The large number
of parameters makes the model to be very flexible and able of generating different sea situations
spanning from very calm to very rippled sea. A first validation of the model was done by comparing
the directional spectrum expression derived from the sea surface model. with the common Pierson
Moskowitz and Jonswap models and with real spectral data collected by the buoy of the Italian
Ondamctric Network [2]Since electromagnetic sea backscattering retains the fractal properties of the
surface [6].[7]. it is reasonable to expect the sea SAR image to he a fractal too. According to this
insight. the main objective of the project is to define methodologies and algorithms to extract the
model parameters from ERS I/2 and ASAR data. The methodologies to he used for this purpose arc:
I) Fractal analysis of the SAR images. 2) Sea SAR image spectral modelling and analysis 3) Model
parameter estimation from ASAR wave spectra. Fractal analysis consists of estimating the fractal
dimension of the sea SAR images. The fractal dimension is a parameter related to the image
irregularity. which is strongly dependent on the sea roughness. Three different fractal dimension
estimation techniques have been developed in the project: I) Morphological covering algorithm; 2)
Box-counting algorithm: 3) Wavelet-based algorithm. These techniques allow to estimate the fractal
dimension of the sea surface SAR images. The results is compared to the sea fractal dimension
estimated by analysing the omnidirectional spectrum data obtained by in situ measurements. This
procedure is applied both on simulated images and on real ERS I/2 images.A new spectral model of
the sea SAR image has been defined. This model is the product of a noise-like omnidirectional
contribution. \\ hich is common to all the ERS or ASAR sea images, and a fractal part refelcting the
fractal nature of the sea. By estimating and compensating the noise-like contribution. the fractal
contribution of the sea SAR image spectrum can be used to get the sea surface fractal model
parameters. A suitable fitting algorithm. able to extract the sea surface fractal parameters from the
directional sea wave spectrum. have been defined. This algorithm can be applied to the
ASA_ WVW _2P to estimate the sea surface parameters. The ASAR_ WVW _2P and the
ASA_ WVI_ IP data are currently in order. therefore. this approach will be verified later.Results on
the first two methodologies will he presented at the symposium. Currently, the project aims to
extend and exploit the above techniques to extract information on sea surface anomalies (oil slick,
natural film. wind fall. targets. ship wakes and other) from the sea SAR image. A few preliminary
results will be presented at the workshop. References [I] F. Berizzi, E. Daile Mcsc, G. Pinelli. "One
dimensional fractal model of sea surface". IEE Proceedings Radar. Sonar and Navigation. Vol. 146,
No. I. pp.55-64. 1999[2] F. Berizzi. E. Daile Mcse, 'A new sea wave fractal spectrum for SAR
remote sensing' to IEE Proceedings Radar. Sonar and Navigation. Vol.148. No.2. April 200 I. pp.
56-66[3] F. Bcrizzi, E. Daile Mese. M .Martorella "A Sea Surface Fractal Model For Ocean Remote
Sensing" International Journal of Remote Sensing. Taylor & Francis Group. Vol. ~5. No. 7-8. pp.
1265-1270. April.2004. [4] Morrison A.I.. Srokoz M.A .. 'Estimating the fractal dimension of the sea
surface: first attempt'. Ann. Gcophysicae, 1993.11. pp.648-658[5] Lo T .. Leung H.. l.itva J.. Haykin
S.. "Fractal characterization of sea scattered signals and detection of sea-surface targets", IEE
Procccdings-F. 1993. 140, 4. pp.243-250. [6 J F. Berizzi. E. Daile Mcsc, "Fractal analysis of the
signal scattered from the sea surface," IEEE Trans. on Antenna and Propagation. Vol.47. No.2,
February 1999. pp. 324-338[7] F. Berizzi. E. Daile Mcse, 'Scattering from a 2D-sea fractal surface:
fractal analysis of the scattered signal' IEEE Trans on Antennas and propagation. Vol.SO. No.7. July
2002. pp. 9 I2-925.
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De-Speckling of SAR Imagery Based on Multi-resolution Analysis: A
Comparison of Ml and Map Estimators

L. Alparone', F. Argenti", N. Rovai", M. Bianchini", B. Aiazzr', S. Barontr'
1 University of Florence, Italy

2 DET - University of Florence, Italy
3 JFAC-CNR, Italy

De-speckling filters aim at performing an estimation of the radar reflectivity (signal), based on the
speckled image (observed signal). Under Gaussian signals assumptions, the minimum mean square
error (MMSE) solution becomes a linear function of the covariance matrices of the signal and of the
noise; it is referred to as linear MMSE (LMMSE) filtering [I]. The underlying hypothesis of
uncorrelated noise yields a spatial LMMSE filtering, by locally modelling the covariance matrix of
the signal [2]. The further assumption of uncorrelated signal variations around its space-varying
mean yields the local LMMSE (LLMMSE) filter [1, 3]. The forerunner Lee's filter [4] is nothing but
an approximation of the LLMMSE estimator. When non-Gaussianity assumptions are made on the
first-order distribution of reflectivity, e.g. a piece-wise constant RCS possibly modulated by a unity
mean piece-wise stationary texture, the LMMSE solution is no longer optimal. Consequently, the
LLMMSE solution is a maximum likelihood (ML) approximation of the MMSE estimate. In the
non-Gaussian case the MMSE estimator may be formulated as a maximum a posteriori (MAP)
estimator [5]. Since SAR reflectivity is non-Gaussian distributed, if the number of looks is not too
large, better estimators are obtained, like the Gamma-MAP filter [6], in which the underlying
assumption of Gamma-distributed texture allows a closed-form MAP solution to be easily derived.
Since one of the problems of SAR speckle filtering is detecting and handling local non-stationarity
[7, 8], the geometrical adaptivity of both ML and MAP filters has been improved by splitting the
processing window to match local heterogeneities [9, IOJ.An approach to de-noising that has been
only recently formalized consists of taking a transformed version of the noisy image and de-noising
in the transformed domain. Since their introduction in the late eighties wavelets have been
universally recognized as extremely powerful tools for the analysis of non-stationary signals and
images [11 ]. As an outcome of the wavelet theory, de-noising in the domaindefined by the discrete
wavelet transform (DWT) may be stated as a thresholding of DWT detail coefficients of the noisy
image, either hard, or soft [12]. The latter implies that the modulus of the thresholded coefficient is
diminished by the threshold value. Thresholding, however, yields a maximally smooth estimation,
i.e. is a MINMAX solution. In most of signal/image processing applications an MMSE solution is
preferable. Furthermore, in wavelet thresholding the noise is assumed to be white and signal
independent.For the case of speckle filtering, homomorphic filtering, in which the DWT of the
logarithm of the noisy image is either adaptively thresholded [13], or empirically shrunk in an
adaptive fashion [14], has been used. The major inconvenience of such an approach is that the
backscatter mean is not preserved in homogeneous areas when the logarithm is inverted after
filtering [15]. That is, multi-resolution homomorphic ML filtering is biased. To overcome this
drawback, multi-resolution homomorphic MAP filtering was investigated [16].Two alternative
approaches are based on pixel ratioing. The former [17] relies on a normalized version of the



wavelet "a trous", i.e."with holes", which is a redundant multi-resolution transformation whose
layers have all the same scale. Point-wise normalization is introduced to remove the dependency of
the signal-dependent noise on the signal mean, represented by the approximation layer (baseband)
containing the lowest frequency coefficients. The latter [18] is based on a Rational Laplacian
Pyramid (RLP). obtained by pixel ratioing each layer of a Gaussian pyramid to its coarser version,
which is expanded to match the size of its underlying layer. This work has demonstrated that multi
resolution processing is the key to adaptive filtering of signal-dependent noise. In fact, the RLP de
speckling procedure is nothing but an LLMMSE estimator operating in a transformed, yet
oversampled, domain in which connected image structures arc effectively represented on multiple
scales. Estimation of the local statistics driving the filtering is expedited and layered processing
allows adaptivity to be extended also across scale. since multi-resolution structures exhibit a signal
to-noise ratio (SNR) increasing with scale. LLMMSE spatial filtering has been recently extended to
deal with multiplicative noise and applied to undecimated wavelet frames [ 19]. The rationale for
working in the undecimated wavelet domain is that classical dyadic wavelet decompositions,
characterised by iterated filtering and down-sampling, make estimation of non-stationary signal and
noise variances critical, due to the missing translation-invariance. Furthermore, when coefficients
are changed. e.g. thresholded or shrunk. the aliasing term between two adjacent sub-bands is no
longer cancelled during the synthesis stage. thereby resulting in the onset of structured artefacts.The
further step is MAP estimation in the undccimatcd wavelet domain. Apart from the homomorphic
approach, in which MAP estimation is applied to undccirnated wavelet coefficients of the logarithm
of the SAR image [ 16], few works are found in the literature [20, 21 ]. The main problem is
statistical modelling of wavelet coefficients obtained from SAR images. Starting from the
observation that the empirical distributions of detail coefficients arc heavy-tailed, such models as
beta-complex (Pearson, type IV) distributions [20 J and normal inverse Gaussian [21. 16] have been
used. How ever. for a wide class of grey-scale images. detail wavelet coefficients have been shown
to be Gaussian distributed with zero mean and non-stationary variance [22]. In that case ML
estimation would be optimal in the MMSE sense, because for Gaussian signals MAP and ML
solutions are identical [1]. When SAR images arc concerned, however. the non-stationary Gaussian
model may no longer hold. Hence. benefits of Mi\P, compared to ML filtering. are expected.In this
paper. detail wavelet coefficients of reflectivity and noisy image are modelled as Generalised
Gaussian (GG) distributed with zero mean. The GG function is uniquely defined by the variance and
by a shape factor ruling the decay rate [23]. The shape continuously changes from impulsive to
rectangular passing through Laplacian and Gaussian as the factor varies between zero and infinity.
The Gaussian case is obtained with shape factor equal to two. Parametric GG models with different
shape factors are tailored to wavelet detail coefficients of both reflectance and speckled images. A
MAP solution is analytically derived from statistics calculated in the image domain by exploiting
the fact that undecimated wavelet coefficients arc given by convolving the image with a linear shift
invariant equivalent filter [ 19]. Unlike [ 16], no logarithmic transformation of the speckled image is
used. Extensive experiments and comparisons on simulated SAR images demonstrate that, though
theoretically and procedurally different, the proposed ML and MAP undecimated wavelet-domain
estimators yield comparable SNR results on simulated data, with a computational complexity of the
MAP approach several times greater than that of ML filtering. However, on true SAR images (ERS
and ASAR) the proposed MAP filter visually outperforms the earlier ML filter developed by two of
the authors [ 19], specifically concerning texture restoration and preservation of point targets. This
analysis leads to the conclusion that detail wavelet coefficients of SAR images may not be
accurately modelled as Gaussian.[ I] S. M. Kay, Fundamentals of Statistical Processing, Volume I:
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Technical Aspects of Envisat ASAR Geocoding Capability at DLR

M. Huber1, W. Humrnelbrunner", J. Raggarn", D. Small:', D. Kosmann1
1 German Aerospace Center (DLR), Germany

1Joanneum Research, Austria
3 Remote Sensing Laboratories, Switzerland

Based on the experience of the geocoding systems for ERS-D-PAF (GEOS). the SIR-C/X-SAR
(GEOS) and SRTM missions (GeMoS) geocoding functionality was extended for Envisat ASAR
data. The existing Envisat ASAR Geocoding System (EGEO) can handle all Level 1-b image
products (IMS. APS. IMP. APP. IMM. APM. WSM and GM I). Complementary to geocodcd
products provided by ESA (IMG. APG) the geocoding procedure applied at DLR makes use of a
DEM to achieve higher geolocation accuracy. The resulting geocoded image can be either an EEC
(Enhanced Ellipsoid Corrected) or an ETC (Enhanced Terrain Corrected) product. These products
mainly differ in the underlying DEM used for gcocoding. The EEC utilizes GLOBE. while the ETC
utilizes the "best" DEM available in the data base. This "best" DEM can be assembled from
different DEM data sets (e.g. derived from SRTM. ERS .... ). Further differences such as the
interpolative (EEC) and rigorous (ETC) geocoding approach will also be outlined. An incidence
angle mask can be generated.The necessary upgrades to be able to geocodc ASAR stripline products
(e.g, IMM, WSM) will be presented. Stripline products cover a large area along track. as they
consist of concatenated stand-alone products ("slices"). Thus the updates of relevant parameters
have to be taken into account.

Abstract No. 292

Flashing Fields! A Preliminary Investigation

U.Wegmiiller", C. Werner", R. Cordey'
1 GAMMA REMOTE SENSING, Switzerland

1ESA-ESTEC. Netherlands

The launch of l.nv isat in 2002 and the operation of the ASAR instrument has immediately
questioned some important assumptions concerning the nature and stability of radar measurements
of soils and vegetation. The key observations concern large localised discrepancies ("flashing")
between measurements made by the Envisat ASAR instrument and the ERS-2 AMI, within 30
minutes of each other over Flcvoland in the Netherlands. The discrepancies appear not to be related
to changing environmental conditions but rather to the fine details of the observing geometries of the
two instruments. Such sensitivity is not predicted by the models for microwave interaction usually
applied to soils and vegetation. The presence of poorly characterised anomalies of this type may
have severe implications for the confidence with which we assimilate satellite SAR data and



consequently we need to improve our understanding of the phenomenon and examine strategies for
mitigating its effects.As a first step the "flashing fields" anomalies were carefully characterized.
Then the data were analyzed to better understand the observations and suggest explanations for the
effects seen. The observed backscatter variation depends on the difference in the imaging geometry
used. The highest differences of more than 6dB are observed in the case of ERS-2 data with
acquired with very high Doppler centroids resulting in aspect angle differences of more than 1
degree. One "type" of "flashing" is observed for fields with cultivation directions perpendicular to
the SAR look vector. Highly directional scattering from long row structures is a possible
explanation. Another "type" of "flashing" is observed for fields with cultivation directions clearly
not perpendicular to the SAR look vector. The most likely explanation are resonce effects from
periodic row structures.An important question addressed is if it is possible to identify such
anomalies to the backscattering in a single image. For some "flashing fileds" indications are found in
single image spectral characteristics as local Doppler Centroid shifts, the azimuth spectrum width,
and the mean-to-sigma ratio of sub-bandwidth "looks images".Finally, the anomalies are placed in a
wider context and potential strategies for reducing, eliminating, or avoiding them are discussed.

Abstract No.390

Applications of Envisat-ASAR Data in Rainy and Cloudy Areas in
Southern China

Y. Shao, J. Chen, H. Lin
Joint Lab of GeoinformationScience between the Chinese Academy of Science

and The Chinese University of Hong Kong, Hong Kong

The Advanced Synthetic Aperture Radar (ASAR) instrument on board the Envisat satellite,
operating at C-band, ensures continuity with the image mode (SAR) and the wave mode of the ERS-
1/2 AMI. It features enhanced capability in terms of coverage, range of incidence
anglesf=polarization. and modes of operation.E We analyzed ASAR data application potential
taking Zhao Qing of Guang Dong Province in southern china as experimental area which include
many kind of ground objects such as building, bridge, forest, ship, grassland and crop. We used two
ASAR dataset which are both ASAR alternating polarization precision image over the area in
research. One ,acquired on 13 June of2003, has imaging swath oflSS and polarization ofHH/HVj£
The other, acquired on 2 July of 2003, has imaging swath of IS7 and polarization of VY /HHj£W e
derived the backscattering coefficients of main ground objects in the images and classified the crops
based on the combination of these images. The results show that different ground objects in
experimental area have distinctive and different characteristics of backscattering coefficient in the
images, and multi-temporal and multi-incidence angle of ASAR data can improve the crops and
other ground targets discrimination. This means that ASAR data can find a wide application in crop
growth monitoring in rainy and cloudy areas.
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Sensitivity of Topographic Roughness on Interferometric SAR Data
Co registration

H. Yue, R. Hanssen, J. Kianicka, P. Marinkovic, F. Van Leijen, G. Ketelaar
Delft University ofTechnology, Netherlands

Coregistration is a crucial step in interferometric SAR data processing which influences the quality
of all consecutive products. Traditionally. the (complex or amplitude) correlation of the two data
sets is evaluated in a number of windows distributed over the scene. searching for maximization of
the estimated correlation as a function of local offset parameters. After determining the offset
parameters for every window position, a polynomial function is evaluated to determine the actual
offset for every pixel needed for the resampling of the slave image. Both the windows approach and
the polynomial evaluation introduce errors in the rcsampling. First, in the windows approach, only at
the window positions the offsets arc evaluated. This implies that rough terrain with a large range in
altitude will be suboptimally sampled leading to suboptimal results in the coregistration. Second, the
polynomial approach requires choosing the polynomial order. In general, for a smooth terrain a low
order rcsampling polynomial might be sufficient, whereas a rough terrain might require a higher
order approximation. A suboptimal choice will either lead to a description which is too smooth or
which shows overshoot, both affecting corcg istration quality.Moreover, in general. the terrain may
even be non-stationary. In this paper we investigate these effects, their influence on interferogram
quality. and suggestions for improvement. Specifically. we compare the results of the data-only
methods \\ ith methods using additional sources of information such as an a-priori DEM in
combination with precise satellite orbits. as suggcst..:d by Adam ct al. (2003 ).

Abstract No. 473

Automatical Geocoding of Envisat ASAR Products

I. Lauknes, E. Maines
Norut IT, Norway

In automatical system for geocoding and calibration of Envisat ASAR products have been
developed by NORUT IT in the Envisnow EC EESD FP 5 project using data from ESA AOE 785
and near-real time data from Kongsberg Satellite station. The software is adapted to the Envisnow
snow covered area processing system, and works automatically for specified modes from the
Envisat ASAR modes IMP, IMS, WSM. APS and APP and the ERS modes (SLC and PRI). The
tools arc mainly implemented in the program languages Envi/IDL under a common framework. The
output is a gcocodcd and calibrated SAR image on a selected projection. The system is used as a
module in the Envisnow production line to provide high quality gcocoded SAR imagery for snow
cover area classification.Most data from ESA PAF's are gcocodcd automatically. The accuracy of



the geocoding is estimated to be on average to be less than I pixel (30 m for image modes and I00
m for wide swath) by cross correlation with simulated SAR imagery based on DEM. Due to bad
quality orbit data or poor SAR processing from some PAF's, a new correction algorithm has been
implemented. The algorithm is based on using the first order geocoded product based solely on orbit
parameters and DEM together with the simulated SAR image. The algorithm then picks a number of
control points automatically by cross-correlating sub-images of the two products. This is
subsequently used to update orbit parameters before the SAR scene is geocoded again. The method
will be demonstrated and the quality assessed.

Abstract No. 573

Construction of the Ocean Surface from SAR Images

W. Koch, W. Rosenthal
GKSS Research Center, Germany

For the research on extreme waves construction of the ocean surface is of great value. Such a
construction is possible from SAR images, because the brightness of the radar image is influenced
by the incidence angle of the radar beam. By resolving this dependency, SAR images can be
transformed in images of slopes in range direction. Images of the ocean surface result after
integration of the slopes and spectral filtering. The relation between normalized radar cross section,
incidence angle, and wind speed and direction is taken from the empirical C-band model function
CMOD4, that was developed for the ERS scatterometer and is also used for derivation of wind
speed from SAR images. First results suggest that this approach could be successfully persued.

Abstract No. 598

Extraction of Weak Internal Wave Modulation from an Envisat
ASAR Image by EMO with a Simple Boundary Processing Technique

K. Zeng, M. He, M. Fang
Ocean University of China, China

The modulation of internal waves in an Envisat ASAR image acquired over the East China Sea in
2003 May is considered. The modulation is so weak that it is hard to do further analysis by common
data processing methods such as FFT, wavelet and so on. Empirical Mode Decomposition (EMO)
firstly proposed by Huang et al. in 1998 shows remarkably effective in analyzing nonlinear signals.
It adaptively represents nonstationary signals as sums of zero-mean AM-FM components by
iteratively conducting the sifting process. While, how to determine the boundary conditions of the
cubic spline when constructing the envelopes of data is the critical issue of the sifting process. A
very simple but effectual boundary processing technique is presented in this paper by which the



EMO is conducted fluently without any assumptions of the processed data. The weak modulation of
internal waves is extracted successfully from the Envisat ASAR image by LMD with the simple
boundary processing technique.

Abstract No. 694

Application of Precise Correlation Techniques with SAR, ASAR for
Seismic Fault Slip Detection: A Complement to Interferometry -

Two Case Studies

M. Plrr i', F. Sarti", P. Briole", K. Feig14
1 Telespo:io. Italy

: ESA
3 /PCP

.i OAfPICNRS

Precise correlation techniques can he applied to SAR or /\SAR co-seismic pairs for the purpose or
fault mapping and fault slip measurement. Being based on speckle tracking or on coherence
maximisation. speckle conservation is a prerequisite for the applicability of these techniques.
Interferometric conditions and short baselines are therefore required. Compared to interferometry,
precise correlation techniques represent an interesting complement, allowing for azimuth shift
measurement (sensitivity to north-south slip component) and for displacement mapping where too
high phase gradient would prevent phase unwrapping or fringe obscrv ability (fault vicinity). This is
shown in t\1o case studies, representative of east-\\ est and north-south oriented fault segments: (I)
application of the speckle-tracking technique to ERS SAR co-seismic acquisitions for the lzmit
earthquake of August 1999; (2) application of coherency maximisation to Envisat ASAR co-seismic
acquisitions for the Barn earthquake of December 2003.
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Abstract No. 223

Investigation of the Temporal Development of Pigment-concentration
in the Baltic Sea with MERIS Data

H. Krawczyk, A. Neumann, B. Gerasch
German Aerospace Center, Germany

For many questions of the coastal zone management the knowledge on the biological and ecological
state of coastal waters is of high importance. Due to the complexity of this water type, characterized
by different classes of constituents, a sophisticated methodology needs to be applied for quantitative
remote sensing.Within the MAPP-Project (MERIS Applications and Regional Products Project) a
specific remote sensing interpretation algorithm was developed for the regional assessment of water
constituents in the Baltic Sea. This is a part of the ESA Cat- I proposal JD 1413 GEMEL-3
("Generation of MERIS Level-3 products for European multidisciplinary regional applications").
The operational implementation in a MERIS-value-adding system allows a near real-time estimation
of chlorophyll, sediment and gelbstoff concentrations on a regular (daily) basis. The algorithm,
basing on a principal component inversion technique and the model will be briefly introduced.
Examples of model validation will be demonstrated on a number of comparisons of MERIS
reflectances and in-situ measurements. The potential of the model shall be demonstrated on the
analysis of available \1ERIS data. A time series of chlorophyll concentrations of the area will be
demonstrated and put a first statistical analysis.

Abstract No. 706

Validation of Optical Satellites Data Based on Traditional Methods
and Use of Data from Ships of Opportunity

K. Sorensen', J. Magnusson', J. H0kedal1, E. Aas2
1 Norwegian Institute for Water Research, Norway

2 University of Oslo, Norway

This paper describes the activities and results from Norwegian waters concerning validation of
optical satellite sensors, based on traditional validation campaigns and use of data from ships of
opportunity (ferrybox-systems). The introduction of earth observation products in modem
environmental monitoring has clearly showed its use, but also limitations. Validation of geophysical
products and development of local algorithms and higher level products are of crucial importance to
succeed in introduction of earth observation in environmental monitoring. In situ data from ship of
opportunity to validate earth observation data, and development of new products are investigated in
Norwegian and European marine water through national and EU-funded projects. The possibility of
using ships in fixed routes as a platform for measuring optical quantities and collecting water



samples during satellite pass would significantly increase the number of validation data. Optical
sensor data such as chlorophyll-a fluorescence. turbidity. downwclling irradiance and water leaving
radiance arc candidates for validation of MERIS marine products. as well as geophysical quantities
derived from water samples. Results from comparisons of ferrybox data and MERIS data and the
possible introduction in long term monitoring will be presented.

Abstract No. 211

Validation of Chlorophyll Fluorescence in Coastal Waters Derived
from MERIS

J. Gower, S. King
Institute of' Ocean Sciences, Canada

MERIS on Envisat provides images of above-atmosphere spectral radiance in bands at 665. 681 and
709 nm. These bands were included in the baseline spectral band set to allow detection of the
fluorescence signal from surface chlorophyll in sea water. stimulated by ambient sun and sky light.
We present images of fluorescence as derived from the level I MERIS data that show significant
patterns in coastal waters of western Canada. We compare the signal levels of the fluorescence with
measurements of extracted chlorophyll from research cruises during 2002 and 2003. with satellite
estimates of chlorophyll from the blue to green ratio observed by MERIS. MODIS and Scawifs, and
with fluorescence measurements made by MODIS. We show that the fluorescence signal is
consistent between MERIS and MODIS. and that relation between fluorescence and chlorophyll
concentration in surface waters is consistent with a simple model accounting for absorption of
stimulating and emitted radiation by chlorophyll pigments. Considerable scatter is observed.
suggesting variable fluorescence efficiency and effects of coloured dissolved organic matter.

Abstract No. 629

Determination of the Confidence Range of Coastal Water Products
Derived from MERIS Data

R. Doerffer, H. Schiller
GKSS Research Center. Germany

The success of the retrieval of concentrations of coastal water constituents from multispcctral
reflcctanccs depends on a number of factors. In particular variable compositions and optical
properties of the substances may lead to concentration errors. which vary from pixel to pixel. As an
extension of our neural network coastal water algorithm. we have implemented a procedure to
determine at least part of this retrieval error and to provide a confidence map along with the
concentration maps of phytoplankton chlorophyll. suspended matter and gelbstoff. With this



procedure we firstly determine if the reflectance spectrum is within the scope of the algorithm. In a
second step, an optimization procedure is used together with the forward neural network to
determine the concentration range for each water component, which produces the same or a similar
reflectance spectrum. Using this method MERIS data of different water types - from turbid estuarine
water to open ocean water - have been analyzed. Variable and sometimes large errors demonstrate
that a confidence map is an important additional information to the user of MERIS coastal water
products.

Abstract No. 663

From SeaWiFS to MERIS: Great Barrier Reef Lagoon Case Study

L. Ametistova, I. Jones
Universityof Sydney, Australia

An empirical-analytical bio-optical model for a coastal region in the vicinity of the Herbert River
(Central Great Barrier Reef) was developed, which relates satellite-derived (SeaWiFS) optical
properties to physical and biological parameters of the surface waters of the region. The model was
verified using sea-truth data collected during field studies in 2002-2004. The dynamics of Herbert
River plumes observed from the space helps in understanding whether sediments and pollutants
coming from the river reach coral reef ecosystems. The extent of elevated surface suspended
sediment concentrations, as observed from the satellite, correlates well with the peaks in Herbert
river discharge. With a spatial resolution of 300 m and 15 spectral bands, the new European ocean
color sensor MERIS is better designed for coastal waters. The first 6 months of MERIS coastal
ocean products have been compared to corresponding SeaWiFS data for our region of interest. Three
cloud-free days with corresponding in situ measurements enabled us to both compare and validate
each instrument. The regional bio-optical model performed better than case 2 MERIS algorithm.
This can be explained by the fact that MERIS algorithms are based on averaged coastal waters
properties, which are known to vary widely. More in situ validation data is needed in order to ensure
continuity of accurate ocean monitoring using remote sensing techniques.
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Abstract No. 8

Mapping Coastal Aquaculture and Fisheries Structures by Satellite
Imaging Radar

C. Travaglia', G. Profeti", J. Aguilar-Manjarrez', N. Lopez"
1FAQ (retired), Italy

2
-, Italy

3 FAO, Italy
4 BFAR, Philippines

Inventory and monitoring of coastal aquaculture and fisheries structures provide the necessary
baseline data for decision-making on aquaculture and mariculture development, including regulatory
laws, environmental protection and revenue collection. Mapping these structures can be performed
with good accuracy and at regular intervals by satellite remote sensing, which allows observation of
vast areas, often of difficult accessibility, at a fraction of the cost of traditional surveys.Satellite
imaging radar (SAR) data are unique for this task not only for their inherent all-weather capabilities,
very important as aquaculture and mariculture activities mainly occur in tropical and subtropical
areas, but essentially because the backscatter from the structure components allows for their
identification and separation from other features.The area selected and object of the study has been
Lingayen Gulf, sited in Northwestern Luzon Island, the Philippines, where all these structures of
interest occur.Field verification of the methodology resulted in the following accuracy: fishponds 95
percent, fish pens 100 percent. Mapping accuracy for fish cages was estimated at 90 percent and for
fish traps at 70 percent.The study is based on interpretation of SAR satellite data and a detailed
image analysis procedure is described. The report aims at the necessary technology transfer for an
operational use of the approach indicated in other similar environments.

Abstract No. 31

Polarimetric SAR Image Signatures of the Coastal Ocean

W. Huang, J. Yang, B. Fu, L. Yao, Q. Xiao
Second Institute of Oceanography, State OceanicAd, China

Polarimetric signatures of the coastal ocean have been studied using numerical rnodells, Envisat
ASAR and SIR-C/X-SAR images. Particular attention has been given to the polarimetric properties
of radar backscatter from the coastal features associated with sea bottom topography and internal
waves. The optimal SAR polarimetric parameters for coastal ocean observations are discussed.

Abstract No. 59



Radar and Optical Observations of Oceanic and Atmospheric
Phenomena in the Black Sea Shore Area

0. Lavrova, M. Mityagina, T. Bocharova
Space Research institute, Russian Federation

This work presents the results of analysis of the ERS-SAR and Envisat ASAR images of the Black
Sea shore area which an: at our disposal in frame of the AO_"l.224 and CI P. I027
projects.Summerautumn concurrent experiments conducted for the past four years by Space
Research Institute RAS near Gelcndzh ik. Black Sea shore. allowed to closely monitor sea and
atmosphere dynamics in the region. Over 35 ERS-2 SAR and 3 Envisat ASAR images obtained
exhibit large \ aricty of important phenomena: atmospheric and oceanic fronts. pollution and other
slicks. atmospheric convection. vortices. lee patterns. etc. Available extensive data covering all-year
sea state. NOAA data and hydrorncteorological condition help to adequately interpret SAR
signatures. The focus is on three phenomena: a strong storm occurred in June 200 I as mirrored by
SAR imagery and combined with concurrent buoy measurements: vortices which arc a frequent
occasion in the I00-km coastal zone where north-western current predominates: lee structures in the
atmosphere downwind from the coastal ridge and their dependencies of their growth rate and spatial
characteristics on wind speed and direction. medium stratification and surface wave strength.The
analysis shows that slicks produced by surfactants of various origin and found in great quantities in
the studied area arc a good means of imprinting oceanic vortex structures in radar images. Even very
small vortices. 2-10 km in size, can be detected by satellite radar in the presence of slicks while
neither ship nor satellite optical instruments arc capable of that. Such small-sized vortices play an
important role in water circulation and mixing in the region. A complicated mountainous relief of
the shore is a constant source of atmospheric vorticity above the sea surface. Under certain
conditions. radar images can imprint so-called Ice structures in the atmosphere. They emerge
downwind rocks and from narrow canyons opening to the sea. We discuss an example of a
mushroom flow detected in one of the images.

Abstract No. 148

Evidence of the West Sakhalin Current in ERS-2 and Envisat Co
located SAR images

V. Dubina, L. Mitnik
V.l.ll'ichev Pacific Oceanological institute FEB R, Russian Federation

Collocated ERS-2 SAR and Emisat-1 ASAR images acquired on 4 October 2003 with time
difference of about 28 min have trapped the West Sakhalin Current (WSC) during its maximum
intensity. The current was observed as a narrow strip (width of about 15 krn) w hich was adjacent to
the northwestern Sakhalin coast. Backscatter contrasts in the convergence region between the



Tsushima Current and the WSC reached 20 dB. Such contrasts were due to the combined effect of
the sea surface temperature difference and wave-current interaction in the convergence and shear
zones. The surface manifestations of the several packets of internal waves were clearly visible in the
southeastern part of the Tartar Strait and in La Perouse Strait. Transformation of the internal wave
packets is noted near the WSC's boundary. Time delay between ERS-2 and Envisat observations
allowed us to reveal the areas of the increased dynamic activity and estimate quantitatively the
surface current velocity on the northern Sakhalin shelf.

Abstract No. 153

Intercomparison of Satellite Derived Products over Coastal Waters in
the SISCAL Project

J. Vidot1, R. Sauter", F. Fell3
1 Universite du Littoral Cote d'Opale, France

2 ULCO-MREN, France
3 JNFORMUS, Germany

The SISCAL project, funded by the European Community, aims at promoting a friendly use of the
Earth Observation for end users concerned by monitoring the water quality for coastal areas and
inland waters. The data processor shall be a generic tool, which may be applied to a large variety of
operationally gathered satellite data. In order to ensure the compatibility of the same products
derived by different ocean colour sensors (MERIS, MODIS, SeaWiFS), the same chain of
algorithms has been applied to this set of satellite sensors based on the similarity of spectral bands
(actually, transforming MERIS and MODIS into a SeaWiFS like sensor). We wiII first present the
different modules of the SISCAL processor which start with level l-b. On selected areas, we will
then conduct an inter comparison exercise between sensors on the SISCAL level 2 products as well
as on the regular products distributed by the Space Agencies.

Abstract No. 212

A NewWay of Detecting Intense Plankton Blooms Provided by
MERIS

18. 1 2G 3 B 3J. Gower, . Kmg, W. Yan, . Borstad, L. rown
1 Institute of Ocean Sciences, Canada

2 College of lnsformation Science and Technology, China
3 G.A. Borstad Associates Ltd, Canada

MERIS can be used to detect a peak in the optical spectrum of water-leaving radiance at about 705
nm which provides a signature of intense plankton blooms. Such blooms (colloquially called "red



tides") are becoming an increasingly important phenomenon in coastal waters, and can cause
significant financial losses to aquaculture. The blooms can colour surface waters over large areas
and can therefore be imaged from space. In many cases, however, satellite sensors confuse the
blooms with other suspended material in water or signals from clouds or aerosols. We present
examples of this signature in images and spectra derived from MERIS data, and demonstrate how
this signature arises using model results. The MERIS band at 709 nm, which is an essential part of
this detection scheme, is not present in either Seawifs or MODIS. In many cases the higher spatial
resolution (300 m) provided in the FR mode of MERIS data is important for detecting small area
events. The combination of wide area coverage, 300m spatial resolution, and appropriate spectral
bands makes MERIS a unique and potentially important tool for global, intense plankton bloom
monitoring.

Abstract No. 230

River Plume Slicks and their SAR Imagery

S. Errnakov', J. Da Silva2
1 Institute of Applied Physics. Russian Federation

l University ofLisbon, Portugal

It is known that surfactant materials, either of biogenic or anthropogenic origin, accumulated on the
sea surface arc distributed non-uniformly and form slicks due to enhanced damping of short wind
waves. Slicks are characterized by different geometry, and can be considered as tracers of different
oceanic and atmospheric processes and have become a very efficient tool for the ocean remote
sensing specially by synthetic aperture radars (SAR). An important process that affects significantly
the dynamics of coastal waters is river outflows and associated river plumes. Radar signatures of
river plumes were described previously in the literature mainly as curved "horse-shoe" bright fronts.
The fronts were explained as a result of wave/current interaction leading to amplification of wind
waves and their possible breaking in convergent zones, where a river outflow meets the marine
water. In some radar images, however, river plumes were observed as dark areas either con lined or
not by the bright 'horse-shoe' boundary. One may expect then that surfactant films are transported to
the ocean by river outflows and are accumulated due to the current convergence in the river plumes.
The transport of surfactants, therefore, can be monitored using radar observations of river plumes.
Here we report on satellite and 'in situ' observations of the Douro River Plume on the Iberian Shelf
carried out on November, 15, 2000. An ERS-2 SAR imagery of the plume showed the occurrence of
both a "horse-shoe" bright front and a large slick inside. Quasi-simultaneously to the satellite
overpass, sampling of surfactant films from the river plume slick and from outside the slick was
performed using a net method. Physical characteristics or the films (the surface tension coefficient
and the film elasticity) were carried out in laboratory conditions using a specially developed
parametric wave method. It is obtained that the film elasticity parameter increased strongly in the
plume slicks compared to the nonslick area. The damping degree (contrast) was estimated from a
model of wave damping using the film elasticity values obtained from the experiment. Theoretical
radar contrast values are shown to be in agreement with SAR data. Analogous results of
simultaneous SAR and field studies otTcighmouth river plume are described.



Abstract No. 412

The SISCAL Service - Implementation and User Evaluation

F. Fell1, R. Sauter", G. Tibor3, T. Johansen", D. Koslowsky5, M. Schultz
Rasmussen", A. Zask7, M. Brozek", F. Hanssen", A. Koehler10

1 lnformus GmbH, Germany
2 ULCO, France
3 !LOR, Israel

4 NTNU, Norway
5 FUB, Germany
6 JGUC, Denmark

7 MOE, Israel
11 SJC, Denmark
9 CSTE, Norway
to G!LAT, ermany

In principle, there exists a significant demand for Earth Observation (EO) data products on aquatic
ecosystems, both with public authorities and non-governmental organisations (environmental
protection, emergency management, natural resources management, regional planning, etc) as well
as private companies (tourist industry, insurance companies, water suppliers, etc). However, for a
number of reasons, most of the data products that can be derived in this respect have not yet left the
scientific community.The goal of the EU-funded project SISCAL (Satellite-based Information
System on Coastal Areas and Lakes) is to develop a service providing potential users with a simple
and user-friendly access to EO-derived data products. SISCAL aims such at contributing to closing
the gap between EO data providers and research institutions on one side and the actual end users on
the other side. The SISCAL data products shall be tailored to individual users' needs, and, where
possible, be delivered in Near-Real-Time (NRT).The project has started in September 2001.
Meanwhile, an operational system has been set up providing simple and comfortable access to a
number of harmonised data products (CHL, TSM, K490, SST) from five satellite instruments
(AATSR, AVHRR, SeaWiFS, MERIS, MODIS). Product ordering and retrieval is user-driven ("on
demand") and entirely done over the internet. SISCAL data products are either visualised on-line
through a web-mapping tool or analysed off-line using a commercial off-the-shelf Geographical
Information System (GIS) adapted to the needs of the target user groups. Target users have
meanwhile tested the system and have come up with a number of recommendations to increase the
usefulness and acceptance of the SISCAL service.The present article describes the actual state of the
SISCAL service, and its perspectives for the next future.



Abstract No. 496

DISMAR: Data Integration System for Marine Pollution and Water
Quality

T. Hamre', S. Sandven2
1 Nansen Environmental and Remote Sensing Center. Norway

c NERSC. Norway

The main goal of DISMAR is to develop a distributed system for monitoring and forecasting of the
marine environment. integrating data from \ arious observing platforms and modeling systems. This
distributed system will be used lo improve the management of natural or man-made pollution crises
in the coastal and ocean regions of Europe. supporting public administrations and emergency
services responsible for prevention. mitigation and recovery of crisis such as oil spill pollution and
harmful algal blooms. DISMAR will provide a single entry point. via a web portal. to several
services delivering satellite data and other observations as well as model results, conforming to
international standards for both mctadata and data. A prototype decision support system (DJSPRO)
is being developed. for integration and distribution of multi-source data and results from numerical
models. The DISPRO architecture is consistent with INSPIRE's general model of an SDI (Spatial
Data Infrastructure). DISPRO is a multi-tier system with four main groups of components: user
applications. gen-processing and catalogue services. catalogues and content repositories.
Implementation is based on INSPIRE. OpenGIS and W3C standards. using Open Source software
where available. Metadata plays a central role in DISPRO. All data products and services arc
described in an accompanying mctadata file. The latter is a profile of the ISO 19115 geographic
mctadata standard restricted mainly to the core 'discovery' mciadata clements. Metadata arc
provided in XML format. validated against an XML Schema. The mctadata an: stored in a native
XML database and transformed to HTML for presentation using XSL T stylcshccts. The DISPRO
system will be demonstrated in six coastal zone and ocean areas in Europe where Web Map servers
are installed: (I) North Sea I Skagerrak area. (2) German coast. Cl) coast of Italy. (4) coast of
France. (5) coast of UK. and (6) South-West Ireland. Users will get online access to a number ofEO
(Earth Observation). in situ and model data and products. Satellite ocean colour data and SAR
images will be used in combination with FcrryBox data. oil drift model and ecosystem models to
show how algae blooms and oil spills can be monitored and torecastcd. Aircraft observations using
infrared and ultraviolet sensors and coastal radar will be used to observe water quality parameters on
local scale. Users in each of the demonstration areas will be involved in testing and evaluation of the
distributed system.

Abstract No. 552

Synergy of Numerical Modeling and Envisat MERIS for
an Operational Suspended Particulate Matter Transport Model



G. Gayer, J. Horstmann
GKSSResearch Center, Germany

Monitoring and modeling of suspended particulate matter (SPM) is an important task especially in
coastal environments. Several SPM models have been developed for the North Sea. However, due to
waves in shallow water and strong tidal currents in the southern part of the North Sea, this is still a
challenging task. In general there is a lack of measurements to determine initial distributions of SPM
in the bottom sediment and essential model parameters e.g., appropriate exchange coefficients.In
many satellite borne ocean color images of the North Sea a plume is visible, extending from the
southeast coast of England towards the northeast into the North Sea. The intensity and length of the
plume depends on the wave and current climate as well as their history. It is well known that the
SPM plume is especially obvious shortly after strong storm events.In this paper an operational 30
SPM transport model of the North Sea is presented, which was improved utilizing the synergy of
satellite borne ocean color data and numerical modeling. The model is so far the only model, which
is able to reproduce the temporal and spatial evolution of the plume intensity. The results of the
numerical model are compared to SPM surface concentrations retrieved from Envisat MERIS data
under different oceanographic and meteorological conditions. The results will be discussed with
respect to the tuning of model parameters as well as assimilation purposes in long-term model
runs.This work was performed within the ESA data grant BIGPASO (AOE-220).

Abstract No. 631

Determination of Parameters from Envisat Data for Estimating
Primary Production by Phytoplankton in Coastal Waters

R. Doerffer, R. Rottgers, H. Schiller, K. Schiller, W. Schonfeld
GKSS Research Center, Germany

Coastal regions under fresh water influence (ROFI) belong to the most productive marine areas due
to the steady input of nutrients from rivers. Here the primary production (PP) by phytoplankton is
mainly determined by the light available for photosynthesis (PAR). PAR in the water column in tum
depends on a number of factors, including cloud conditions, water depth, stratification and depth of
the upper mixed layer, turbidity and on the attenuation by phytoplankton itself. Furthermore, the
water temperature is an important physiological factor. Nearly all of these variables can be derived
from Envisat data. During the project ENVOC (Envisat Oceanography) we have developed a
scheme to determine the primary production for the area of the German Bight (North Sea) by using
data of the chlorophyll concentration and irradiance attenuation from MERIS, PAR at the surface
from time series of METEOSAT data, water temperature from AATSR and the occurrence of
stratified water from wind and temperature time series. These data are combined using a primary
production model together with measurements of the PAR - PP relationship. The significance of
each of these variables have been analyzed. In particular the high SPM concentrations have a strong
influence on the production. Maps of PP derived from Envisat data demonstrate the high variability
in coastal zones, which is mainly due to the variability of the light field.



Abstract No. 633

Status of Operational Demonstration of COASTW ATCH
Coastal Oceanographic and Hydrologic Applications of

Envisat ASAR Imagery

W. Pichel1, K. Friedman", P. Clemente-Colon', F. Monaldo3, C.
Wackerrnan", X. Li5

1 NOAA/NESDIS, United States
: Caelum Res each. Corp.. United States

3 The Johns Hopkins University Applied Physics Lab., United States
" General Dynamics Advanced Information Systems, United States

5 STG, United States

The goal of this project is to develop coastal and marine applications of l.nvisat Advanced Synthetic
Aperture Radar (ASAR) data and then demonstrate these applications in an operational
environment. Applications include surface winds. automated vessel detection. oil spill detection, and
river ice monitoring. This project huilds upon product development accomplished with ERS-1 /2 and
RADARSA T-1 data and upon a successful near-real-time applications demonstration conducted in
Alaska since 1999 (the Alaska SAR Demonstration or AKDEMO). High-resolution ocean surface
winds derived from ASAR data using wind directions from meteorological forecast model winds
and 11 ind-aligned features in the SAR imagery itself arc being developed and compared with
National Oceanic and Atmospheric Administration (NOAA) meteorological huoy winds in Alaska
and for the East Coast of the United States. Similar comparisons with RADARSAT-1 data yield
root-mean-square errors of less than 2 m/s. Vcssel positions derived from ASAR imagery using a
constant false alarm rate algorithm arc also being developed and evaluated against known locations
of oil platforms in Cook Inlet. Alaska. This algorithm has been evaluated in the past hy finding
fishing fleet locations in the Bering Sea crab fisheries. With RADARSA T-1 SAR data,
approximately ha! f of the vessels participating in the crab fisheries arc detected. These algorithms
primarily use the ASAR Wide Swath mode; however, the Alternating Polarization mode is also
being tested. In addition, Alternating Polarization data arc heing evaluated for: improvements in
techniques for oil spill detection, mapping, identification, and tracking: improvements in techniques
for analysis of ice condition and change during spring river ice breakup: and improvements in
techniques for detection and mapping of current fronts and river plumes. Geographic regions under
study include selected regions of the Atlantic Ocean. Gui r of Mexico, and the 11atcrs around Alaska.
This paper covers primarily the applications development effort for this project. The applications
demonstrations arc scheduled for 2005.

Abstract No. 702



Distribution and Flux of Suspended Matter in the Wadden Sea
Investigated withOptical In-situ Measurements and Remote Sensing

T. Badewien', N. Gemein', F. Terjung', R. Reuter", 0. Dellwig2,
M. Grunwald", S. Kolsch2, H. Brumsack

1 University of Oldenburg, Germany
2 Inst. of Chemistry & Biology of the Marine Env

The Wadden Sea is a highly dynamic tidal flat system in the south-eastern North Sea influenced by
open marine and on-shore processes. Physical, biological and geochemical conditions in the water
column differ with tide, day and season. One of the goals of our Wadden Sea Research project is to
characterise and quantify particulate matter in the tidal flats, and to investigate the processes, which
control the particulate matter flux between open sea and backbarrier tidal flats.
Besides temperature, salinity and geochemical parameters, optical methods can provide a
specific information on suspended matter, but also on organic seawater constituents which
are responsible for aggregation of small particles. This includes:

multispectral transmissometry from which the amount of suspended particles, gelbstoff
and phytoplankton is retrieved based on an inverse model using their optical properties,
fluorescence of phytoplankton and gelbstoff, to and dissolved and or Its physical.
biological and geochemical properties differ with tide, day and season. Our investigation
is aiming at the characterization and quantification of the dissolved and particulate matter
and its balancing.
daylight reflectance measured with multispectral radiometers.

The imaging spectrometer MERIS on the satellite Envisat allows to investigate suspended matter in
the Wadden Sea with an island and backbarrier basin resolving capability. MERIS data are
compared with the locally measured optical in situ data to validate its results, and to apply the
MERIS images for studying suspended matter budgets on larger scales.
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Abstract No. 668

Atmospheric Effects Due to the October-November 2003 Solar Proton
Event as Observed by MIPAS/Envisat

M. Lopez-Puertas', T. Von Clarmann", H. Fischer2, B. Funke", S. Gil-Lopez',
N. Glatthor", U. Grabowski', M. Hopfner", M. Kaufmann', S. Kellmann",

M. Kiefer2, M. Koukouli1, A. Linden", G. Mengistu Tsidu2, M. Milz2,
T. Steck", G. Stiller2, D. Wang2

1 CS/C, Spain
2 Institut fiir Meteorologie und Klimaforschung, FZK, Spain

3 Instituto de Astroflsica de Andalucia, CSJC, Spain

The Michelson Interferometer for Passive Atmospheric Sounding (MIPAS) isa high-resolution limb
sounder on board the Envisat satellite,successfully launched on March I, 2002. MIPAS measures
the atmosphericemission in the 4.15-14.6 um range with a spectral resolution of0.05 cm- I
(apodised). The instrument scans the limb operationallyfrorn 6 km up to 68 km with a near-global
latitude coverage both at dayand nighttime. From MIPAS spectra many atmospheric constituents
areretrieved, including 03, H20, CH4, CO, and nitrogen oxides (NOand N02). MIPAS spectra are
analyzed at different institutions, eachoperating its own data processor, including the ESA
operationalretrieval model (ORM). Here we present the results obtained by using thelMK-IAA
retrieval scheme, which includes non-L TE processes. We show inthis paper the significant
depletions measured in 03 t highlatitudes above 40 km after the solar protons events of 28th
October and4th November 2003. Depletions are also observed in water vapour and asmall reduction
in methane. The temporal evolution of decreases in 03is shown, with larger reductions in the upper
stratosphere during thefirst days and then moving to lower altitudes in subsequent days.
Thetemporal evolution of NOx (NO+N02) is also shown. Increases otlower mesospheric N02 of
over 50 ppbv were measured by MIPAS. Thesimultaneous measurements of such a large number of
atmospheric species,with global coverage, obtained by MIPAS constitute an unprecedenteddataset
to study the atmospheric effects caused by large solar protonevents.

Abstract No. xxx

GOMOS Results: An Overview

J.-L. Bertaux
Service d'Aeronomie du CNRS

(not available)



Abstract No. 502

Validating and Improving GOMOS Inversion Algorithms
(AO NORM)

J. Tamminen
Finnish Meteorological Institute, Finland

The GOMOS instrument measures ozone and other trace gas profiles atabout 400 different
geographical locations during one day. Before the launch of Envisat it was expected that GOMOS
could measure profiles between 18 km and 100 km. The first real measurements revealed
thatGOMOS was able to perform measurements as low as 5- f0 km when using the brightcststars.
I lowcver. at such low altitudes the retrieved constitucntprofilcs were very noisy. Also. the N02 and
N03 profiles turned out toincludc more noise than expected because of the uncorrcctcdscintillations.
As a remedy some smoothness for the retrieved profiles is nowrequired. An additional special
feature of GOMOS is that thcvcrtical resolution of the measurements varies strongly depending
onthe geometry of the occultation measurement. The smoothness prior is therefore realized by
implementing amodification of the standard Tikhonov-type regularization tailored tothe changing
measurement geometry of GOMOS. The amount of smoothingis altitude dependent and is chosen
according to the targctrcsolution. The improvement of this modification compared to thcoriginal
processing is clear. In addition, as a separate part of ;\() NORM we have validated thenonlincar
CiOMOS inversion using the Markov chain Monte Carlo technique which allows computing the full
nonlinear solution.

Abstract No. sro

Temperature and Ozone Profiles from GOMOS in Comparison
to CHAMP, MIPAS Operational GOMOS Ozone and

ECMWF Analysis Data

C. Retscher, G. Kirchengast, A. Gobiet
Universitaet Graz, Austria

The Envisat platform, in orbit since March 2002. carries several instruments important for
monitoring Earth's atmosphere, oceans. land. and ice.Amongst those the Global Ozone Monitoring
by Occultation of Stars (GOMOS) instrument is dedicated to perform high-accuracy altitude
resolved global ozone monitoring as well as measurements of other atmospheric trace gases and of
temperature. Measurements an: carried out within an altitude range of about 15 to I00 km.We
present results of a CiOMOS temperature profile retrieval compared to CllAMP. Mll'J\S and
ECMWF analysis data. ;\ second focus lies on the presentation of GOMOS ozone profiles,
determined from GOMOS transmission data. validated against operational GOMOS ozone profiles
and ECMWFanalysis data.GOMOS temperatures are gained by exploiting pointing data of the



Steering Front Assembly (SFA) and the Star Acquisition and Tracking Unit (SATU), which provide
information on the refraction of the star light in the atmosphere and thus allows to derive refractive
bending angle profiles. The bending angle profiles are then converted via refractivity and pressure
profiles to temperature profiles.According to the SFA sampling rate and retrieval algorithm
requirements we performed the retrieval at I0 Hz including down-sampled SATU data from I00 Hz.
Bending angles were found with errors of $\sim$3$\mu$rad. Statistical optimization of observed
bending angles with model bending angles was used to provide adequate data quality for the Abel
transform from the stratopause region upwards, which led to a significant gain in temperature
retrieval accuracy up to 40 km height due to suppressed downward propagation of errors induced by
Abel transform and hydrostatic integral.Together with the SFA/SA TU-based refractivity and
temperature retrieval, we developed an optimal estimation retrieval scheme forozone using sensibly
selected channels from the Spectrometer A transmission spectra within 260-340 nm and 602-634
nm. As a side product, N0$ _2$, is retrieved as well, which is also a factor in the discussion of ozone
depletion and stratospheric temperaturechange.A comparison to co-located sets of CHAMP GPS
occultation profiles, Envisat/M !PAS temperature profiles and analysis profiles of the European
Centre for Medium-range Weather Forecasts (ECMWF) will be discussed. All three comparison sets
show errors below 2 K from 20 km up to 40 km.Below about 20 km the accuracy of GOMOS
bending angle data is degraded, which leads to biases.Ozone profiles were found with errors< 1.5\%
from about 25 km to 70 km. From 15 km to 25 km and for altitudes between 70 km and 80 km
errors of< 3\% were found. A benefit of the GOMOS Spectrometer A ozone retrieval, from use of
SFA/SA TU-based refractivity profiles improving ray-paths and Rayleigh absorption cross sections
in the forward model, will be highlighted.In a future add-on to the present analysis, SFA/SA TU
temperature data will also be compared to newly processed high resolution temperature profiles
(HRTP) from GOMOS fast photometer data.

Abstract No. 516

Ozone Distributions in the Arctic Winter/Spring 2002/2003 as
Measured by GO MOS, MIP AS, and SCIAMACHY

A. Bracher, K. Eichmann, C. Von Savigny, M. Weber
University of Bremen, Germany

The three atmospheric Envisat instruments GOMOS (Global Ozone Monitoring by Occultation of
Stars), MIPAS (Michelson Interferometer for Passive Atmospheric Sounding) and SCIAMACHY
(Scanning Imaging Spectrometer for Atmospheric Chartography) are all measuring stratospheric
ozone profiles while SCIAMACHY also measures total ozone columns and includes tropospheric
information. The ozone measurements of the three instruments complement each other: MIPAS
measures during day- and night time while SCIAMACHY is only measuring during daytime and
GOMOS only during night and twilight time. MIPAS and SCIMACHY ozone profile have a coarser
resolution of about 3 km, but GOMOS has a resolution of around I km. In this study, ozone
measurements from SCIAMACHY are taken from the operational total column product provided by
ESA and from the University Bremen ozone profile retrieval by C. von Savingy; GOMOS ozone
profiles are from the ACRI prototype processor and MIPAS ozone profiles from the operational



ESA processor. The in formation on ozone distributions in the Arctic 11inter spring 2002/03 is
intercom pared and synthesized in order to rctricv c a complete picture on the ozone chemistry. In
addition. first estimates on chemical ozone loss calculations within the polar vortex are presented.

Abstract No. 433

UPAS/GDOAS 4.0: a Major Upgrade of the ERS-2 GOME Total
Ozone Operational Processor

M. Van Roozendael", D. Loyola", R. Spurr'. D. Balis~. J. Lambert', J.
Liftshitz", W. Thomas2

1Belgian Institutefor Space Aero110111y. Belgi11111
-'DLR/IMF. Germanv

3 l larvard-Smithsonian Center for Astrophysics. United Stoles
~Aristotle Universitv ofThcssaloniki, Greece

The Global Ozone Monitoring Instrument (CiOMI·:) 11as launched in April 1995. Since July 1995 the
GOML Data Processor (GDP) retrieval algorithm has processed operational total ozone amounts.
With nearly one decade of continuous high quality operation. GOME has become a key instrument
for total ozone trend analyses. However this requires that the accuracy of the retrieval reaches a
lei cl that enables the detection of a change of I% in the ozone column 01 er a period of I0 years, a
precision not reached by earlier versions ofCiDP including the latest version 3.0. l lcrc 11c present a
major upgrade of the CiOME operational processing environment (UPJ\S/CiDOAS --1.0). which
implements the CiDOAS retrieval algorithm. CiDOJ\S was developed under ESJ\:ESRIN funding
during 2003 and selected in early 2004 for implementation in the CiOME Level 1-2 operational
environment. It is based on an optimised approach to the classical Ditlcrcntial Optical Absorption
Spectroscopy (DOJ\S) method. which involves slant column fitting followed by Air Mass Factor
(AMF) co111ersion to vertical column. Significant gain in accuracy over previous CiDP versions is
obtained through improved wavelength calibration. use of optimised reference spectra,
implementation of a new Ring correction scheme as well as a state-of-the-art cloud correction
scheme based on the ne« OCRJ\/ROCCIN cloud product. ;\ key component is an itcrativ c column
driv en approach to AMF calculation, in which i\MFs arc calculated on-the-fly for each GOME pixel
using the fast and accurate multiple-scattering radiative transfer code LIDORT. Using this approach,
the need tor complex pre-calculated look-up tables of /\Mi's is av oidcd: hence. ozone profile
climatologies of any level of complexity can he implemented in a straightforward way. For the
operational lJPJ\S:GDOJ\S version 4.0. the recent TOMS version 8 ozone profile climatology has
been used. We describe results of a geophysical validation study involv ing comparisons with NDSC
and WMO/CiA \V ground-based networks as wcl I as 11ith the new TOMS version 8 total ozone
product. With respect to GDP 3.0, RMS values have improved by a factor of two. and seasonal
dependency reduced hy the same amount. On a global basis, UPJ\S/GDOJ\S 4.0 total ozone results
lie between l'~o and' 1.5°1., ofground-based values for moderate solar zenith angles lower than 70°.
i\t higher solar zenith angles in polar regions, 1\ here errors on both satellite and ground-based
measurements tend to increase. larger discrepancies of up to +4'Yc, arc found.
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Abstract No. 536

Envisat Precise Orbit Determination

M. Otten, J. Dow
ESAIESOC, Germany

The Navigation Office at ESOC has been closely involved in all aspect of the Precise Orbit
Determination (POD) of Envisat throughout the mission lifetime. These activities started shortly
after launch through a membership of the Orbit Validation Team. During this time ESOC was
involved in both calibration and validation of the DORIS doppler data, the SLR data and the
different POD solutions provided by the OVT members. These activities were concluded in May
2003 with an orbit comparison campaign led by ESOC. After this phase routine monitoring of the
overall performance of the Envisat DORIS doppler data, SLR data and the MOE and POE orbit
solution from CNES has continued. The results of these activities are reported bi-weekly on our
website. This presentation will give an overview of all these activities performed during the last two
years.

Abstract No. 373

The Attitude of Envisat; the Past and Current Pointing Performance
Observed by the Payload

B. Duesrnann', R. Koopman", L. Ventimiglia3
1 ESA/ESTEC, Netherlands

2 ESAIESRJN, Italv
3 ESAIESOC, Germany

The attitude of Envisat clearly affects the observations of the instruments onboard. During the
commissioning phase review, mispointing phenomena were reported by various groups.The most
dominant effect was a sudden pitch rotation in the order of 0.020 deg, apparently occurring twice
per day.The effect was visible in Scia, Mipas and ASAR data.Furthermore GOMOS and MIPAS
data, indicated that the pitch bias was not constant.Although the reported mispointing is within the
overall attitude specification, working groups were created to understand and potentially correct or
improve the attitude performance.Right from the start it was evident that the upload of new orbital
parameters, was the reason for the pitch jump.However the slowly varying pitch bias was not
understood, until the correlation with the Earth Precession was revealed.Meanwhile, ESOC
proposed a correction to the algorithm, calculating the orbital parameters. The response of the
attitude system to this change. was analysed in depth. Resulting in the decision to use the new
algorithm operationally as per mid December 2003. Statistical analysis of the startracker data
indicates that the mispointing is reduced significantly: error better than 0.0 I0 deg (99.7%), with a
bias in the order of 0.00 I deg.Also the instruments of Envisat confirm the current stability of the



plat lnrm. The data analysed in the first quarter of 2004 indicates that hoth the daily trend and the
yearly harmonic of the pitch arc effectively rcrnov ed.

Abstract No. 347

Envisat Orbit Control, Philosophy, Experience and Challenges

A. Rudolph, P. Bargelllni, M. Garcia Matatoros, L. Ventimiglia, D. Kuijper
l:SAIESOC. Germany

The l.nv isat satellite launched on l-Mar-2002 by an Ariane V from lrcnch Guyana is the biggest
and most adv anccd European Earth Obscrv at ion Satellite in-orhit. Since the mass of l.nvisat is
approx. 3.2 times that of ERS2 and since both satellites were provided with approx. :rno kg of
I lydrazine at launch fuel is a precious resource on-hoard l.nvisat. The rarer 11ill present the
fundamentals of the l.nvisat orhit maneuver strategy (which is based on the strategy applied
successfully to the ERS missions already). its impact at system level and the experience acquired in
the frame of the mission. In particular. the baseline accuracy for ASAR interferometry achieved
11ith the current control strategy 11ill he presented. The special series of orhit manoeuvres performed
in support of an interferometry campaign mer the City of Barn. Iran. after the earthquake disaster
will he described. Finally. the penalties and limitations of different control scenarios (including a
tighter dead-hand control) and the impact on instrument operations will he discussed.

Abstract No. 650

Envisat and ERS-2 Orbit Determination

I 2P. Moore , J. Wang
1 Newcastle Universitv, United Kingdom

-'Xian Space ( 'entre. China

This presentation outlines the dynamic and reduced dynamic methodology at Ne11 casttlc for precise
orbit determination of Envisat and ERS-2. The reduced dynamic methodology is applied when
glohal tracking data is available. either through DORIS data for Lm isat or hy the use of dual
satellite crossox crs 11ith TOP EX Poseidon or Jason-I for ERS-2. Results from the dynamic and
reduced dynamic procedures arc compared through tracking data residuals. dual and single satellite
crosso , er residuals and by comparison 11ith orbits produced hy other analyses centres.



Abstract No. 187

Improved ERS and Envisat Precise Orbit Determination

E. Doornbos', R. Scharroo2
1 Delft University of Technology, Netherlands

2 NOAA, United States

For over a decade, the Delft precise ERS-1 and ERS-2 orbits have been used in many scientific
investigations based on ERS altimeter and interferometric SAR data. This orbit computation is now
continued for Envisat, with an unprecedented accuracy due to better tracking data and lower force
model errors. Orbit errors due to inaccuracies in the Earth's gravity model, which have been the
main focus of research during the 1990s, have been reduced to the same level as those incurred by
errors in measurement modelling and non-gravitational force modelling. We have investigated
several competing models and methods in order to reduce each of these error sources. When
reprocessing the tracking data over the solar maximum period of the past years, frequent large and
unpredictable changes in thermospheric density form the dominant remaining source of orbit error,
for which accurate modelling remains a difficulty. Nevertheless, the quality of our Envisat precise
orbits already rivals that of TOPEX/Poseidon and Jason. The orbit quality will likely further
improve as solar activity continues to drop towards solar minimum.
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Abstract No. 574

Simultaneous Orbit Error Analysis for Contemporary Altimeter
Missions

W. Bosch
DGFI, Germany

Altimeter missions with different orbit configurations are cross-calibrated by means of dual-satellite
crossover differences. Global crossover analysis has been successfully applied to harmonize the
vertical component of ERS-1 /2 and TOP EX/Poseidon. Altimeter satellites flying in tandem
configuration (as e.g. ERS-2 and Envisat) are more precisely cross-calibrated by collinear analysis.
Since some years there are up to five altimeter satellites operating simultaneously (with another
tandem configuration between TOP EX/Poseidon and Jason-I). This implies a large number of
nearly simultaneous dual satellite crossover events that are unaffected by any sea level variability.
While single satellite crossovers with short time delay are concentrated at high latitudes
simultaneous dual satellite crossovers are distributed rather regularly. In addition simultaneous dual
satellite crossovers between satellites in tandem configuration and a third satellite implicitly realize
a collinear analysis. Such crossover events are therefore used to estimate corrections for the vertical
component of all altimeter missions operating at the same time. A discrete representation is used to
model the orbit error corrections with mission specific range bias and geocenter offsets as additional
solve-for parameters. Strategies to fix the range bias singularity and to include prior information of
absolute calibration approaches will be investigated. Statistics of single satellite crossovers will be
used to verify the orbit error corrections.
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Abstract No. 122

Envisat Altimetry Mission Status

P. Femenias
ESA/ESRIN

The Envisat satellite was launched on March 1, 2002. It carries on-board a new generation Radar
Altimeter (RA-2), a Microwave Radiometer (MWR) and a DORIS receiver. The RA-2 instrument
provides improved measurement performances and many new capabilities, which will benefit the
science and application community. With almost two decades of altimetric measurements acquired
by ESA, long-term evolution of parameters playing a key role in climate change can be addressed.
This requires homogeneous data sets inter-calibrated at the millimetre level, supported by an
accurate and permanent monitoring of the sensor performances and product quality. Over the last
two years, the Altimetry system (RA-2, MWR. DORIS) on-board Envisat has been commissioned
and is now nominally operational since January 2003. The status of the Altimetry mission in terms
of sensors performances, algorithms, product evolutions and services shall be addressed.

Abstract No. 440

Estimating Envisat Sea State Bias from Altimetric Data

S.Labroue, P.Gaspar,J.Dorandeu,0.ZaniU
CLS, France

A preliminary estimation of Envisat sea state bias in Ku band has been calculated with data from the
verification phase. Further work based on more data is now in progress to take benefit of the
different algorithms improvements and to better assess the wind and waves related variations of the
sea state bias. A whole year is analysed to take into account the annual variations of the sea state
bias.Based on the non parametric technique, different analyses can be performed to extract the sea
state bias signal. We know that fitting crossover, collinear sea surface height differences or residuals
from a mean sea surface yields sea state bias estimates with significant differences. An effort is
made to better characterise the errors of each method and thus to select the one which provides the
most accurate estimation. The proposed SSB models for Envisat are compared to the ones derived
for other altimeters (JASON I, TOPEX and GFO missions). Another point of interest for Envisat is
the analysis of the sea state bias in S band. Estimating the sea state bias in Ku and S band allows to
correct properly the dual ionospheric correction for the sea state effects. Furthermore, it also gives
the chance to assess the difference between Ku and S band, since the sea state bias depends on the
frequency.



Abstract No. 9

Envisat Radar Altimeter Calibration with High-Sea GPS Buoys

T. Schueler
Universitaet der Bundeswehr Muenchen. Germany

The environmental satellite Envisat was successfully launched by the European Space Agency ESA
in March 2002 and carries - among other sensors - a radar altimeter \\ hich is capable of measuring
the height between sea surface and satellite \I ith a precision of a kw centimetres, Unfortunately.
radar altimeters exhibit a bias which cannot be determined a priori with help of laboratory
measurements. Consequently. an elaborate field campaign is to be conducted in order to recover the
altimeter's offset during the commissioning phase. The principle is relatively simple: Precise
centimetre-level orbit determination using the French DORIS system together with accurate values
of the instantaneous sea surface height allow s to compute the distance bctw ccn satellite and surface
which can be compared with the radar altimeter measurements yielding the instrumental bias.
Several methods can be thought of to accomplish this task. e.g. tide gauges arc often used to
measure the sea lei cl. A di ffercnt method is carrier phase G PS-positioning on board of buoys. Such a
measurement system \\ ith autonomous high-sea platforms was dcv eloped by the University FA F
Munich and deployed at the north-11 cstern part off the coast of Mcnorca in the Mediterranean
Sea.This paper \I ill point out advantages and disadv anragcs of this approach in comparison to the
other methods. Technical aspects as well as practical experiences gained during the measurement
campaign will be mentioned. Main focus is centred on latest results for sea surface height
determination including the short baseline GPS data analysis and its error budget as wcl! as the long
baseline method using already existing reference stations several hundreds of kilometres away from
the buoys 11hich could save reference station infrastructure for future applications of this kind.
Finally. conclusions for future work will be drawn.All in all. it can be stated that the high-sea buoy
approach is an innovative contribution to the radar altimeter calibration campaign that carries some
additional potential for future applications of this and similar kind.

Abstract ~o. 360

Envisat and ERS Validation and Cross-calibration Activities at CLS
J. Dorandeu, Y. Faugere, F. Mertz

CLS, France, Metropolitan

ERS and Em isat altimeter measurements have represented for many years a large contribution to
multi-mission altimeter combined datasets. which now supplies applications and ocean models with
altimeter data in both near real time and delayed mode (SSAL TO/DU ACS system). To reach the
goal of precise altirnctry, it is mandatory to perform Validation and Cross-Calibration of altimeter
systems. As part of the ERS and Envisat commissioning phases. extensive studies hav c been carried
out at CLS to assess altimeter data quality and performances. and to compare ERS and Lill isat to
other missions. The Validation and Cross-Calibration processing is routinely operated in order to



provide Quality Assessment and Cross-Calibration reports, associated to Envisat GDR
dissemination. This activity is also associated with a number of studies in terms of altimeter data
quality, as a contribution to Envisat Quality Working Group.

Abstract No. 104

Envisat - Range Calibration Using a Transponder

E. Cristea, W. Hausleitner
Austrian Academy of Sciences, Austria

The waveforms provided by the SGDR product arc used to perform an absolute range calibration for
RA-2, the altimeter on board Envisat. If a dedicated transponder is operating within the footprint of
the altimeter, the corresponding waveforms differ both in power and shape from the other
waveforms caused by natural targets.By means of transponder signature analyses, the time of the
closest approach of the satellite to the transponder is determined and the range is hence calculated.
The accuracy of a single measurement of this sort is limited to about 2-3 cm by the ability to model
the propagation delay in the atmosphere. It is planned to deploy the transponder beneath the
ascending Envisat track on the Greek island Gavdos from June 2004. Numerical results are to be
presented if relevant data are available.
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Abstract No. 141

Analysis of Envisat Ra-2 Backscatter over Natural Land Calibration
Targets

S. Bramer, C. Johnson, P. Berry
De Montfort University, United Kingdom

Natural land targets for ERS RA-I backscatter, including the Simpson desert, the Takla Makan,
parts of the Sahara and the Arabian desert, have previously been identified and modelled using ERS
Geodetic mission and tandem mission data. These have been used to perform cross-calibration of
ERS- 112 ice and ocean mode altimeter sigmaO. The advent of the Envisat RA-2 provides an
opportunity to study the behaviour of RA-2 backscatter over land, at both Ku and S bands.This
paper presents an analysis of RA-2 backscatter performance over natural land targets, and provides a
detailed comparison with ERS RA-I data. Comparison is also made with Topex Ku and C band data
over the identified calibration sites.

Abstract No. 266

Envisat RA-2 SigmaO Absolute Calibration, Phase E Results

P F ' r •
1 N Pi di 2 C B" ·2 M R 3 A M ti ·4. ememas , . 1er 1cca , . 1gnam1 , . oca , . ar mt

1 ESA/ESRIN, ltalv
2 Univ. "La Sapienza" ofR~me, Italy

3 PILDo Lahs, Spain
4 SERCo, Italy, Italy

The nadir backscattering coefficient, sigma-O. measured by radar altimeters is being used for wind
speed retrieval over ocean using empirical methods. For this reason only relative calibration has
been traditionally performed between the different missions. Recently the need has arisen to perform
an absolute calibration to be used within physically based models.During the Envisat
Commissioning Phase a newly-developed transponder was deployed in the Netherlands, giving
promising results. This paper describes the activities. performed during the Envisat Operational
phase, for the deployment of the same transponder in Italy. It describes also the activities related to
the planning of the altimeter in preset mode and presents the results obtained from the processing of
the 4 measurements per cycle acquired over a period of seven months.



Abstract No. 484

Validation of Satellite Altimeter Range Measurements
over Salar De Uyuni, Bolivia

H. Fricker", M. Roca2, S. Laxon ', C. Carabajal", K. Quinn",
A. Borsa", B. Minster"

1 Universitv ofCalifornia San Diego, United States
_'DEOS. Facultv ofAerospace Eng, Delfi Univ of' Tech.. Netherlands
3 Department ofSpace and Climate Physics, UCL, United Kingdom

~.VASA/GSFC. Space Geodesy Branch, United States .
'Jet Propulsion Laboratorv, United States

6 Scrip/JS Institution of' Oceanography, UCSD. United States

The salar de Uyuni in the Bolivian altiplano covers approximately 9600 km2. and is the largest dry
salt lake in the 11arid. This vast. flat stahlc surface is ideal for estimation of the range hi as on
altimeter instruments such as (iLAS on hoard ICESat (launched 12th January 2003). RA-2 on hoard
Envisat (launched March 1st 2002) and ERS-2 radar altimeter (RA. launched 19'15). and to compare
the measurements from these altimeters. I Iere 11e describe a kinematic CiPS sun ey of the salar de
Uyuni that 11as carried out in August.September 2002 and was designed to calibrate GLAS and RA-
2. The eastern part of the salar was surveyed 11ith 8 grids 22.5 km x 13.5 km at 2.25 km spacing,
and 11ith 2 grids 11hich straddled one ascending and one descending ERS-2/Em isat orbit across this
part of the salar. one 44.5 x l) km. the other 18' 13.5 km.Comparison of(iPS heights from one GPS
grid to the next and crossover analysis at intersections suggests that RMS accuracy of the GPS
measurement is around 2 cm. We rctrack ed the altimeter waveforms hy fitting the system point
target response to retrieve the altimeter surface elev ation. We lilted a gaussian-smoothcd surface to
the Cil'S heights collected around the FRS-2/ l.nvisat grids and interpolated these surfaces to the
locations of altimeter footprints to obtain an estimate of the range hias for each instruments (GLAS
and RA-2 ).

Abstract :\o. 583

Bottom-mounted Tide Gauges for Radar Altimetry Monitoring

T. Schoene', M. Forberg", S. Essclborn2
1 Geol-orschungsZcntrum Potsdam, Ger111w1.l'

2 GFZ Potsdam, Gcrmanv

With the launch of.JASON-I the successful radar altimctry (RA) mission TOPEX;Poseidon Cf/P) is
extended to a second decade. Various analyses have shown that any altimctry mission is subject to



performance degradation resulting in an apparent sea level change. Comparisons of RA with in situ
measurements of the instantaneous sea level at Harvest Oil Platform have been used to monitor the
absolute sea level measurements ofT/P, but not for other missions. Island or shore based tide gauges
have also been used in global analyses, mainly for the TIP mission. However, only a combination of
e.g. Envisat and JASON-I gives a sufficient coverage in time and space.For the past and current
missions different strategies are used for the calibration and the drift monitoring, e.g. using altimetry
crossovers or tide gauges as a height reference. The later method requires that the distance between
the tide gauge and the satellite pass is small and the behavior of the partial tides is similar.
Moreover, the slope in the sea surface must be known with high accuracy.GFZ is operating several
bottom-mounted tide gauges in the North Sea. A triple intersection of Envisat with a T/P, a JASON
! and a GFO sub-track was chosen. Pressure and wave tide recorders have been placed directly
beneath the nominal satellite passes in order to reduce cross-track errors. With a sampling rate of I0
minutes resp. 30 minutes, the instantaneous sea surface height (iSSH) for each satellite track can he
interpolated with high accuracy. Due to the sensors array distribution also the iSSH for off-track
satellite passes can be estimated. The relative depth stability of each tide gauge sensor can be
achieved by the intercomparison between the individual sensors. Using the air pressure from nearby
meteorological stations the height of the water column can be estimated. Also first attempts have
been made to measure the absolute sensor depth using GPS equipped buoys.The results of the
comparison between the RA measurements and the tide gauges will be shown.

Abstract No. 586

Altimeter Calibration Using a Ruggedized GPS-buoy

M. Forberg, T. Schoene, R. Galas, C. Reigber
GFZ Potsdam, Germany

With the launch of Envisat and JASON-I the successful series of the radar altimetry missions is
extended to a second decade. Various analyses have shown that any altimetry mission is subject to
performance degradation, like aging of electronic components, resulting in an apparent sea level
rise. Comparisons of RA with in situ measurements of the instantaneous sea level e.g. at Harvest Oil
Platform have been used to monitor the absolute sea level measurements of TOPEX/Poseidon, but
not for other missions. However, only a combination of different missions gives a sufficient
coverage in time and space.For the past and current missions different strategies are used for the
calibration and the drift monitoring, e.g. using crossovers or tide gauges as a height reference.
Thcdisadvantage of all calibration methods is, that no direct measurement beneath the sub-satellite
tracks are available for all missions and, therefore. models have to be used to account for e.g. the sea
surface slope or time varying signals. As shown for ERS-1 and TOPEX/Poseidon, a GPS-equipped
buoy, anchored beneath a sub-track, can be used as a height reference. Since GPS-derived
coordinates are ITRF-refcrenced. an absolute calibration is possible. In the context of the Helmholtz
Association's strategic project SEAL (Sea Level Change: An Integrated Approach to its
Quantification) the GFZ Potsdam has developed a ruggedizcd offshore GPS-buoy which is able to
measure the instantaneous sea level with high accuracy. In May 2002 the buoy has been deployed at
an intersection point where the actual RA missions TOPEX, JASON-I. ERS-2, Envisat, and GF0-1



intersect. The position is the only point in the German Bight that allows data transmission to a land
station \ ia an HF radio link. During the lirst deployment period till August 2002 in total 26 satellite
passes has been acquired. Each data set comprises one hour of multi-sensor measurements centered
at the satellite pass time. Differential GPS data is collected at IOH1 sampling rate hoth on the buoy
and a reference station. Tilt angles as well as 3-axis accelerations are monitored by a dynamic
motion sensor. Thus. togcthcr « ith the dipping depth which is collected hy an underwater pressure
sensor. the CiPS antenna height can he reduced to the instantaneous sea surface height tor every
single CiPS measurement.Additionally several meteorological sensors provide data every 10 minutes
(c.g. air and \\ atcr temperature. air pressure. wind direction and speed) and three moored tide gauge
sensors in the vicinity and a w.r, c tide recorder beneath the CiPS-huoy allow to account for the sea
surface slope and signilicant wan: height. respectively. The resulting series of coincident
measurements is used to derive a range bias for each RA. the en\ isagcd long-term deployment will
allow the monitoring ofall missions. Additional information on: http:"'op.gf1-potsdam.dc;scaL

Abstract No. 635

Resampling and Enhancement of Altimeter Data at Tide Gauges

W. Bosch, R. Savcenko
DC Fl, Germanv

Tide gauge records arc complementary to altirnetry: they measure at indiv idual points. hut prov idc
quasi continuous sea level records with highest precision in general for much longer time periods
as altirnctry. Tide gauge data has been successfully used to control the long-term performance of
altimeter systcrn-. and were used to estimate global sea level rise. Mean sea level. as observed by
tide gaugcs w ere taken to de line the zero point of national height system» although a unique global
height system de tin ition must be related to a common (global) gcopotcntial surface. the gcoid. There
arc close relationships between both. tide gauge records and altimctric sea level time series. It is
however not obvious that both time series observe the same oceanographic signal. Geodetic control
by global nav igation systems is a fundamental requirement to avoid that undctcctcd v crtical tectonic
motions at tide gauges arc interpreted as sea lcv el rise (or tall ). Coastal altimeter obscrv at ion on the
other hand arc degraded in accuracy because the radar echo is affected \\ hcncver the footprint
includes non-ocean surface. global ocean tide models foil to predict extreme tidal w atcr levels at the
coast and strong changes of cm ironmcntal conditions an: not taken into account. The present paper
suggests to rcsamplc altimeter data and to enhance the observations by orhit error corrections.
analysis of long-term trends. seasonal oscillations and residual ocean tides. The approach will be
applied to selected sites in the North Atlantic and at the coast of South America.



Abstract No. 653

Lake Level Monitoring and Altimeter Calibration in the Great Lakes

Y. Yi1, K. Cheng', C. Shum', A. Braun", S. Calmanr'
1 Ohio State Universitv. United States

2 Byrd Polar Reserach Cent~r, OSU, United States
3 CNES, France

More than 70% of our planet is ocean. The Great Lakes in North American hold 95% of United
States' and 20% of the world's fresh water supply, and its region is home to 30% of U.S. population.
There are 4.500 miles of coastlines bordering the Great Lakes, which represent a precious natural
resources and significantly affect the weather of northeastern part of North America. Recorded lake
level changes from water level gauges have shown significant changes (several meters) over the last
few decades.The availability of radar altimeters has allow ed improved geocentric lake level
monitoring. This paper describes the research performedin the Great Lakes using radar altimeters
including Envisat. In particular, research to establish a multi-altimeter calibration and monitoring
site in Lake Erie is described. with the calibration and validation results for Envisat RA-2. Results
for the use of Envisat and other altimeters for the monitoring of lake level changes will be presented.
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Abstract No. 595

Validation of Point Scatterer Phase Statistics in Multi-pass InSAR

G. Ketelaar, R. Hanssen, P. Marinkovic
Delft University ofTechnology, Netherlands

In radar images, point scatterers provide reflections that can often be attributed to a single physical
object, usually smaller than the resolution cell size. Stable point scatterers with high backscatter
coefficients through time (mainly 'man-made features') are potential targets for InSAR deformation
analysis.To validate the estimated deformation parameters from InSAR pointscatterer
measurements, knowledge about the observation statistics is necessary. One way to improve this
understanding is to perform a controlled experiment using an additional independent technique. In
the period from March 2003 to April 2004 the movements of five comer reflectors in the area near
Delft University of Technology have been monitored using leveling and repeat-pass InSAR (ERS-2
and Envisat).To compare the InSAR phases with the leveling data, they are corrected for topography
and converted to mm along the vertical. Observations are double differences between pairs of corner
reflectors, to eliminate atmospheric differences between interferograms. The resulting misclosures
between leveling and InSAR are analyzed.For both techniques the observation statistics have to be
properly defined. In case of InSAR, the signal to clutter ratio (SCR) is used for estimating the phase
variance. A fter the stochastic modeling of the observations, condition equations can be set up for the
leveling-lnSAR double differences between each pair of comer reflectors within an interferogram.
Misclosures and their variance-covariance matrix are validated using test statistics such as the
overall model test and data snooping to verify the observations and the functional and stochastic
model.As InSAR phase observations have a wrapped character, misclosures are practically limited
to half the wavelength in the line-of-sight. To indicate the significance of the misclosures, the results
are compared with the statistics of repeated simulations using wrapped random distributed lnSAR
phases, taking the probability density function of the wrapped phases into account.

Abstract No. 315

The Development of a Scientific Persistent Scatterer System:
Modifications for Mixed ERS/Envisat Time Series

N. Adam, B. Kampes, M. Eineder
DLR, Germany

The permanent scatterer technique invented at POLIMI has meanwhile developed into a remarkable
operational method. It facilitates innovative data products like urban subsidence maps or
atmospheric delay measurements and permits new geophysical applications. The accuracy and
validity of this technique has been proven in several projects at DLR. Due to the outstanding



av ailability of data. time series of this technique have mainly been produced from data of the
compatible sensors ERS-1 and ERS-2. These time series can even span a continuous time range of
about twelve years. This long-term obscrv ation enables the monitoring of displacements with
millimetre accuracy and even facilitates the detection of seasonal periodic cffccrs.The sensor ERS-1
acquired its last scenes back in 2000. The similarly constructed successor ERS-2 still monitors the
Earth's surface e\ en after nine years of operation. But recent acquisitions arc unfortunately not
optimal for general interferometric applications. The reason is a heavily varying Doppler centroid
frequency due to failures of gyros.The ERS-2 successor Envisat/AS;\R is able to pursue the unique
continuity in the monitoring of urban areas. But it operates with a slightly different radar frequency
compared to the l'RS sensors. Consequently the interferometric principle becomes more
complicated and the processing has to be modified. We will present the required adaptations for the
permanent scatterer cross interferometry on the developed scientific permanent scatterer system.
Altcmativcly to the permanent scatterer cross interferometry two independent time series can be
generated. one for ERS and one tor Envisatu\SAR. The decision for one of the alternative methods
influences c.g. the permanent scatterer density. We will report on our experiences with both methods
and summarize their advantages and drawbacks.

Abstract No. 437

ERS and Envisat Long-Term Differential Interferometry
with the Coherent Pixels Technique (CPT)

J. Mallorqui', P. Blanco1, A. Broquetas', R. Romero.', .J. Dominguez",
A. Martinez", D. Carrasco", D. Navarette2

1 UPC. Spain
~INDRA, Spain

In this paper. a modification of the Coherent Pix els Technique (Cl'T) to work \\ ith both ERS and
Env isat images will be presented. The developments have been carried out under the scope of the
ESA Project "Development of Algorithms for the l.xploitation of ERS-Ell\ isat Using the Coherent
Pixels Technique" (Contract No. 17584/03/1-1.G ). The algorithm has been tested \\ ith data from the
urban area of Paris affected by subsidencc.CPT is able to retrieve the linear and non-linear
components of movement from a set of lo« resolution intcrfcrogr.uns (rnultilookcd). estimating at
the same time the DEM error and the atmospheric artefacts. The basis for the linear estimation of
movement is the adjustment of a linear model. which considers the linear velocity of displacement
and the DEM error. to the available data. The pixel selection criterion is based on its coherence
stability in the stack of intertcrugrams. in consequence the final product w ill ha\ c lower resolution
than the original images and intcrfcrograrns with short baselines will be preferred to maximize the
number of selected pixels, but this restriction is not compulsory. Besides this. the generation of the
intcrfcrograms docs not require establishing a master image. allowing free combinations of all
available images depending on the restrictions of temporal and perpendicular baselines set. These
two characteristics enable the algorithm to 1\ ork \\ ith a small number of images. if compared with
the requirements of other techniques. This flexibility allows the user to generate deformation maps



at a reduced cost and once a problematic zone is detected to plan the acquisition of more images.
The method adjusts a linear model to phase increments between two neighbouring pixels linked with
the Delaunay triangulation. avoiding the need of a sparse grid phase unwrapping of the
interferograms. Once the linear velocity of deformation and the DEM error have been retrieved, the
algorithm continues with the non-linear movement and the atmospheric artefacts estimation. In
essence the algorithm takes advantage of the different behaviour of the atmospheric artefacts in time
and space with respect the non-linear movement to isolate their respective contributions to the
phase. A combination of temporal and spatial filters sequentially applied are able to extract the
atmospheric artefacts and the low and high pass components of the non-linear movement. As the
interferograms were generated freely from the available images. the SYD method is used to retrieve
the temporal sequence suitable for the temporal filtering. One of the advantages of the algorithm is
that there is no need to unwrap the noisy differential interferograms, which can be a difficult step
and a potential source of errors. In addition the SYD method provides a minimum norm solution and
allows the connection among non-connected subsets of interferograms.As the algorithm is not
affected by the presence of subsets of disconnected interferograms the inclusion of Envisat data to
the existing ERS datasets is quite straightforward. The modifications included in the algorithm to
work with different sensors will be presented and the validation results discussed.

Abstract No. 368

Assessment of ASAR/IMS Multi-polarization Images Phase Difference
in the Framework of Persistent Scatterers Interferometry

J. Inglada', C. Henry', J. Souyris'
1 CNES, France

c ENSEEIHT, France

The Envisat ASAR sensor offers two possibilities for polarizationdiversity. First of all, one can
make non simultaneous acquisitions using the IMS mode. The second possibility consists in using
the APS mode. which produces two alternate polarizations (HH/VV. HH/HV, VV/HV) with disjoint
but interlaced spectra in the azimuth direction. The phase coherence between polarization channels
(and consequently the polarirnctric phase difference) is generally not preserved because of the lack
of a common phase reference.However, for specific targets, the phase coherence can be recovered.
Such is the case for targets behaving as corner reflectors, and presenting a very stable response in
phase throughout the whole illumination time. These specific targets are subsequently said to have a
high internal coherence.Standard polarirnetric analysis shows that the polarimetric phasedifference
between HH and VY polarizations for this kind of target is expected to be either 0 (for dihedral-like
targets) or pi (for trihedral-like targets).The purpose of this paper is to assess this behavior on
ASARimages using the following approach : I. On a full polarimctric airborne image, internal
coherence on VY and HH channels will be detected using recently published techniques [I]. 2. We
will show that for those targets, the differential polarimetric phase is either 0 or Pl radians.Once this
result has been shown, one can use this property in order to combine H H IMS ASAR images
together with VY l\1S ASAR images and even ERS-SAR images with the PSI (Persistent Scatterers
Interferometry) technique as follows : since most of the scatterers used in the PSI technique have a



high internal coherence behavior, the phase bcha. ior presented aho , c applies on them. Thus. only a
0-PI ambiguity on the interferometric phase will remain. This ambiguity can he solv ed hy making
the assumption of temporal correlation of the phasevaluc of the scatterers. This is a very interesting
possibility. because it can dramatically increase the number of available scenes on a given site.
allo\ving Iur an easier application of the PSI technique. Illustrations of this approach will he
shown.An extension of this research may include the assessment of the ASAR/AP mode for a
similar purposc.] I I Jean-Claude Souyris, Caroline I lcnry, and Frederic Adragna. On the use of
complex SAR image spectral analysis for target detection. Assessment of polarimetry. IU'.E
Transactions on Gcoscicnce and Remote Sensing. -11( 12 ):2725--27 J-1. December 2003.

Abstract No. 269

ERS-Envisat Permanent Scatterers

D. Pcrissin, C. Prati, F. Rocca, A. Ferrett
Politecnico di Mi/0110,Italy

In ERS-Lm isat cross-inicrfcrograms a new term arises in the phase of a perfect point-w isc
Permanent Scatterer (PS). dependent on the JO M llz central frequency change and on the slant range
position of the scatterer. The phase term is different for each PS hut constant in all the
interfcrograms. Exploiting a dataset of ERS and Em isat images. a I'S analysis has been carried out.
l.levation. LOS velocity and the new phase term have been jointly estimated and removed for a
spatially uniformly distributed ensemble of scatterers \\ ith high amplitude stability. al lov, ing the
identi ficaiion of the atmospheric phase screen. The phase residuals obtained hy rcmov ing
atmospheric disturbances have been analyzed in relation to the Radar Cross-Section and to the
dependence on the acquisition geometry of the amplitude of the scatterers. The bchav ior of each I'S
has been analyzed both in ERS and Envisat data. studying the probability of a natural target to he
coherently observed by the two different sensors. Moreover. exploiting the dependence of the phase
shift on the slant range sub-cell position. the capability to precisely locate a I'S in range has been
analyzed. Experimental results carried out on a data set of 80 LRS images and 7 l.n , isat images
(ERS-like mode) on Milano mer a 20 km side area will he presented.
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Abstract No. 409

SPINUA: A Flexible Processing Chain for ERS I Envisat
Long Term Interferometry

F. Bovenga 1, R. Nutricato", A. Refice3, L. Guerriero2, M. Chiaradia2
1 Dipartimento lnterateneo di Fisica, Italy

:-Dipartimento lnterateneo di Fisica - Politecnico, Italy
3 !SS/A - CNR, Italy

Several approaches have been developed for extracting displacement information from multi
temporal SAR data series, following two main strategies: the Persistent Scatterers (PS) approach [ l ],
which studies the phase information over single pixels on differential interferograms obtained from
each single SAR acquisition with respect to the same reference master image; and methods based on
differential interferograms obtained from image pairs with the lowest values of spatial and/or
temporal baseline, which then infer, through different procedures (LMS, SYD), the connected time
series of phase values due to deformation [2, 3, 4].The first method relies on the identification and
monitoring of single objects that remain highly coherent through time. These stable targets (called
Persistent Scatterers) have size typically smaller than that of the image pixel (around 5x20 m for
ERS/Envisat sensors), so that they are not affected by spatial decorrelation effects. An important
condition for a successful application of the technique is the identification of a sufficient number of
PS; this is critical for an adequate correction of atmospheric effects and to obtain reliable results. In
favourable settings (e.g. urban areas containing many potentially coherent targets such as buildings
or other man-made structures), and using long temporal series of SAR images (generally > 30), this
technique allows to detect small changes in ground surface elevations with millimetric accuracy.The
second method uses the redundancy of information contained in overlapping interferograms to
reduce processing errors and noise. In order to ensure low spatial decorrelation, image subsets
characterized by small baselines are identified and processed following a standard differential SAR
interferometry chain. Different solution are adopted to join the information contained within
separate image subsets. This allows to retrieve spatially-distributed displacement information
wherever this is available. However, the merging step in the processing chain can fail e.g. due to
approximate solutions provided by the SYD technique, or to wrong assumptions in the interpolation
of the deformation trend. The SPINUA (Stable Point INterferometry over Un-urbanised Areas)
processing chain has been developed and tested in the framework of ASI-, ESA- and EU- funded
projects. and represents an effort to adapt and optimise the general approach of long-term SAR
interferometry for the study of un-urbanised areas such as those typical in Mediterranean sites
affected by slope instabilities. In the critical conditions related to long-term interferometry
applications for these kinds of environments (high temporal/spatial baselines, causing low
coherence, and low density of man-made structures), even conventional pre-processing steps such as
image equalisation, interpolation, co-registration, interferogram generation, etc., need further
refinements. Great care is also required during the processing of the phase of the complex signals.
All the processing steps in the SPINUA chain have been specifically optimised to these ends



([5j.[6].[7].[8].[lJj).ln this work. the processing framework adopted in the SPINUJ\ processing chain
is presented organically. highlighting innovative aspects and some ad hoc solutions which render the
tool. respectively. flexible and suitable for applications to areas characterized hy !011 densities of
persistent scatterers. of either spatially-extended or point-like nature. Some results obtained hy
applications to landslide test sites arc prcsentcd.] I] J\. Ferretti, C. Prati. F. Rocca. "Permanent
Scatterers in SAR Interferometry". ILEE Trans. ( ieosci. Rem. Sens .. voUlJ. No. I. pp. 8-20. Jan.
200 I .[2] P. Berardino. G. Fornaro. R. l.anari, E. Sansosti.";\ new Algorithm for Surface
Deformation Monitoring Based on Small Baseline Differential SAR lntcrfcrogrums", IEEE
Transactions on (icoscience and Remote Sensing. Vol. -+o. No. I I . pp. 2375-2383. No1. 2002.[3] 0.
Mora. LI. vlallorqui. J\. Broquctas, "Linear and nonlinear terrain deformation maps from a reduced
set of interferometric sar images". !!TE Trans. Gcosci. Rem. Sens .. Vol. 41 No. 10. pp. 2243-2253.
Oct. 2003.[4] S. lJSAI "A Least-Square Approach 1(1rLong-term Monitoring of Deformations with
Differential SAR ltcrfcrometry". Proc. of !(iARSS 2002. June 24-28 2002. Toronto. Canada. [51 A.
Rcficc, F. Bovcngn. R. Nutricato. "Stepwise Approach to lnSJ\R Processing of Muhitcmporal
Datasets". Proceedings of FRINCiE'03. FSA-ESRIN. lrascati. Italy. 1-5 December. 2003.[6] F.
Hovenga. S. Stramaglia. R. Nutricato, A. Reficc. "Discrimination of different sources of signals in
Permanent Scatterers technique by means of Independent Component Analysis". ILIT !CiARSS
2003. Proc. of J(ii\RSS 2003. July 21-25 2003. Toulouse. France.J7J F. Bovcnga. J\. Rcficc, R.
Nutricato. Ci. Pasquariello. Ci. De Carolis. "Automated Calibration of Multi-Temroral ERS SAR
Data". IEEE !(ii\RSS 2002. Proc. of ICii\RSS 2002. June 24-28 2002. Toronto. Canada. [8] R.
Nutricato. F. Bovcngu, J\. Rcficc, "Optimum Interpolation and Resampling for I'S(' Identification".
IEEE IGJ\RSS 2002. Proc. of J(ii\RSS 2002. June 24-28 2002. Toronto. Canada.j'IJ Rcficc, F.
Bm cnga, S. Stramag lia, D. Conte. "Use of scaling information for stochastic atmospheric absolute
phase screen retrieval", IEEE IGJ\RSS 2002. Proc. of !GJ\RSS 2002. June 24-28 2002. Toronto.
Canada.

Abstract \io. 588

Utilization of Parallelization Algorithms and Resources in lnSAR/PS
lnSAR Data Processing

P. Marinkovic, R. Hanssen
Delfi University of Technologv, Netherlands

The classical lnSJ\R processing is known to he cumpuuuionallylaborious. Although may aspects of
the data processing chain arcalrcady w cll known, there is a need for more efficient methods that
prm idc faster results. l.specially the adv ent of radar time-series analysis. needed for precise pin
point deformation measurements. is a driv ing force for improv em en ts in processing technology. due
to the 1ery large quantities of data and intermediate products. Improvements in processing speed can
he sought in a stringent initial selection of potentially useful rellections. hut this will also limit
potential altemativ c applications. ;\ posteriori implementation of smal I corrections to the processing
chain. as \I ell as storage or 1ariancc-cov ariancc information requires keeping as much information
at hand as possible.This paper discusses possible imp rm cmcnts in the processing chain by means or
combined algorithm parallelization and distribution. The dctai led analysis or the processing chain is



evaluated from the aspect of the computational time. Within this concept processing can be split into
the available processing units by using either the multiple threads of execution on a multi-processor
system, or a message passing interface (MP!) technique to coordinate multiple processes distributed
across a networked cluster of computers.The Matlab or Octave development environment is used for
thepreliminary evaluation of the performance of the improvedalgorithms. Subsequently these
parallelization concepts areimplemented in DORIS (Delft Object-oriented Radar
InterferometricSoftware) software. The first processing results are discussed in detail.
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Abstract No. 367

Multi-sensor Synergy for Monitoring of Algal Bloom in the North Sea

B. Furevik', D. Durand", L. Pettersson 1

1 Nansen Environmental and Remote Sensing Center, Norway
:! Norwegian Institutefor Waterresearch, Norway

During the period of April and May in 1998 and 2000 significant blooms of the algae specie
Chattonella sp. were reported from the west Jutland waters off the coast of Denmark. The water
masses in this region of the North Sea are of particular concern to Norway as they often are
transported towards the coast of south Norway, following the general circulation pattern of the
region. The bloom - its specie composition and the absolute level of concentrations - were
confirmed by in situ sampling, however early detection and determination of the geographical extent
of the bloom area was made by use of the satellite-based information (ocean colour and SST),
during cloud-free conditions. All three blooms were characterised by a very high-biomass, high
chlorophyll concentrations in the upper layer of the water column leading to biological spills at the
sea surface. The latter were distinctively observed in SAR images of the area.Based on concomitant
analysis of SeaWiFS, AVHRR and ERS_SAR data acquired during blooming events ofChattonella
in May 1998, May 2000 and March 200 I, we demonstrate how the bloom modulates the sea surface,
leading to specific signatures in the SAR images. A systematic statistical characterisation of these
signatures has been conducted together with texture and shape analysis of the observed features. A
multi-resolution analysis based on wavelets is used to identify and to extract specific spill structures
occurring at scales between I00 and 1000 m. Large-scale patterns are then compared to identify
blooming features observed in the I-km resolution SeaWiFS ocean colour and AVHRR-SST data.
We show that a statistical and textural consistency is observed in the bloom-pattern signatures in the
SAR images, which allows us to define criteria for specific detection of such features. We
demonstrate that the use of multi-resolution analysis permits the discrimination of similar bloom
features from ocean colour, SST and SAR images, which might lead to a capability for using SAR
data as a substitute for optic and infrared data, in specific conditions, for the monitoring of high
biomass, near-surface algal blooms. We present a first attempt of defining a methodology for
integration of SAR data as a proxy in the monitoring of such algal blooms during cloudy periods.
Finally new possibilities based on Envisat data (MERIS and ASAR) are discussed with focus on
data simultaneity and increased spatial resolution.



Abstract l\o. 83

ERS SAR and Envisat ASAR Observations of Oceanic Dynamic
Phenomena in the Southwestern Okhotsk Sea

L. Mitnik', V. Dubina', G. Shcvchenko2
1 VI. Il'ichev Pacific Oceanological Institute, Russian Federation

c Sakhalin Research Institute of' Fisheries and Ocean. Russian Federation

A combined use or multi-sensor remote sensing and in-situ data for the analysis and interpretation or
oceanic features observed in the area of the Okhotsk Sea between southern Sakhalin and northern
I lokkaido-Kuril Islands is considered. SAR (l'.RS-1. ERS-2 and l.nvisat). thermal infrared (NOAA
AVl-IRR). visible (NOAA AVl-IRR and Landsat) and microwave radiometric (Aqua AMSR-E)
images as \I ell as the results or modeling were integrated to associate the SAR backscatter patterns
observ ed in \1 arm and cold seasons to physical and biological forcing processes. The interpreted
SAR features included the current front. internal waves. eddies and different types or sea ice and
orography-induced surface wind variations. A special attention was given to consideration or the
Soya Warm Current area. including synoptic-scale eddies propagating southcastw ard parallel to
I lokkuido coast and a cold belt adjoining to the Current from the north. Cyclonic and anticyclonic
spiral eddies in the An iva Bay manifested themselves as dark filamentary bands due to increased
concentration of surface film. In winter sea ice sen ed as tracer of surface circulation under weak
'' inds. Ice eddies the size of about 90 km consisting of 2-3 spirals each of 11hich 11as formed by
sequence of 5-7 smaller elliptical eddies the size of 7-10 km were detected on ASAR images. The
large-scale details were also clearly visible on AMSR-E images. The use of the multi-sensor
synergetic approach improves and deepens interpretation or the SAR signatures.

Abstract No. 111

On Radar Imaging of Current Features: Mesoscale Eddies
and Current Fronts Detection

J. Johannessen', V. Kudryavtsev", D. Aklrnov', T. Eldevik1,

:\1. Winther', 0. Johannessen 1, B. Chapron '
1 Nansen Environmental and Remote Sensing Center. Norwav

:'NIERSC. Russian Federation
3Ifremer. France

Manifestation of ocean surface features such as meandering fronts eddies and internal wa. CS have
been regularly observed and documented in SAR images since the SEASAT L-band SAR in 1978.
Wave-current interactions. suppression of short wind wave by natural film and varying wind field
resulting from the transformation or the atmospheric boundary layer across sea surface temperature



front are commonly accepted as mechanisms responsible for the surface manifestation of such ocean
features. This is quantitatively explored using a new radar imaging model (Kydryavtsev et al., 2004)
that solves the energy balance equation where wind forcing, viscous and wave breaking dissipation,
wave-wave interactions and generation of short waves by breaking waves are taken into account.
High quality in-situ data rarely exist for realistic description of the two dimensional surface
conditions and for model validation. Instead, regular three dimensional fields of temperature and
ocean current are derived from two distinct numerical ocean models. Based on these fields SAR
image expressions of coastal current fronts and eddies are then simulated. Comparison to ERS SAR
and Envisat ASAR images yields very good results. We are consequently confident that the new
imaging model provides promising capabilities for advancing the quantitative interpretation of
current features manifested in SAR images.

Abstract No. 641

Coastal Wave and Surface Velocities Retrieval Using ASAR-SLC

F. Collard\ B. Chapron", F. Ardhuirr'
1 BOOST Technologies, France

2 IFREMER. France
3 SHOM. France

Wave spectral inversion is allready implemented on an operational basis to produce the level 2
ASAR wave mode product from ASAR SLC data.We propose an extention of the algorithm to
ASAR image mode in coastal area that takes into account the shallow water and range varying
incidence angle effects on the existing modulation transfer function used in the inversion.Retrieval
of sea surface velocities is also investigated and appears to be very promising. As a demonstration,
integrated wave parameters and surface velocities retrieval using ASAR data during the coastal
experiment EPEL 2003 organized by SHOM will be presented and compared to model output and
in-situ measurements.

Abstract No. 533

Use of Synthetic Aperture Radar for the Analysis of Wave Fields
at the Coast

J. Nieto-Borge, T. Schneiderhan, A. Niedermeier, J. Schulz-Stellenfleth
German Aerospace Center (DLR). Germany

The study of ocean waves approaching the coast line has been historically carried out using moored
buoys at a fixed location of the sea .. These measurements can characterize the wave fields at a fixed
point (e.g, the mooring position) of the sea, but it is not possible to get information about those sea



surface phenomena related to the variable bottom topography, which characterizes the wave
behaviour in shallow waters close to the coast lines (c.g. wave diffraction, wave energy dissipation,
etc.), These phenomena have special importance for coastal protection, as well as for supporting
operation and maintenance of coastal structures, such us breakwaters. harbours, etc. As the wave
fields approaching to the coast are spatially inhomogeneous, it is necessary to use wave sensors at
different locations of the sea surface. In recent years spaccborne synthetic aperture radar (SAR) has
been demonstrated to be a reliable remote sensing tool to analyse wave fields on the open ocean and
on global scale. The wave field information extracted from SJ\R measurements is obtained by
means of the directional wave spectrum. Recently. new algorithms have been developed to obtain
additional information in the spatial domain rather than the spectral domain. These methods permit
the detection of individual wave heights, wa1 c groupincss. as well as to estimate surface 11ind fields.
This work investigates the capabilities of spaccbornc SAR to extract information on areas close to
coastal locations, where the incoming 11a1c fields show strong spatial inhomogeneities. The new
developed algorithms mentioned above arc applied to spaccbornc SAR images of the sea surface
close to different coastal locations. For this purpose, ERS-2 SAR and Envisat ASAR images of the
North Sea and the Bay of Biscay arc used to study the ocean waves in shallow waters under
different climate and oceanographic conditions. High resolution sea surface elevation fields are
computed from complex image mode data. The spatial variation of the ocean 11a1e fields is analyzed
and related to the underlying bottom topography. The potential of Elli isat dual polarization data for
wave measurements is discussed. The rclev ancc of the investigations for different practical
applications is explained.
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Abstract No. 126

Validation of MIPAS-Envisat Profiles for 03, HN03 and
Temperature with Data from the MIPAS-STR Instrument

on Board the Geophysica

C. Blom1, T. Gulde', M. Hopfner", C. Keim', G. Liu1, C. Piesch1,

C. Sartorius', A. Fix2, H. Schlager', F. Ravegnant',
A. Oulanovski", M. Mahony5

1 Forschungszentrum/Universitdt Karlsruhe, Germany
2 Deutsches Zentrumfiir Luft- und Raumfahrt, Germany
3 Institute of Atmospheric and Oceanic Sciences, Italy

4 Central Aerological Observatory, Russian Federation
5 Jet Propulsion Laboratory, United States

MIPAS-STR (MIPAS-STRatospheric aircraft) is a cryogenic Fourier transform emission sounder.
By a combination of continuous limb sounding and upward measurements, two-dimensional
distributions of the temperature and of several trace gases can be derived. The spatial resolution of
the individual profiles is about 2 km vertically and 35 km horizontally in flight direction. We report
the validation of MlPAS-Envisat profiles in the upper troposphere and the lowermost stratosphere
with correlative data derived by MIPAS-STR onboard the high-altitude aircraft M55-Geophysica.
The validation is presented for the 22 July 2002 orbit 2051 at middle latitudes and, in the Arctic
region. for several orbits of February 28th, March 2nd and March 12th. 2003. We focus on the
profiles of temperature and of the trace gases 03 and HN03. The presentation includes the quality
control of the MIPAS-STR measurements by inter-comparison with in-situ data from the M55-
Geophysica, 03- and temperature sondcs, remote temperature sensing from the Geophysica and 03
lidar measurements from the Falcon aircraft,

Abstract No. 263

Validation and Analysis of GOMOS Measurements Using
Stratospheric Balloon-borne Instruments

J. Renard", J. Ovarfez", C. Brogniez ', M. Chartier", C. Robert",
B. Gaubicher", J. Balois3, C. Verwaerde.'

1 CNRS, France
2 LMD, France
3 LOA, France

"LPCE-CNRS, France



Five stratospheric balloon-borne instruments were involved in the validation of night time
measurements ofGOMOS onboard Envisat: AMON. SALOMON, MicroRADIBAL. ELHYSA. and
LMD aerosol counters. AMON and SALOMON arc UV-visible spectrometers operating during
night. which use stars and Moon as light source. respectively: MicroRAD!RAL rs a
photopolarimctcr operating at sunset: FLHYSA is an hygrometer operating at night: the LMD
aerosol counter is implanted in the gondola of the three other instruments since the beginning of
2004. This set of instruments allows a direct validation of the 03. N02. N03. OCIO. H20 and
aerosol profiles of (j0MOS.ln the frame of (j()MOS validation. a flight of AMON \I as conducted
on March 1. 2003 from Kiruna (northern Sweden). flights of SALOMON were conducted on
September 19. 2002. at mid latitude from Aire sur l'Adour, France. and on March 4, 2004 from
Kiruna: and !lights of MicroRADIBAL and ELHYSA were conducted from Kiruna on March 8,
2004. and March I I. respectively. All flights were successful. A new !light of SALOMON is planed
on June 2004 from Gap (France). For the September 2002 and March 2004 flights. the spatial
coincidence between the balloon and CiOMOS measurements were less than 500 km: the time
coincidence were less than 2 hours for the chemical species. and less than 4 hours for the aerosols.
Then. valuable comparisons between the GOMOS and balloon profiles can be performed in the 15-
35 km range. The March 2003 flight \I as perform during the occurrence of polar stratospheric
clouds also observed by GOMOS.The first part of the validation program in 2002 and 2003 has
allowed giving recommendations for improvements in the GOMOS retrieval algorithms. The
analysis of the previous measurements and of the new ones will be done using the new version of
the GO MOS data av ailablc in Spring 2004. Then. the accuracy of the transmission measurements of
GOMOS. as well as that of the vertical profiles. will be discussed. The presentation \I ill focus on the
ability of GO MOS detection for low concentration of N02 in the polar vortex. the consequence of a
PSC event on the GOMOS transmissions. and on the meaning of CiOMOS aerosol extinction
measurements in order to derive the real size distribution of aerosols.

Abstract No. 190

SCIAMACHY Validation with AMAXDOAS N02 and
03 Measurements

I • t t I 2P. Wang , A. Richter, M. Bruns , J. Burrows , K. Heue ,
2 2 2I. Pundt , T. Wagner , U. Platt

1 University ofBremen, Germanv
2 Universitv .ofHeide/herg. Germany

The AMAXDOAS instrument on board the DLR-Falcon is an airborne multi-axis UV/visible
spectrometer \I hi ch was designed specifically for the val id at ion of products from the SCIAMACHY
instrument on Env isat. The instrument has zenith and nadir viewing directions \I hich match the
SCIAMACHY nadir mode. It also has off-axis upward and downward view directions which arc
similar to the SCIAMACHY limb geometry. although only for two lines of sight. The AMXDOAS
instrument w a» flown during two large SCIAMACllY validation campaigns in September 2002 and
February and March 2003. The campaigns covered high northern latitudes. mid-latitudes and the



tropics in two seasons, producing a large number of perfect matches with SCIAMACHY
overpasses.In this presentation we will briefly introduce our campaign, then show the N02 and 03
vertical columns measured by the AMAXDOAS along the flight track. We have compared the
AMAXDOAS measurements with GOME data and in most cases. very good agreement was found.
In the next step, the results are used to validate the SCIAMACHY nadir N02 and 03 columns for
the first time.

Abstract No. 521

Integrated Characterisation of Envisat Ozone Profile Data Using
Ground-based Network Data

C. De Clercq, J. Lambert
Belgian Institute for Space Aeronomy, Belgium

The atmospheric chemistry payload of ESA's environmental satellite Envisat includes three
instruments monitoring the vertical distribution of atmospheric ozone on the global scale: Global
Ozone Monitoring by Occultation of Stars (GOMOS), Michelson Interferometer for Passive
Atmospheric Sounding (MIPAS). and SCanning Imaging Absorption spectroMeter for Atmospheric
CHartographY (SCIAMACHY). Although operating from the same orbiting platform, the three
instruments rely on substantially different observation techniques and geometries, leading to
different perceptions of the vertical profile of ozone.Since the successful launch of Envisat in March
2002, the ground-based subgroup of the Atmospheric Chemistry Validation Team for Envisat
(ACVT-GBMCD) has collected correlative measurements of the ozone profile at a list of ground
based stations performing network operation in the framework of the Network for the Detection of
Stratospheric Change (NDSC), WMO's Global Atmospheric Watch programme (GAW) and
NASA's Southern Hemisphere ADditional OZonesondc programme (SHADOZ). Correlative profile
measurements have been acquired from the Arctic to the Antarctic by ozonesondc, lidar, and
millimetre wave radiometer. This extensive database allows validation studies of Envisat ozone
profile data from pole to pole and from the ground up to the lower mesosphere.We report an
integrated validation study of ozone profile data measured by the three Envisat ozone profilers,
GOMOS, MIPAS and SCIAMACHY, based on pseudo-global comparisons with correlative data
collected by the ACVT-GBMCD. The study concludes to a reasonable quality and consistency of
Envisat profiles when adequate data selection (e.g. dark limb GOMOS data only) and vertical ranges
arc envisaged. Global structures. seasonal variations and pointing errors are further investigated. We
also discuss the impact of the adopted comparison method on the comparison results.

Abstract No. 708

Validation of SCIAMACHY - Current and Future Product Qualities

A. Piters', H. Kelder1, U. Platt", P. Simorr', R. Timmermans", J. Lambert",
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M. van Roozendaal", T. Wagner", \1. de Maziere'. J. Notholt4• B. Barret':',

W. Hoyningen-Hucne", F. Wittrock", M. van Wecle1
1 KV.\:!!. Netherlands

-'IUP-! leidelberv Germanvt._""'I• •

3 BIRA-IASB. Belgium
~ ILP-Brc111c11. Germanv

5 S'RON, Netherlands
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NASA-GSFC, Urn
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9 Ml'l-Muinz, Germanv
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13 Universite Libre de Bruxelles, Belgi11111

SCIA\1ACHY on hoard l.nvisat measures glohally the vertical distribution and total column
amounts of sc\ era! atmospheric constituents. The \ aluc-. rctricv ed from the obscrv ed spectra. both
operationally and non-operationally. arc subject to a continuous \ alidation process. in \I hich J~
European and non-luropcan institutes participate. The SCIAMACllY validation product co
ordinators monitor the results of this process and regularly asses the accuracy of each product. The
product accuracy is described in such a 11ay that it is of direct use tor algorithm improvement,
instrument characterisation and atmospheric research. In this presentation 11·c 11 ill summarise and
illustrate the current quality of the SCIA\1ACllY products. Also 11c will outline our plans for the
coming years to ensure a regularly updated and complete description of the accuracy of each
SCIAMACllY product.
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Abstract No. 52

ASAR Wide-Swath Single-Look Complex Products:
Processing and Demonstration Status

R. Cordey', T. Pearson", Y. Desnos ', B. Rosich-Tell3
1 ESAIESTEC, Netherlands

2 RSAC Ltd, supporting ESRIN, Italy
3 ESA/ESRIN, Italy

The European Space Agency is in the process of implementing a wide-swath single-look complex
(SLC) product from the Envisat ASAR and is acting to alert the potential user community and
encourage the widespread exploitation of such a product.The Envisat ASAR currently supports
interferometry and other applications of single-look complex data through the provision of single
polarised and alternating-polarisation stripmap SLC products and SLC wave-mode imagettes. Wide
swath SLC products have not been offered to users on an operational basis.A number of significant
users communities are believed to exist for wide-sw ath SLC products. These include seismologists
and those active in other surface movement applications. and oceanographers seeking contiguous
large-area directional ocean wave spectra and surface current fields. A particular advantage offered
to the seismology community by wide-swath data is its ability to provide rapid large-area coverage,
which can potentially act as a reference dataset with which subsequent strip map images can form
more localised "post-event" intcrferograms. Wide-area interferograrns, formed from pairs of wide
swath SLC images are also likely to be attractive. both for large-scale surface deformation mapping.
and for the more effective characterisation of atmospheric radio frequency delay features. However,
the derivation of such products is constrained by the timing of the radar bursts from the ASAR
instrument into each of its sub-swaths. A data screening process to identify suitable wide-swath
INSAR pairs has been investigated by ESA and will he described.Oceanographic applications of
wide-swath SLC products may offer, through local tracking of radar Doppler centroids, the potential
to estimate a component of ocean surface currents over a 400km-wide swath. Directional wave
spectra estimation may also take advantage of the multi-burst structure of the ASAR wide-swath
SLC data to use algorithms similar to those currently implemented within the ESA Level-2 wave
mode product. This paper is intended to serve as an introduction to more specific discussions on
individual applications and processing to be presented by members of ESA's Wide-Swath SLC
Working Group.

Abstract No. 195

The ASAR Wide Swath Single Look Complex Product: Properties and
Applications

P. Guccione', C. Caffurio", A. Monti Guarnied



1 Politecnico di Bari, Italy
l Politecnico di Milano, Italv

In the l.nvisat products list. ESA is going to add a new one: the ASAR Wide Sw.uh Complex
product. containing Wide Swath Mode phase preserving data focused 011 a coherent grid. This
product will 1111the lack or level-I "full-resolution" images in WSM mode. where only a mcdum
resolution. detected product is currently <l\ ailablc. The image will then CO\ er an area of 400 x 400
km. at a resolution of approximately 30 x 120 m (range. azimtuh) where three independent looks an:
intcrlcav ed in azimuth. The intended applications arc thus interferometry. \\ <l\ c-wind speed
measures. and large scale monitoring (oil spills detection etc). The generation of the product. shorlty
summarized in the paper. is made hy accomplishing: (I) phase preserving focusing on a grid
common both for range and azimuth. for all the swaths. (2) undcrsarnpling in azimuth to save space
and computing time. (3) tormuuing the final product as a separate collection otbursrs for each of the
fi\ c S\\ aths. The purpose or this paper is to describe the main features of this product and the
rationale that is behind some choices. Results obtained by using this product both for the ScanSAR
ScanSAR and mixed ScanSAR-IM interferometry arc also presented as a possible application.

Abstract \Io. 610

Wave and Wind Measurements Using High Resolution Envisat ASAR
Wide Swath SLC Data

.J. Schulz-Stellenfleth. T. Schneiderhan
German Aerospace Center, Gertnanv

Env isat ASAR\\ ide S\\ ath data have shown their big potential for oceanographic applications. With
their coverage of about 500 by 500 km. they arc ideally suited to study mcsoscalc processes like.
c.g. the near ocean surface wind field. However the resolution of the standard « idc swath product is
significunrly lo» er than the image mode resolution. and then: fore not suitable for ocean wave
measurements. Furthermore. only intensity images arc provided as a standard product. i.c, the
complex SAR information. which is of great value tor different applications is not availablc.ln this
study reprocessed high resolution Envisat ASAR \\ idc S\\ ath single look complex (SLC) datawhich
were provided in the framework of the wide swath SLC working group. arc used for wave and wind
measurements. The data have the same range resolution as image mode data and furthermore
contain the full complex information. Multi look techniques arc applied to estimate two-dimcnsionul
ocean "a\ e spectra wi th resole ed ambiguities of" a\ c propagation directions. A closer analysis of a
wave field obscrv ed during the Prestige oil tanker accident at the Spanish coast is performed. The
potential and the limitations of the data with regard to ocean wave measurements arc summarized.
Wind fields arc estimated from calibrated data. The benefit of the high range resolution for wind
measurements is discussed in the context of concrete applications like c.g. offshore \I ind farming.
Finally the potential of the data for current measurements based on the so called Doppler centroid
estimation technique is discussed. The combined effects o lv, aves and" ind arc analyzed.



Abstract No. 712

SCANSAR SLC : Marine Applications

F. Collard1, B. Chapron'
1 BOOST Technologies, France

2 IFREMER, France

A prototype version of the future SCANSAR SLC product is investigated in terms of suitability for
marine applications. Algorithm initially developed for single look complex narrow swath data are
tentatively adapted to account for burst azimuth sampling and large incidence angle variations
across range. Unambiguous swell inversion, sea surface motions based on doppler centroid
anomaly, unambiguous ship detection and synoptic sea surface roughness retrieval are considered.
A first estimation of derived geophysical parameters accuracy is discussed

Abstract No. 703

Scansar Interferometry for Atmospheric Parameter Estimation

R. Hanssen, P. Marincovic
Delft University of Technology, Netherlands

The most important characteristics of Envisat Scansar products are the wide swath width of 400 km
and the higher revisit time between acquisitions imaging a specific area on earth, from different
tracks. The availability of Wide Swath Single Look Complex (WSS) products potentially enables
the formation of repeat-pass interferograms. Apart from the usual factors limiting the application of
interferometry, such as the length of the perpendicular baseline and temporal decorrelation, Scansar
interferometry is mainly limited by the synchronization of the Scansar bursts. Insufficient overlap of
these bursts will cause decorrelation in the interferograms. Nevertheless, of the WSS data analyzed.
there is a considerable amount that allows a successful interferometric combination. In this paper we
will investigate the potential of these interferometric products to produce first wide swath vertically
integrated water vapor maps. These products are computed by extracting the topographic, orbital,
and hydrostatic delay signal from the interferogram, and mapping the residual to columnar water
vapor measures [kg/m2]. If routinely available, such maps can significantly improve meteorological
analyses We use time collocated images of MERIS to validate and interpret the results. Conclusions
and recommendations on data selection and processing issues will be given.
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Abstract No. 174

Validation of Envisat Altimetry over Ice Caps

B. Soussi', B. Legresy", F. Remy", F. Papa", 0. Zanife1
1 CLS, France

c LEGGS, France

Envisat offers for the first time an operational geophysical data record over ice caps. ERS 1 and 2
showed the large potentiality of altimetry over the ice sheets and a dedicated processing algorithm
has been devclopped for Envisat. We developped and applied an operational anlaysis of the data
quality over the ice sheets. Using this processing chain we can infer the quality of the data for every
cycle and survey the evolution of the measurement. A comparison with ERS products which we
processed with the same algorithms helps to give a good picture of the Envisat altimeter behaviour
in terms of height recovery, but also backscatter stability. radar echoes shape, polarization effects on
crossovcrpoint differences, etc ..We will present the results of this survey over the beginning period
of the satellite.

Abstract No. 391

Long Term Monitoring of the Envisat RA-2 Drift with the
GLOSS/CLIV AR Fast Sea Level Data Tide Gauge Network

F. Lefevre, J. Dorandeu, P. Le Traon, . Cls Calval Team
CLS, France

The long term monitoring of the Envisat RA-2 bias is k11011nas the RA-2 relative range calibration.
The usefulness of tide gauge data networks for calibrating satellite altimetry systems was
demonstrated by several authors (Mitchum ( 1994, 2000). Chambers et al. ( 1998), Cazenave et al.
( 1999) ... ). Their proposition was to use tide gauge data as an independent system to monitor drifts
and bias of altimeter system over time. We took over their works and improved them to compare
Envisat RA-2 measurements with the GLOSS/CLIV AR "fast" sea level data tide gauge network
(formerly known as the WOCE network). The main interest of tide gauges for altimetry is to provide
independent measurements of sea surface height variations. The basic idea of the method is that
differences between tide gauges and altimetry should not hav e any drift or bias over long time
scales. Choosing tide gauge stations where the differences between altimetry heights and the tide
gauge sea levels are small is essential to get good variance estimates. To validate the method, we
used ERS 1/2 data from GD Rs (~8 years of data). The methodology of the comparison of Envisat
RA-2 data against tide gauge measurements is now operational. The method will be presented and
the results for Envisat will be given with the last GD Rs available.



Abstract No. 540

Envisat Altimeter Calibration and Validation

M. Otten, J. Dow
ESAIESOC. Ger111a11y

As a principal invcsiig ator for the Lil\ isat RA-2 Altimeter the Nav igation Office at ESOC has been
acuv cly inv oh ed in the Calibration and Validation phase of the Altimeter. The activ itics performed
during the Cal/Val phase of the Altimeter consisted of estimation or range and time bias (absolute
and relative to i:RS-2), validation of the geophysical corrections and the CNES precise orbit
solution on the altimeter product. LSOC continued performing most of these activ itics a lier the
Cal/Val phase as a member of the Quality Working Group (QWG) of the l.nvisut Altimeter. Results
of these activitic-, arc presented at the QWG meetings held 3-4 times a year and hi-weekly on our
website. This presentation will give an overv iev or all these activities.

Abstract No. 579

IGS Tide Gauge Benchmark Monitoring Pilot Project

T. Schoene
Go ForschungsZent n1111 Potsdam, German \·

Sea lei el is a v cry sensitive parameter to natural and human-driven climate related changes and an
important factor for the vulnerability of near coastal. densely populated areas. For more than a
century tide gauges (TCis) have been the most important measuring dcv ices for the sea level.
Although nev, remote sensing techniques. like e.g. radar altimctry. have become a1 ailablc. TCi
measurements remain a 1aluablc tool. The limiting factors for using TCis for sea lei cl change
studies arc the globally uneven distribution or TCi measurements and the stability of the TCi
benchmark (TCiBM ). Historically tide gauges had either no tics to a height reference system or the
tic was maintained by first order leveling only. With the broad use ofCiPS since the l'!'!Oth tics arc
more and more established either through repeated campaigns or more recently on a continuous
basis. This gi\ cs the unique possibility to reference the sea level measurements to an absolute
reference trumc.ln 2001 the !GS established the Tide Gauge Benchmark Monitoring Pilot Project
(TICiA-PP). The primary product or the sen ice 11ill he time series of coordinates tor analyzing
vertical motions o lTt il+Ms. Different Analysis Centers arc providing weekly solutions for selected
GPS stations near TGs on a continuous basis. The pilot project 11as operated for the period 2001 to
2004, but is no« continued for at least t110 years. Sec also hup.z/op.gfz-potxdam.dc.ug a.

Abstract :\o. 470



Analysis of Envisat RA2 Altimeter Sigma-nought Bloom Events for S
and Ku Bands Backscattering Intercomparison

F. De Biasio1, N. Pierdicca", S. Zecchetto ', L. Pulvirentr'
1 CNR, Italy

2 Dept. Electronic Engineering, Univ. "La Sapienza", Italy
3 CNR-ISAC, Italy

Non-negligible percentages of sigma-nought measurements from Envisat-RA2 altimeter are affected
by sigma-nought blooms, a phenomenon characterised by radar backscatter levels unusually high.
and radar return waveform shapes very different from usual altimetric echoes. Sigma-nought blooms
tend to appear during calm sea state condition and light wind: in this situation the ocean tracker is
likely to lose lock. giving erroneous estimation of range, sea surface roughness and wave height.
The Em isat-RA2 instrument, thanks to its double-band design. allows the analysis of this
phenomenon by simultaneous KU- and S-band measurements. The objective of this work is the
intercomparison of the sigma-nought blooms characteristics on the two bands. using also data from
other satellites sensors, in order to identify distinctive sea state geophysical conditions. This may
provide additional information on the calibration of sigma-nought of the two channels when blooms
events are caused by understandable scattering mechanisms. provided the receiver is not saturated.
A number of checks have been implemented on the data in order to select bloom events suitable for
this scope.Further research will be devoted to relate the bloom events to the geophysical conditions
inside the illuminated footprint.
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Abstract No. 692

BEGO: Earth Observation from Space Assisting in the
Protection of the UNESCO World Heritage Sites:

an Example in Central Africa (DUP/DUE)

M. Hernandez", D. Fernandez", 0. Arino2
1 UNESCO, France
2 ESA/ESRIN, Italy

UNESCO, the specialized agency of the United Nations for Education, Science and Culture has
recently initiated an international partnership with the Space Agencies. Such an important
partnership is a call to all international space agencies to support UNESCO through the use of space
technologies to assist developing countries in the monitoring of World Heritage sites. This paper
presents an example of the use of remote sensing to monitor and to derive maps for the World
Heritage sites in the Democratic Republic of Congo (DRC), Uganda and Rwanda.

These sites have in addition the particularity of hosting the last mountain gorillas, therefore
monitoring from space is essential in order for the park rangers to be able to define their main
priorities for conservation. Within the framework of the European Space Agency (ESA) Data User
Programme (ESA-DUP) a significant financial contribution has been awarded by ESA to make use
of space technologies and satellite images for the benefit of World Heritage Conservation species in
Central Africa. The project has the nickname of BeGo (Build Environment for Gorilla). The habitat
of the mountain gorillas is located in three different countries in the border region between the
Democratic Republic of Congo (DRC), Rwanda and Uganda, countries affected by regular war
conflicts and pressure from farming and refugees. In addition, some of the National Parks are
extremely large in size. Among the protected areas there is the Park National de Virunga, the first
protected area of Africa. The terrain is mountainous, going from the plain at sea level up to the
Virunga Mountains that are among the highest peaks of Africa, some having eternal snow and
getting close to the 5,000m high. Some of the parks are of extremely difficult access, the name of
the World Heritage site of Uganda Bwindi lmpenetrahle Forest explains by itself the fact that only
Earth Observation from Space can be used to derive maps for conservation. The project has a quite
interesting partnership brought together that comprises the European Space Agency, the Canadian
Space Agency, as space experts; UNESCO as main user representative jointly with the local park
authorities of DRC, Uganda and Rwanda; assisted by an important group pf conservation experts:
the International Gorilla Conservation Programme (IGCP), The Dian Fossey Gorilla International
Fund (DFGIF), the World Wildlife Fund (WWF) and the Wildlife Conservation Society (WCS). The
project uses a large variety of satellite images from the Landsat archive, ASTER, Envisat as well as
RADA RSAT generously provided by the Canadian Space Agency.

An interesting aspect is the use of Envisat since this project is one of the first activities that uses the
extremely new Envisat data, not only for research purposes but directly in an operational



application. The paper will describe the problems of the area. the main requirements of the users. the
space technologies used and the results obtained.
For the 11hole areas selected the follo« ing I :50.000 (medium scale) products are being dcv eloped:

Medium scale DEM (Digital Elc1 at ion Model) of the specific sites under consideration:
Base maps and land cover/land use maps of the sites under consideration:
Analysis of the land-cover/land use changes (between 1990 and 2000) at medium scale of the
sites under consideration (including the surrounding areas).

For the 11hole area more coarse scale ( I :200.000) products arc being dcv eloped:
Small-scale DE \1 of the whole geographical area of interest:
Analysis of the land-cover/land use changes (between 1990 and 2000) of the whole
geographical area of interest.

At the end of the project a user manual describing the whole methodology followed through the
whole project 11ill he produced. This 11ill assist the local staff working in conscrx ation to better
understand the necessary steps to make use of satellite images to detect changes in the forest. habitat
of the mountain gorillas. Finally other examples of the USC or space technologies to monitor World
Heritage sites 11ill also be shown.

Abstract No. 691

HUMAN: Humanitarian Mapping Service (DUP/DUE)

R. Carrier", H. Hansen", A. Valvo"'
1 Medecins Sans Frontieres

c Kevobs
3 Intecs S1JA

The HUMAN sen ice has been conceived and dcv eloped 11ith Mcdccins Sans Fronticrcs - Belgium
(MSF-B) and an industrial consortium lead by Kcyobs. MSI' are engaged in medical humanitarian
relief operations and an: present and active in ~5 countries world wide. MSF field teams often
operate in places 11hen: up-to-date maps arc difficult to obtain. arc obsolete or are a1 ailable but at an
inappropriate scale. The aim has been to meet the requirement for timely and up-to-date gen-spatial
information in the form of paper and digital maps to assist the emergency. management and
rehabilitation phases of humanitarian relief operations. The requirement for gco-sp.uial information
is often time critical. The HUMAN service has been configured to exploit web and space based
mapping technologies in order to meet these time critical requirements. In the field, paper maps arc
being used by field staff to help situation analysis and set up of medical projects as 11ell as support
the delivery of food. medicines and equipment. But an important clement of the project has been to
ensure delivery of digital products across the web using a Web Mapping Sen ice (WMS) at MSF
headquarters. Very high resolution optical (-Im) FO data is being used to up-date detailed infra
structure information. whilst courser resolution optical and SAR data is used for the creation of
vegetation. water resources and topographic information. For EO data delivery. sen ice level
agreements hav c been made 11ith LO data prov idcrs that ensure emergency lei .:I programming.
acquisition and fast delivery of images. All of this makes for a cost effective and efficient sen ice.



Abstract No. 374

EPIDEMIO: EO in Epidemiology (DUP/DUE)

P. Vounatsou', G. Pluschke', A. Cemperll', K. Weise2
1 Swiss Tropical Institute, Switzerland

2 Jena-Optronik GmbH, Germany

The objective of the EPIDEMIO project is to provide EO-derived information on the environment to
epidemiologists working to study. monitor and predict threats to human health. End user
organisations directly involved in the project include the World Health Organization. European
research institutes. and several organisations based in Africa. EO provides a broad range of
information types: digital elevation maps. urban maps. cartography. maps of water bodies.
vegetation maps, land surface temperature maps. and monitoring of wind-blown Sahelian dust. This
information is used in applications such as malaria and meningococcal meningitis epidemic early
warning. in planning fieldwork campaigns for research into the Ebola virus's reservoir. and in the
management of development projects in public health. This paper describes the work done in the
early phases of the DUE EPIDEMIO project to survey the user's needs and to understand the
potential benefits that EO can bring to their work.

Abstract No. 357

TEMIS: L'Oreal and Solar UV Radiation (DUP/DUE)

F. Christiaens
L 'Oreal, France

Hair and skin occupy a special place on the surface of the human body. in direct contact with the
environment. This explains the diversity of their properties according to places where people live.
and their alterations in terms of structure. function, appearance. This diversity and these alterations
(cosmetic and pathologic) arc partly linked to climate and pollution.Available data on solar UY
irradiances and pollution have limitations: Spatial coverage is sparse and there are limited data over
time. Moreover, consumers look for more customised products. wherever they live. which means to
fine-tune laboratory experiments. So L'Oreal is involved in the ESA Data User Programme project
called Tropospheric Emission Monitoring Internet Service (TEMIS ). which uses space-based
atmospheric instruments such as SCIAMACHY. The project will chart global concentrations of
trace gases. aerosols and UY.Solar UY data are compared with data from published models.
Additional climatologies and time-series are expected for the remainder of the project.



Abstract No. 562

The role of R&D in Developing Marketable EO Services

P. Curtis', F. Knops'
1 VECiA Group. United Kingdom

·'Boo::.Allen Hamilton. United Kingdom

VECiA Group and Hooz Allen Hamilton have carried out a market survey into the characteristics
and pcrformace of the European and Canadian Earth Observation Value-Adding Industry. This
survey is the most detailed and far reaching ever carried out in this area. It identified a population of
more than 160 companies active in the industry and used a combination of research tools to gather
information on the companies. their products and sen ices. their work inu practices. their perceptions
of the industry community and their financial health and performance. The resulting reports present
an extensive review of the condition of the EO sen ice industry. identity some strengths and
weaknesses and make recommendations on possible steps to enhance the industry O\ er the next few
years. The data gathering has also looked at currently marketable services and will produce a
compendium of services to act as a focal point for potential buyers of LO sen ices.
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Abstract No. 499

On the Exploitation of the SBAS Algorithm for the Analysis of the
Deformations Detected from the ERS and Envisat DIFSAR Data

R. Lanari", P. Berardino", F. Casu', M. Manunta', M. Manzo",
A. Pepe2, E. Sansosti 1

1 IREA-CNR, Italv
c Universita degli Studi di Napa!/ Federico II, Italy

Differential Synthetic Aperture Radar Interferometry (DIFSAR) is a remote sensing technique that
allows us to analyze deformation phenomena affecting both extended zones and localized structures.
This result is achieved by exploiting the phase difference of SAR image pairs relevant to the area
under study. In this context, we consider the technique referred to as Small BAseline Subset (SBAS)
approach whose capability to analyze deformations at low and high spatial resolution have been
already shown [I-3].The key idea of this work is to carry out a full exploitation of the SBAS
procedure by processing a large data set relevant to a specific test site. In particular, the investigated
area is the Napoli Bay which includes two large volcanos (the Campi Flegrei caldera and the
Somma-Vesuvius volcanic complex) a highly urbanized zone (the city of Napoli and surroundings)
and several areas characterized by geo-hydrological risks. The data processing operation is focused
on the time interval 1992-2004 and leads to the generation of deformation time-series produced
from ascending and descending tracks of the ERS-1 and ERS-2 sensors. We show that the
availability of these multi-orbit SAR data allows us to detect the ground deformations in the radar
Line Of Sight (LOS) and to discriminate the vertical and east-west displacement
components.Moreover, we also apply the two-scale resolution approach described in [2], which is
based on the use of two different data set generated at low and high spatial resolution, respectively.
The former allows us to identify and estimate large scale deformation patterns, atmospheric phase
components and topography artifacts; the latter. to zoom on selected areas and to detect localized
displacement contributions, like, for istancc, those affecting single buildings.Finally, in order to
expand the temporal coverage, we present an extension of the SBAS approach for the integration of
the available ERS data with a set of Envisat acquisitions relevant to the subswath IS2. In particular,
the images acquired by the ERS and Envisat radar systems are assumed to belong to independent
subset; accordingly, no cross-interfcrograms are considered and the combination of the ERS/ERS
and Envisat/Envisat interferograrns is carried out via the conventional SBAS procedure. We
explicitly remark that this integration is carried out by using multilook intcrferograms and that the
impact on the basic SBAS procedure, due to the integration of the multi-sensor data, is negligible
therefore its implementation is straightforward.The quantitative assessment of the performance of
the proposed extended SBAS approach will be carried out by comparing the DIFSAR measurements
with those available from the geodetic network located in the area which covers an area of nearly
:2000 Km2 and includes more than 200 leveling benchmarks.References[!] P. Berardino, G.
Fornaro, R. l.anari, E. Sansosti: "A new Algorithm for Surface Deformation Monitoring based on
Small Baseline Differential SAR lnterferograms", IEEE Transactions on Geoscience and Remote
Sensing. Vol. 40. No. 11, pp. 2375-2383, November 2002.[2] R. Lanari. 0. Mora. M. Manunta, J.J.
Mallorqui, P. Berardino. E. Sansosti: "A Small Baseline Approach for Investigating Deformations



on Full resolution Differential SAR lntcrfcrograms". in press on IEEE Transactions on Gcoscience
and Remote Sensing, 2004.[3] Berardino P.. Casu F .. Fornaro Cl .. l.anari R., Manunta M .. Manzo
M., Pepe A .. Sansosti E.: "Small Baseline DIFSAR Techniques for Earth Surface Deformation
Analysis". in Fringe '03. ESRIN. Frascati (Italy). 1-5 December 2003.

Abstract No. 46

Interferometric SAR Data Coregistration by Point-like Scatterers

H. Yue, R. Hanssen, P. Marinkovic, F. Leijen. G. Ketelaar
Delft University ofTechnology, Netherlands

Coregistration is a key step in the interferometric SAR data processing 11 hich determines the
generation of fringe map.precise corcgistrarion decreases the noise of fringe map and increases the
coherence of interferometric pair.so lead accurate lnSAR results. Generally the complex coherence
or amplitude cross correlation and fringe contrast optimization algorithm arc used to corcgistcr the
master and slave images. and about 0.05-0. l pixels accuracy can be achieved. But for the
interferometric pairs with very long spatial baseline( about or more than the critical baseline) or very
long temporal baseline. the master and slave are almost totally decorrelated. so the correlation
algorithms fail in the process of corcgistration. One of the latest In SAR technique is the permanent
scatterers processing 11 hich uses SAR series data to monitor the earth surface deformation at long
time scale.in this technique it is necessary to explore the information of long spatial baseline or long
temporal baseline interferometric pairs. although the inrcrfcrograms of these pairs are totally
decorrelated. It has been observed that some features.especially some man-made structures maintain
high coherence mer long time scales and in the the case of long spatial bascliuc.somc of these man
made features only show pointwisc information on the intcrfcrograrns and hav c the characteristics of
point target scattering on SAR imagcs,« hi ch lead strong backscattering in one or several pixels and
maintain relatively stable amplitude and phase in a long time run. so these pointw isc radar
information can guide us to match the same point or point-like scatterers and find the corrclaucd
pixels.ev cntually estimate the shift vectors of pixels and transfer the slav c image to the master
geometry. In this paper. a corcgistration algorithm based on point-like scatterers is proposed. which
includes the follow ing steps: (I j.Coarsc co registration by precise orbit data and DEM to the
accuracy of sci era I pixels. (2 ).Selecting top 1alucs and isolating the most likely point-like scatterers.
(3 ).Matching these selected points and then consistency test. (4 ).Within pixel matching.
(5).Estimating the coarse parameters of the polynomial. (6).Within-pi.'\el correlation and remove the
influence of the incorrect matched points. (7).Caculating the polynomial and interpolating the slave
image. Furthermore. the effects of topography to the corcgistrauon arc studied by simulation and
real SAR data of the mountainous area. a correcting method is proposed to diminish the topographic
induced corcg istration error. At last this algorithm is tested and evaluated by SAR interferometric
data of 1arious areas.



Abstract No. 651

Multipolarimetric Envisat Interferometry:
Techniques and Preliminary Results

P. Pasquali', A. Monti Guarnieri2
1 Sarmap s.a., Switzerland
l Politecnico di Milano, Italy

In the paper \\C summarize the capabilities, the techniques and the possible application achieved by
combining interferornetrically either two Envisat Alternating Polarization (AP) acquisitions or one
AP and one Image Mode (IM) surveys. The AP mode is an innovative technique that exploits
ScanSAR principle to switch on polarization instead than swath. In that way. two different
polarizations can be obtained in one acquisition. The combination of one AP acquisition and one IM
mode allows the generation of two interferogram with different polarizations. A further
interfcrogram can be generated by differentiating these two ones: this interferogram will carry
information on the "polarimetric phase difference", i.e. the polarimetric behavior of targets. This
interfcrogram will not be influenced by atmospheric or topographic artifacts; however a good
quality can be achieved only on those targets that are long term stable. Further information will be
provided by the coherence maps that can be generated by different polarizations.In the paper, we
present the technique and the possible combinations of AP I AP I IM images, and we show some
results achieved in processing real Envisat datasets. with comments to possible applications.

Abstract No. 678

Combination of ERS and Multiple Modes of Envisat SAR Data
for Differential Interferometric Applications

I I 2 tJ. Closa , J. Duro , J. lnglada , A. Arnaud
1 Altamira Information, Spain

:> CNES, France

Multiple applications have arisen since the launch of the ERS-1 and ERS-2 satellites which use
repeat pass interferometric techniques. In order to commercialize these applications and give long
term information it is required that the availability of each acquisition over a certain area is ensured
with a certain frequency which is specific of each application and under certain conditions. The
launch of Em isat in 2002 carrying onboard the more adv anced SAR (ASAR) gives continuity to this
data acquisition and offers the possibility to continue providing good quality services. The
instrument's capability has been enhanced \\ ith respect to the ERS SARs by extending the
acquisition modes to those in different polarization combinations and/or the use of ScanSAR to



increase the S\\ ath length. However this is not alv ays an advantage since it enters in conflict with
the use of the ERS like mode (Image Mode in IS2 incidence angles and VV polarization)
systematically necessary for the long-standing applications and data is not alway» acquired in the
desired mode. The combination of LRS and ASAR data in Image Mode has already been
demonstrated by the use of large baselines in classical interferometry as well as the continuity in
their phase measurements. This study will show the introduction of the Alternating Polarization and
the experimental Wide Swath mode complex products in order to he used in interferometric
applications and their operational use to dcri. c small subsidence displacements. Results of the
introduction of phase measurements derived from such products in long time series of !'RS and
ASAR Image Mode data to obtain subsidence maps and the continuity \\ ith the rest of data take
scqucncc w ill he s\Hm 11.

Abstract No. 276

Improving the Quality of ERS-Envisat Interferograms

C. Prati '. F. De Zan2• A. Ferretti", F. Rocca"
1 POLI Ml. Italv
_'Polimi. ltalv

3 TRE - Sri. ltalv
~Politecnico Mi/mu;, Italy

The spectral shift mechanism allo« s distributed scatterers interferometry on ERS-Lll\ isat pairs.
prov idcd that the normal baseline is close to the so called compensation baseline (for flat terrain).
The same principle. however, show« that the common hand is hcav ily dependent on the local terrain
slope. In order to rctr icv c the common part of the spectrum one should a priori know the local slope.
which might not he the case. Attempts to recover such information from the unfiltered intcrtcrogram
itself are hound to failure when the common hand is less than a certain fraction of the total hand. A
new technique is proposed seeking to determine the best possible common hand liltering and the
local slope at the same time in a Mux imum-Likclihood style approach. A hank of tilters is employed
and the two images arc filtered in many ways (one for each local slope hypothesis). Subsequently
the slope that mux imizc« the a posteriori interferometric coherence is chosen as the most probable
solution. This approach could be extended to a multi-image framework. Experiments have been
carried out both on synthetic and real LRS-Ell\ isat data The a posteriori coherence is also a good
indicator ofvolumetric effects. since after spectral shill filtering the gco1nctric decorrelation should
no: affect the intcrlcrogram. Gi\ en the short time lag LIO minutes) between the ERS and Envisat
acquisitions. a small temporal decorrelation is expected.
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Abstract No. 39

A Re-Appraisal of the 1992 Landers Earthquake InSAR Data
Using the Ambiguity Search Method

M. Warren, A. Sowter, R. Bingley
University of Nottingham, United Kingdom

The 1992 Landers earthquake is perhaps the most famous earthquake for InSAR, having been the
subject of many different scientific journal, magazine and newspaper articles. This plethora of
papers means that the site is very well known and any attempt to process the data should be able to
confidently predict the results. The ambiguity search method. proposed in 2003. offers a potential
procedure for DINSAR that appears to have some benefits when there is no terrain model or when
ground control is sparse, even over mountainous terrain. In this paper, an attempt to re-create the
classic Landers results using the new process is described. The results are compared with previous
results and also with GPS data freely available over the region.

Abstract No. 41

An Assessment of the Ambiguity Search Method for DEM Generation
and Land Motion Detection Using Spaceborne InSAR Data

A. Sowter, M. Warren, R. Bingley
University of Nottingham, United Kingdom

In 2003 a method for the solution of the integer phase ambiguity in InSAR data was proposed and
demonstrated using laboratory data. The method does not follow the usual procedure of phase
flattening but rather uses the absolute phase and a rigorous radargrammetric model to derive the
absolute 3-dimensional position of a target. This method appeared to show some capability for
absolute. as opposed to relative, positioning and showed some benefits in applications where
accurate DEMs are not available and there is little ground control. This paper explores this approach
further, this time using ERS data for DEM generation and for 3-pass differential lnSAR, appropriate
for remote areas. The methodology is applied rigorously and compared with alternative approaches
using flattening and phase ratios. The results are quantitatively compared with GPS data in each
case and the benefits and drawbacks highlighted.



Abstract xe. 679

High Resolution Differential Interferometry using time series of
ERS and Envisat SAR data

J. Closa', J. Dur o ', J. lnglada'. N. Adam", A. ArnaudJ
1 Altaniira Infonnation. Spain

-·/JU?. Gertnanv
3 C .vFS'. France

During the last ten years. a long history or data has been acquired by the SAR sensors on hoard the
ERS-1 and LRS-2 satellites offering a wide range otimcrtcromctric applications. With the launch or
Envisat in 2002. the more advanced SAR (ASAR) has given continuity lo the success ofthe remote
sensing mission or the ERS satellites hy ensuring and increasing the value or the archived ERS data.
The subject or this study under LSA 's J'd Announcement or Opportunities is lo demonstrate the
continuity or the interferometric mcasurcmcms obtained from the combination or long temporal
series or SAR differential interfcrograms in order to derive small subsidence displacements. The
implemented technique makes use or either FRS SAR or ASAR differential phase measurements lo
generate long term terrain movement maps \I ith the same resolution as the original SAR images
without spatial interpolation. The algorithm is capable to use all the a1 ailahlc phase information
even in conditions or large baselines or platform instabilities giving place lo large Doppler centroid
1ariaiions. Such artifacts arc handled by precise location estimate or the scatter 11ithin the pixel and
accurate elev at ion extraction. One interesting by-product or this tcchn iq uc is the interpretation of the
DEM errors as an approximation or a DSM (Digital Surface Model) in 1011 density urban and pcri
urban cnv iron men ls and the use or such mca-urcmcnts to improve precise target positioning.
Continuity on the displacements measured from both sensors alter atmospheric artifacts removal
will be shown in the results.

Abstract l\o. 730

A New Approach for Estimating Crustal Deformation Fields Using
DlnSAR and Permanent Scatterers: Preliminary Results

A. Kohlhase1, K. Fcigl2, A. Ferrettr', 0. Massonnet2
I DLR. Germany
2 CNES. France
3 TR/:·. ltalv



The usefulnes of long-term Differential Interferometric SAR (DlnSAR) for measuring inter-seimsic
strain fields is mainly constrained by the magnitude of the overlaid Orbital (OPS) and Atmospheric
Phase Sreen (APS) as well as temporal decorrelation. To encounter the problem with the orbital
errors in the interferometric measurement, the standard approach is to subtract a linear phase ramp
from the interferogram distorting or even removing the deformation fringes. Furthermore,
topographic artifacts can be in the magnitude of the signal making the measurement ambiguous. We
propose a solution how to improve the Signal-to- Noise Ratio (SNR) by modeling the orbital effects
with a new Orbital Tuning Approach (OTA) and by applying the Permanent Scatterers (PS)
technique. If the interferometric time interval is shorter than a critical temporal baseline, the use of
high-precise or improved orbit estimates is sufficient for velocity field estimation with DlnSAR
assuming small and known atmospheric/topographic artifacts. In the other case, we consider the
application of the PS technique combined with the new OTA. First, we use this approach to improve
6 shortarc European Remote Sensing (ERS) orbit estimates to measure a post-seismic deformation
field in Landers/California after the 28 June 1992 earthquake. We recalculate an interferogram
whose SAR images were acquired on 7 August 1992 and 18 June 1993 by using the corresponding
and improved short-arc orbit estimates. The interferogram calculated with the post-fit orbital
estimates compares favorably with that corrected with the conventional one and shows the
geophysical deformation more clearly than in previous studies. Then, we process 42 ERS SAR
images between August 1992 and June 1998 to identify PS. First estimation of the PS velocity field
reveals a regional and inter-seismic gradient of about 0.25 mm/yr per km with a maximal Line-Of
Sight (LOS) standard deviation of about 3-4 mm/yr. Modeling the inter-seimic range change field
from horizontal GPS velocity measurements calculated by the Southern California Earthquake
Center (SCEC) confirms the general trend of the PS analysis. The removal of a superimposed linear
phase component drops the LOS standard deviation under 0.5 mm/yr. This enables the recognition
of local phenomena, such as post-seismic or anthropogenic subsidence but removes the inter-seismic
contribution to the phase signal too. The new OTA can improve absolute quality of precise ERS
short-arc orbit estimates. However, atmospheric phase contributions are still an uncertainty because
they create high standard deviations in the estimated adjustment components. The post-fit
interfcrograms are only useful if they are temporally and geometrically well-correlated. But it is
necessary to have a new optimization approach producing reliable and high-accurate baseline
estimations both from ERS and RADARSAT orbit data. PS analysis promises to be a useful tool for
geophysical deformation studies in bare and non-urban areas. To minimize the noise coming from
orbital and atmospheric effects, the number of SAR acquistions must be very high (n >20). As a
consequence.w e will apply the OTA to the whole set of ERS SAR data to adjust as much short-arcs
as possible to further improve the SNR in the PS velocity field estimation. Interpreting the observed
features in terms of geophysical modeling and of temporal series evolution of selected PS, however,
will require further research effort.
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Abstract No. 520

Atmospheric Fronts off the East Coast of Taiwan Studied
by ERS SAR Imagery

W. Alpers', J. Chen", I. Lin3
1 University ofHamburg, Germany

2 National Taiwan University, Taiwan, Province Of China
3 National Centerfor Ocean Research. Taiwan, Province Of China

Atmospheric fronts off the East coast of Taiwan studied by ERS SAR imageryWerner AlpersCenter
for Marine and Climate Rescarchlnstitute of OceanographyUniversity of HamburgHamburg.
Germany.lcn-Ping CherrDepartmcnt of Atmospheric SciencesNational Taiwan UniversityTaipei.
Taiwanl-l LinNational Center for Ocean Research Taipei. Taiwan.AbstractA large number of ERS
SAR images acquired during descending paths of the ERS-1 and ERS-2 satellites along the East
coast of Taiwan show very pronounced sea surface manifestations of atmospheric fronts running
almost parallel to the coast at a distance between 30 and 60 km from the coast. The formation of
these atmospheric fronts is linked to land-sea breeze effects resulting from differing heating of air
over land and water. A unique feature encountered at the East coast of Taiwan is that there the air
circulation is strongly affected by a high coastal mountain wall (up to 3952 m) and by heating of the
air by the warm waters of the Kuroshio Current. We have analyzed in detail several ERS SAR
images showing distinctive radar signatures of frontal features and compared them with cloud
images obtained from the Japanese Geostationary Meteorological Satellite GMS-4. the NOAA
satellites. and the TERRA and AQUA satellites (MODIS images) as well as with sea surface wind
maps derived from Quikscat data. Also meteorological data obtained from weather maps. radio
soundings. a weather station located at the island of Lutao. and from ships of opportunity have been
used in the analysis. Finally. a high resolution regional atmospheric model has been applied for
interpreting the sea surface manifestations of the atmospheric frontal features visible on the ERS
SAR images.

Abstract No. 542

Ocean Surface Polarization Signature

B. Chapron'; T. Elfouhaily", F. Collard3, F. Ardhuin"
1 JFREMER, France

2 CNRS, France
3 BOOST Technologies. France

-1 SHOM, France



As recently proposed hy Elfouhaily et al., radar polarization signatures may he associated to the
shape of the surface elevation correlation function. The Envisat ASAR AP modes offer the unique
ability to probe the same observed surface with both polarization states. In this presentation. we
shall discuss the use of such a wealth of information in light of our proposed scattering model. to
interpret ocean surface radar signatures.

Abstract No. l l

Modelling of SAR Signatures of Bathymetric Features in the Bristol
Channel Using a Coupled Wave-Current Model

M. Trevor', J. werr', S. Wakelin2, A. Elliott3
1 BAE SYSTEMS ATC. United Kingdom

-'Proudman Oceanographic Laborotorv. United Kingdom
3 Centrefor Applied Oceanography, Uni I'. of Wales, United Kingdom

Spaccbornc synthetic-aperture radar (SAR) images from ERS and l.nvisat O\Cr the period 1995 -
2003 an: analysed for two areas of sandbank in the Bristol Channel. namely the Nash and Helwick
Banks. The bathymctric signatures in these images arc modelled using the outputs from a current
model (POI.CO MS) coupled to a third-generation wave model. The results sho« good agreement
with a simple model where the SAR image signature is proportional to the gradient of the current
across the bathymctric feature. However. the imaging geometry for these Bristol Channel sites
implies that w a\ c motions have a significant effect on the SAR signatures. This effect introduces a
bias in the ability to image the features on ebb and llood tides llir ascending and descending
passes.The POLCOMS results reveal the t\\ o-dirncnsionul structure of the surface currents in the
presence of the bathymctry. The modelling of this structure for idealised cases of current flow shows
the relative importance of bottom friction and continuity of flow. The assumption of local one
dimensional flo« whi ch has been used by many authors appears to he a reasonable approx imation
for many cases. hut more complicated behaviour is expected around the edges of bathymetric
features. The effects of two-dimensional flow can therefore he incorporated as a correction to
existing schemes which relate the bathymetry to the local one-dimensional flow.The sequences of
SAR images from 1995 - 2003 show no evidence for significant changes in the location and shape of
the bathymctric features. In situ surveys sho« complex changes during this period. with shilis of
order I00 111 in the locations of the sandbank crests. While there is some dredging in these areas. the
dominant changes appear to he associated \\ ith natural processes.The imp Iications for the planned
TerraSAR mission arc assessed. The lower radar frequency or this mission (L band) is expected to
lead to more clearly imaged bathymctric features. as well as a better ability to detect small changes
in the location and shape of bathymctric features.



Abstract No. 245

Application of Spaceborne SAR for Bathymetric Monitoring

J. Vogelzang', C. De Valk2, H. Wensink2
1 Rijkswaterstaat, Netherlands

2 ARGOSS, Netherlands

Under suitable conditions (moderate wind and strong tidal current) the topography of shallow seas
may be visible in radar images. It is generally agreed that this is caused by wave-current
interactions. The Bathymetry Assessment System (BAS) uses this phenomenon to optimize time and
cost consuming bathymetric surveys.In the BAS a two-dimensional model for the imaging
mechanism is inverted numerically by minimizing two penalty functions simultaneously within an
efficient multi-grid scheme. The first penalty function contains three terms: one for the deviation
between calculated and actual radar modulations, one for the difference between calculated and
measured depths (echo soundings), and a smoothness criterion. Optionally, the directionality of the
smoothness criterion can be modi lied by optical imagery showing tidal channels. The second
penalty function determines the small-scale flow field associated with the bottom. In the minimizing
process also some model parameters determining the amplification factor between current gradients
and surface roughness are estimated. In this manner a semi-empirical but very flexible and powerful
imaging model is obtained. The BAS finds the bottom that fits best to the echo soundings, the radar
image (or images), and the smoothness criterion.The BAS needs one or more radar images as its
input, but also a limited number of echo soundings. It should be stressed here that the BAS doesn't
replace echo soundings. It merely acts as an intelligent interpolator that needs less support points
than traditional methods because it uses physical information from satellite data. Typically, the BAS
needs only one third of the echo soundings for constructing a depth map with the same quality
compared to traditional methods.Operational services based upon the BAS are commercially
available at ARGOSS, a value adding company. Rijkswaterstaat, being responsible for coastal
monitoring of the Netherlands, and the EC show great interest in the BAS. At this moment the
system is being tested by Rijkswaterstaat to determine its operational merits. If these tests are all
satisfactory, the system will be considered as an operational alternative measurement tool. Within
the EC fifth framework project OROMA the performance of the BAS is studied in a wider
perspective.In this contribution the status of these tests will be reported. Recent results will be
presented and discussed. Particular attention will be paid to accuracy and costs.



Abstract ~o. 105

Mapping Surface Roughness and Sediment Texture of Intertidal
Flats Using ERS SAR and Envisat ASAR Imagery

D. Van der war', T. Ysebaert", P. Herman", A. Wielcmaker-Van Den Dool2
1 Netherlands Institute ofEcology, Netherlands

-'N/00-KNA W. Netherlands

High resolution. synoptic information on surface characteristics of estuarine intertidal flats. such as
surface roughness and sediment texture. is required as input for. for example. hydrodynamic models
and for habitat mapping. This study aims to derive such information from space-home Synthetic
Aperture Radar. Estimates of the backscatter coefficient sigma-nought were extracted from a series
olTRS-1 SAR and ERS-2 SAR PR! and l.nvisat ASAR IMP P imagery. acquired during low tide,
of two intertidal flats in the Westcrschcldc. an estuary in the southwest of the Netherlands. The data
were related to matching field measurements of surface roughness. interstitial moisture. surface
water and sediment texture. In accordance 11ith predictions hy analytical hack scattering models.
such as the Integral Equation Model. a signi Iicant positive relationship 11as found hcrw ecn surface
roughness R'V!Sz and the backscatter coefficient estimate. Surface roughness 11as also significantly
correlated 11ith sediment grain-size. 11ith surface ripples being more pronounced in coarser (sandy)
sediment. This resulted in a significant ncg ari, c correlation between silt content and the backscatter
coefficient estimate, and a significant positive correlation between median grain-size and the
backscatter coefficient estimate. The relationships between sediment texture and backscatter were
generally consistent in time, both for different seasons and years. The moisture content of the
sediment 11as too high to significantly alter the backscatter coefficient. The presence of surface
water. on the other hand. significantly affected the backscatter signal. The relationships found
al1011ed the development of a semi-empirical relationship for the prediction of surface
characteristics from SAR/ ASAR imagery. 11hich can he used for mapping both surface roughness
and sediment texture.
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Abstract No. 15

Equatorial Kelvin Wave Signatures in Tropical Ozone
Measurements from GOME

R. Timmermans, H. Kelder, R. Van Oss
KNMl, Netherlands

Kelvin waves play an important role in the dynamics of the tropical atmosphere. When propagating
vertically, they carry momentum into the middle and upper atmosphere, which is believed to
influence the quasi-biennial oscillation in the lower stratosphere and the semi-annual oscillation in
the upper stratosphere and mesosphere.In addition to temperature fluctuations, Kelvin waves also
induce fluctuations in the ozone concentrations either through motions or the temperature
dependence of the photochemical reactions. Therefore ozone observations can be used to identity
Kelvin waves.This study investigates tropical Kelvin wave signatures in GOME (Global Ozone
Monitoring Experiment) ozone data and the correlation with corresponding Kelvin wave signals in
the ECMWF ERA-40 wind and temperature fields.The study demonstrates the sensitivity of the
GOME measurements to tropical Kelvin waves, showing the potential of the GOME ozone data set
to contribute to a global description of equatorial Kelvin wave activity.

Abstract No. 532

Ozone in the Middle and Upper Atmosphere as Observed by
MIP AS/Envisat

M. Kaufmann', S. Gil-Lopez", M. Lopez-Puertas", B. Funke", M. Koukouli",
H. Fischer:', T. Von Clarmann ', G. Stiller", N. Glatthor ', U. Grabowski",
M. Hoepfner", S. Kellrnann", M. Kiefer3, A. Linden", G. Mengistu Tsidu3,

M. Milz3, T. Steck', D. Wang3
1 Instituto de Astrojisica de Andalucia, Spain

c !AA, Spain
3 IMK, Germany

The MIPAS/Envisat instrument is able to measure vertical profiles of mid-infrared ozone limb
radiance from the tropopause region up to the lower thermo sphere. Ozone fundamental bands at I0
and 13 micron are used to retrieve ozone densities from 20 km to 100 km by means of a non-L TE
model that couples collisional, radiative, chemical and photochemical processes.Ozone hot bands in
the 5 micron regime are very sensitive to non-L TE model parameters, particularly with regard to the
choice of the kinetic model and the surprisal of the recombination reaction 0+02+M which forms
highly excited 03 molecules.The high spectral resolution of the MIPAS instrument makes it



possible to resolve the different hot bands of ozone and in combination with a non-LTE model gives
a unique opportunity to study the above physical processes.

Abstract No. 568

Trace Gas Measurements from the SCIAMACHY Validation Dataset:
03, BrO, and HCHO

K. Chance', C. Sioris'. T. Kurosu', X. Liu', P. Palmer2
1 Smithsonian Astrophysical Observatory, United Stales

:> Harvard University, United States

SCIAMACI IY nadir spectral mcusurcmcms arc analyzed using a radianccfiu ing technique to
provide slant column abundances of 03. BrO. and HCllO. Fitting includes improx ed 11a1 ctcngth
calibration and slit function determination. quantitative correction for the Ring effect. and
undcrsampling correction. Vertical column abundances arc determined trorn the lilted slant column
abundances using air mass factors that include a corn bi nation of rudiativ c transfer modeling and
chemical transport modeling. These values arc then compared to l'.111isat validation measurements
and. 11here possible. to column measurements from GOME.

Abstract l\o. 325

Measurements of Water Vapor in the Lower Stratosphere
and the Tropopause Region with MIPAS/Envisat

M. :Vlilz, T. Von Clarmann, H. Fischer, N. Glatthor, U. Grabowski,
M. Hopfner , S. Kellmann, T. Steck, G. Stiller

Univers itael Karlsrnhc/Forschungszentrum Karlsruhe, Germany

Water 1apor is an important gas in the atmosphere. Its signilicancc for the natural green house effect
requires the know ledge of the global distribution to assess its influence on the radiatix c budget.
Additionally 11ater 1apor in the tropopausc region is a suitable tracer to obscrv c transport processes
from the troposphere to the stratosphere and 1ice 1ersa.Thc sate IIire borne M ichc Ison Interferometer
for Passive Atmospheric Sounding (MI PAS) on board the European research satellite Envisat
prov ides global measurements of water 1apor and other atmospheric state parameters. M 11'AS is a
high resolution limb sounding Fourier spectrometer mcusuring atmospheric emission spectra in the
mid infrared from 11hich vertical profiles of numerous trace species can be retrieved. In the standard
measurement mode MI PAS provides pro ti lcs Clll cring a norn inal altitude range from (1 to 68
km.Retrievals 11ith the IMK data processor covering the upper troposphere and the lower
stratosphere arc presented. Examples 11ill be emphasized where large scale indications for exchange
processes in the tropopausc rcgrou can be seen. In the tropics the large scale ascent of very dry



stratospheric air as a consequence of the Brewer-Dobson-Circulation is clearly visible. In the
subtropics measurements of enhanced water vapor volume mixing ratios above the thermal
tropopause hint towards possible troposphere to stratosphere transport processes.

Abstract No. 603

Water Vapour and Methane Abundances under Non-LTE Conditions
from MIPAS Upper Atmosphere Measurements

M. Koukoull', M. LoPez-Puertas2, B. Funke", M. Kaufmann", S. Gil-LoPez2,
T. Von Clarrnanrr', H. Fischer", N. Glatthor ', U. Grabowski", M. Hdpfner'',

S. Kellmann'', M. Kiefer:', A. Linden", G. Mengistu Tsidu3, M. Milz3,
S 3 3T. teck , D. Wang
1 CSJC, Spain

c lnstituto de Astroflsica de Andaluc!a, Spain
3 Institutfur Meteorologie und Klimaforschung, Germany

We present a radiative transfer analysis of water vapour and methanefrom the Upper Atmospheric
mode MIPAS spectra, with a spectral rangeof 685-2410 inv. cm. (4.1-14.6 micron) and retrieval
altitude rangeof approximately 20-80 km. The Generic RAdiative traNsfer AnD non-L TEpopulation
Algorithm (GRANADA), jointly developed by the lnstituto deAstrofica de Andalucia (I.A.A.) and
lnstitut fur Mctcologicund Klimaforschung (l.M.K.), has been used to analyse ten upper
atmosphereorbits, from July 2002 and June 2003.The retrieved vertical profiles of both gases are
compared andcalibrated against other modcnt water vapour experiments in the corresponding
vertical and spacial co-locations. Globalthrce-dimcnsional maps are also presented and validated
againstgencral circulation modelling results. The total hydrogcncontent of the Earth's middle
atmosphere will also be investigated asmeans of identifying possible sinks or sources in the water
vapour andmethane day-night variability.For the first time, direct spectral evidence for non-L TE
state in thernethane v4 band, emitting near 7.6 micron .in the mesosphere haebeen observed and will
be discussed. The high spectral resolution of themeasurements (0.025 inv. cm.) further offers the
unique opportunityto retrieve non-L TE parameters for the main collisional processes involving
vibrationally excited statesofwatcr vapour and molecular oxygen.
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Abstract No. 203

DoMERIS, SeaWiFS and MODIS Products Measure up
to the Requirements of Coastal Monitoring?

C. Brockmann', K. Stelzer', R. Vaughan", M. Slater", S. Dury',
H. Hakvoorr', R. Jordans'', G. Hesselmans", W. Krzyrnlnlski", B. Pillczewskf

1 Brockmann Consult, Germany
2 Dundee University, United Kingdom

3 Rijkswaterstaat, Netherlands
4 ARGOSS, Netherlands

5 IMGW, Poland

Optical remote sensing can be used to monitor important water quality parameters, most notably
total suspended matter and Chlorophyll, which provide indications of phytoplankton concentrations.
This information is required in coastal waters for a number of reasons, including the determination
of eutrophication status. Under the authority of the Oslo and Paris Commissions (OSPAR), the
condition of sea areas covered by the OS PAR convention is kept under continuous review. Both the
Southern North Sea and Baltic Sea's coastal zones have been defined as eutrophication problem
areas (OSPARCOM, 1995), and consequently under the "OSPAR Strategy to Combat
Eutrophication" (OSPAR, 1998) the nations of the European Union are required to identify the
eutrophication status of its maritime area. Proper monitoring of phytoplankton (through
chlorophyll), is therefore essential. National monitoring agencies, such as RWS in the Netherlands
or IMGW in Poland are under an increasing pressure to fulfil these requirement whereby the
available budget is decreasing. This study aims at an assessment of the potential to replace in-situ
measurements at least partly by remotely sensed data.A variety of optical measurements of the
Marsdiep and Western Scheidt sites have been undertaken or acquired, including: I) Ship borne
measurements: spectra of subsurface reflectance R(O-); and spectra of specific inherent optical
properties and 2) Acquisition of relevant satellite (MERIS, SeaWiFS, MODIS) images: spectral
images of normalized water-leaving radiance and standard Level 2 algal/chlorophyll products. Two
recent developments (2002) associated with global environmental monitoring sensors at medium
spatial resolution have been the introduction of a second MODIS instrument (Aqua) and MERIS
onboard Envisat. MERIS is a particularly promising instrument for coastal zone phytoplankton and
general water quality monitoring with 15 ocean colour specific channels and 300m spatial
resolution.In situ measurements of amongst others sediment and chlorophyll concentration were
collected from both OROMA project specific cruisers and via fixed stations in the North Sea
associated with the DONAR database at RWS. This provides the opportunity to undertake two types
of time series analyses: 1) Incorporating remote sensing products with field observations to provide
an enhanced time series monitoring of DONAR and field sites i.e. Marsdiep and Western Scheidt. 2)
Case study comparisons between water quality parameters derived from field observations and the
range of different sensors and their associated atmospheric/water IOP models.In-situ data are
lacking spatial and temporal coverage, while remotely sensed data suffer from cloud coverage, sun
glint and improper atmospheric correction. The results of the analysis show that the satellite data fit



statistically into the e.\isting time series if regionally adapted algorithms are applied. and that
significant additional value is gained by the complementary two different methods. This is
acknowledged by the monitoring agencies who will further investigate the use of remote sensing
data. Especially more MERIS data at both full and reduced resolution are required to he included in
the statistical analysis.

Abstract No. 313

Retrieval of Land Surface Reflectance and Albedo from MERIS Data

L. Guanter, J. Moreno
Universitv of Valencia, Spoin

In order to ach icv c an accurate retrieval of surface reflectance and biophysical parameters from
MERIS images. some prcx ious preprocessing is needed. In particular. the removal of the
atmospheric effects from the Top-of-Atmosphere (TO;\) radiance measurements is a key task to
obtain the maximum information from the data. In terms of atmospheric correction. the bottleneck
usually appears in the characterization of the main atmospheric variables coincident in time and area
\\ith the image acquisition. Apart from specific field campaigns. where atmospheric ground
measurements might he a\ ailablc. the atmospheric state is mostly giH.:n by default model values or
by ancillary data from close meteorological stations. The first approach leads to unrealistic values in
non-standard conditions. whilst the second fails in the temporal and spatial overlapping requirement
very often. Thus. a cha Ilenging matter inatmosphcric correction issues is to dcv clop algorithms that
can extract the needed atmospheric information from the data itself.In this way. the high
multispcctral resolution of Envisat MERIS. as well as of other recently launched sensors. makes
possible to characterize the atmospheric state by means of the inversion of the TOA radiances
measured in the suitable bands. In this papcr w e want to present an aerosol and \\ atcr \ apor retrieval
algorithm specifically designed for MERIS. even though its solid principles make it works for any
hypcrspcctral sensor \\ ith little modifications. The final objective of the algorithm is to obtain
physical know ledge on the atmospheric aerosols and \\ atcr \ apor content. to derive surface
rcflciancc and spectrally integrated albedo from the image. The fundamental basis lies on a multiple
parameters inv crsion for heterogeneous clusters of\ arious pixels in the image. considering invariant
the atmosphere in a window above them for numerical stabilization reasons. Reflectance in the
surface le\ cl for each pixel is modelled as a linear combination of tw» typical vegetation and soil
spectra. The atmospheric contribution to the TO;\ signal is evaluated \\ ith the 6S radiative transfer
code. In this contribution the information rclativ c to gaseous abundances. except from water vapor.
and its vertical profiles arc fixed, whilst four parameters are left free for aerosol characterization.
These arc the aerosol optical depth in 550nm and the percentage of the four aerosol species
implemented in the 6S code (dust-like.\\ atcr soluble. oceanic and soot types). Once the atmospheric
reflectance and transmission functions arc know n, the surface reflectance and albedo arc retrieved
fix the area cov crcd by the window. Albedo rctricv als arc possible hy modelling the spectral
variability across the spectrum. in a consistent \\ ay \\ ith the method used to rctricx c aerosols. The
algorithm has already been applied to a wide range of images with different reflectance properties.
from bright arid regions to dark forest canopies and inland waters. To validate the algorithm it has



been initially checked with MODTRAN4 MERIS simulated TOA spectra, retrieving both
atmospheric and surface parameters in good agreement with forward conditions. Further validation
has been made using the SPARC campaign atmospheric measurements (solar extinction and
radiosoundings), finding a good agreement with the algorithm retrievals. The intercomparison with
coincident CHRIS/PROBA data is also very consistent.

Abstract No. 405

A Method for Atmospheric Correction Based on the MERIS Spectral
and Spatial Variability

D. Beal', F. Barer', C. Bacour", G. Derive', K. Pavageau', X. Gu1
1 !NRA, France
2 LSCE, France

Atmospheric correction is necessary to estimate the surface reflectance required within biophysical
algorithms usedto estimate canopy characteristics. Aerosol characterization is obviously one of the
main problem in atmosphericcorrection because aerosol may vary rapidly with time and space. The
objective of this study is to develop anautonomous aerosol correction method exploiting the
information content in MERIS images.The spectral variation of the radiance signal, when enough
sampled by the sensor. allows decoupling aerosol effects from that of the surface because of the very
different spectral features exhibited. We thus propose to use (i) !3over the 15 MERIS bands, (ii) the
geometry of the scene and (iii) the atmospheric pressure and ozone and water vapourcontents to
estimate the aerosol optical thickness (AOT) assuming only continental aerosol type in this
prototypealgorithm. For this purpose, several dedicated neural networks were trained to retrieve
aerosol AOT from the top ofatmosphere signal contained in MERIS level 1B products. The training
database was generated with radiative transfermodel simulations, SMAC coupled to SAIL and
PROSPECT.Performances demonstrate the pertinence of the method for the median of 5 neural
networks, with a 0.047 Root MeanSquare Error associated to the estimation of the AOT at 550nm.
This induces a RMSE on the estimated top of canopyretlectance better than 0.005. In addition,
assuming that the aerosol vary typically over scales of few tenths ofkilometers, while the surface
varies at shorter distances, allows to smooth out the AOT values for all pixels ofan image using a
moving window. The method was applied to actual MERIS data (more than 50 scenes) over
AERONETsites for its validation with a 0.07 Root Mean Square Error associated to the estimation
of the AOT.Conclusions are drawn on possible improvements of the database and of the neural
network's architecture like then umber of entries and the inclusion of different aerosol types.



Abstract No. 517

MERIS LAI, fCover, fAPAR and Chlorophyll Content Products:
Principles and Validation

F. Barer'. V. Bruniquel", C. Bacour ', K. Pavagcau', M. Weiss",
D. Beal1• B. Ruclle1
1 l.VRA-CSE. France
~Noveltis, France

Biophysical variables such as l.Al. li\l'i\R. fCon:r or the chlorophyll content arc canopy state
\ ariablcs required to constrain process models and to monitor vegetation at regional to global scales.
Dedicated products have been dcv eloped from top of canopy rcflcct.uu:c data. The main principles
of these algorithms arc presented and discussed. They arc based on neural networks trained over a
dedicated data base that reproduces the distribution of the main variables O\Cr the larth's surface.
The inputs arc 11 mer the 15 MERIS hands. along '' ith the geometry of obscrv at ion. Validation
clements an: then presented. mainly consisting in the comparison with other products as well as to
actual ground measurements collected over fc\\ V i\LLR I sites. The performances of these products
arc discussed and \\ays for improvements drawn out. These products were incorporated" ithin the
BLJ\M em ironmcnt to he easily applied O\ er MERIS data.

Abstract l\o. 550

New Features in BEAM, the Envisat MERIS & AATSR Toolbox

N. Fomferra'. C. Brockmann', P. Rcgncr2
1 Brockmann Consult, Germanv

_,ESAIESRl.V. ltalv .

BL;\M is an application suite which facilitates the utilisation. view ing and processing of the Envisat
MLRIS. AA TSR and ASAR data products. The so ltwarc is being dcv eloped by Brockmann Consult
CimhH under contract to the ES/\. Continued as an opcn source project. BEAM has become the
definitive. freely a\ ailablc solhrnrc used throughout the l.n-, isat scientific user community. Thanks
to its I 00° o pure Juv a implementation. it is ii\ ailablc for the Win dow s. Linux. \la.\ OS X. Solaris
and other Ja. a enabled operating systems. Today. BLJ\M is in use by many end users of MERIS and
i\i\TSR data and even the l.nvisat Cal Val team makes significant use of REJ\M's analysing.
\ isualizing and processing capabilities. The success of the open l3F;\M software package was also
made clear during the lirst MFRIS User Workshop held at ESRIN in November 200:1 in that a
gnrning number of users arc already using or arc "ii ling to use the application programming
interfaces of Bh\\1 for their own dcv cloprncnts using the Ja, a. ( · and IDL progra111111111g
languages.The new version of BEJ\\1 includes many nc« tools and extensions most requested by



end-users. Important new features include a configurable MERIS Level 2 processor, a MERIS
ortho-rectification tool and improvements to VISA T, the intuitive visualization and analyzing
application of BEAM. The MERIS Level 2 processor as implemented in the Envisat Ground
Segment is a very complex processing system composed of a number of processing elements each of
them using extensive auxiliary data for configuring the specific processing branch. For the
operational generation of standard MERIS L2 products, algorithms have been tuned and auxiliary
data have been chosen such that best quality products can be achieved on a global scale, i.e. under
all observation situations of MERIS and many different environmental conditions. However, in
many situations higher product quality can be achieved if the processing is performed with
individually adjusted processing parameters on a scene by scene basis. The BEAM implementation
of the Level 2 processor allows users to adjust processing parameters according to their special
needs. The first version of the BEAM processor concentrates on MERIS Level 2 ocean products,
such as the concentration of chlorophyll, total suspended matter and yellow substance and
photosynthetically active radiation. The interactive ortho-rectification tool allows for improved geo
coding accuracy for MERIS data using ground control points and an underlying DEM dataset. The
tool has been implemented as a stand-alone tool for batch processing as well as a BEAM plug-in, so
that it can be invoked from VISA T's main menu.Thanks to numerous feedback and direct
consultation with BEAM users many valuable features and improvements have been implemented
into VISAT, and includes image export as GeoTIFF which improves the existing TIFF support by
adding geo-referencing to the stored image. The list of available projections has been expanded to
include the Lambert Conformal Conic, which is a widely used map projection and is especially used
for large scale maps, such as for Level 3 products. Many users will also appreciate the possibility to
transfer a selected region of interest (ROI) to other bands by keeping the geographical coordinates of
the geometric shapes chosen. Besides many other visualisation enhancements, the zooming and
panning tools have been optimized, especially for very large images.
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Abstract No. 93

Development of Operational Processing Lines of the Cyclopes Project

P. Bicheron', B. Miras2, M. Huc2, F. Nifio2, 0. Hagolle3,
F. Cabot", B. Gelger", J. Roujean", F. Barer'

1 MEDIAS-France/SCOT, France
2 MEDIAS-France, France

3 CNES, France
4 Meteo-France, France

5 !NRA, France

The objective of CYCLOPES is to develop and validate biophysical variables (albedo, LAI, fAPAR,
fCoven from large swath sensors (AVHRR, VEGETATION, POL DER, MERIS). The algorithm
includes the fusion of concurrent sensors observations when available and will aim at providing
long, continuous and consistent time series.The CYCLOPES products are global fields of these
variables and the associated uncertainties over the 1997-2003 period, with a I0 days temporal
resolution and a spatial resolution between I to 8 kilometres. The use of these products is then
demonstrated for two important applications in relation to climate change : the detection and
categorization of land use change detection, the estimation of carbon fluxes to improve the
description and understanding of the vegetation - atmosphere interactions. The version I of
algorithms including calibration, cloud screening, atmospheric correction, rnultiternporal synthesis,
biophysical algorithm, and multisensor fusion has been coded in several modules and implemented
at MEDIAS. These processing lines will be incremental. Once a module has been enhanced, the
whole line could be rapidly updated, and the products reprocessed. CNES provided a breadboard
qualification line to MEDIAS for VEGETATION and AVHRR. Meteo-France provided ATBDs
concerning the directional normalisation, the biophysical products, and the multisensor fusion. Then
the processing lines of the version I have been prototyped for the AVHRR, VEGETATION and
POLDER sensors by MEDIAS. The version 2 will integrate the processing lines for MERIS. It will
be done using partially BEAM modules. We will present the modular architecture of the processing
lines, the definition and the format of the different output products. We will also analyse the
performance of the processing lines. The first results of version 2 11 ill be presented.

Abstract No. 178

Colour Display Strategies for Enhanced Representation of
MERIS Data

V. Tsagarls', V. Anastassopoulos', N. Giannopoulos'
1 University of Patras, Greece



The Medium Resolution Imaging Spectrometer (MERIS) is one of kn sensors onboard Envisat. It
records visible and near-infrared radiation reflecting from the earth surface across a range of up to
15 programmable wavebands, to a resolution ofeither 1200 or 300 metres [I]. The flexibility and
the improx ed rad iomctric and spectral performance designed into the instrument means that
scientists can make use of MERIS data across many different fields. variously obtaining information
on Earth's oceans. coastal zones. land surfaces and atmosphcrc.ln this work 15 hands of full
resolution (FR) Level I data and 300111 spatial resolution were used. The MERIS hands exhibit a
high degree of correlation and thus complementary information is dispersed among the source
hands. The main purpose of this work is to provide alternative display strategics [2 ..1] that will give
a compact colour representation of the scene and incorporate all salient features of the original hands
[-1 J. For this reason. measures from information theory and feature extraction techniques arc
employed in order to provide an image 11 ith improx ed interpretation capahilities. Three different
approaches. aiming at different goal and revealing different spectral characteristics arc described in
this work along with a comparison of these alternative representations.References [I] MERIS Users
llandhook]2] J. Tyo. A. Konsolakis. D. Diersen. R.C. Olsen. "Principal-components-based display
strategy for spectral imagery". in ILEE Transactions on Geo science and Remote Sensing. 1ol. -11,
no. 3. pp. 708-718. March 2003.]3 J V. Tsagaris and Y. Anastassopoulos, "Muluspcctral image
fusion for improved RGB representation based on perceptual attributes", submitted in International
Journal of Remote Scnsing.[4] D. Malacara. "Color vision and colorimetry: theory and
applications". SPIE Press.

Abstract No. 179

Feature Extraction of MERIS data

V. Tsagaris, V. Anastassopoulos
University of Patras, Greece

The Medium Resolution Imaging Spectrometer (MERIS) is one of ten sensors onboard Envisat. It
records visible and near-infrared radiation reflecting from the earth surface across a range of up to
15 programmable \I a1 cbands, to a resolution of either 1200 or 300 metres. The MERIS bands
exhibit a high degree of correlation and thus complementary informauon is dispersed among the
source bands [I]. In these work different feature extraction algorithms are applied to the MERIS
multispcctral data. A comparative study between unsupervised learning algorithms such as principal
components analysis (!'CA) ]2.3 ]. independent common analysis ( ICA) and non-ncgurix c matrix
factorisation (N \1F) is carried out for the case of MER IS data. PC A prm ides the best representation
in terms of max imal variance or equivalently minimum square error and thus provides very good
energy compaction. On the other hand. ICA [-1] e1 aluatcs non-gaussian components based on the
strong statistical independent property. Finally. NMF ]5 J yield in bases functions that arc evaluated
using the uon-ncgutiv c constraint and thus provides an additive representation of the data. The
different feature extraction techniques are compared in terms of classification accuracy,
computational complexity and dimensionality reduction performance and some useful conclusions
arc drawn. References [I J MERIS Users Handbook]:'.] J. Tyo. A. Konsnlak is. D. Diersen. R.C.
Olsen. "Principal-components-based display strategy tor spectral imagery". in IEEE Transactions on



Geoscience and Remote Sensing, vol. 41, no. 3. pp. 708-718. March 2003.[3] V. Tsagaris and V.
Anastassopoulos, "Multispectral image fusion method based on perceptual attributes". Proceeding of
the SPIE. vol. 5238, p. 357-367, 2003.[4] A. Hyvarinen, E. Oja, "Independent component analysis:
algorithms and applications", Neural Networks. vol. 13, pp. 411-430, 2000.(5] D.D. Lee and H.S.
Seung, "Learning the parts of an object by non-negative matrix factorization", Nature. vol. 40 I, pp.
788-791, 1999.

Abstract No. 189

Observing the Ocean from Envisat: a New UNESCO-Bilko Teaching
Module Demonstrating the Synergistic Use of Data from Envisat

Sensors to Study Oceanographic Phenomena

V. Byfield1, C. Donlon", J. Da Silva', F. Shillington", N. Chang", G. Quartly',
~ 6M. Dobson·, A. Edwards

1 Southampton Oceanography Centre, United Kingdom
2 The Met Office. United Kingdom
3 University ofLisbon, Portugal

4 University of Cape Town, South Africa
5 Scotland-on-line, United Kingdom

6 University of Newcastle, United Kingdom

Over the past few decades satellite sensors have made it possible to observe ocean dynamics in an
unprecedented way. The UNESCO-Bilko teaching module 'Observing the Ocean from Envisat'
demonstrates how the MERIS, ASAR, AATSR and RA-2 sensors may be used synergistically and
combined with data from other sources to study a range of oceanographic phenomena. The Envisat
teaching module consists of an introductory tutorial covering the main features of the Bilko
software. and seven thematic lessons on topics such as sea surface roughness. internal waves, fronts
and eddies. coastal upwelling. river plumes. global sea surface temperature patterns and the
measurement of rainfall at sea.The UNESCO Bilko project was initiated in I987 under UNESCO's
then Marine Sciences Training and Education Programme (TREDMAR) to develop training
capability in coastal and marine remote sensing. Using specially commissioned educational image
processing software (Bilko ). designed to operate on personal computers. the project has provided
seven modules of computer-based lessons to over 500 marine science laboratories and educational
establishments and over 600 individual users in more than 70 countries around the world. The
current version. Bilko v. 3. is designed to run using Microsoft Windows :woo and Windows XP, but
will also run under Windows 95. Windows 98 and Windows NT. The project team always
recognised that the value of any Bilko lesson would increase if students could use relevant data - e.g.
by time. place. sensor etc. To realise this aim the latest version of Bilko has been substantially
extended to include support for a range of common image formats. With ESA's support. this now
also includes the NI format used to store data from the MERIS. ASAR and AATSR sensors. The
Envisat teaching module demonstrates a number of common methods for processing and analysing



image data from the ocean. The lessons prov ide a step by step approach to opening and studying
tiles from the different Envisat sensors. the use of flags and ancillary data. different techniques for
enhancing display such as stretches and palettes. and a variety of statistical and numerical methods
tor imagcanalysis. To aid data interpretation. this is combined 11 ith relevant oceanographic
background information. and a selection of references for further reading in each of the topics
covered.

Abstract Xo, J,77

The CYCLOPES Project: Development of High Level Biophysical
Products for Medium Resolution Sensors for Regional to

Global Applications

F. Barer'. F. Nino", B.Miras", F. Baret', M. Leroy", 0. Hagole''.
P. Bicheron", J. Roujean", M. Weiss5, K. Pavageau', C:. Bacour '. B. Geiger",

B. Berthelot", R. Lacaze", 0. Samain", G. Derive'
1 /.VRA-CSE. France
-'Medias, France
3 C 'Nts. France
~ CN RM, Fm 11cc
'No1·e/tis. France

The CYCLOPES project aims at hridging satellite data suppliers with users by developing
operational biophysical products (albedo. LAI. IAPAR. fCmer) from the fusion of coarse resolution
sensors (VECiETATION. POLDLR. MERIS. MSG. AVllRR). This should prov idc the consistent
and long time series required by the user community. Global fields of the vuriablcs 11 ill he produced
for the 1997-2003 period at a I 0 days temporal sampling inter. al and 11 ith I to Xkm spatial
resolution. The products 11 ill he validated mer independent ground measurements and uncertainties
11 ill he associated.Two important applicatinn-, related to climate change 11 ill he addressed to
demonstrate the pertinence of the products generated> the detection. categorization and
interpretation of land cm er changes- the carbon cycle modeling.The scv era! versions of the products
envisioned are presented. with incremental improv crncnts of the fusion strategy and enhanced
modules including sensor calibration. cloud masking. atmospheric correction. BRDF normalization.
biophysical algorithms and fusion.First results are illustrated. with due attention on product
definition and e1 aluation.
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MERIS Level 3 Value Added Product Production Line for Regional
Full Resolution Products of Europe (CATl project 1413 -GEMEL3)

C. Brockmann', B. Fichtelmann", K. Gunther", A. Neumann", P. Gege2, R.
Doerffer ', J. Fischer~

1 Brockmann Consult, Germanv
) .
- DLR, Germanv

3 GKSS Research Centre: Germany
4 Free University Berlin, Germany

Regional studies of land, oceanic and atmospheric parameters require data on a spatial scale below
Ikm, which are provided by MERIS in full resolution. Regional algorithms have been developed for
a land use classification of Europe, an AVHRR compatible NOVI, water quality indicators in the
North Sea. Baltic Sea and the Lake Constance, aerosols in coastal areas, and cloud and water vapour
statistics. Bi-weekly, monthly and yearly means and associated statistics are derived with these
algorithms for the European continent and adjacent waters. The algorithms are partly described in
dedicated presentations at this conference.A data acquisition and processing system (MERIS-VA)
has been implemented, which starts from MERIS Level? Full Resolution products and delivers the
above listed Level3 ocean and land parameters on a 300m grid, and the cloud statistics integrated to
a 5x5km' grid as standard products. However. the temporal and spatial product grids are fully
configurable. The MERIS data are acquired at the German receiving station in Neustrelitz and
processed up to ESA standard Level 2 at the 0-P AC in Oberpfaffenhofen. The data are transferred
back to Ncustrelitz, where the MERIS-VA processing up to Level 3 is performed.The MERIS-YA
processor includes a Level2 and Level3 module. The software is implemented such that a processor
engine is responsible for data management, ingestion of MERIS and auxiliary input data, formatting
of the MERIS-VA output products and meta data, error handling and logging, and the management
of the processing algorithms. These are implemented as Plug-Ins. which are independent from the
processor engine, so that they can be changed and loaded during processing. This enables a very
flexible configuration of the operational processing. rapid development cycles for updates and
minimizes the maintenance and downtime of the processor. New products, i.c. new plug-ins, can be
added to the processor without the need to recompile the engine. The MERIS-VA products are
stored as HDF5, and the meta data are compatible with the DIMS system of the German Remote
Sensing Data Archive (DFD). Aller quality control by the GEMEL3 project partnership the products
will be made available to the user community through the EOWEB of the DFD.



Abstract \'o. 693

Development of Algorithms for the Exploitation of
MERIS Data over Land

V. Bruniquel-Pinel', C. Castillon', F. Barer", W. Von Hoyningen-Huene '.
~ 5 6 7T. Block , J. Moreno , J. Chen , P. Regner

1 NOVEL TIS. France
.'/NRA CSE

3 Universitv ofBremen, Germanv
~Brock111l~1111C1111s11/r.German;.

5 Universidad de Valencia, Spain
6 University o[ T11ro11111.Canada

!:SA

This paper presents the results of an ESA contract n : 165-1502/l-Ui related to the definition and the
validation of processing chains for the cxplo itation of the MERIS data O\ er terrestrial surfaces. Two
algorithms hav c been developed: the first one focuses 011 the aerosol correction scheme and the
second one 011 the retrieval of vegetation bio-chcmical and hie-physical parameters from the
standard MERIS L2 products. The vegetation products arc the Leaf Arca Index (I.Al). the fraction
of Absorbed Photosynthetically Aciiv c Radiation (!Al' AR). the canopy chlorophyll content
(LAI\( 'ab ) and the fraction olv cgctation CO\er (!CO\ er). The \ cgctation products arc retricv ed from
Top Of Canopy rcflcctances. I lowe , er. the rcllcctanccs provided by the MER IS level 2 land
products corresponds to Top Of Aerosol. i.c. they arc only corrected of the atmospheric molecular
and gaseous contributions and not of the acro-,ol effect. Consequently. a definition and an
implementation of an aerosol correction scheme tor the removal of aerosol scattering contributions
over land has been dcv eloped in the lramc of this study he fore the generation of the \ cgctation
products. The selected algorithm for the aerosol correction scheme is based 011 a simultaneously
estimation of the aerosol properties (Aerosol Optical Thickness and Angstrom coefficient) and the
correction of the atmospheric effects. The algorithm to produce the vegetation products is based on a
modelling inv crsion method using a Neural Nctv, ork Technique. This technique needs a training
database on which the network is calibrated, This database has been simulated with the help of
radian. c transfer models. Validation results will be presented in the frame of this paper. The two
scientific modules (correction of the aerosol signal and \ cgetation products generation) an: a\ ailablc
in the BEAM toolbox that is a software dedicated for the processing of (A)ATSR and MERIS
images.
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Abstract No. 205

Rain and Ice Flagging of Envisat Altimeter and MWR Data

J. Lillibridge', R. Scharroo", G. Quartly2
1 NOAA Lah.for Satellite Altimetry, United States

:>Southampton Oceanography Centre, United Kingdom

Altimetry range. wave height, and wind speed measurements are often corrupted by two effects over
the ocean: rain and floating sea-ice. Radiometer measurements. which provide the altimetric wet
troposphere correction. are similarly corrupted by the presence of rain or sea-ice in the instrument's
footprint. To avoid contamination of sea surface height measurements. it is imperative that data
influenced by either of these effects be edited out. The waveform 'peakiness' parameter, available on
the GDR data sets (but NOT on the MAR data). is effective at identifying sea-ice returns when
stringent thresholds are applied. The mean relationship between backscatter (sigrna-O) at the two
altimeter frequencies allows us to flag data impacted by both rain and sea-ice. Anomalous
radiometer brightness temperatures provide further evidence for the presence of rain. and when
combined with the backscatter information yield a more robust rain detection algorithm. New
methods for flagging rain or sea-ice contaminated data. based on two-dimensional histograms in
sigma-0 and brightness temperature spaces. also show potential as altimetric edit criteria.

Abstract No. 645

Radiometric and Altimetric Range Calibration

P. Moore, S. Edwards, M. King
Newcastle University, United Kingdom

This presentation will address the calibration/validation of the Envisat altimetric range and the ERS-
2 and Envisat radiometric wet tropospheric corrections. Altimetric range calibration has been
undertaken by repeat pass measurements with ERS-2 along the common ground track, by crossovers
with ERS-2 and by dual-crossovers with TOPEX/Poseidon and Jason-I. Results will also be
presented of a validation of the ERS and Envisat radiometric wet tropospheric calibration against
GPS derived wet tropopheric delays.

Abstract No. 541

In-flight Calibration/Validation of Envisat/MWR



E. Obllgls', N. Tran1, L. Eymard
1 CLS. France

:c LODYC. France

In the context of the l.nvisat mission. 11e are responsible for the development of the radiometer
algorithms. for the in-llight calibration of the microwave radiometer. as well as for the validation of
the radiometer products (mainly the wet tropospheric correction). Retrieval algorithms for wet
tropospheric correction, integrated 1apor and liquid 11atcr contents. atmospheric attenuations of
backscattering coefficients in Ku and S band. hav c been dcv eloped using a database of geophysical
parameters from meteorological global analyses and corresponding simulated brightness
temperatures and backscattering cross-sections by a radiative transfer model. Meteorological data
correspond to 12 hours predictions from the European Center for Medium range Weather Forecasts
(ECMWI') model. Relationships between satellite measurements and geophysical parameters are
determined using a statistical method. The quality of the retrieval algorithms depends therefore on
the rcprcsentaux ity of the database. the accuracy of the radiative transfer model used for the
simulations and finally on the quality of the i111cr sion model. The database has been built using the
latest 1crsion of the ECMWF forecast model, 11hich has been operationally run since November
:moo. The 60 levels in the model allo« a complete description of the troposphere/stratosphere
profiles and the horizontal resolution is 1rn11 half of a degree. The radiative transfer model is the
cmissi. ity model dcv eloped at the Uni. crsitc Catholiquc de Loux ain [Lemaire. 1998 J. coupled to an
atmospheric model [Liebe ct al, I '>93] for gaseous absorption. For the i111crsion. 11c hav c replaced
the classical Jog-linear regression with a neural networks inversion. For Envisat. the backscattering
coefficient in Ku hand is used in the different algorithms to take into account the surface roughness
as it is done with the 18 CiHz (respectively 18.7 Gil;) channel for the TOPEX (respectively JASON)
algorithms or an additional term 111 wind speed for ERS2 algorithms. The in-flight
calibration validation of the Envisat radiometer has been performed with the tuning of 3 internal
parameters (the transmission coefficient of the reflector, the sky horn feed transmission coefficient
and the main antenna transmission coefficient). First an adjustment of the FRS2 brightness
temperatures to the simulations for the 2000 version of the ECMWF model has been applied. Then.
l.nvisat brightness temperatures have been calibrated on these adjusted ERS2 values. The
advantages of this calibration approach an: that :i) such a method prov ides the relative discrepancy
11ith respect to the simulation chain. The results. obtained simultuncously for sci cral radiometers
(11e repeat the same analyze with TOPFX and JASON radiometers}, can be used to detect
significant calibration problems. 111on:than 2-3 K). ii) the retrieval algorithms have been developed
using the same meteorological mode I (2000 1ersion of the ECM WF model). and the same radiative
transfer model than the calibration process. insuring the consistency between calibration and
rctricv al processing. Retrieval parameters arc then optimized. iii) the calibration of the J-:111isat
brightness temperatures mer the 2000 version of the ECM\\T model. as well as the
recommendation to use the same model as a reference to correct ERS2 brightness temperatures.
allo« the use of the same retrieval algorithms tor the t110 missions. providing the continuity
between the t110. iv) by comparison with other calibration methods (such as systematic calibration
or an instrument or products by using respect ii ely the ones from previous mission). this method is
more satisfactory since improvements in terms or technology. modclisation. rctriev al processing are
taken into account. For the 1alidation of the brightness temperatures. 11c use cit her a direct
comparison 11ith measurements prov id ed by other instruments in similar channel. or the monitoring



over stable areas (coldest ocean points, stable continental areas). The validation of the wet
tropospheric correction can be also provided by comparison with other radiometer products, but the
only real validation rely on the comparison between in-situ measurements (performed by
radiosonding) and retrieved products in coincidence.

Abstract No. 546

Analysis of ERS-2 and TOPEX Microwave Radiometer In-flight
Calibration and Monitoring

N. Tran1, E. Obligis', L. Eymard'
1 CLS, France

l LODYC, France

The microwave radiometers on altimeter missions arc specified to provide the "wet" troposphere
path delay with an accuracy or I cm or better, at the location of the altimeter footprint. These
instruments have 2 or 3 channels including one in the water vapour absorption line centred at 22.235
GHz in order to properly retrieve the path delay. The quality of the retrieval relies on an-accurate in
flight calibration, both in term of absolute values and of time stability. The calibration of the
measured brightness temperatures requires the exact knowledge of all the instrument parameters but
within the on-ground calibration in vacuum chamber, the reflector cannot be included, so the
instrument characterization is not fully representative of the situation in space. Moreover, it is very
difficult to properly estimate the radiation emitted by the various sources in space
(emission/reflection of the microwaves by the satellite itself, contribution of the earth in the side
lobes). The reflector transmission is also poorly known (and often not measured), and is subject to
degradation in space due to aging or collisions with debris or other small object particles. For all
these reasons and because the mission requirements arc high, it is not possible to be confident in the
pre-launch calibration adjustment. So careful analysis, development of indirect methods of
calibration, and correction when needed are required after launch. We propose in this paper to do a
comparison of the calibration of 2 microwave radiometers, EMWR on ERS-2 mission and TMR on
TOPEX/Poseidon mission by (I) presenting the specifications of each one and their in-flight
calibration results after launch; (2) the different methods to monitor the stability of the instruments
along their lifetime; and (3) the different methods used to externally absolute calibrate the
instruments because contrary to conically scanning instruments. the in-flight calibration does not
include the complete antenna circuit and so it is therefore impossible to achieve an absolute internal
calibration.



Abstract No. 196

Impact of Microwave Radiometers on Sea Level Change Studies

R. Scharroo, J. Lillibridge
NOAA. United Stales

The radiometers on hoard the satellites ERS-1. TOPLX:Poseidon. ERS-2. CiFO. Jason- I and Em isat
measure brigluncs-. temperatures at t110 or three different frequencies. These measurements
determine the total columnal 11atcr 1apour content and wet tropospheric path delay. a major
correction to the altimeter range measurements. In order to assess the long-term stability or the path
delay. the radiometers an: calibrated against 1 icarious cold and hot references. against each other.
and against several atmospheric models. Four of these radiometers exhibit significant drifts in at
least one of the channels. resulting in unmodclcd errors in path delay of up to I mm/year, thus
limiting the accuracy at which glohal sea level rise can be inferred from the altimeter range
measurements. Because of their heritage. the radiometers or ERS and Em isat sen c as an important
reference, J1rlll iding a potentially l o-ycar long continuous record or brightness temperatures and
water I apour path de Jay estimates.
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Abstract No. 145

EO Services for Hydrocarbon Exploration

M. Insley', P. Murphy', A. Laake2
1 Jnfoterra,OGM Group, United Kingdom

2 WesternGeco, United Kingdom

EO data is now routinely used in onshore and offshore hydrocarbon and mineral companies as a
fundamental component of GIS hosted exploration databases. Within the hydrocarbon industry the
use of EO data extends into exploration, production and development phases both onshore and
offshore. This paper presents a number of case studies to show how the use of ERS data has been
developed from being used only for traditional mapping of geological structure in densely vegetated,
persistently cloud covered regions. In particular case studies are presented which show the
increasingly important contribution of ERS SAR data for:

Global Seep Screening - Offshore extensive archive of more than 8000 scenes has enabled
evaluation of more than 25,000,000 sq. km of the world's offshore sedimentary basins
extending out to water depths up to 3000m. The database provides explorationists with
global distribution of natural oil seeps providing an indication of the limits of petroleum
systems.
Estimating Seismic Quality - for evaluating surface texture and relative surface moisture
as part of an EO-based, G JS hosted product for predicting seismic quality.
Geological/geotechnical mapping - to emphasise subtle structures and mapping near
surface subcrop and shallow buried rock for pipeline routing and seismic planning in arid
and semi-arid regions.

Of particular interest is the integrated EO data and derived information for evaluating seismic
quality. This EO-based product has been developed with WesternGeco as part of the ESA Long
Term Market Development Programme to help promote and expand the utilisation of ESA Missions
data. The combination of ERS SAR and multi spectral optical satellite imagery provides information
on the mechanical and lithological properties of the weathered layer of the geophysical earth model.
The information can be calibrated with surface seismic quality information to assist logistic planning
and predict seismic data quality prior to seismic acquisition. The successful development of the
seismic quality product has resulted in significant savings in man-time as well as improved
acquisition and data quality.

•

Abstract No. 609

EO Services for Offshore and Gas

S. Sandven', R. Stephens", F. Lefevre", L. Bertino", F. Counillou',
D. Szabo", J. Le Bras3, P. Caspar '



1 Nansen Environmental and Remote Sensing Center, Norway
c Ocean Numerics Ltd., United Kingdom

3 CLS, Space Oceanography Division, France
4 Fugro GEOS Inc, United States

EMOFOR (Envisat MOnitoring and FORccasting services for offshore industry) is one of the
ongoing long-term earth observation market development projects addressing offshore operator's
needs for environmental information. The EMO FOR project aims to prov idc oceanographic
monitoring and forecasting services to operators who need information about currents and other
oceanographic phenomena. Ocean currents hav e strong impact on floating constructions, risers and
other installations in deep seas, especially eddies and fronts which represent maximum currents.
Information on eddies and other extreme current events, hoth from in situ measurements, satellite
data and model simulations is therefore essential for operators in deep water areas.In EMOFOR a
service chain is established where: I) atmospheric forcing data arc used to drive a nested system or
ocean models to produce nowcast, forecast and hindcast 2) satellite data are assimilated into the
model system and used for validation of the model output 3) in situ data from moorings, rigs, buoys
and ships arc used to obtain site specific depth profiles or currents in real time. The TOPAZ
modeling and data assimilation system is provided by NERSC, while the satellite data products arc
delivered by CLS. In situ measurements arc provided hy Fugro GEOS in the specific areas where
the service is dcv eloped.The satellite data used for assimilation arc sea surface height from present
operational radar altimeters, including Envisat RA-2 data. SST, ocean color and SAR images arc
used as supplementary data for daily monitoring or eddies and eddy features as well as for validation
of the model simulations. The integrated service system is implemented and tested in the Gulf or
Mexico under the name FOCUS (Forecasting Ocean Currents Service). The main focus of the
service is to produce forecasts of the Loop Current and detached eddies \\ ith high current speed
representing a hazard for the deep sea operations. The service system, which is planned to he
implemented in other deep sea exploration areas world wide, is run operationally by Ocean
Numerics Ltd. (http://\\\\ w .ocean numerics.com)

Abstract No. 677

EO Services for Land Subsidence Problems in Civil Engineering

t I 2 2C. Russell , K. Kosar , T. Conley , U. Hachethal
1 AMEC Americas, United States
c AMEC Europe, United States

AMEC a an international project management and sen ices company, was recently awarded a
contract under ESA 's Earth Observation Envelope Program, Market Development Element to carry
out market Development Activities Cleo-information Services for the Identification. Monitoring and
Mitigation Of Land Subsidence Problems. AMEC is one or the world's largest engineering and
construction companies that employs 50,000 people worldwide and generates revenues in excess of
8 hillion cums. The primary focus or the company is to develop and maintain long-term



relationships with a diverse range of local clients, government departments and industry leaders.
This highly successful approach has allowed the company to build a high quality business with the
majority of work arising from repeat assignments. Land subsidence is a global problem that is
estimated to annually cause hundreds of million of dollars of losses in terms of structural damage
and depreciation of property values. AMEC's portfolio of engineering services includes all the key
business sectors where land subsidence is a chronic problem including human activities such as
subsurface mining, fluid withdrawal and hydro-compaction or from natural processes including
dewatering of organic soils, seismic liquefaction and melting of permafrost, AMEC views Earth
Observation products and services as a "new idea" that when integrated into our company's
portfolio of services has the potential in the short term to provide significant cost savings to our well
established long term customers and in the long term to provide market advantage in expanding the
company's global Customer base. AMEC's strategy for earth observation market development for
land subsidence problems is described in this paper. It involves developing and maintains
relationships with high quality, well established and well respected EO Service Providers. AMEC
will encourage its Project Managers to establish preferred relationships with EO Services Providers
that can support AMEC's efforts to maintain the highest level of service quality to our Customers.
The short term the focus of this EOMD initiative has involved exposing and training selected
AMEC Service Line Leaders and Senior Project Managers in Europe and the Americas to the
applications, benefits, and limitations of EO technologies (specifically lnSAR and high resolution
optical imaging). These AMEC personnel arc gaining hands on experience in applying these
technologies through the ESA Earth Observation Market Development Program. In the long term
the focus will expand to include all Project Managers, Technical Personnel and Market
Development Personnel. This paper also describes internal processes within AMEC that are being
implemented to assist in the adoption of these EO technologies on a worldwide basis. The company
is presently establishing quality assurance programs to ensure professional liability issues associated
with the application of these technologies are properly addressed. Technical and contractual issues
associated with use of the technology in various market sectors arc being addressed. These activities
will be formally incorporated within AMEC's Risk Assessment Program prior to routine use of the
technology within the organization.

Abstract No. 634

EO Opportunities in Fisheries and Aquaculture Sectors

T. Boivin
Hatfield Consultants Ltd., Canada

Abstract Text The aquaculture market is one of the most dynamic and lucrative business sectors in
the world, growing at an average compound rate of I0% per year since 1990. In 200 I, global
fisheries production was 130 million tons, representing $56 biillion US in revenue. Despite the huge
potential for Earth Observation (EO) data and services to be applied to the fisheries sector, to date
there has been limited use of these technologies by the industry. The NEMA Project is designed to
determine the impact of the main market drivers influencing the fisheries and aquaculture sectors,
and to elaborate appropriate EO responses. Funded under the European Space Agency's Earth



Observation Envelope Program (EOEP). the NEM/\ project includes an in-depth analysis of the
various market forces shaping the fisheries and aquaculture industry in the near- to medium-term.
The market drivers arc being assessed from a global perspective, with prototype EO responses being
tested in Southeast Asia and Chile. Knowledge gained from assessing these emerging market forces
\I ill help lo idcnti [y opportunities for development of customized scrv ices using current
Envisat/LRS data. as well as archived data. and also help plan applications for upcoming sensors
(c.g., RI\ Di\RSA T-2 ). These may include site-specific surveillance of planned or ongoing
aquaculture operations by means of high-resolution satellite imagery. regional observations of
oceanographic conditions affecting fisheries operations. aquaculture site mapping and detection
services, lishing \ cxscl monitoring, coastal zone management. and harmful algal bloom (HAB)
monitoring. Upcoming project activities include conceptualizing suitable LO responses in support
of. and in alignment with, the evolution and growth of the aquaculture industry. The NEMA project
is heing implemented by a team led by I latficld Consultants Ltd. (Canada. as \I ell as Indonesia,
Thailand and Chile). Apolloni Virtual Studio (Italy). Acrde Environmental Research (Canada). DI-II
Water and l.nvironmcnt (Denmark). ACRI (France). and Nefisco Foundation (Netherlands). The
presentation 1\ ill include an oven icw of NEM/\ Project results to date. and \1 ill also discuss
potential opportunities for involvement ofV /\Cs in Phase II activities.

Abstract No. 279

EO Opportunities in Insurance Sectors

A. Shaw', C. Evre", A. Shaw'
1 ESYS pie. U1;itedKingdom

~Aon Risk Consulting. United Kingdom

ESYS pie and Aon Risk Consulting have teamed up to provide a fresh examination of the business
issues \I ithin the Insurance industry that arc driving demand for gcoinfonnation products and
services. The study is then seeking lo understand how this demand creates opportunities for
solutions i111oh ing Earth observation (EO) data and 11hat actions arc necessary to overcome barriers
lo market entry. As 011..:of the largest insurance companies in the 1\ orld. Aon have business interests
in most industrial sectors where issues such as c Iimate change. c111irunrncntal legislation and
glohalisation an: creating new challenges and opportunities for innovative information products and
services. Otparticular interest to this study arc the areas of.Forestry - forestry insurance and climate
change sinks monitoring Agriculture - guaranteed yield product-Property - flood and subsidence
risk Energy - revenue smoothing and climutc change issucslvlarinc - e111iron mental monitoring and
marine risk Security - property and business intcrruptionAlier a broad assessment of all sectors. the
study will focus on 2-3 key areas of opportunity. By evaluating how gcoinfonnation is used today
\I ithin key areas of the Insurance industry and assessing the current range of offcring« from the EO
services community. the study team will sugg<.:st actions that need to taken in order to fulfill the
potential lor EO. This should include some preliminary response actions from qualified value
adding companies. The paper will report on study progress and the results known at the time of
writing.
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Abstract No. 18

Compact Active Transponders for Operational SAR Interferometry
Applications

M. Haynes', S. Smart", A. Smith3
1 NPA Satellite Mapping, UnitedKingdom

2 SEA Group, UnitedKingdom
3 Phoenix Systems, UnitedKingdom

We report on the latest developments and results demonstrating the operational uses of Compact
Active Transponders with Envisat, ERS-2 and RADARSAT-1 data, in particular for in situ ground
and structure motion monitoring using SAR Interferometry. The transponders have been developed
in partnership by NPA Group, SEA Group and Phoenix Systems under funding by the British
National Space Centre's Service Mission Support Programme.

Abstract No. 26

RWT Tool: Offshore Wind Energy Mapping from SAR

C. Hasager, M. Nielsen, M. Christiansen
Risoe National Laboratory, Denmark

Demonstration of software RWT (Risoe Wemsar Tool) developed by Risoe National Laboratory,
Dept. of Wind Energy for assessment of offshore wind resource maps based on satellite SAR
observations will be given. The software runs on pc in Windows and is compatible with WAsP
(Wind Atlas Analysis and Applications Programme). WAsP is the de facto standard software in
wind resource mapping used in more than 90 countries by more than I000 users worldwide.
Calculation on wind power production typically is based on meteorological data input to WAsP.
RWT provides an alternative method for wind data input in offshore regions based on satellite SAR
wind field observations. Wind statistics related to spatial variations (e.g. noise level, physical
representation) and temporal variations (e.g. number of samples, cut-off range) are included. Error
estimation on wind resource parameters (e.g. Weibull distribution parameters) is provided through
RWT. Work in on-going to include scatterometer wind fields for wind resource estimation in RWT.
RWT is part of the EO-WINDFARM service in development within the EOMD project EO
WINDF ARM (17736/03/1-IW).



Abstract No. 96

Improvements to the Applicability of SAR Interferometric Techniques
for the Monitoring of Mining Induced Surface Deformation

U. Wegmtiller, C. Werner, T. Strozzi, A. Wiesmann
GAMMA RE/v!OTE SE.VS/NG. Switzerland

In the mining context legal obligation. safety. and cnv ironmcntul reasons result in a significant
demand for deformation information. Existing non-EO techniques arc rather expensive.
Consequently. there is a significant interest in the EO based techniques.In the past years land surface
deformation monitoring with SAR data reached an operational status. In spite of the high interest
and the quite advanced stage of the interferometric techniques there remain important limitations to
the availabiliry of the HJ based information. Reasons for unavailability include:- Incomplete spatial
CO\ crugc 11ith in format ion gaps for low coherence areas.- Difficulty to rcsolv e high phase
gradients.- Limitations to the EO data availability.ln the mining application these limitations can he
quite severe because of high deformation rates. high spatial gradients. and a dynamic temporal
bchav ior. One part of the ESA supported EO MI) - \1 in ing project is to reduce some of these
limitations. The objective of our presentation is to demonstrate that important improvemcrus to these
limitations can be achieved by:- Including point target based interferometric techniques.- Using L
band SAR.The main improvement of including techniques \\ hich explore the interferometric
signatures of scatterers with a point-like scatter characteristics is the better spatial and temporal
coverage achievable. There is a good potential lo find some scatterers in lo« coherence areas and
artificial point targets can be installed to till important gaps. Pairs with long baselines can be
included in the interferometric point target analysis. permitting a more complete use of the available
SAR acquisitions and to improve the temporal sampling.In vcgctutcd areas and for rapid
deformations !.-band INSAR (.IERS. ALOS-1':\l.SAR) has a heller potential as compared lo C-band
SAR (LRS. l.n , isat-ASAR. RADARSAT). Due to its longer wavelength decorrelation in vegetation
is reduced. Furthermore. the lower phase-lo-deformation scnsiti. ity reduces the problems in the case
of high deformation gradients.Based on specific cases the improvements achieved arc discussed.
Examples confirm the good potential of the interferometric point target analysis and the possibility
to measure subsidence in forested areas and that subsidence cones 11ith high phase gradients could
be resolved using L-band SAR.

Abstract :\o. 237

Value Added Geocoded Envisat-ASAR Product Service

t I l I 2 JD. Kosmann , M. Huber, A. Roth , M. Bollner, D. Small , H. Raggam
1 DLR. Gernianv

-'RSL. Swit:::erla;1d
3 Joa1111e11111Research. Austria



The German Remote Sensing Data Center (DFD) of the German Aerospace Center (DLR) is an
element in the network of the Multimission Facilities of ESA and responsible among other tasks for
SAR processing. The DLR has implemented a service for value added products over land. This
service can support the user community with preceise geocoded products in addtion to the standard
products of ESA.The Envisat GEOcoding system (EGEO) support the highresolution image modes,
the medium resolution and the global mode from Envisat, product examples will be presented.The
user service includes also the integration of national geodetic maping parameter to the products.
Different datumshift parameter sets arc implemeted. New parameter sets can be easily integrated, if
the user can deliver the required geodetic parameters.Two major types of geocoded products are
available: · Enhanced Ellipsoid Corretced (EEC) · Enhanced Geocoded Terrain Corrected (ETC)
The EEC generation is a fully automated process. The process has access to a Digital Elavation
Model (DEM) data base, because a GLOBE DEM (I km resolution) is used to reduce height induced
errors in a global quality.The ETC uses the best available DEM to eliminate geometric mislocation.
SRTM DEMs with IOOmand 25m resolution and other high resolution DEMs, e.g. lnSAR DEMs or
from other sources can be utilized. The system was built up in co-operation with the Remote
Sensing Laboratory (RSL), University Zurich (CH) and Joanneum Research, Graz (A). ESA and the
German Ministry of Education and Research (BMBF) supports this project.

Abstract No. 255

16857 Gigabytes Later:
Results from 24 Months of Envisat DDS Operations

B. Collinl-Nocker", S. Badessi", D. Castrovillari ',
D T . ·4 M B tl . 4. omassm1 , . er mana

1 GCS GmbH, Austria
2 Telecommunications Dept., ESA Directorate of Appli, Italy

3 Intecs S.p.A,, Italy
4 Vitrociset SpA, Italy

The Envisat satellite-based Data Dissemination System (DDS) for distribution of remote sensing
data from the Envisat satellite to the various European users was integrated in early 2001. The
system relies on DVB/MPEG-2 based transport links for carrying IP datagrams. It uses a broadcast
satellite forward channel and a terrestrial return channel. The forward link operates on a
geostationary, digital TV satellite whereas the return channel uses Internet. The DataCast/RRMP
software by GCS (A) is the engine for the dissemination of the remote sensing data. As part of it the
Restricted Reliability Multicast Protocol (RRMP) provides full-reliable multicasting and this
efficiently exploits the inherent broadcast capabilities of satellites. For privacy reasons, DataCast
uses dynamic encryption, allowing for dissemination of data to a dynamic group of receivers for
every transmission. For efficiency, RRMP employs an error control strategy that is based on ARQ
and Forward Error Correction mechanisms. lntecs (I) developed the part relevant to the interface to
data sources, reporting and monitoring of the overall operations.The DDS architecture and functions
are per design scalable in terms of the number of uplink sites and receivers and can also support a



further increase in bandwidth, to allow the accommodation of new data-dissemination requirements
emerging during the mission's lifetime. Initially DDS operated from two uplink sites in Frascati (I)
and Kiruna (S ). Lah: 2002 a third uplink site (Svalbard) was integrated. Earlier this year the
transmission rate was increased from 4 Mbps to 6 Mbps, and the Svalbard uplink was moved to a
dedicated satellite carrier and Svalbard transmission rate has been increased to 4.45
Mbps.Additionally the DDS's design allows for multi-mission use. i.e. other missions can make use
of DDS services in parallel with Envisat. In fact. DDS has been used to support limited ERS data
distribution in parallel with the Em isat rehearsal activities. DDS is mm 24 months in operations and
has recently and successfully transferred the 16th Tcralsytc of data mer the satellite channel
simultaneously to more than 4 user sites on average. for a total of ahout 70 Tcralsytcs of data safely
rccciv ed at the user ends. A central wch interface (http://dwlinkdvh.csrin.csa.it/DDSI) provides the
users a means to verify the status of the system and to get information on the current activity. A
local web interface eases monitoring hy the user of its individual site. A jointed team of engineers
from lntccs and Vitrocisct (I). operating at ESA'ESRIN (Frascati ), monitors and maintains the high
performance of the system. The paper will present an in-depth analysis of the transmission statistics
collected during these 24 months of operations. Quite surprising is the tact that more than 97 per
cent or the data tiles (average size 50 Megabytes) were transmitted over a 7.5 MHz sere carrier
(initially at 4 Mhps with FEe j',, now 6 Mbps with FEe /4) without any negative acknowledgements
to request forward error correction retransmission.

Abstract No. 314

ESA/EOMD Action for Multibaseline with Permanent Scatterers ERS
lnSAR DEM Performance Assessment Toward Application Needs

L. Regnant', C. Prati2
1 A/cote/ Space, France

; POU Ml. Italy

In this paper. we present the results of the performances assessment of Multihascline DEM lnSAR
toward operational application needs. This work has been conducted in the framework of the
ESA/EOMD framework. We start with a brief presentation of the POl.IM I rnultibasclinc lnSAR
DEM production chain exploiting the LRS I&2 archive. This algorithm combines the multibaseline
SAR interferometry and the Permanent Scatterers analysis.Then. we analyse the output product
performances 0\ er a eEOS lest site. The DEM is compared to reference DEM and a standard
tandem lnSAR ERS DEM.Finally. we compare the measured performances (altimctric, planimctric
accuracy) toward user needs for risk management applications. We present the applications and their
needs and conclude to the qualification of the Multibaselinc lnSAR DEM toward the tandem lnSAR
DEM for the end user applications.
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Development of an Operational EO Service for Flood Monitoring
within an EOMD Project

I 2 2 3 4K. Fellah, P. Chastanet, F. Col Maurer, F. Axes , H. Bach ,
U. Dierschke", U. Ebel5, P. De Fraipont'

1 SERTIT, France
:-Etat Major de Zone Est, France

3 Spot Image, France
4 Vista, Germany

5 Swiss Re, Germany

The overall objective of this activity is to set-up an operational EO-based service for flood
monitoring to meet the requirements of the Civil Protection Authorities and Re-Insurance
Companies. This project is co-ordinated by SERTIT who is teaming up with the EMZ-EST, the civil
protection agency in charge of the Eastern-Defence zone in France and VISTA who is taking care of
market development to Re-Insurance Companies in Germany in collaboration with Swiss Re. SPOT
image, the third party of the consortium, will act as an unique one-stop-shop for the provision of EO
data. ESA is contributing to the project in the framework of Earth Observation Market Development
(EOMD).Civil protection organisations need information on flooding and its impacts, most urgently.
while a flood is happening. EO derived products have been identified and developed taking into
account Envisats new capabilities and SPOTS. The first product. showing the extent of the flood, is
the rapid flood mapping product, delivered to the Civil Protection authorities within 6 hours after the
service receiving the EO data. The second product. the rapid impact mapping product, based on a
regularly updated landcover map, describes the landscape affected by the flood and is delivered 12
hours after the reception of the EO data.With 24 hours a day EO based on-call service, the service is
integrated directly into the current operational practices of the Civil protection agency. It is prepared
for any request. providing relevant information for flood risk mapping, flood forecasting, and for
crisis and post-crisis management.In parallel, the Insurance sector in Germany is marketed by
VISTA with flood risk zone related products and services. to estimate risk categories and to quantify
the damage after a flood has happened. Through this information, the insurance companies can
optimise their premium system and become more competitive.This EO service can also contribute to
the International Charter "Space and Major Disasters". It has operated successfully in generating EO
added value products during flooding in France (Gard September 2002, South France December
2003 ), Dominican Republic flood event in December 2003, and for other natural disasters, including
the Salvador earthquake in February 2001, the Nyiragongo Volcano lava flow in January 2002 and
more recently after the Stromboli volcanic explosion in April 2003. Earthquakes have become a
major focus of activities with Turkey in May 2003, Algeria in May 2003, Iran in December 2003
and Morocco in February 2004.



Abstract No. 335

Image Information Mining for Earth Observation at ESA

S. D'Elia
ESAIESRIN. ltalv

As in other domains. also in Earth Obscrx at ion (EO) the key items arc the data. the information that
can he extracted from it. and the knowledge necessary lo perform this process. EO images (data) arc
normally retriev ed from archives using attributes like geographical location. time of acquisition,
sensor. etc.. \\ hich do not provide any insight in their information content. Experts then apply their
knowledge, interpreting the images lo extract information, through a human intensive and therefore
expensive process.In recent years our ability to acquire and store large quantities (even petubytcsj of
data has greatly surpassed our ability lo extract mcaningfu] information in time. also lcav ing events
totally undetected. This discrepancy between the offer (data) and the need (inform.uion) is
continuously increasing since, in order to cope \\ ith the large requirements from emerging
applications. like event or change detection. glohal monitoring. disaster management support, etc.,
more missions and also constellations are hcing conceived and deployed, with broader sensor
variety and increasing data rates (higher resolutions and number of channels). As an example.
Env isat alone accumu Iales 400 tcrabytcs of data C\ cry year.Therefore. the need for timely access lo
clear, focused. concise, and reliable information will likely remain unsatisfied, despite the
availuhility of potential answers in the EO data. unless a breakthrough is introduced. This
contribution describes ESA initiatives in Image Information Mining ( 11\1 ). \\ hich has been
identified as the field capable to provide this breakthrough. The activ itics include specific projects as
wc] l as coordination al European level.In the year 2000 ESA started the identification and the
implementation of 11\1 techniques. \\ hich could support ease the experts tasks also hy applying
their know ledge lo small and large image sets. These technologies need lo include learning systems
capable to discover, store and apply the necessary knowledge in order to automate llM, and
mediating interfaces capable to understand user semantic and domain of interest. The key ESA
projects in the field (see: http.z/carth.csa.int/rtd}, include:KIM Know ledge Driven lnlormation
Mining in Rc11101c Sensing Image ArchivesKES LO domain specific Knowledge Enabled Services
(two projects r-Uk l Survey and classification of advanced feature manipulation techniques and
tools tor Earth Observation applicationsKIMV KIM Validation for EO archived data exploitation
supportKEO KIHrn ledge-centric Earth ObscrvaunnrAl X: Image Information Mining: Content
A\\ arc Data Compression for Image Time Series I landlingSomc of these projects have provided the
initial results, described in this contribution. 'They have demonstrated, al least in particular cases, the
feasibility of automating JIM and have permitted lo identify areas still requiring research and
analysis. In the short term the results are being applied to speed up the interactive manipulation of
image sets for extracting information, or lo permit enhanced search of archived images also via their
content. In the longer term, these techniques should also permit lo systematically extract and provide
the information contained in the images as features through an OCiC compliant feature server.Since
the end of 2002 the llM activities arc coordinated on a voluntary basis in Europe within the Image
Information Mining Coordination Group (llMC(i). chaired by ES/\. with European Space Agencies



and Research Centres as funding members. The focus is on research and technological activities for
automated and user centred extraction of information from EO images and image archives in
support to content understanding (see: http://earth.esa.int/rtd/llMCG for further details).

Abstract No. 340

The ESA Service Support Environment

P. Marchetti, S. D'Elia
ESAIESRIN, Italy

Despite the success in many scientific areas Earth Observation (EO) has not yet evolved into a real,
self-sustaining, service industry. Ongoing efforts to broaden the European EO market highlight the
need for EO services and "information products" closer to customer expectations and processes
(easily understandable and ready-to-use without further manipulations). In general terms there is the
need to move from a "data" or "product" centric vision of EO ground segments to a "service"
oriented approach.Today the lack of an integrated, transparent and service oriented infrastructure
adds a further barrier to the transformation from basic EO products (data, images) into information
and services. This transformation is performed by a relatively small number of specialised
companies operating independently in speci fie application domains. This separation increases costs
and leads to a time consuming process, which prevents the optimisation of allocated resources.
These problems limit the deployment of cost effective EO services, in particular when support to
service orchestration is limited and companies spend their efforts in getting hold of the data or in
repeating basic processes outside their own core business, which may be efficiently performed by
specialised partners.In synthesis, ease and low-cost access to Earth Observation data in an
environment enabling the setting up of strategic partnerships for providing synergic services are the
key factors to the development of an EO service industry.ESA has addressed the challenges related
to the implementation of such an environment in a large GSTP project, which has demonstrated
through a prototype that an infrastructure based on today business-to-business and business-to
customer technologies provides some of the key required capabilities, including: · Easy service
publication, chaining and provision· Easy service identification, activation and monitoring · Support
for provision of on-line and off-line services· Service provision from local Service Providers'
systems · Customised quotation before order· Interactions also in national language· ... The
prototype is now being consolidated into a pre-operational environment, including a number of
precursor services, which will be available by the end of 2004. Further evolution for better
compliancy with the GIS world and large programmes like GMES, INSPIRE, etc. are already being
prepared for possible deployment of an enhanced European Services Infrastructure in 2007.This
paper describes past and future of the ESA activities in the field and shows how the identification of
a set of common EO related standards and the support of a neutral "Service Support Environment"
infrastructure is capable to foster the seamless integration of open operational services (from
facilities or Service Providers) in Earth Observation.
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EOMD PSIGN Project: Developing Markets for EO-derived Land
Motion Measurement Products

R. Capes
NPA Group. United Kingdom

(not av ailablc)

Abstract No. 348

Value Chains in the Tourism Segment for New Satellite Data Sales
Channels

0. Schleider
Terra Map Server Gmbl l. Germany

The ESA EOMD project "t:ARTH 013SERVATION RESPONSES TO GEO-INFORMATION
MARKET DRIVERS TOURISM" fully sponsored by ESA, investigates the market drivers
affecting demand and supply for geo-in formation in the tourism markct.ln this ongoing project, an
international team inv cstigatcs the current market and the opportunities for EO data and EO based
services to establish new or contribute to existing value chains.The contribution establishes a value
chain based scenario. The demand side id en ti lies the current use of gco-information in the tourism
segment. and potential needs in the near future. The highest potential is seen for internet based
offerings and travel information systems.The EO industry part deals with the technical capabilities
and the resulting possible supply side components. Non- EO based geo-information is already used
in the tourism segment and thus a focus is put on the strengths and weaknesses of EO based data and
also services here. A special discussion on the potential use of Envisat/ERS data is included. Besides
a \ iablc technical approach appropriate business models arc crucial. Data and sen ice pricing must
he \ alue not cost oriented. The paper derives generic business model components out of the
operational experience of the project team.The outlook proposes practical implementations of the
identified value chain by an application scenario. The project team propose se\ era! applications in
the JD and 2[) information systems area.

Abstract No. 400

Improved Water Forecasts from Integrating EO Products
- an EOMD approach



J. Sorensen, K. Dahl-Madsen, M. Rugbjerg, A. Erichsen,
P. Hammer, P. Rasch

DH/ Water & environment, Denmark

The Water Forecast is a commercial operational marine forecasting service, delivering hindcast and
forecast products to end-users. The core of the service is a set of numerical models of the marine
system covering the North Sea and Baltic Sea capable of predicting a range of hydrodynamic.
biological and wave phenomena up to four days ahead.The purpose of the work presented here is to
add value to satellite derived Earth Observation (EO) products. by making them more accessible
through integration in the Water Forecast. A great deal of satellite derived EO measurements arc
taken continuously, but their value is only exploited to a small degree due their generally
inaccessible format. In this project GRAS and ARGOSS operate a Value Adding Company (VAC)
processing the raw EO data to a format, which DHI subsequently can assimilate into the Water
Forecast. DHI is a Market Player (MP) providing the Water Forecast products to the end-users.
DONG and Musholm Lax. Thus. the integrated service chain from satellite to a prediction of the
marine environment can be regarded as a necessary moulding of the data to gain value for end
users.Dedicated Water Forecasts will be provided to the two end-users. A benchmark for
improvement will be calculated as the present model forecast performance in 2003 as compared to
available satellite and in situ measurements throughout the domain and particularly for the products
requested by the end-users. Subsequently. EO data will be assimilated and the increased value
thereof will be assessed by the end-users.

Abstract No. 464

Earth Observation Market Development of Envisat Based Services -
SAR-Based Oil Spill and Fishing Vessel Detection Services

L. Steinbakk', M. lndregard", T. Knight", J. Pedersen'
1 Kongsberg Satellite Services, Norway

:-QinetiQ, United Kingdom

Kongsberg Satellite Services (KSAT). Trornso, Norway has since 2002 been managing a project
entitled "SAR based oil spill and fishing vessel detection services". The other project partners arc
QinetiQ (UK), Kongsberg Spacetec (Norway) and a set of European users. The aim of the project is
to develop the market for SAR (Synthetic Aperture Radar) based oil and ship detection services. and
to ensure that the new capabilities of Envisat ASAR arc rapidly included in existing services. The
core of such services is the combination of radar satellites and other surveillance methods such as
dedicated aircraft equipped with radar (SLAR) and IR/UV scanner. The project is co-funded by the
ESA Long Term Market Development Program (ESA/EOMD).Kongsbcrg Satellite Services and
QinetiQ both provide SAR based marine surveillance services. The two providers cooperate in this
project on developing a harmonized pan-European SAR-based oil and ship detection service. The
sen ices are primary for the European marked. but the project has also identified global



opportunities that arc being follov ed-up. It has become evident during this project that the
i111olvcmcnt especially from the institutional users depend on indiv idual annual national budgets.
High sen ice costs combined with cuts in already limited national surveillance budgets is one of the
main blockages for further development of the institutional market. Coordination among users
\\ ithin a geographical area and harmonization of their needs therefore seem to he a \ iablc approach
in order to secure a sustain ah le service. This w ill prov ide additional information for each user. but
also a less expensive service for each user through a cost-sharing model. A multi national oil spill
monitoring trial based on Envisat ASAR is currently conducted as a shared sen ice for three key
users in the :\orth Sea. Ship detection wil! he performed on the same dataset. for the Fishing
Monitoring Centers in the same area. Through this trial the capabilities to prov ide operational. near
real-time detection and early warning of possible oil spills and surface ship positions for local and
regional environmental monitoring will be dcmonstrarcd. A user evaluation will be conducted and
the SAR-based multi-use service ability to meet the operational requirements from the various user
groups will he presented. Initiatives to expand beyond Northern Europe arc also taken.
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EO-bascd Information Service for Windfarm Management
(EO-WINDFARM) - a Project within the EOMD Activity
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An international xurvcy conducted by the European Commission shuw-, that renewable energy is a
top priority for luropcan citizens (Press release. \I \I \I .cwca.org. I0 March 2003 ). It also documents
that research in renewable energies such as wind and solar is signilicantly more popular than other
energy-related research in the European Union. In t\10 decades. l.urope will he importing 70 'X, or
its energy unless there is a change direction: renew ables can help to till the gap in the European
energy supply. While Europe is not rich in oil. gas and coal. there arc huge 11ind resources and
l.uropcan companies arc world leaders at conv crtinu these into clcctricity. Wind power and other



renewables provide economic growth, security of energy supply, employment, and technology
development, and none of these at the expense of the environment. Exploitation of wind energy will
therefore help to stagnate the release of dangerous waste (from other non-renewable energy sources)
and will contribute significantly to meeting the Kyoto targets for reduction of C02 emissions.EO
WINDF ARM - a market development project sponsored by ESA - aims at providing Earth
observation (EO) data to the wind farm industry. In remote areas and particularly offshore there is
an urgent need for data. The EO-WINDF ARM services will contribute to fill this need and will
possibly increase the cost-effectiveness when siting, constructing and operating wind farms. In EO
WINDF ARM, a service will be set up where relevant EO-based information products can be
integrated with existing products and tools for wind farm design and management. In the first phase
a limited number of products are included in the service, comprising tides and waves, which are
useful for designing constructions, and wind speed and direction for siting and wind resource
calculations. For land based sites, terrain roughness maps and topography are included as useful
information for modelling of the airflow over land. The service will be thoroughly tested and
validated for cost-effectiveness within the ESA-sponsored project.

Abstract No. 618

Ground Motion History for Stoke-on-Trent (UK) Interpreted
from PS InSAR and Thematic Geological Information

D. Tragheim, M. Culshaw, L. Bateson
British Geological Survey, United Kingdom

New PSlnSAR results from the GMES Terrafirma project, have just become available to the British
Geological Survey (BGS) for the Stoke-on-Trent region, United Kingdom. This area has a legacy of
several centuries of clay, ironstone and coal mining activity, much of the coal being used to fire
kilns for its famous pottery industry. This activity has resulted in many ground subsidence problems
in the past, and is likely to continue into the future. Given this problematic background, it was felt
that this region would make an ideal testing area for the PSinSAR technique.Sixty-seven ERS 1&2
radar scenes were processed by one of the Terrafirma partners, covering a time interval from May
1992 to December 2000. After the latter date, most of the remaining ERS scenes were found to be
unprocessable.In 1992 the BGS completed a Geological Thematic Mapping Programme in Stoke
on-Trent. This information has now been assessed to give likely explanations for the patterns of
ground motions displayed by the PSinSAR results. These are described in this paper. Several small,
coalescing areas of high subsidence occur in the southern area, and shown to correlate with deep
mining activity. Other narrow areas of lesser subsidence relate to highly compressible soils in
alluvium deposits of the River Trent and Vale of Etruria. However, most surprisingly, there is one
very large and two smaller sub-elliptical areas of uplift in the northern parts of Stoke-on-Trent.
While these occur within areas of older underground mining, the explanation for the direction of
their motions is difficult. One possible hypothesis, is that there has been an influx of groundwater
within the mines due to cessation of pumping in these particular areas, causing uplift.If substantiated
by other information, then this provides powerful support for the PSlNSAR technique. Especially as
one might have expected the opposite to have occurred.
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Experience with Near Real Time Distribution of
Envisat ASAR Data to End-Users

L. Toudal, R. Saldo
DCRSIDTU. Denmark

During the last 5 years the Danish Center for Remote Sensing has operated a near real time data
distribution system for ice. weather and ocean data. The system utilivcs recent advances in Internet
technology to prov idc the user with certain GIS-likc functionalities using a limited bandw idth and
so Iiware tools av ailable in standard \\ ch-brow sers. The sys km provides a unified access to a large
number of data sources primarily from satellite microwave remote sensing instruments such as
AMSR. QuickSCAT Sea Winds. SSM/I. A VHRR. AMSU.Data are typically available \\ ithin a few
hours (3-8) after acquisition. In this paper we will discuss our experience with distributing Envisat
ASAR data through this system. We tested the processing of Envisat ASAR data during the
CR YO VEX experiment in April 2003. and the data were used on-hoard the RIV Polarstern for
experiment and cruise planning. We expect also to he able to demonstrate the processing and
distribution og Enx isat ASAR Global Mapping Mode data before the l-:11\ isat and ERS Symposium.

Abstract No. 660

The Evolution of the Operational ESA SAR Processors

T. Henry, P. Lim
MACDONALD DETTWILER, Canada

Since the 19:-IO's MacDonald Dcuwilcr has prm idcd operational SAR processors for the Agency's
major SAR missions. On this. the 25th anniversary of the Canadian as-ociauon w ith ESA. we would
like to offer a presentation which traces the history of the SAR missions and the Canadian
involvement in them. and the relationship to the Canadian satellite radar program.The paper will
begin with the conceptual framework for dcliv cry of SAR products for the ERS mission. and then
trace the C\ olution of the processors from the launch. through the emergence of VMP as the
operational platform. the decision to Iollo« ERS-1 11ith ERS-2. to the current work to ensure
support for ERS far into the future. The paper I\ ill trace the history of the PF-ASAR processor.
again from the concept to the reality of the current implementation. touching on the use of PF-ERS
to validate the processor. the Cal-Val campaign. and the addition of the two new products available
since launch ( \Va1T L2 and WSS ).The nature of the paper 1\ ill he anecdotal rather than technical.



Abstract No. 684

Open GRID Services for Envisat and EO Applications

L. Fusco", P. Goncalves', F. Brito1, M. Fulcoli1,
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ESAIESRIN, Italy

Earth Observation (EO) satellites provide constant 24-hour surveillance of the Earth, regardless of
atmospheric conditions. With these data, scientists arc able to monitor the delicate balance between
ecosystems, keep us informed about the weather and monitor environmental changes on a global
scale. The Open Grid Services for Earth Observation defines a generic infrastructure where specific
data handling and application services are seamlessly plugged in. Coupled with the high
performance data processing capability of the GRID it provides the necessary flexibility for building
an application virtual community with quick accessibility to data, computing resources and results.
This user-friendly environment aims to:

Support science users for focused collaborations as needed for calibration and validation,
development of new algorithms, generation of high level and global products
Provide the reference environment for the generation of systematic application products
coupled with archives and near real time data access

In particular, the ESA proposed Open Grid Service infrastructure allows GRID-based applications to
discov er and retrieve information about relevant datasets in any global coverage area of interest.
transfer large amounts of EO data products to the GRID, and trigger hundreds of concurrent
processes to carry out data processing and analysis on-the-fly. The access to GRID computing
resources is handled transparently by the EO Grid interfaces that are based on web services
technology (HTTP and using SOAP/XML), and were developed by ESA within the DATAGRID
project (European Commission Grant lST-2000-25182 E). This project, initiated in 2002 by ESA,
has lately demonstrated the potential of GRID systems for providing a suitable infrastructure to
ESA 's EO scientific users to support their activities related to data and algorithm validation. As
being based on a large amount of satellite earth-observation data. the validation of earth remote
sensing satellite data and associated algorithms often requires a large amount of processing
resources and highly interactive access to the large amount of satellite data input to the validation or
data-processing algorithms. A common shared infrastructure accessible to science users can be seen
as a very valuable and cost-effective approach to support EO science and application development.
Although it is recognized that the GRID rniddleware proposed today ..off-the-shelf' is still evolving
and on its way to standardization, it can also be established that it already offers a certain number of
components and driving concepts of particular high-value to EO data applications, in particular:

A virtual access to scalable processing resources, independent of their inner
architecture and "delocalised"
The concept of generic and dclocalised computing resources and their management,
including processing power or auxiliary resources such as data. licenses, computing
software, etc.
The reference infrastructure for supporting e-collaboration, i.e. the access to, and sharing
of, data, resources and tools by a decentralized community of users (virtual organization)



Security access management
Currently the system supports the automatic binning of MERIS images (reduced and full resolution).
the processing of GOME and GOMOS ozone profiles and their data \ alidation \\ ith external LIDAR
data. All the components of the new version of REA\1 (Basic ERS. l.nvisat (A)ATSR and MERIS
Toolbox). e.g. the SMAC, Smile correction and binning processors arc being integrated in the
system and this sen ice is also being extended to AATSR and ASAR imagery. Additional services
arc being proposed to support the new General Studies Programme activity related to e
collaboration.

Abstract :\o. 719

Eduspace: Preparing Future EO Users

M. Fea, L. Ghaye, B. Stromsholm, I. Duvaux-Bechon, J. Lichtenegger,
P. Bragger Sorensen, R. Nay, F. Serban

An increasing number of schools and education institutions arc \ isiting the Eduspacc. the multi
lingual Furopcn Web Portal for Secondary schools de\ eloped by FSA in cooperation \\ ith
international space and education partners. The threshold of I000 registered schools \\as passed in
May 200-1. Currently a\ ailablc in English. German. French. Italian and Spanish. the portal is being
enriched with the Danish version. whilst others arc in preparation. NC\\ modules have been or arc
being implemented. such as the "l.nvisat" and "Africa from Space" modules. and other application
oriented ones arc in preparation. In particular. among those two ideas arc worth mentioning: a
module called "Latin America from Space". to be de\ eloped in collaboration \\ ith lat in American
entities to open the portal to that continent. and a "World Heritage Sites" module. to he built in close
cooperation \\ ith UNESCO to stimulate users to« ards applying EO data for the monitoring and
preservation of the protected sites. The Version 2 of the powerful l.duspacc Ll.Owork s soft« arc
package has been also implemented. Finally. the l.duspacc Council of Teachers \\as created by
ESA. in order to ensure that the portal gnrns in line \\ ith the educators needs. The Council held its
first meeting on 23-2-1 April at ESA H() in Paris. where some fifteen European teachers discussed
particularly on the current status and the future dcv cloprncnt of the portal.
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Using ERS 1 and ASAR Imagery for Mapping Forest
in French Guiana

T. Harne', Y. Rauste', L. Sirro", H. Ahola1, J. Lappi", J. Rudant3
1 VTT Information Technology, Finland

:! Finnish Forest Research lnstute, Finland
3 UNIVERSITE DE MARNE LA VALLEE, France

ERS I and ASAR imagery were used for mapping the forest area of French Guiana for 1992/1993
and 2003/2004, respectively. For the 1993 map 60 ERS I precision images were received. These
images included multi-temporal acquisitions of two to five dates from the same location. The
imagery was ortho-rectified using the Digital Elevation Model of the Shuttle Radar Topography
Mission. Three features were computed using the SAR data: average amplitude of the overlapping
images, average texture, and temporal variability of the backscattering. A classification to forest and
non-forest was done using a combination of unsupervised and supervised techniques. The ASAR
data were VY polarization with the IS4 (33 degrees) incidence angle. They were processed and
classified in the similar way to the ERS I data. The reference data to validate classifications were
collected using a combination of ground sample and a sample from Landsat (E)TM and Spot 5
imagery. Using SAR based estimates and sampled reference data confidence intervals for the forest
area in Guiana in 1993 and 2003 were computed.This work is part of the GSE Forest Monitoring
project of the GMES program.

Abstract No. 100

Demonstration of MERIS Data Use for Agri-environmental
Applications

H. Poilve, V. Lefevre, P. Duthil
EADS Astrium SAS, France

The Cat-I project "Demonstration of MERIS data use for Agri-Environmental applications" led by
EADS Astrium is attached to the SAGE project which is part of the ESA GMES Service Elements
Consolidation Studies. The SAGE project. led by Infoterra GmbH. is aiming at developing precursor
services to support the implementation of the Water Framework Directive and Soil Protection
Initiative.The specific objective of the MERIS-based application is to develop a precursor service
for evaluating water used by irrigation, based on an evaluation of irrigated surfaces and water



heights. The goal is to make available to users these information products at regional scale (typically
for a large catchment. c.g. I00 000 Km2 ). in a sustainable 11ay i.c. demonstrating an operational.
highly automated and low-cost approach based on medium resolution EO data. In this context the
MERIS data. with the high revisit capability due to sensor wide swath. its intermediate spatial
resolution of 300 min FR mode and the rich spectral information provided by its 15 VNIR bands.
provides a unique opportunity. In order to fully exploit the MERIS spectral information, the
developed processing approach is based on inverting a coupled vegetation/atmospheric model. The
atmospheric model uses interrogation techniques of the LOWTR;\N or MODTR;\N model. The
vegetation model is based on the SAIL and PROSPECT models and takes care of the composite
pixel nature to describe mixed vegetation covers (such as a mix of green and senescent crops. and
bare fields). This overall technique of coupled inversion has proved to be highly powerful and
robust in ensuring a stand-alone atmospheric correction. For vegetation. target biophysical variables
arc cover fractions that describe the green and the brown fraction of vegetation 11ithin the pixel. It
has been sho« n that M l'RIS spectral in formation ..:1en allo« s to assess cover heterogeneity 11ithin
the pixel, i.e. differentiate between two conditions having same cover fraction but resulting either
from a homogcnous cover or a contrasting fully dc1 eloped crop/ bare soil mix. The time series of
green and brown cov er fraction maps is then the basic information that is exploited to develop
spatial analyses of the agriculture and natural lands at the regional scale. In SAGE the water
abstraction mapping precursor service is being dc1 eloped on the Adour Garonne catchment (South
West of Farncc ). Firstly it is applied on a sub-catchment of the Garonnc basin. called the "Neste
System". and area is about 8 000 km2. Then it is extended to the broader scale of the whole Adour
Garonnc basin representing about 115 000 km,'. ;\ temporal coverage of the "Neste System" area
has been acquired with MERIS during the crop vegetative period in 2003. with a typical revisit of 15
days. and in parallel data for the 11hole Adour-Garonnc basin has been collected at a lesser
frequency (e1 cry month). The corresponding 1cgctation fraction maps hav c been produced and an:
11011exploited 11ith the objective to deriv c an estimation of irrigated crops acreage. per small region
unit. by de-com eluting the contribution of di Ilcrcnt crop groups 11inter crops. summer crops
irrigated and non-irrigated. This is a challenging goal. however this approach if demonstrated can be
applied to many applications at regional scale in the Agriculture and Agri-Lnvironmental domain.
for example Ior monitoring the evolution to sustainable farming practices in Europe. monitoring
changes in the rural landscape. or prov iding real-time estimates of crop areas in far foreign
countries. The ability of the Envisat Ground Segment to produce and deliver pre-processed MERIS
data in near-real time may then be the next limiting factor to a true development of operational
applications.

Abstract No. 384

Subsidence Detection in the Area of Thcssaloniki (Northern Greece)
Using DlnSAR Techniques

D. Raucoules', D. Raucoules', I. Parchiarldis", F. Novali'',
G. Cooksley", D. Feurer5

1 BRG \1. France



2 National Capodistrian University of Athens, Greece
3 TRE, Italy

4 NPA, United Kingdom
5

-, France

The SAR interferometric techniques (Permanent Scatterers and stacking of conventional
interferograms - ERS data) have been applied to the region of Thessalonoki (Greece) in order to
detect and map subsidence. The sector is affected by several ground deformation phenomena in
relation with the tectonic context and the exploitation of underground water. Subsidence bowls have
been detected and assessed by SAR interferometry in four sectors of the city. Kalochori-Sindos with
more than 30mm/y deformation and Mygdonian basin with 20 mm/y were previoulsy documented
as subsiding. However, two areas located at the NNW and SE (airport sector) suburbs of
Thessaloniki with subsidence rates between I0 and 20 mm/y present a particular interest as no
bibliographic references or technical report describe those subsidence phenomena. Interpretations in
relation with the a priori knowledge of the context (geology, tectonics and piezometry) are
proposed.The study has been carried out with the support of the TERRAFIRMA Project
(http://www.terrafirma.eu.com), funded by ESA's GMES Service Element Programme which aims
to provide a Pan-European ground motion hazard information service.

Abstract No. 418

ICEMON: Satellite Sea Ice Monitoring as a Component of GMES

S. Sandven', H. Tangen'
1 Nansen Env. and Rem. Sens. Center, Norway
: Norwegian Meteorological Institute, Norway

ICEMON is one of the initial GMES projects with focus on development of operational sea ice
monitoring by satellites. The long-term objective !CEMON is to implement a coherent European
operational oceanography system for the high latitudes, consisting of sea ice, meteorological and
oceanographic services. ICEMON is envisaged to be the European component of a circumpolar
service system where Canadian. US, Russian and other relevant monitoring and forecasting services
are included. The ICEMON products will utilize existing and new satellite sensors such passive
microwave data, optical and infrared images, wideswath SAR. scatterometer and radar altimeter
data. In the consolidation phase (2003 - 2004). ICEMON is focused on provision of new sea ice
products based on data from recently launched satellites such as global ice types and drift maps from
Quickscat. higher resolution ice concentration maps from AMSR-E and Wideswath/Global Mode
ASAR from Envisat. ASAR data are used to produce high resolution ice maps and deliver
geolocated images to ships operating in sea ice areas. Non-space data will have a key role as
supplement to EO-data to fill gaps and for validation of the EO-based products. Use of coupled ice
ocean models and data assimilation methods will be a central element in ICEMON to deliver both
monitoring and forecasting products as well as hindcast data. Monitoring and forecasting services
will support both operational users who need real time services and climate-related user who need



long-term data sets and statistics. This implies that various met-ice-ocean products need to be
produced on daily. weekly. monthly and annual scales. Research and dcv clopment work to support
and upgrade the services will be conducted for building capacity to retrieve quantitative information
from existing satellite data. improve modeling and forecasting skills. and for utilization of state-of
the-art information technologies. communication and end user systems.

Abstract '.\'o. 554

The ERS/Envisat Experience as Design Guideline
for the GMES SAR Operational Mission

G. Levrini, M. Zink
ESA/ESTEC. Netherlands

The paper addresses the importance of taking full adv antagc of the lessons learned from ERS and
Envisat in the design of the next. operational. SAR mission.We will show that the main mission
parameters - such as: modes definition. resolution. S\\ ath width. rev isit time. operational concept -
can be uniquely derived by the high le\ cl requirements of prov iding: I) continuity to the
ERS/Envisat SAR obscrvations.J) operational support to the (jMES services (interferometry being
the top priorityj.The resulting system is characterized by:» A systematic data acquisition strategy.
built around a single 'main' operative mode. a Wide Swath (WS) mode \\ ith interferometric
capabilitics.s A WS resolution of20 111 (3 sub-swaths) in azimuth and 5 111 (100 Milz bandwidth) in
rangc.s A ws SI\ ath \\ idth or - 250 km- A repeat cycle or 14 days- A high rate imaging time or -
20 minutes.orbit- A generated data volume in the range of 30-40 (iB/orbit• An operation concept
based on a large S/C autonomy and a systematic exploitation strategy.• A processing of the science
data built on a data driv en approach and 2-3 main rccciv ing stations.

Abstract No. 711

The Water Quality Service of Coastwatch

A. Mangin", S. Dury", R. Doerffcr ', 0. Fanton D'Andon', P. Regner"
1
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Coastw atch is a set of services using a\ ail able Earth Observation data from space to the benefit nf
the Europe environmental monitoring w ithin the frame of environmental policy at local. regional
and global scale. The Coastwatch water quality service is oriented toward the best use or ocean color
data and is dcv eloped as a strong component of the Integrated ( 'oastal /one Management to sen c,



in particular, the very ambitious European Water Framework Directive which is currently under
tuning, harmonization between EU countries and deployment. The service operated today
corresponds therefore to a wide dialogue between policy needs and Earth Observation capabilities in
terms of accuracy, repeatability and reliability. The service is presently based on the work of 19
partners with a large range of responsibilities covering scientific validation. operational set up and
processing and iteration with environmental policy representatives at various scales. Today the
service processes and delivers in NRT Sea Surface Temperature. Chlorophyll-a, Total suspended
matters maps and numbers of others geophysical components including environmental indicators,
derived from MERIS, SeaWiFS, MO DIS, AVHRR with a main emphasis on European waters for
monitoring purpose (algal blooms, eutrophication, transparency ... ). A large validation and
qualification task making use of in situ data is run in parallel with the delivery operations. The
extent of the service along with on going applications and results will be presented. This initiative is
supported by the European Space Agency.
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Abstract No. xxx

TIGER - Status, Plans and Challenges

J. Aschbacher
ESAIHQ

Abstract No. 648

Monitoring Dam Management Changes Using Envisat: Kafue River
Basin, Zambia

S. Hughes', C. Van der Heyden'
1 CSIR, South Africa

2 Oxford Centre for Water Research, United Kingdom
The Kafue river basin, located on the Central African Plateau in Zambia, faces significant pressure
from competing land use and water management practices. Most of Zambia's mining, industrial and
agricultural activities and approximately half of the country's population are concentrated in the
basin, making the Kafue River, in terms of the national economy, the most significant waterway in
Zambia, (van der Heyden, 2003 ). Recent changes in dam/flood management practices designed to
emulate natural conditions will drastically impact the availability of water to both natural and
anthropogenic systems. This study uses multi-temporal Envisat satellite imagery to show the
impacts these changes have made on land use, agriculture and natural and alien vegetation. Full
benefit was made of the multi-spectral imagery to monitor both extent and duration of flooding.
Image classification, change detection and GIS-based spatial analysis techniques were applied to
assess proportional changes in land use, and land cover. A simple assessment of the financial
benefits and impacts of the dam management changes is also made. The study illustrates the
important role Earth Observation and GIS can play in monitoring Integrated Water Resource
Management activities in a river basin and assessing the benefits and success of policies
implemented at this scale.

Abstract No. 658

TIGER Initiative and Integrated Water Resources Management
of the River Niger Basin

I.A. Olomoda
Water Resources Development - Niger Basin Authority, Niger Republic

River Niger is the third longest river in Africa and 9th in the World with a total length of about
4,200 km. Its initial catchment area of about 2,100.000 sq Km covering 10 Countries namely
Algeria, Benin, Burkina, Cameroon, Chad, Cote D'Ivoire, Guinea, Mali, Niger and Nigeria, has now



being reduced to an active catchment area of about 1,500.000, without Algeria. as a result of the
effect of climatic change and Sahara movement southwards. In 1963. the 9 remaining Countries
covered by the rivers active basin. formed the River Niger Commission (RNC). \\ ith the view of
fostering cooperation among its members states most especially in use and management of the
basin's resources. The RNC was later changed to the N igcr Basin Authority (NBA) in 1980 with
additional mandates for the enhancement of an effective integrated water resources management and
development of the basin. among others. Since the last 4 decades the Niger basin has been
experiencing series of hydro-climatic changes that has resulted in the persistent drought that is
causing the Sahara desert movement southward tnwards the Atlantic Ocean: erosion and river
siltation that is causing floods with its attendant loss of lives and properties: continued low flow that
is reducing rcscrv oir storage capacity with consequences of acute water shortages and increasing
water demands: pollution. weed encroachment and increasing water borne diseases that are now
ravaging the river and its ecosystems: increasing mortality rate. famine. poverty and high rate of
migration to urban areas. The lack of basic and adequate data on climate. hydrology and the
environment were among the factors affecting the planning and management of the transboundary
water resources in the basin that arc also having direct consequences on socio-economic
development in the Niger basin. The lack of hydroclimatic data collection systems has also been a
major constrain towards accurate. consistent data and information gathering for the mitigation of
impact of Climate. hydrology and the environment ravaging the region. Consequently. in 1984. the
UNDP. OPEC. EEC and the NBA member countries funded the establishment of 65 satellites
controlled hydrological Data Collection Platforms (DCPs) along the riv er N igcr and its major
tributaries under the framework of the Hydronigcr project. The DCPs transmit real time
hydrological data through Argos Satellite transmission with reception by the Argos Direct Satellite
Receiver (ADSR) installed at the llydronigcr IFC in Niamey and at the National Forecasting
Centers in some NBA member states. Real time hydrological data received through the Argos
Satellite arc processed. analysed and stored in the NBA data bank for its member countries, the
stakeholders. Universities and Research Institutions. The data arc also used for Hydrological
forecasting. publication of the NBA Monthly Bulletin. Hydrological Ycar Book and Technical
Notes. The information is also circulated globally through the NBA Websites. e-mails and the
Hydrological Circle Observing System for West and Central Africa (AOC-HYCOS). Since the end
of the Hydronigcr Project and the handing O\ er of the DCP stations to the NBA in early 90s. the
stations hav c continue to develop technical problems ranging from old age of equipment and non
availability of spare parts. Presently mer 90'Yo arc no longer functional despite all efforts to improve
them by the 1\iBA. This therefore led to the consideration of the Mctcosat DCP as an alternative to
the Argos DCP by the NBA so as to enhance performance in its data collection efforts. This paper
takes a critical look at the various problems facing the Argos DCPs operation in the basin and the
various efforts made by the NBA to ameliorate them. It further looked into thc various factors and
additional parameters incorporated to the DCP Metcosat that enhances its performance in the areas
of l Iydroclimauc data collection for an effcctiv c \\ atcr resources planning. management and
development most especially in the N igcr Basin.

Round Table: Challenges for TIGER - How to Address Them?
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Abstract No. 687

The Use of Envisat ASAR Data and GIS in a Pilot Project for Mapping
Current and Potential Rice Production in Nigeria's Fadama Wetlands

A. Fortescue
CSJR Satellite Applications Centre, South Africa

As part of the activities packaged in the NEPAD agricultural programme, the Nigerian Government
is committed to increasing food supply and reducing hunger through accelerated domestic
production of rice, rather than reliance on imported rice. In support of this initiative, the Nigerian
National Space Research and Development Agency (NSRDA) have contracted the CSIR Satellite
Applications Centre to develop a Fadama Land Information Management System (FLIMS). The aim
of FLIMS is to assist in the enhancement of fadama (or wetland) based rice cultivation in Nigeria.
Fadama is the local Nigerian term for "wetland", which are usually highly cultivated for rice
production. The contract includes the use of 40 Envisat ASAR images over 5 test sites, spatial
modelling and relevant ancillary data for mapping the current extent of fadama-rice cultivation in
Nigeria. The overall aim is to develop a long-term, sustainable programme that will provide
planners with information on the current extent of fadama rice cultivation, identify potential new
areas for fadama rice cultivation development, and allow long-term rice production monitoring
using local expertise. The specific objectives of this proposal are:

Identify all potential areas for fadama rice cultivation development
• Map the current extent of fadama rice production in the fadama wetlands
Five (5) test sites have been identified throughout Nigeria. Each test site covers approximately 100 x
100 kms, equivalent to a single Envisat ASAR image (Figure 1). Sample site distribution has been
designed to provide. as far as possible, adequate north-south and east-west coverage of the various
agro-ecological and climatological gradients occurring within Nigeria (Figure 2), within which
floodplain cultivation is practiced, according to the client supplied land-cover GIS dataset. 8 ASAR
images have been ordered for each of the test sites from April through to September. It is proposed
that the results as at 1 September will be presented at the conference to demonstrate the use of
Envisat ASAR in contributing to sustainable food security and the wider NEP AD objectives in
Africa.



Abstract No. 690

Envisat Usage in Southern Africa

M. Ferraz'. R. Harris2
1 Geosciences Resource Group, South Africa

: Geodatec, South Africa

Although FSA launched Envisat in March 2002. know ledge and use of data from this satellite is
restricted to a fe\1 research initiatives. This is in spite of Envisat "s ambitious and innovative
payload \\ ith instruments to observ c atmosphere. ocean. land and ice such as SC IAMACHY and
MERIS. This contrasts to the regions· exposure to NASA "s TERRA satellite where the ground
calibration campaign carried out in southern Africa (SAF ARl2000) has resulted in \I idc-ranging
awareness. kno« ledge and usage of TERRA products from the ASTER. CERES. MISR. MODIS
and MOPl'IT payloads. An increase in capacity can he readily illustrated as a consequence of this
exposure. evidenced by numerous post-graduate degrees awarded to scientists in southern Africa
based on use of these data. and companies and institutes within the region who have developed
applications and products based on the use of particularly MODIS and ASTER data. Most of the
academic degrees were application specific. including field validation. with a fe11 related directly to
technical aspects. In contrast. Southern Africa's lack ofexposure to ESA and its' products is evident
in an almost total lack of use of the data. particularly if a comparison is draw n bet« ccn the two
environmental satellites and their payloads. TERRA and Envisat. The Tl(iER programme which
aims to use Earth Observation (LO) remote sensing technologies based on Fm isat data for
improx ing integrated \I atcr resources managcmen t in Africa. would sen e to introduce Envisat data
more broadly to the region while also providing information for decision-makers. This can he
illustrated in the proof of concept case study dcv doped. using datasets from sources other than
ENIYSAT. over a subset of the Olifantsrivicr which drains into the cross-border Limpopo River
catchment but within South Africa. This ri. er runs through mining. industrial. agricultural.
residential. communal and conservation areas. highlighting the myriad of multi-sectoral and multi
temporal user needs. Involvement in the Tl CiER initiative, as well as with FSA. is seen as important
as this 11ill not only provide ESA with a new market for its products and activities but also
contribute to regional capacity building as \I ell as capacity retention through the creation of
sustainable opportunities in the EO field.





Wednesday 8 September MOZART 4-5
08:40 - 10:20 I

Session 3Al:

Landslides



Abstract No. 607

Landslides in Iceland Studied using SAR Interferometry

S. Jonsson', K. Agustsson2
1 ETH Zurich, Switzerland

2 The Icelandic Meteorological Office, Iceland

Landslides in Iceland have caused both fatalities and considerable economic loss during the past
centuries. Recent discovery of creeping landslides near towns in eastern and central-north Iceland
has prompted various efforts to assess the risk of a catastrophic event to occur. These efforts include
geodetic observations of landslide movement using ground based GPS measurements and satellite
radar interferometry. Our project has two primary objectives: The first is use InSAR to study
landslides that are known to be active, to compare InSAR data to the GPS observations, and to
assess the monitoring capabilities of InSAR on Icelandic landslides. The second objective is to
survey large areas in eastern and central-north Iceland to search for other creeping landslides that
may exist. This is an ongoing project and here we only present initial results. Two landslides are
known to be active in eastern Iceland near the towns of Seydisfjordur and Neskaupsstadur. Recent
GPS measurements show that these landslides are moving at rates of up to 40 cm/year. We analyzed
several radar interferograms covering this area using ERS-112 data. Almost all existing data are from
descending orbits and no usable interferograms could be formed using ascending data. This prevents
observation of the Neskaupsstadur landslide, as it can only be imaged from ascending orbits due to
layovers in descending data. No deformation is detected on the Seydisfjordur landslide in
interferograms from the time period 1993-1998. In contrast, repeated GPS measurements after 2001
show clearly that the landslide is moving. Unfortunately, we do not have usable SAR data for this
time-period; however, this indicates that the Seydisfjordur landslide displacements may be highly
episodic. One active landslide has been discovered in eastern Iceland from the InSAR data. This
landslide is located near the town ofVopnatjordur. The landslide is about I km wide and up to IO
cm line-of-sight displacement was detected during the summer of 1997, indicating relatively fast
creep. To assess present landslide activity we have requested several Envisat-1 acquisitions from
both ascending and descending orbits above eastern and central north Iceland during the summer of
2004, and in summer of 2005 further acquisitions will be carried out. These data will provide
information about current landslide displacements and direct comparison to GPS observations will
be possible.

Abstract No. 231

Analysis of the Displacement along a Funicular with Large Baseline
Interferograms on Point Targets

T. Strozzi', U. Wegmiiller1, K. Graf, C. Werner", A. Wiesmann1



1 Gamma Remote Sensing. Switzerland
-'GEOTEST. Switzerland

In spring 1999. hem y rainfall following a period of exceptionally strong snow fall in the Alps during
January and February triggered as many as 350 landslides in Switzerland with a total damage of
about 60 to 75 Mio CHF. Above the town ofLauicrbrunncn (Canton of Bern. Switzerland) the large
landslide ofGryrcnbach with an estimated mass of about 25 Mio m3 was strongly accelerated due to
the heavy water saturation. The first section of the l.autcrbrunncn-Murrcn Mountain Railway
(BLM). which \\as built in 1891 to facilitate the access to the village ofMurrcn located on a plateau
above l.auterbrunncn, is crosscutting the landslide on it's southern fringe. Whereas average rates of
displacement measured on the railway superstructures in the last I00 years were in the order of I 0 to
20 mm/year before 1999. in the spring of that particular year a displacement rate of I0 mm/day was
obser. ed O\Cr a short time period. Overall. a displacement of several decimeters was observed.
threatening the existence of the funicular. At the em! of the summer 1999. however. there was a
sensible slo« ing down of the displacement and regular operation of the funicular could he assured
since then. An analysis of the displacement along the funicular was performed using r:RS-1 /2 SAR
data of the time period 1995-2000. An initial interferometric point target analysis was performed
with images acquired he fore the spring of 1999 and excluding all winter acquisitions \\ ith snow
cover. The profile of displacement rail: along the funicular shows in the region mostly concerned by
the landslide average rates of about 2 cm/year in the satellite Iinc-of-sight direction. \\ ith negligible
displacements near the low er and upper stations. After 1999 the analysis was continued on single
interfcrograms because of the very large displacements of several decimeters. For conventional
spatial interfcrograms we observed that the interferometric phase is too high for interpretation in the
case of puirs w ith more than 300m baseline because of spatial decorcllation and not accurate height
correction. Therefore. we computed intcrferograms only on the point targets prcv iously identified
with the SAR data of the time period 1995-1998. The phase signal of these interferngrams can he
analyzed e\ en for baselines larger than 300111. With a series of such intcrferograms \IC could finally
analyze the displacements along parts of the funicular even during the summer of 1999 and in 2000.
This work showed that interpretation of single large baseline inicrfcrograms is feasible on selected
point targets.

Abstract :\o. 270

Combined Use of Artificial and Permanent Scatterers

F. Rocca', J. Allievi", C. Prati', G. Saviu', M. Arrigoni", L. Zanoletti1
1 Politecnico Milano. Italv

-' TRE. ltalv -

The Permanent Scatterers (PS) technique allows the identification of a sparse grid of radar targets
only slightly affected hy temporal and geometrical decorrelation. The PS can he exploited
successfully for monitoring very different deformation processes. from landslides to tectonic
motion. Howex er. in the case of landslides or urban sites. it may wcl] happen that ncv reflectors.
e.g, Corner Reflectors. should be added to measure motion where no PS exists. Alternate shapes of



reflectors were studied in order to be able to optimise the Radar Cross Section for ascending and
descending orbits or for combining different pointing angles with the same reflector, without
recurring to the complexity of a CR.Furthermore, the rapid motion of a landslide may create alias
such that the real trajectory of the artificial reflector may hardly be detectable. We report the case
study of a fast landslide (moving more than a few cm/year) where several CR 's were deployed.
Polynomial fits were used to represent their motion in a 4 years span. The interconnection of this
small network of artificial reflectors with the much wider network of PS was extremely useful to be
able to unwrap the phase histories of the CR 's.

Abstract No. 569

SLAM: Integration of Remote Sensing Techniques within
Landslide Risk Analysis (DUP/DUE)

N. Casagli', M. Brugionl", P. Canutl', G. Menduni",
G. Montinl", D. Spina", L. Sulli2

1 GNDC!-University of Firenze, Italy
2 Arno National Basin Authority, Italy
3 Italian Ministry of Environment, Italy

The SLAM project (Service for Landslide Monitoring), was launched in 2003 by the ESA for the
definition of a service based on the integration of EO-data within the current practices of landslide
mapping and monitoring. For the Italian territory the Amo River Basin (Central Italy) has been
selected as the principle service case, mainly for the presence of a high number of mass movements
(up today about 300 areas at high landslide risk and more than 20,000 individual landslides have
been mapped from the institutional authorities) and for its significance with respect to the Italian
Apennine territory, in terms of landslide type and environmental conditions. By considering the
technical requirements imposed by the Italian legislation three products based on EO-data have been
produced for the Amo sevice case, respectively related to landslide inventory mapping, landslide
hazard mapping and landslide monitoring. Several users have been involved as partners of the
project. in order to validate the provided products, to assess the quality of the services and to assure
scientific aspects. In particular two national organizations that have an institutional mandate in
hydro-geological risk mitigation, the Italian Ministry of Environment and the Italian National Group
for Hydro-geological Disaster Prevention, have agreed to participate to the project. The former has
been selected by the Agency for its representativeness of a wide user community and its guidance
role at national level, while the latter has been actively involved for assuring a strong scientific
approach during the project, consistent with the current research topics in the hydro-geological risk
field. The contributions of such organizations to the SLAM project. still in progress. regard mainly
the user requirements consolidation, the product validation and qualification and the results
dissemination. On the other hand, expectations are firstly connected to the possibility, by integrating
EO-derived information within the current practices employed in the landslide risk management. of
providing to the local users standard methodologies. especially for landslide mapping and hazard
assessment. These methodologies, being based on objective and quantitative data, should guarantee
a more hornogenous level of the documents related to the landslide risk requested by the Italian law,



such as the Piano di Asscuo ldrogcologico (PAI). performed by the Italian Basin Authorities. In
addition. the future EO-dcrived data use could he facilitate the work of the technicians devoted to
the geologic analysis. decreasing the field surveys and. as a consequence. the costs. As a local user
the Amo Basin Authority has been strongly involv ed in the project. especially for those activities
which require the knowledge of the territory. such as ancillary data collection. quantitative and
11idespread product 1al idation and final integration of the products 11ithin the Italian official
document related to the landslide risk management (Hydrogcologicul Structure Plan - Piano per
lAsseuo ldrogcologico - PAI). which is produced by the Basin Authorities. The results obtained up
today hav c been deeply 1alidatcd from the local users and the qualification ranking is very high.
especially because the products facilitate the user working procedures and they simplify the
updating activity which the users have to perform every 4 years. This means that the final results
11ill impact on the current instruments used by the Arno Basin Authority for the landslide risk
management. representing one of the first examples in Europe of full integration of remote sensing
data into land regulations concerning landslide hazard.

Abstract No. 704

Monitoring Landslide Activity with SAR Interferometry

C. Colesanti", J. Wasowski", A. Fumagalli]
1 Politecnico di Milano, Italv

:> CNR-IRPI. Italv .
3 TRE. Italv

Satellite-borne Synthetic Aperture Radar Differential Interferometry (DlnSAR) is attractive lor
slope instability assessment and landslide monitoring. because of the regular schedule. 11ide-arca
cov erage. all-w eathcr and day-night capability to produce digital elev at ion models (DEMs) and
measure small ground surface deformations 11ith ccntimctric to millimctric precision. We focus on
the application of the recently introduced. patent-pending Permanent Scatterers (I'S) DlnSAR
technique. which overcomes some major limitations of the conventional DlnSAR (e.g. temporal
dccorelation in presence of 1egctation ). The PS tcchn iquc combines the 11idc-area coverage typical
of satellite imagery with the capability of prov iding deformation data rclativ c to individual image
pixels. The technique can be used to provide initial wide-area assessment of ground deformations.
and then to focus on those areas 11here there is a potential slope hazard and 11here more detailed
investigations may be required. To demonstrate the applicability of PS interferometry 11c present the
results of study regarding a landslide prone area in Liechtenstein. Sc11.Tal tens of SAR images of
!-:SA satellites ERS-1/2 covering l) years have been processed to identify the PS. prov idc data for
preliminary slope instability assessment and to monitor a large active landslide. The c111ironmcntal
conditions. geological features and processes related to landsliding arc discussed to indicate how
these can constrain the applicability of the PS technique and the interpretation of SAR data.
Attention is drawn to ground truth data 11hich may be required to distinguish the ground surface
deformations produced by landslides from those related to subsidence. settlement of engineering
structures. and shrink and swell of geological materials. We conclude the PS method represents a
1cry 1aluablc complementary source of in formation 11ith respect to in-situ ground sun eying.
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Abstract No. 278

ASAR Contribution to Landslides Inventory and Monitoring

J. Fraleu', J. Henry", J. Matet3, 0. Maquaire", P. De Fraipont'
1 ALCATEL SPACE, France

2 SERTIT, France
3 CERG, France

Landslides are a major natural threat claiming thousand of lives and millions of Euros each year
over the world. Landslide hazard is relevant not just to the local inhabitants but also to all users of
the environments, including tourists, owners of equipment, infrastructure and land, and users of
roads and railways. Landslide mitigation necessitates extensive inventory and monitoring at large
scales, often very difficult and expensive with traditional methods. Remote sensing techniques offer
an alternative to this problem, allowing a regional identification of landslide prone-areas.The main
objective of this paper is to evaluate the contribution of ASAR data in an operational system for
landslide monitoring. This study has been undertaken with different partnership whose skills cover
all the chain of ASAR data exploitation for landslides identification: remote-sensing, data
production and geoscientists.The study site is located in the French South Alps in the landslide
prone-catchments of Super-Sauze and Draix, These areas are well documented case studies allowing
field validation of the documents derived from remote-sensed data. Several parameters useful for
landslides inventory and monitoring have been derived from ASAR data such as Digital Elevation
Models (by radargrammetric and interferometric methods)and landcover maps. Soil moisture maps
are derived in a very prospective way. Difficulties associated to the identification of landslide areas
with SAR data are presented. The main difficulty in mountainous areas stands on the visibility for
DEM applications and on the computation of the local incidence angle according to the slope.
Nevertheless, the numerous configurations of ASAR instrument give a lot of possibilities to acquire
interesting scenes.

Abstract No. 344

Slope Instability and Surface Deformation in Dunedin City,
New Zealand

N. Stevens, P. Glassey, B. Smith Lyttle
IGNS, New Zealand

The city of Dunedin, on the South Island of New Zealand, contains a number of active landslides in
Dunedin that have affected residential properties, roads and infrastructure. Landslide damage in
Dunedin is best illustrated by the Abbotsford landslide of 1979, a catastrophic slope failure
following a period of accelerated ground motion, which destroyed 69 houses. Many of these slides
have had, or currently have, surface deformation monitoring networks, with repeat surveys over
various periods to measure horizontal and vertical deformation. However, repeated measurements of
millimetre- and centimetre-scale slope movement are costly to obtain, and are time-consuming to



acquire at a high spatial resolution i f using traditional field-based techniques for resurveying, such
as levelling and differential GPS (glohal positioning system) mcasurerncnts.ln this study. we
investigate the viability of ERS and Envisat differential radar interferometry as a potential solution
to this problem. as the technique has already proven successful for monitoring slope instability in
the French and Austrian Alps. In general, 11c found that the technique worked well mer the urban.
built-up areas or Dunedin. However. there were relatively JC1\, or only verv small. independently
documented landslide movements within the inter, als or the Din SAR image acquisitions in urban
arcus, as these arc controlled by engineering work s as soon as they arc discovered. Several slides
which were likely to be deforming actively during the study period coincided 11ith forestry and
agricultural areas. and arc completely decorrelated in the ERS data. Although ERS radar
interferometry did not yield the results as we had hoped for. \IC were able to make SC\ era!
interesting observations, including a deformation signal which appears to correspond to an area or
reclaimed land in central Dunedin. and we hope that our results will be invaluable to other groups
considering similar studies to this. in similar cnv iron men ts.

Abstract l\o. 604

Remote Sensing as a Tool for Supporting Landslide Risk Analysis

P. Farina 1, D. Colombo", A. Fumagalli", E. Gontier ',
P. Manunta", S. Moretti"

1 University ofFiren:e, ltaly
Tele Rilevcnnento Europa, ltalv

.J Spucebel, Belgium
5 Planetck Italia s.r.l .. flail'

r, Earth Sc. DeJJt., Univ. o/Firen~e. Italv

Within the framework of the SLAM project. funded by the luropcan Space Agency (FSA). and
aimed to the definition or a service based Oil the integration or EO-data within the current practices
of landslide mapping and monitoring both optical and radar images have been analyzed in order to
extract information to be integrated with traditional methods. In particular. the Permanent Scatterers
processing and the analysis of high resolution images (c.g. SPOTS and aerial-photos) have been
performed at a basin scale. on the whole territory of the Arno River basin (Central Italy). The
drainage basin of the Arno River is almost entirely situated within Tuscany. The river is 241 km
long.\\ hilc the catchment has an urea or about 88.10 km2 and a mean elevation of 353 m a.s.I. The
test has in. chosen tor the presence or a high number of mass movements (up today about 300 areas
at high landslide risk and more than 20.000 indiv idual landslides mapped from the institutional
authorities). arc representative of the Italian Apcnninc territory. in terms of landslide type and
environmental conditions. By considering the technical requirements imposed by the Italian
legislation for the documents related to landslide risk management. three products based on EO-data
have been defined related to landslide inventory mapping. landslide hazard mapping and landslide
monitoring. To this aim. about 350 SAR images ha\ e been intcrfcromctrically processed by means
or the PS technique, detecting about 600,000 PS. The processing or SPOTS images and aerial
photos. still in progress. have been performed for the extraction of features related to the landslide
presence, useful for the geomorphological analysis. in order to g11c a spatial meaning to the



punctual information provided by the PS. This procedure has been coupled with a intense geological
interpretation phase characterized by the analysis of traditional in situ monitoring data, ancillary
data and the performing of field surveys. The results obtained up today have been intensely
validated in collaboration with the local users and the comparison with traditional geotechnical data
and the observations coming from field checks have confirmed the effectiveness of the
methodologies. Such results have obtained a very high qualification ranking also from the users. The
final results will impact on the current instruments used by the Amo Basin Authority for the
landslide risk management (e.g. Hydrogeological Structure Plan - Piano per lAssetto ldrogeologico
- PAI) representing one of the first examples in Europe of full integration of remote sensing data
into land regulations concerning landslide hazard.

Abstract No. 705

Ground-surface Changes Detected by EO; their Relationships with
Causative Factors of Slope Instability and Hazard Zonation

P. Gostelow', J. Wasowski2
1 Private Consultant
] CNR-IRPI, Italy

Natural and anthropogenic temporal ground-surface changes detected by EO which might
individually or cumulatively lead to landslides are reviewed with respect to a physically based limit
equilibrium slope instability model. Impacts are assessed qualitatively and may be positive or
negative, depending on the actual position and type of surface change on a natural slope.
Preliminary groupings of eleven broad change groups are identified and have been tabulated with
their impacts to show potential failure and post-failure behaviour in relation to eight geotechnical
material classes. Slope deformations can also be responses to limit equilibrium change but may now
be detectable by EO. At present there is limited information on the magnitudes of wide-area ground
movements which might be detected in different geological and geomorphological environments
and a tentative grouping of just three groups are included here. The potential impacts of all the EO
detected surface change to instability on slopes have been divided on the basis of whether the latter
mainly consist of rocks or soils (cohesive or cohesionless) and their stress-strain behaviour or
brittleness. An indication is also given on whether such wide-area surface changes are likely to give
rise to individual landslides of large magnitude or to a high spatial frequency of low magnitude. A
brief summary of EO techniques (with emphasis on SAR interferometry) which might detect such
changes on a temporal basis follows. The paper concludes by putting forward a qualitative
schematic approach for relative geotechnical hazard zonation with respect to slope instability which
directly uses integrated EO data, a physically based model and the stress-strain characteristics of the
ground. It is further suggested that with the new high resolution imagery (such as lkonos and
Quickbird) which is becoming available that such an approach might be used to routinely utilise EO
directly as a contribution to both hazard mapping and subsequent zonation to warn of potential
slope deformation, especially in other urban and peri-urban areas. Acknowledgements: This work
was supported in part by the European Community (Contract EVGI 2001- 00055 - Project LEWIS).
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Abstract No. 81

Evaluation of the MERIS Terrestrial Chlorophyll Index

P. Curran, J. Dash
University of Southampton, United Kingdom

The Medium Resolution Imaging Spectrometer (MERIS) has fine spectral resolution, moderate
spatial resolution and a three day repeat cycle. This makes MERIS a potentially valuable sensor for
the measurement and monitoring of terrestrial environments at regional to global scales. The red
edge, which results from an abrupt reflectance change in red and near-infrared (NJR) wavelengths,
has a wavelength location that is related positively to the chlorophyll content of vegetation. A new
index, called the MERIS terrestrial chlorophyll index (MTCI) uses data in three red and NIR
wavebands centred at 68 l.25nm, 705nm and 753.75nm (bands 8, 9 and 10 in the MERIS standard
band setting) to locate the relative position of the red edge. The MTCI is easy to calculate and can
be automated. Preliminary indirect evaluation using model, field and MERIS data suggested the
sensitivity of MTCI to chlorophyll content, notably at high levels and its insensitivity to spatial
resolution and atmospheric effects. As a result this index is now an ESA lcvel-2 product.Three data
sets were used for direct evaluation of the M'FCl/chlorophyll content relationship. First, MERIS data
and a surrogate of chlorophyll content for sites in southern Vietnam; second, MERIS data and actual
chlorophyll content for sites in the New Forest, UK and third, field spectroradiometer data and
actual chlorophyll content for plots in a greenhouse.Forests in southern Vietnam were contaminated
with Agent Orange during the l 960s/70s. The level of contamination was spatially very variable
with high levels of contamination associated with lowered levels of chlorophyll content, even within
forests that have long since regained full canopy cover. The amount of Agent Orange sprayed onto
the forest between 1965 and 1971 was used as a surrogate for contemporary chlorophyll content and
was related to current MTCI at selected forest sites. The resulting relationship was, as expected,
negative and significant. Further per-pixel investigation of the MTCI/Agent Orange concentration
relationship is underway for larger forest areas. For the second and third data sets MTCI was related
directly to chlorophyll content at two scales and the resulting relationships were, as expected,
positive.Further plans involve evaluation of the MTCI in relation to the MERIS Global Vegetation
Index (MGVI) at local, regional and eventually global scales.

Abstract No. 219

AVHRR Compatible Vegetation Index Derived from MERIS Data

K. Guenther", S. Maier2
1 German Aerospace Center (DLR), Germany

: Satellite Remote Sensing Services (Dl.I), Australia

Within the ESA - AO project GEneration of MERIS Level 3 products for European
Multidisciplinary Regional applications (GEMEU, AO-ID 1413) a new MERIS land product is



developed. The new product, the A Vl!K.R compatible NDVL is dedicated as a continuity index for
the AVHRR NOVI products used world wide for climate change research. In Northern Europe the
NDVI is delivered as a daily. weekly and monthly product by Dl"D-DLR. Using MERIS full
resolution data. DFD intends to continue the delivery of vegetation index products with higher
spatial resolution.The AVHRR compatible NDVI is based on top of atmosphere radiances (ESA
Level I b data). The dcv elopment of the continuity index is linked with simulations of the signal of
the broad spectral channels of the NOAA - AVIIRR hy a linear combination of MLRIS channels
having bandwidths of typically IOnm. As an example, for the A VI IRR channel I typically cox cring
the spectral range from 580nm to 680nm the MERIS channels 5 and 6 will be used with suitable
weighting factors. The 11eighting Iactors an: determined by modelling the coupled radiative transfer
for atmosphere. canopy and leaves. Leaf rcflcctanccs and transmittances are calculated using the
SLOP model (Maier ct al.. 1999). The SLOP model is driven by typical leafparameters as pigment
content (chlorophyll. carotcnoids). scattering coefficient. water status and refractive index of leaf
surface. The resulting leaf reflectance and transmittance spectra arc input data tor the canopy
radiariv c transfer model SAIL (Vcrhocf, 198-l) which 11as modified for including a hot-spot
paramctcrisation (Kuusk. 1991 ). Fin ally the calculated "bouorn of atmosphere (boa )" spectra of the
canopies arc injected in a modified SMAC model. describing the radiative transfer of the
atmosphere (Rahman & Dcdicu, 199-l). The convolution of the modelled "top ofaunosphcre (toa)"
spectral signature of different canopies 11ith the transmission curves of the MERIS and NOAA 16 -
AVHRR channels yields the virtual signals of both instruments. The mean 11cighting factors arc
calcu lated based on the 1 irtual signals. When the reflectance spectra of a great number of canopy
architectures illuminated hy different solar geometrics as 11ell as different observ ation geometrics
arc modelled. a regression has given the best 11cighting factors. Finally. the AVllRR compatible
NDVI is calculated.The ..AVHRR compatible i'<DVI" 11ill he available as L2 and U products. The
maximum value technique for weekly and monthly composites is applied. In addition, the first
validation results 11ii I he presented using data from AVI IRR 011 NOAA 16 acquired at the same day
over the same area.

Abstract No. 471

Retrieval of Vegetation Biophysical Variables from MERIS Data:
Methodology and Validation with the SPARC Dataset

J. Moreno, G. Fernandez, S. Gandia
University of"Valencia, Spain

The spectral capabilities of MERIS data make these data specially suitable to rctricv c vegetation
biophysical variablc-, such as Leaf Arca lndcx (LAI). leaf chlorophyll. fractional vegetation cover.
leaf (dry) biomass and other relevant information related to vcgctution types and areal extension.
Although some information is rctricvuhlc by means of traditional classification approaches,
optimised spectral indices and model-inversion techniques arc more suitable methods to retrieve
such 1egctation in formation. Validation of such rctricv els require ground measurements at relevant
scales. complemented hy collateral data to compare retrievals at high spatial resolution and then
1alid.ue retr icv als from lov, resolution data.In the context of this work, M LR IS images a1 ailablc for
our study area in La Mancha. Spain, hav c been rudiomctrically, geometrically and atmospherically



corrected according to methods described in other papers in this conference. All the available
ground measurements were cross-checked with GPS measurements. Then, for each available ground
measurement, the corresponding point was identified in the image. A dedicated database was
developed by putting together each ground measurement with the corresponding MERIS
measurements, to facilitate the development and testing of different retrieval algorithms.Variability
in ground measurements was evaluated by statistical techniques, according to the sampling used in
the data collection. Although it was a large variability in some biophysical variables (particularly
leaf chlorophyll and leaf area index) mean field values can be derived, and inter-fields variability is
still larger than intra-field variability. The data was collected to make possible retrievals al the level
of sampling unit, thus describing within field variability.Two different approaches have been
followed in the retrieval of vegetation biophysical variables. First, a large number of spectral indices
have been tested with the available spectral information. Retrievals based on spectral indices arc
limited in accuracy, but they allow also to check the overall consistency in database content. The
second method used is based on model inversion techniques. A combination of adapted versions of
PROSPECT and SAIL models have been tested in forward mode, by using all available ground
measurements to reproduce the top-of-canopy reflectance. and then compare these forward
simulations with atmospherically corrected MERIS data. Large discrepancies in model simulations
versus MERIS data must be understood before a model inversion strategy is applied. Moreover,
multi-step techniques seem to be required to decouple the different information in a consistent
manner and to determine simultaneously all the biophysical variables with reasonable values for all
of them. Although retrievals focus on chlorophyll and leaf area index as main variables, canopy
structure and dry matter content seem to be critical factors when accounting for the coupling of leaf
reflectance and leaf transmittance at the canopy level in model-inversion approaches.In order to
validate such retrievals, a large amount of ground measurements were collected in the Barrax study
area during the SPARC campaign, in July 2003, covering LAL K~over, Leaf Chlorophyll a+b, Leaf
water content and leaf biomass, together with other complementary data. Apart from the MERIS FR
data, in the context of the SPARC campaign, a total of 10 different view angle images from
CHRIS/PROBA, all of them acquired in Mode I (62 spectral bands). and two lines of HYMAP
airborne data ( 126 spectral channels, app. 5 m resolution) and 4 lines with ROS IS airborne data ( 115
spectral channels, app. I m resolution) were acquired. MERIS retrievals can then be validates by
using simultaneous retrievals from CHRIS and ROSlS high spatial resolution data with similar
spectral capabilities.Validation of retrievals with the large dataset of ground measurements which is
available in SPARC represents a unique opportunity to exploit multi-scaling issues by using MERIS
data, by comparing field measurements to ROSIS (Im of spatial resolution), HyMap (Sm), CHRIS
(34 m) and MERIS (300 m) data.

Abstract No. 599

Monitoring Rangeland in the Canadian Prairie Using MERIS

I I I • 2J. Busler , C. Nadeau , H. Wehn , A. Smith
1 MacDonald Dettwiler, Canada

2 Agriculture and AgriFoods Canada, Canada



Rangeland or native grass prairie is an important food source for cattle and 11ildlife in western
Canada. The effects of changing weather patterns and historical grazing practices have a significant
impact on the sustainability or this resource. Provincial rangeland management groups monitor
health and biomass to establish the grazing capacity or hundreds of thousands of hectares of
rangeland each year. Long term management plans and grazing policies are den: loped by combining
these parameters 11ith local ranching practices and the ecological needs or an area. The wide lie Id or
view. narrow hand width and medium resolution of the MERIS sensor make it well suited to
monitor the 1ast areas and multiple ccnzoncs of grazed prairie in Alberta and Saskutchcw an.A t11·0-
year collaborative study. partially funded hy PRLCARN. joins the technical and agricultural
expertise from MacDonald Dcttwiler. Agriculture and Agri-Fouds Canada. York University,
Radarsat International and the Canada Centre for Remote Sensing. This project uses in-situ sensors,
remotely sensed image products and field 1 isits to study and assess the health and livestock use of a
2224 ha area of rangeland near Brooks, AB. The gro« ing season of 2004 is the first year of this
study. The in-situ sensors measure a variety of meteorological and agricultural parameters such as
soil moisture. air temperature, precipitation. 11ind speed and direction. Site visits at regular intervals
throughout the season use hand-held optical sensors to measure the leaf area index (LAI) and collect
samples for measuring wet and dry biomass. Data collected from the in-situ sensors and site 1 is its is
compared with green LAI and biomass estimates derived from MERIS image products acquired
coincidentally. The green LAI for the rangeland sites arc calculated using improved variants of the
TYi and MCARI spectral indices described in Haboudane et al., 2004*. These indices are less
sensitive to variations in chlorophyll concentration so they have a good linear relationship with LAI.
Biomass is estimated from LAI using rangeland 1cgctation models. These preliminary results assess
the suitability of using medium resolution space-home imagery for Canadian rangeland
management. * D. Haboudane, J.R. Miller. E. Pattcy, I'. J. Zarco-Tejada and l.B. Strachan. 2004.
"Hyperspcctral vegetation indices and novel algorithms for predicting green LAI of crop canopies:
modeling and validation in the context of precision agriculture." Remote Sensing of Environment.
90:337-352.

Abstract No. 240

Using MERIS on Envisat for Land Cover Mapping

J. Clevers, R. Zurita Milla, M. Schaepman, H. Bartholomeus
Wageningen University. Netherlands

One of the benefits of MERIS on l.nvisat for global land studies is the prov ision of land cover maps
over large areas. Major contribution of MERIS in this respect is the provision of (calibrated) data
with a spatial resolution intermediate to that of NOAA-A YllRR or SPOT-VEGETATION and
Landsat-TM or SPOT-llRY data.This paper describes the results of a study towards the use of
MERIS for land cov er mapping in the Netherlands, 11hich is used as a test site. Full resolution
MERIS data ofFehruary 18th 2003. June l oth 2003 and July 14th 2003 and reduced resolution data
from March 22nd 2003 and July 14th 2003 were used in this study. The Dutch land use database
LGN 11as used as a reference by aggregating the database from 25 m to 300 m and 1200 m,
respectively. First. spatial, spectral and radiometric quality and information content of the used
MERIS images were explored. Subsequently. the feasibility of the data for land cover classifications



was studied at both scale levels. Results were also compared to results obtained with other sensors.
like MODIS, VEGETATION and AVHRR.Preliminary results already show very good geometric
characteristics of the MERIS images used in this study. Major land cover classes can already be well
separated based on a monotemporal image. The merit of MERIS lies primarily in the improved
spatial resolution of the full resolution mode (300 111) when compared to the mentioned low
resolution sensors. The use of multiternporal data analysis will be further explored. Quantitative
assessments will be made regarding spatial, spectral and radiometric quality for this type of
application.
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Abstract No. 53

Estimation of Biophysical Parameters from Surface Reflectances

Y. Knyazikhin, R. Myneni, N. Shabanov, W. Yang, B. Tan
Boston University, United States

Land surface processes are important components of the terrestrial climate system. Accurate
descriptions of the interaction between the surface and the atmosphere require reliable quantitative
information on the fluxes, mass, and momentum, especially over terrestrial areas, where they are
closely associated with the rates of evapotranspiration and photosynthesis. Many of these processes
can be related to the spectral reflectance of the surface. The vegetation canopy is classified as a
special type of surface not only due to its role in the energy balance but also due to its impact on the
global carbon cycle. Its reflection results from bio-physiological, chemical and physical processes,
and is characterized by spatial, seasonal and diurnal variations. Modem satellite-born sensors (e.g.,
MODIS, MERIS, MISR, POLDER, SeaWiFS) allow for rich spectral and angular sampling of the
radiation field reflected by vegetation canopies. This presentation will provide an analysis of leaf
area index and fraction of photosynthetically active radiation absorbed by vegetation derived from
MODIS and MISR data.

Abstract No. 54

The Greening Earth

R. Myneni', R. Nemani", C. Tucker3
I Boston University, United States

2 NASA Ames Research Center, United States
3 NASAIGSFC, United States

Global carbon cycling studies imply an increasing terrestrial carbon sink since the 1980s, but the
location and mechanisms behind such a sink remain unclear. Evidence exists for recent climatic
changes enhancing plant growth over the northern latitudes, but a globally comprehensive analysis
of the impact of climatic changes on net primary production (NPP), the balance between
photosynthesis and respiration by plants, is lacking. Here, we present a global picture of plant
growth responses to climatic changes, by analysing 18 years (1982-1999) of both climatic data and
satellite observations of vegetation activity. Our analysis indicate that global changes in climate
have eased many climatic constraints to plant growth, such that NPP has increased globally, with the
largest increase in tropical ecosystems. Results substantiating this claim will be presented.
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Abstract No. 90

Retrieval of CH4, C02 CO and H20 FROM SCIAMACHY Onboard
Envisat

C. Frankenberg', U. Platt2, T. Wagner", C. Frankenberg'
1 University of Heidelberg, Germany

2 !UP Heidelberg. Germany

The spectrometer SCIAMACHY aboard Envisat provides three near infrared channels with
moderate spectral resolution. The vertical column amounts of the absorbing atmospheric
constituents are retrieved through an iterative DOAS technique basing on the optimal estimation
approach.Amongst the absorbers in these spectral regions are greenhouse gases such as CH4 or
C02. which can be retrieved with high accuracy. In this work, the first results and the farther
potential of the latest SCIAMACHY data products are discussed with special regard to greenhouse
gases, viz. CH4 or C02 and H20.First examinations indicate the existence of peculiar atmospheric
conditions in which the measured total column can be artificially enhanced.Furthermore, the
possibility of measuring CO as tracer for anthropogenic emissions is investigated.

Abstract No. 44

Greenhouse (related) Gases CO and CH4: First Results on Global
Distribution, Seasonal Variation and Pollution Events Detected by

SCIAMACHY

A. Straume, H. Schrijver, A. Gloudemans, A. Maurellis, J. De Laat,
S. Houweling, Q. Kleipool, G. Lichtenberg, R. Van Hees, I. Aben

SRON, Netherlands

The SCanning Imaging Absorption spectroMeter for Atmospheric CartograpHY (SCIAMACHY)
has been measuring earth-reflected sunlight scattered by the atmosphere in the ultraviolet, visible
and near-infrared (240-1750 nm, 1940-2040 nm. 2265-2380 nm). We present here new CO and
CH4 data products derived from the near-infrared channels.The near-infrared retrievals have proven
more complex due to the presence of an unexpected ice layer on the detectors. However, its effects
have been reduced by applying dedicated in-flight decontamination procedures and additional in
flight calibration measurements. as well as ongoing in-house improvements to the calibration. The
SRON-retrieved CO and CH4 total columns are currently in the process of being comprehensively
validated through in-house retrieval intercomparisons. and comparisons to ground-based
measurements, chemical transport model calculations (TM3/5 and GeosChem), and measurements
by other satellite instruments most notably MOPITT. Although most results are still very
preliminary. there is clear evidence that SClAMACHY is sensitive to the distribution of lower



tropospheric CO and Cl 14. Such evidence is prov idcd by observed latitudinal gradients and seasonal
\ ariations. as « ell as the detection of plumes from biomass-burning C\ en ts.

Abstract :\'o. 387

Retrieval of CO, H20, CH4, C02, and N20 Columns
from SCIAMACHY/Envisat by WFM-DOAS:

Current Status

M. Buchwitz
University ofBremen, FBI. Germanv

SCIAMACHY nadir measurements of scattered and rcllcctcdsolar radiation enable the retrieval of
total column amounts ofimport.uu atmospheric trace gases.This paper summarizes the current status
of our CO. 1120. Cl 14. C02, and N20Yertical column retrievals using a modified DOAS
algorithm( WFM-DOAS ).A lthough the operational Level I data products used lor the rctricvalarc
currently limited in quality (preliminary calibration) and quantity (not all orbits have been made
available) it is shown that encouraging higher level data products can be derived.For example.
plumes of CO due to biomass burning in Africa arcclcarly detectable and sho« good agreement with
indepcndcntmcasurerncnts (c.g .. MOPITL TERRA). The rctricv ed water \ apourcolurnns agn:c well
\\ ith SSM/I satellite microwave measurements mer ocean and ECMWF analysed meteorological
fields over ocean and land. Retrieval of well mixed gases such as Cl 14. C02. and N20is also
possible but difficult as basically onlysmall \ ariations of a nearly constant background concentration
arc of relevance, c.g .. to intcrc information on the (surface) sources and sinks of these important
Greenhouse gases.

Abstract No. 481

Derivation of Bry in the UT/LS Using SCIAMACHY Limb Scattering
Observations

C. Sloris'. R. Salawitch", L. Kovalenko", K. Chancc1
1 Smithsonian Astrophvsical Observatotv. United States

-'Jet Propulsion Laboratory, United States

The observed global distributions of BrO ( 15-30 km) and N02 ( 11-41 km) from SCIAMACHY arc
shown along w ith a brief description of the retrieval approach. The volume mixing ratio of inorganic
bromine (Bry) is dcriv ed from SCIAMACHY measurements of the \ ertical distribution of BrO and
N02 by using these observations to constrain a photochemical model and gi\ c the local bromine
partitioning. Comparisons arc made w ith prcv ious Bry profile estimates from inorganic and organic
methods. Possible sources of Bry in the tropical tropopausc layer an: discussed.



Abstract No. 19

Satellite Remote Sensing of S02: Volcanic Eruptions and
Anthropogenic Emissions

M. Khokhar, U. Platt, T. Wagner
JUP, Germany

Sulfur Dioxide (S02) is an important trace species in the atmosphere, both under background
conditions and in polluted areas. It is released to the troposphere as a result of both anthropogenic
and natural phenomena. Only one-quarter of the sulfur in the atmosphere is natural, and the rest is
caused by human activities Volcanoes are an important natural source of various atmospheric trace
gasses. Volcanic eruptions and their emissions are sporadic and intermittent and often occur in
uninhabited regions. Therefore assessing the amount and size of the gaseous and particulate
emission from volcanoes is difficult. Satellite remote sensing measurements provide one well suited
opportunity to overcome this difficulty. Onboard ERS-2, GOME's moderate spectral resolution
enables us to apply the Differential Optical Absorption Spectroscopy (DOAS) algorithm to retrieve
S02 column densities from radiance/irradiance measurements in UY spectral region. In this work
we give a comprehensive overview on the retrieval of S02 column densities from GOME data for
the years 1996 - 2002, anthropogenic sources and several volcanoes. The focus is on both eruption
and out gassing scenarios from different volcanic eruptions in Italy, Iceland, Congo/ Zaire, Ecuador
and Mexico.In GOME data, the S02 columns by anthropogenic emissions above China in winter arc
always largest, but S02 can sometimes also be observed above the US, the Arabian Peninsula,
Eastern Europe, parts of Russia and South Africa.
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Abstract No. 352

Contribution of ERS and Envisat in Past, Present and Future Multi
mission Altimeter Systems

P. Le Traon
CLS, France

Since the late 90's. ERS-2 and later on Envisat have been successfully and operationally used in
combination with other altimeters. The consensual need of at least two altimeters to resolve the
mesoscale signals has been possible thanks to the ERS I Envisat measurements.An overview will be
given on past and present instances of combination systems using Envisat data, and notably on the
operational merging done in near real time (NRT) by SSAL TO/DU ACS (Data Unification and
Altimeter Combination System). The operational applications of such a NRT merging will be
presented, as well as the significance of Envisat therein.Future merging and future needs related to
Envisat will be described: the experimental merging with opportunity measurements from CryoSat
using the HERACLES prototype, the operational use of delayed timedata from Envisat to continue
the TP+ERS historical series of maps of Sea Level Anomalies from AVISO and ENACT, the
reliable satellite coverage needed in 2007+ for GMES and recommended by the GAMBLE thematic
network ...

Abstract No. 457

Analysis of Near Real Time Envisat Radar Altimeter Data

K. Whitmer, G. Jacobs
Naval Research Laboratory, United States

The Envisat radar altimeter has proven to be a valuable contributor to the realm of near real time
satellite altimetry. The quality and the value of this product to the real time oceanographic
community is demonstrated both statistically and graphically. Currently the IGDR's are ingested
into the US Navy's real time processing system to produce high quality sea surface height anomalies
(SSHA). A brief description is made of the processing techniques and of the quality checks made.
The latter is presented to explain the criteria for which data points are dropped from the final SSHA
product. Analysis is presented of the major contributors to dropped data. Suggestions for improving
the most significant of these are discussed. Graphic presentation of the SSHA is presented and
compared to other sources for validation purposes. The SSHA values are also compared at crossover
points with both itself and the GFO and Jason- I satellite altimeter data. These comparisons are
quantified by computation of RMS values. Finally, an analysis of the timeliness of the data products
is presented with a discussion of its effect on the end products.



Abstract ''fo. 120

Validation and Applications of Near-Real Time Altimetry Data
for Operational Oceanography in Coastal and Shelf Seas

J. Hoover. T. Bocvith
Danish Meteorological Institute. Denmark

The near-real time aliimctry products from J;\SCY\-land l.nvisat arc validated against tide gauge
ohscrv ationsin the 'forth Sea-Baltic Sea system. Correlations and crrorstatistics arc presented for the
altimerry observations close tothc tide gauges. The spatial and temporal correlation scales have been
calculated and the space \S. time sampling issue or the t110 satellites 11ill he discussed. Based upon
the covariances. the feasibility or using the data in combinatiouwith operational hydrodynamical
models is i111esugatcd.

Abstract xe. 332

Oceanographic Characterization of the Cape Verde Region
Using Multisensor Data

J. Fernandes'. C. Lazaro", M. Santos:', P.Ollveira''
1 Facultv ofScience, University ofPorto. Portugal

-·Facu ldade de Ciencias. Uni1·crsidade do Porto, Portugal
3 Instituto Nacional de Im'. Agraria c das Pescas, Portugal

The Cape Verde Archipelago lie under the influence or sci cral current systems: on the north side.
the southern portion or the Canaries Current and the North Equatorial Current: on the south side. the
North Equatorial Counter Current (NECC). These two very different water masses meet in the
\ icinity or the archipelago forming a large scale frontal system. The associated frontal systems arc
potentially product ii C zones. Iavourablc for the aggregation or large pelagic highly migratory fish
species. This study locuscs on the characterization or the NW ;\ trica region (3"!\ - 30"N : 40"W -
IO"W) in terms or the main ocean circulation and associated phytopigrncnt concentration patterns
and their seasonal and intcrannual 1ariability using multi sensor data. This work has being done in
the scope or the ESA i\03-265 project. The data used include absolute dynamic topography (ADTJ
and deriv ed surface gcostrophic currents from FRS-2 and Topcx/Poscidon. sea surface temperature
(SST) from J\TSR2 and AVllRR and chlorophyll-a from ScaWiFS. The first tw o data sets
(altirnctry and SST) cover X years. from June 1995 to May 2003. The chlorophyll-a data set
comprises nearly 6 years. from September 1997 to May 2003.Thc analysis of this large data set
ullow ed the characterization or the main cu rrcnt systems and thei r 1aria hi Iity. the seasonal
distribution or the SST and chlorophyll-a concentration and associated synergies between these data



sets. Here only some of the conclusions are highlighted.The seasonal cycle/signal along the NW
Africa coast is strongly linked with coastal upwelling variability forced by the north-south migration
of trade winds in the region. From December to May the band of cold and pigment-rich upwelled
waters extend as far south as IO"N. This is associated with the strengthening of the Canaries current
and the weakening of the NECC during this period. From June to November, the upwelling
relaxation is accompanied by the northward extension of the NECC transporting warm oligotrophic
waters, which reach the latitude of20° N around August. The change in the SST distribution follows
the ICTZ meridional seasonal migration. In the offshore region, the seasonal amplitude of SST is
much lower than in the coastal region and achieves maximum values from September to November,
when higher pigment concentrations are observed in the vicinity of Cape Verde islands.Several
cyclonic/anticyclonic structures visible in the current fields can be associated with regions of
high/low chlorophyll-a concentration.The results were compared with tuna catch per unit of effort
(cpue) data, although their low spatial and temporal resolution makes this type of analysis
difficult.Two types of fisheries were analysed: the purse-seine fishery, more industrial and oceanic
and the more artisanal and coastal bait-boat fishery.The activity of the purse-seine fishery during
1995-1997 was usually associated with a cyclonic circulation off the Guinea-Senegal coast (the
Guinea Dome), clearly seen in the ADT maps. The enhanced productivity in the surface waters
above these domes, coupled with the shallowing of the thermocline could explain, the success of the
fishing activity associated with this feature.The bait-boat fishery operates mainly in the Cape Verde
Mauritania region, associated with the upwelling season. It is interesting to note that in this case the
success of the fishery seems to be associated with the warm waters adjacent to the cold pigment-rich
upwelled waters. However, the limitation of the fishing data (low spatial resolution and small period
of time) does not allow conclusive results.

Abstract No. 350

Tides in Coastal Areas from Altimeter Data

G. Wensink
ARGOSS. Netherlands

BackgroundRadar altimeter data from satellites as Topex/Poseidon (T/P) have been used
successfully in the past decade to determine ocean tides. There exists great demand for tidal
information closer to the continents, where human activity is more intensive and tidal effects more
pronounced. This information can be obtained in a similar way, by assimilation of altimeter data in
coastal tidal models. On the finer computational grids of regional tidal models altimeter data become
(relatively) sparser and therefore hydrodynamic model equations more important. Furthermore, in
these model equations non-linear terms become relevant. This note shows our approach to assimilate
altimeter data in shallow water tidal models.Satellite altimeter measurements have a global
coverage. Using these data we can set up and run regional models anywhere in the world, also in
areas in which traditional tidal measurements (c.g. in harbours) are sparse. The results model runs
consist of gridded tidal constants. The depth map that is used in the model determines the grid.
Additionally, also the tidal constants for the currents are computed.2. Tidal mode!We use the
shallow water equations to describe the hydrodynamics. As our purpose is to determine tidal



constants in the regional model area. the behaviour in time of the water level and current is
represented with only eight (largest) tidal components. We use a Gulcrkin technique to close the
hydrodynamic equations and thereby create a model that describes the interaction between tidal
constants. In linear terms of the hydrodynamic equations the individual tidal components decouple.
In t\\ o-ficld terms. such as advcction, two tidal components interact with the closure component
when they obey a resonance condition. The drag coefficient in the friction term. which is taken
proportional to the absolute value of the speed. is non-analytic and very complex in a tidal constant
representation. Fortunately. the drag coefficient is determined in good approximation by the
component with the largest flow constant (usually M2).Measured tidal data arc inserted in the
assimilation method in the form of tidal constants. This means that a harmonic analysis is applied to
the altimeter measurements. The problems involved \\ ith the long repeat period of satellites arc w ell
known. We use a straightforward least square regression method. because consistency with
hydrodynamic la« s and neighbouring tracks is added in the data assimilation method and should
therefore not be used in the data analysis. The only restriction that we impose is that the tidal
constants should vary smoothly along the tracks. For the boundary conditions we need to know the
surface slopes across the boundaries. These are estimated from a harmonic analysis of altimeter data
on tracks that cross the boundary. The tidal constants arc parametcriscd as a smooth surface that is
fitted in a strip around the boundary. From this surface the cross-slope is computed. Alternatively,
boundary conditions can he estimated from the results of larger regional or even global model
computations.3. Applications The purpose of these modelling efforts is to he able to efficiently set up
regional tidal models for worldwide applications. As a case study wc w ill consider the Arabian Gulf,
an enclosed. shallow area with significant tidal variations. The depth map in the model is based on
the GEBCO database. whi ch determines the grid spacing of I/60th degree (about I .X km). As input
data for the model we have tidal constants along 3 7 satellite tracks and in 22 harbours.
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Abstract No. 156

Using SAR Images for Detection of a Surface Poleward Current off the
West Coast of the Iberian Peninsula

J. Torres Palenzuela, L. Gonzalez Vilas
University of Vigo, Spain

The surface circulation off the western coast of the Iberian Peninsula is strongly influenced by the
atmospheric pressure distribution in the North Atlantic. As a result of the pressure gradient force
winds blows northward along the Iberian coast during the winter season. So, the combination of the
onshore Ekman transport and the geostrophic adjustment of the large-scale oceanic zonal flow
causes the appearance of a seasonal poleward along-shore flow named Navidad current. This surface
flow was investigated using hydrographic data together with satellite infrared imagery. ERS
Synthetic Aperture Radar (SAR) data responds to the roughness of the sea surface, and the radar
backscattering strength is dominated by the Bragg backscattering mechanism. SAR have
demonstrated their capabilities for imaging ocean waves, surface currents and wind fields, and in
this paper a strip of four ERS-2 SAR frames acquired over the North Atlantic ocean off the Iberian
Peninsula coast on 26 November 2002 were used to try to demonstrate the capability of radar data to
identify the presence of this surface current under certain hydrodynamic conditions.

Abstract No. 208

Mean Sea Surfaces - and Inter-annual Ocean Variability

0. Andersen, P. Knudsen, A. Vest
National Survey - Denmark, Denmark

In a comparison between hydrodynamic derived mean dynamic topography (MDT) and synthetic
derived MDT (derived from the difference between the MSS and the geoid), the resuls depends on
the quality of the MSS and gcoid, but also on the inter-annual ocean variability. In principle the
MSS used to derive the synthetic MDT should be averaged over the same period in time as used to
average the hydrodynamic derived MDT to avoid leakage of inter-annual ocean variability on the
result. Different global mean sea surfaces (CSR98, GSFCOO, CLS-SHOM98, CLSO I, KMSO I) arc
based on limited TIP time-epoch used in their derivation. Consequently, inter-annual ocean
variability (like the major El-Nino event in 1997-1998) will be visible to a larger or smaller extend
in these different MSS (the MSS are actually quasi-stationary MSS). In our new mean sea surface
(KMS03) we have included a method to account for the inter-annual ocean variability. By
investigating the inter-annual ocean variability from T/P the MSS can be made to include the inter
annual variability over a specific period in time From the 9.9 years ofT/P altimetry the inter-annual
ocean variability for each year have been modeled using the annual mean sea level height once the



"intra"-annual ocean variability have been removed. The "intra"-annual variability was initially
removed by removing the mean monthly value of all months from the 9.9 year period. Evaluation of
the a\ ailable mean sea surfaces will he carried out in the CiOCINA study region (1\\1\1 .gucina.dk ) in
the Northern Atlantic region. An extended comparison will also be presented in the Arctic Ocean to
demonstrate the impact of improved gcnid and mean sea surface modeling to derived reliable
synthetic MDT. Particularly using the GRACE derived geoid models (GGMO I). and the KMS03
mean sea surface.

Abstract ~o. 297

Improving Ocean Analyses and ENSO Forecasts at NOAA using the
Global Ocean Data Assimilation System and Altimetric Sea Level

J. Lillibridge', D. Behringer", Y. Xue·\ J. Kuhn1

l NOAA Lali.for Satellite Altimetrv, United States
2 NOAAINCEP Climate Modeling Branch. United States
3 NOAAINCEP Climate Prediction Center. United Stales

Operational forecasts of the El Nino . Southern Oscillation (ENSO) in the tropical Paci lie have been
carried out at NOAA's National Centers for Lnvironmcntal Prediction (NCEP) since 1994. The
Global Ocean Data Assimilation System (CiODAS). introduced in September 2003. provides initial
conditions for the Coupled Forecast System (CFS03) global ocean/atmosphere model that will
become operational in 2004. The (iODAS assimilation system is quasi-global (65S-75N). is based
on the CiFDL \10M-3 ocean model. is forced hy momentum. heat, and fresh water surface fluxes
lrom l\JCEP's Rcanalysis-Z, and utili/c-, 'synthetic salinty' profiles based on climatological
tcmpcraturcsulinuy relationships. E\ aluation of GO DAS versus in situ observ at ions reveals that
using climatological T/S relationships seriously suprcsscs sea surface salinity variability. which can
cause large errors in surface current ficlds.Prcscnrly the model assimilates temperature data lro m
XBTs. profiling Argo floats. and the tropical Pacific TAO moorings. CiODAS is being updated to
include altimctry data from JASON-I. Em isat. and possibly GFO in the coming months, We expect
the inclusion of alumetry data to improve both the salinity and current field- in (iODAS. Based 011

studies using statistical Markov models, sea level is the most important predictor for forecasting the
future evolution of ENSO. The improvement in (iODAS with the inclusion of altimctry and its
influence on ENSO forecast skill 11ill be invcstig.ucd.

Abstract 'io. 442

SARTool: building marine SAR Applications

F. Collard, V. Kerbaol
BOOST Technologies, France



A software tool dedicated to marine SAR applications 11 ill be demonstrated.it includes: basic ASAR
data handling for all modes: antenna pattern correction. incidence angle compensation. Display
enhancement and GIS overlay. Statistical/spectral/transect analysis output in binary. NetCdf,
Postscript. Raster format. Marine application specific processing: wave inversion wind inversion oil
spill monitoring (including ancillary data overlay) ship detection oceanic front/eddies detection
radial surface velocities estimation. multi-layer ancillary data and model outputs information

Abstract No. 539

Nonlinear Internal Waves in the South China Sea

M. Hsu1, A. Liu'
1 National Taiwan Ocean University. Taiwan, Province Of China

J NASA/Goddard Space Flight Center, United States

Synthetic Aperture Radar (SAR) images have been used to study the characteristics of internal
11aves in the South China Sea. Most of internal 11aves in the north part of South China Sea arc
propagating westward and arc generated from the shallow topography or sills in the Luzon Strait.
Based on the RADA RSAT ScanSAR images collected in 1998 and Envisat ASAR images collected
in 2003 and 2004. huge internal solitons were observed near DongSha Island with crest more than
200 km long. One of the most interesting processes is the detection of elevation internal waves in
shallow water and depression waves on the shelf break in the same SAR imagery. The effects of
water depth on the evolution of solitons and wave packets have been modeled by modified KdV
type equation and linked to the satellite image observations. For a case of depression waves in deep
water, the solitons first disintegrate into dispersive wave trains and then evolve to a packet of
elevation 11aves in the shallow water area. atier they pass through a "critical depth" of
approximately equal thickness of mixed layer and bottom layer as demonstrated by the numerical
model. Near DongSha Island, the westward propagating huge internal solitons are often encountered
and broken by the coral reefs on the shelf and re-merged after passing the island. In the shallow
water area. significant sediment re-suspension due to the current induced by the elevation internal
waves has also been observed.

Abstract No. 632

Internal waves in the East China Sea and the Yellow Sea studied by
SAR, MERIS, MODIS and ASTER imagery

W. Alpers', M. He2,. Zeng Kan2,. Li Xiao-Ming2,. Guo Ling-Fei2
1 University of Hamburg, Germany

1Ocean Remote Sensing Institute, OUC, China



Internal waves in the East China Sea and the Yellow Sea studied by SAR. MERIS. MODIS. and
ASTER imagery Werner J\lpersCenter for Marine and Climate Researchlnstitute of
OceanographyUniversity of HamhurgHamhurg. GcrmanyBundesstr. 53. D-20146. Hamburg.
Germanyalperso ifm.uni-hamburg.dcalso Visiting Professor at the Ocean Univ ersity of China.
Qingdao. ChinaMing-Xia HL Kan Zeng. Xiao-Ming Li. and Ling-Fei GuoKey l.aboratory of Ocean
Remote SensingOcean University of China. Ministry of EducationYushan Road 5. Qingdao,
266003. Chinazcngkun « orsi.ouc.cdu.cn, mxhcr« orsi.ouc.cdu.cnl Jntil now only very fev
oceanographic measurements have been carried out in the East China Sea and the Yellow Sea for
studying internal \la\ es. Satellite imagery can greatly help in locating generation regions of internal
waves and in ohtaining information about their propagation characteristics. A first systematic study
of internal waves in the China Seas and the Yellow Sea using ERS SAR imagery has been carried
out by Hsu ct al (2000). In this paper 11e extend their investigation hy not only analyzing more SAR
images acquired hy the LRS and l.nvisat satellites. hut also by including visible and infrared images
acquired hy the Fnvisat, Terra and Aqua satellites. The MERIS sensor on l.nvisat. the MODIS
sensor on Terra and Aqua. and the ASTER sensor on Terra also capture sea surface signatures of
internal waves. These signatures arc especially pronounced when the images are taken in the
sunglint. We present several examples of such signatures of internal wa. cs and discuss how they
depend on the elevation angle of the sun and on the \ ic\1ing anglcs of the sensor. By including
visible and infrared images acquired by these satellites. the data base for studying the generation and
propagation ofintcrnal waves in the East China Sea and the Yellow Sea is greatly enhanced.

Abstract No. 638

Investigation of Internal Waves in the East (Japan) Sea using
Synthetic Aperture Radar

D. Kim, W. Moon, S. Nam, K. Kim
Seoul National University, Korea

Recently. several ship experiments have sho-vn that nonlinear internal solitary 11<1\CSare frequently
observed in the East (Japan) Sea, mostly in the continental slopes located along the \\est side of the
East Sea basin. It is well known that oceanic internal solitary waves can be detected in synthetic
aperture radar (SAR) images with both high resolution and large coverage. Interaction between
surface capillary-grav ity waves and horizontally \ arying surface currents induced by internal
solitary wave producc v ariations in sea surface roughness which can be detected by SAR. C-band
SAR images from Envisat ASAR and RADA RSA T have been used to investigate the characteristics
of these internal solitary waves in the East Sea. Both SAR observations and in-situ measurements
were carried out during IWXES (Internal Wave cXpcrimcnt in the Last Sea) in 2003 and 2004. The
in-situ measurements include currents and water temperatures. which were made using thermistor
chains, recording current meters and acoustic Doppler current profilers (ADCPs) located in the shelf
slope. The observed deformation of internal waves (refraction, fission. shoaling. and breaking, ctc.)
in the SAR image were \ erificd from in-situ measurements and theories, which were caused by the
changes in bottom topography and stratification. Furthermore. we demonstrate ho« the SAR images
can be used to estimate sea surface patterns caused by internal solitary waves.



Abstract No. 654

Southern Ocean Ocean Tide Modeling

C. Shum, Y. Yi
Ohio State University, UnitedStates

Ocean tides play a significant role in the complex interactions between the atmosphere, ocean, sea
ice and floating glacial ice shelves. Tidal currents create turbulent mixing at the bottom of the ice
shelf contributing to the creation of rifts for the possible detachment of part of the ice bergs and can
influence heat transport between the ice shelf and sea water. Tides near and under floating ice
shelves and sea ice, and depending on surface and basal slopes. grounding line migrates with time
within a grounding zone. Tides are much less well-known in coastal regions and in polar oceans.
especially underneath sea ice covered covered seas and beyond+/- 66 degree latitudes. In this paper,
we present results of empirical ocean tide models using Envisat, ERS, GFO and
TOPEX/POSEIDON altimeter data over the ocean and over sea ice. from -50 degree latitude
poleward. An analysis of improving tidal aliasing and spatial resolutions of the tide model using
multiple altimeter data sets and the accuracy assessment of the model will be presented.

Abstract No. 659

Southern Ocean Sea Level Variations

C. Kuo, C. Shum, A. Braun
Ohio State University, UnitedStates

High-latitude polar ice sheets and the polar ocean are the primary heat sink in the global climate
system, and play an important role in climate change and its variability. The circulation of the
Southern Ocean is dominated by the zonal Antarctic Circumpolar Current, which isolates the
Antarctic continent and maintains its low temperature. Satellite altimetry such as Envisat, ERS-11-2.
GFO, Geosat, because of their higher orbital inclinations, covers more polar ocean than from
TOPEX/POSEIDON and JASON. Observational evidences suggest that the Southern Ocean is
significantly warmer since the 1950s (Gille. 2002) and that the power of the sea level rise in the
1990's is predominately in the Southern Ocean (Cazenave et al.. 2001; Shum ct al., 2002). In this
paper, we report studies of sea level variations in the Southern Ocean due to potential anomalistic
warming using Envisat and other high-latitude altimetry, in situ data. oceanic mass variation
observations such as GRACE, and ocean models.



Abstract No. 664

Absolute Local Sea Surface in the Vanuatu Archipelago from GPS,
Satellite Altimetry and Pressure Gauge Data

V. Ballu1, K. Cheng", M. Bouin", S. Calmant", C. Shum2
1 IPCP. France

:>Ohio State Universitv, United States
3 IGN. Fn.111ce

-1 Ohs. Midi-Pvrences. France

Waln height measurements provided by scafloor tide gauges are a combination of scalcv cl variation
and ground motion. Both of these signals arc of scientific interest. but they must be separated in
order to be useful. !\ reliable estimation of the \ crticul ground motion is specially important in very
seismically areas such as the Pacific Ocean rim. One promising method to separate the two
contributions is to use satellite altimctry data which gi\'cs absolute water height. but these data must
he calibrated using "ground truth" measurements. Once different components of the signal are
separated. bottom pressure gauges can be used to detect \ crtical mov crncnts of the scafloor.Thc
Vanuatu archipelago is part of the Paci lie « ring of lire », where plates arc quickly converging. In
this area. movements arc very rapid and the seisin ic activity is intense. \I hi ch gives a good
opportunity to study deformation and seismic cycle. To get an integrate picture of vertical
deformation 0\ er one plate and between the two plates. one needs lo he able lo monitor vertical
movements on both underwater and emerged areas. We conducted an experiment in the Vanuatu
archipelago. South West Pacific, to compare measurements from bottom pressure gauges located
beneath altirnctry satellite tracks 11 ith sea surface altitude measurements from CiI'S. !\ bottom
pressure gauge is immcrgcd since Nov. 1999 on Sabine Bank (15.90"S. 166.l4°L). West of Santo
Island. Vanuatu. In order lo perform absolute calibrations of ERS/Em isat altimeters that overfly the
Sabine Bank. \I c conducted 2 campaigns of CPS measurements of instantaneous sea surface height
onboard the RV Alis and using a Cil'S buoy. We present here results of Gl'S computations in
kinematic mode for the March 20(>:1 and March 2004 campaigns. These sea level Gl'S
measurements arc compared \I ith J-:RS/Envisat sea heights. and sampling differences and high
frequency variations were removed using continuous pressure gauge data. The observed
discrepancies arc likely lo be explained by local gcoid variations or dynamic topography and we
conducted CiPS survcy« to map these differences.
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Abstract No. 422

The Advanced Scatterometer Processing System for ERS Data:
Design, Products and Performances

R. Crapolicchin', P. Lecomte", X. Neyt3
1 Serco s.p.a., Italy

2 ESA, Italy
3 RMA, Belgium

Since the launch ofERS-1 in 1991 and ERS-2 in 1995, carrying a C-band Scatterorneter, a data set
of more than thirteen years of backscattered signal from the Earth surface is available for
exploitation. With its global coverage, day or night and all-weather operation, ERS Scatterometer
data offer unique opportunity for long-term studies and research. Beyond the original mission of
ERS Scatterorneter, intended to provide measurements of the wind vector over the Oceans, a large
number of new unforeseen application have emerged during the last years. Originally developed to
measure winds over the ocean from space, Scatterometer data has proved to be very useful in a
variety of studies These new applications cover the wind, but also land, continental or sea ice, soil
moisture, and vegetation and require high quality and long-term backscatter information.To fulfill
the needs of such large scientific community, the European Space Agency (ESA) has developed the
project: Advanced Scatterometer Processing System (ASPS). Main scope of the project is to provide
with state of the art algorithm, high quality and homogenous Scatterometer measurements (sigma
nought) of the Earth surface and high quality wind field over the Oceans by re-processing the entire
ERS mission. Additional scope is to provide on experimental basis scientific products in high
resolution tailored for the emerging Scatterometer application.The ASPS project is now in a pre
operational phase and the scope of the paper is to give to the scientific community an overview of
the ASPS architectural design, to report on the ASPS product format and performances. Those new
data, available in the next years, hopefully will help the scientific community to better understand
and monitor the Earth's climate changes and to protect our environment.

Abstract No. 563

Calibration of the ERS-2 Scatterometer in Gyro-less Mode

N. Manise, X. Neyt, M. Acheroy
Royal Military Academy, Belgium

The scatterometer on-board ERS-2 is an active real aperture radar instrument designed to measure
the backscatter coefficients from the earth with a high repetitivity. The main application is wind
retrieval, but other land or sea-ice application emerged. The limited bandwidth of the filter on-board
of the ERS satellites limits the Doppler shift that can be tolerated. For these reasons, the ERS
spacecrafts need to be yaw steered. However, due to a malfunction of several gyroscopes, precise



yaw steering cannot be guaranteed any more. This prompted for a review of the scattcromctcr
processing chain in order to estimate the actual yaw angle and to take it into account in the
derivation of the normalized backscattering coefficients.The calibration of the instrument is
performed using distributed targets and transponders. The distributed targets can he used to perform
a relative calibration of the instrument. assuming an isotropic behaviour of the distributed target.
Transponders at known locations (on ground) can he used to perform an absolute calibration of the
instrument. Since the yaw angle is unknown, the calibration algorithms need to he rev iewcd in order
to take into account the estimation of the ya« angle in the calibration chain. In this paper, we will
present the rev iewed calibration chain. The transponder is represented hy a peak in the echo signal
energy. The first step consists in localizing the transponder in the echo data. In order to meet the
accuracy requirements. this has to he pcrformcd w ith a sub-pixel resolution. We w ill also present the
results of the calibration and possible differences hcforc/altcr the gyro less operations.

Abstract :\o. 537

The Improved C-band Geophysical Model Function CMODS

H. Hersbach', A. Stoffelen", S. De Haan2
1 ECMWF. United Kingdom

: KNMl, Netherlands

Since the launch of the ERS-1 satellite in 199 I. surface wind-vcctornbscrvations dcriv ed from
space-home scaueromctcr mcasurcmcntshav c been available over the glohal oceans
continuously.Maximal prolongation of the currently operational ERS-2 and QuikSCA Tmissions and
the launch of METOP-2 (late 2005), containing the ASCATinstrument, should ensure continuity
ll\ er two decades.The retrieval of a surface w ind vector from the radar backscatter signalrcquircs a
geophysical model function. In practice such model functions arcdctcrmincd empirically by means
of collocation '' ith indcpcndcntsurfacc-wind information from NWP model fields or buoy
measurements.Presently. space-home scaucromctcr wind products are based on the ()SCAT- Imodel
function for the ku-band radar frequency (()uikSCAT) and CMOD-lfor C-band (ERS-2).This
presentation will describe the design and performance of an improvcdt-band model function
recently dev eloped at ECMWF and KNMl.This new model function. CMOD5, \\as redesigned from
scratch from a studyinvolving more than 22,000,000 collocations between ERS-2
scaueromcterbackscuucr triplets and ECMWF first-guess winds.For extreme wind conditions,
results from recent aircraft campaigns wcretukcn into account as well.As an extra constraint the
position of the 2-dimensional CMOD5 concin three-dimensional observation space was
optimized.Validation shows that CMOD5 is able to largely remove known wind biasesin CMOD4
for all wind domains and incidence angles. This is cspcciallyevidcnt for strong winds where
CMOD-1 has a saturation behavior: CMOD5winds are much more realistic and the dynamical range
is extended to atlcast 35 m/s. Compared to the ECMWF first-guess winds, CMOD5 providcsa lower
scatter index and a more uniform performance across the l.Rxscaucrometcr swath than CMOD4.ln
backscatter space, the tit with the com: surface is improved, resultingin about 75'Yc, skill of the first
rank solution for winds above I0 m/s.Thcsc improvements aid the general usefulness of retrieved
ERS and futureASCAT scattcromctcr winds for climate and weather applications, and thcambiguity



removal in dynamical and extreme weather conditions more inparticular. Therefore, CMOD5 has
now replaced CMOD4 in the operationalassimilation system at ECMWF.

Abstract No. 670

On ERS Scatterometer Sea Ice and Wind Stress Determination

A. Stoffelen, J. Verspeek, J. De Kloe
KNMI, Netherlands

ERS scatterometer wind information can be determined over water surfaces. As such, we evaluated
a new method to separate water from (partial) ice sea surfaces, using the C-band radar backscatter
measurements. In fact, a sea ice model has been derived. which is used in a sea ice retrieval step to
retrieve the ice condition. The behaviour of the model in both Arctic and Antarctic is shown. Both
the wind and ice retrieval residuals are used to determine the probability of ice. Since ice and water
surfaces are ambiguious in the middle of the ERS swath. some (recent) past data is needed to obtain
a reliable ice probability over the entire swath, as will be shown.The triple collocation calibration
methodology applied for the development of the CMOD5 model function, relating IOm wind to C
band radar backscatter, are used to calibrate wind stress. The resulting CMOD5 wind-to-stress
conversion is being applied in a lO-ycar reprocessing of ERS scatterorncter winds at KNMI, which
will also be put available as a wind stress series. At the conference the method and data are
described.

Abstract No. 566

Neural-network Based Stateless Ice Detection in
ERS Scatterometer Data

X. Neyt, P. Pettiaux, N. Manise, M. Acheroy
Royal Military Academy, Belgium

The data acquired by the scatterometer on-board the ERS spacecraft can be used to determine sea
surface windspeed provided the data was acquired over open water. As part of the upgrade of the
ground-processing of the ERS-2scatterometer data [1], it was deemed necessary to perform areal
time ice detection in order to remove bogus wind vectors.thus avoiding disturbing the wind
ambiguity removal process. While it is relatively easy to discriminate land from seatrough the use of
maps, discriminating between sea-ice andopen water is more challenging. Several methods have
been proposed to discriminate betweenice and open water. A threshold on the backscattering
isotropywas proposed [2], however this measurement is reputed only discriminantat high incidence
angles. Similarly. a threshold on the derivativeof the backscatter with respect to the incidence angle
can alsobe used [3] but again, this criterion is not discriminant overthe whole swath. Moreover,



these nm critcrions fail lorparticular wind orientations relative to the sarcllitcground track. A model
f4] for the scaucrometcrmcasurcmems over sea was also proposed. and obscrv ed sigmaOtripkts
located far from that model are more likely to havebccn measured over ice [5]. Similarily. a model
tor back scaucringover ice has been proposed in [6 ]. Combining the distances bctweenthc
measurements and the ice and the wind model. a decision can bcmadc as lo \\ hethcr the considered
node is mer open sea, over iccor unknown (mixed sea & ice or unable to discriminate). Thislast
method also cxplicitcly acknowledges that the discrimination is not always possible since. for some
configurations. the ice andthc wind model are very close lo each other. Also. in this lasuncthod. the
threshold used is incidence-angle dependent.All the methods above arc based on thresholding the
parametercorrcsponding to the method. Morcov er, some of these mcthodsarc only relevant for
particular incidence angles. We propose a nc« ice discrimination method that combines themetrics
defined above using neural networks. For each otthcmctric. a neural-network is trained to output an
icc.scaprobability. The neural-network is a pcrceptron (a fccd-forwardncural network with one
hidden layer) and has two inputs: thcmctric and the across-track node number (indicating
thcincidence angle). The output is trained against relcrcnccdata where sea is represented as 0 while
ice is reprcscntcdhy I. The output of the neural network after training thusrcprcscnis the ice
probability given the inputs. The thrcsholdof the original method is automatically determined, as
\\ cllas the incidence-angle region where the metric is discriminant.This allow s lo perform a
comparison of the different mctricsin a consistent framework. We thus propose lo hav c one neural
nctw ork per metric and to com him: the output of each neural network in order lo pnn idcthc final ice
probability. The combination is pcrformcdby a modified majority voting.Fiually. lo further enhance
the results. a spatial cohcrcnccis imposed. The motivation for this is that the icc-dcrcnninationat
mid-sw ath is rclativ ely unreliable. Hm\CH:r. if ice is prcscntat near- and far-S\\ ath \\ ith a high
probability. it is also highlyprobablc that ice wil! be present at mid swath. Results are very
prumishing. particularity if one considers thcfact that no time averaging is considered. [I] X. Ncyt,
P. Pcttiaux. and M. Achcroy. Scaucromcicr ground processing review for gyro-less operations. In
Proceedings of SP IE: Remote Sensing of the Ocean and Sea Ice 2002. vol. 4880, Crete. Greece, Sep.
2002.(2] A. Ca\ anic. F. Goh in, Y. Qui Ifen. and P. Lecomte. Identification of sea ice zones using the
AMI-WIND: Physical bases and applications lo the FDP and CERSAT processing chains, in Proc.
Second ERS-1 Validation Worshop, Hamburg. Germany, 11-14 Oct. 1993. pp 1009-1012(3] F.
Goh in. Some activ c and passive microw ave signatures of Antarctic sea ice from mid-winter to
spring 1991, Int. J. Remote Sensing, 1995, vol. 16. no. 6, pp 2031-2045.[4] Ad Stoffelcn, Error
Modeling and calibration: towards the true surfuce w ind speed, J. Gcophys. Res .. \ ol. I03. pp 7755-
7766. 1998.f 5 I F. Gobin, C. Maroni, ERS Scauerornctcr Polar Sea Ice Grids User Manual, Tech.
Report. no C2-MUT-W-03-IF, IFREMER. Mar. 1998.[5] A. Cavanic. An empirical C-band
backscatter model over arctic sea ice from LRS-1 AM I-wind data. Proc. of a Joint ESA-Eumctsat
Workshop 011 Emerging Scaucrometer Applications -- From Research lo Operations. pp 99-106,
ESTEC. Noord« ijk. NL. Oct. 1998.[6] S. de Haan. A. Stoffclcn. Ice discrimination using t-:RS
scaucrornctcr. Tech Report, KNMI, Sep. 2001.
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Abstract No. 45

Radar Interferometric Analysis of Mining Induced Surface Subsidence
Using Permanent Scatterers

D. Walter1, J. Hoffmann", B. Kampes", A. Sroka'
I Freiberg University of Mining and Technology, Germany

2 German Aerospace Center (DLR), Germany

We present results of a radar interferometric study of surface subsidence. Here we apply the
permanent scatterer technique to interferometric ERS SAR observations to analyze the surface
subsidence induced by hard coal mining activities at the "Prosper-Haniel" mine (Ruhr region.
Germany).Underground mining causes extensive subsidence at the earth's surface. Small
displacements can be detected and analyzed using differential radar interferometry (DlnSAR).
Unfortunately. the interferometric analysis of radar data in central Europe is often hampered by
extensively vegetated land surfaces. These can destroy the deterministic phases differences in
temporally separated images. Longer temporal separations between two radar acquisitions typically
reduce the ability to interpret the measured phase differences. The recently developed "Permanent
Scatterer" technique now enables the construction of much longer time-series of displacement
measurements than previously feasible. This method identifies scatterers in the radar images through
statistical analysis that remain coherent over a long time and a wide range of viewing angles.
Displacement measurements are then made at these points only. A condition for successful
subsidence measurements is an adequate temporal motion model.We use about 80 ERS-1/2 scenes
for analysis. Extensive validation data are also available to constrain the spatial and temporal
displacement field and verify the interferometric results.

Abstract No. 452

Monitoring Subsidence Caused by Potash Mining in a Temperate
Rural Area, Using an Improved InSAR Method

I. Kerneling, D. Petley
Durham University, United Kingdom

Space borne synthetic aperture radar (SAR) and more specifically InSAR have proven to be
economic and reliable techniques to monitor surface deformation at sub centimetre accuracy.
Previous studies of the technique have recognised that whilst the technique shows great promise.
further research is needed to determine constrains of. for example. surface vegetation. topography
and rates of deformation on the feasibility of the technique (Hanssen, 200 I). Stabel and Pisch er
(200 I) noted that "the artefacts occurring in the different climate and vegetation zones have to be
evaluated in detail." These effects are particularly significant in temperate agricultural areas in



which seasonal \ cgetation growth and farming activities such as ploughing cause signi Iicant
modification to the surface of the land. In this article an lnSAR method is presented de. eloped to
monitor surface deformation in a temperate rural area undermined hy a \cry deep potash mine.
Subsidence caused by deep underground potash mining forms a complex pattern in space and time.
affected hy factors such as faulting. failure of historic mincshafts, brine drainage and many other
local and regional processes. Well spread spatial and multi-temporal subsidence data provides data
from \\ hich k nov, ledge on the hchav iour of parameters affecting subsidence can he derived.
Deformation \I as assessed using conventional three and four pass interferometry as 11cl I as using a
method where 'Interest Points· (IPs) improved the accuracy. FSA have granted us :rn archive ERS
SAR images and a further 20 real-time Env isat-ASAR images. to do this research. The data concern
the Houlby potash mine in North Yorkshire. 11hi ch has a depth of 800 to I JOO rn bclo« the surface
and is the deepest mine in Europe. The lnSAR deformation estimations arc evaluated based on an
cxtensiv c thirty year long levelling dataset and a (ilS based empirical subsidence model.

Abstract "lo. 518

Radar Interferometry Technique for Urban Subsidence Monitoring:
a Case Study in Bangkok and its Vicinity

J. Worawattanamatcekul'. J. Hoffmann', N. Adam',
B. Karnpes", W. Altermann'

1 German Aerospace Center (DLR). Germanv
_'Ludwig-Maximilians University of M1111ich, Germani·

Overdraft ofgroundwater from the Bangkok multiaquifcr system has been identified as the principle
cause inducing subsidence, which causes suhstantial damage in the area. Reliable and up-to-date
subsidence in formation arc crucial for monitoring. strategic problem solv ing and future urban
planning. This study aims at deriving subsidence magnitudes tor Bangkok from two radar
interferometry techniques. classical di Iferential interferometry (DlnSAR) and point scatterer
interferometry (PSlnSAR) technique. Difficulties in achicv ing coherence in the classical method can
he overcome by PSlnSAR approach. Also. all a1 ailablc I·.RS-SAR data can be fully exploited. An
initial test area or I 0\ 12 km located south or Bangkok is selected to examine the subsidence
estimation by PSlnSAR technique using two time-series of 17 and 11 FRS-SAR acquisitions for two
partly overlapping image frames. First. intcrferngrams of the same master scene arc generated. then
the relative subsidence rate or each point scatterer (I'S) is estimated hy interpreting their
interferometric phase time series assuming a linear deformation model. We investigate the
feasibility and reliability of using this technique 11ith relatively 1\:11 acquisitions and in a tropical
location for subsidence estimation. Verification ofthe PS estimate is carried out by comparing them
point-w ise \\ ith the available ground leveling data. Our comparison indicates good agreement
bctw cm the PS subsidence estimation and the surface leveling measurements.



Abstract No. 561

Urban Unstability revealed by DINSAR and PS Interferometry:
Montmartre Case Example in Paris City (France)

B. Deffontaines', B. Fruneau', A. Arnaud",
A. Prunier-Leparmentier", J. Rudant2

1 Ecole Pratiques des Hautes Eludes, France, Metropolitan
2 Univ.Marne la Vallee Lab. Geomateriaux, France, Metropolitan

3 ALTA-MIRA Information, Spain
4 Inspection Generate des Carrieres, France, Metropolitan

Since antiquity, Montmartre Hill (Northern Paris city) was a source of good quality gypsum, Ludian
in age (Eocene), due to its favourable geology. Exploitation of the Hill started in the downstream
part of the hills by open air and then by underground quarries. Those quarries stopped in 1862 then
collapsed or improperly backfilled a century ago, have created plenty of unstabilities and problems
to the above buildings extended all over the Hill, and remain the origin of disorders at the
surface.The general inspection of the quarries, a service of the City of Paris, is charged to identify
and limit the hazards and risks due to old exploitations. In this context, a first study, published in
1979, had checked the stability of the Hill and prescribed a certain preventive and curative actions.
12 years of soil investigations and grouting of the underground quarries under the public domain
have permitted to reduce the frequency and the intensity of the damages. A recent accident has
however attracted our attention to the role of the water circulation and the open-air quarries'
backfil!New INSAR and PS techniques bring major arguments to map the present displacement field
and therefore give arguments to locate, characterize and quantify the topographic deformation of the
Hill. This gives new major constrains to stabilize buildings and infrastructures. Furthermore a
compulsory complementary study done in the fields revealed numerous deformations linked to
landslides in the south and the west of the Montmartre Hill which also affects buildings. Two origins
is therefore highlighted in the Montmartre Hill in Paris city.To conclude, our approach evidence the
operationality of DlNSAR and PS combined with field work analyses, for a better understanding of
natural hazards in urban areas such Paris city in order to insure the security of the Parisians in front
of the underground risk.

Abstract No. 443

Land Subsidence Measurement with SAR Interferometric Data

M. Crosettn', B.Crippa", 0. Monserrat', M. Agudo", E.Biescas'
1 Institute of Geomatics, Spain

2 University of' Milan. Italy



Land subsidence measurement with SAR interferometric dataM. C'rosetto( I}. B. C'rippa(2 ), 0.
Monserrat( I). M. Agudo: I). E. Biescas( I) I Institute or Geomatics. Campus de Castelldefels, Av.
del Canal Olimpic sin. E-08860 Castclldcfcls (Barcelona). Spain. 2 Department of Earth Sciences.
University of Milan. Via Cicognara 7 1-20129 Milan. Italy The paper will focus on the deformation
monitoring based on remotely sensed radar data and the differential interferometric SAR technique
(D-lnSAR}. D-lnSAR represents a relatively new technique for deformation monitoring. which can
he used in a wide range of application fields: glacier dynamics; earthquakes; volcanoes; landslides;
and the analysis of the deformations related to \\ atcr resource exploitation, mining activity. and
construction works. The capability of D-lnSAR to measure wide area deformation lields has been
extensively documented in the literature or the last decade. The major contributions have been
collected in important scientific journals like the Journal of Geophysical Research. Nature. Science.
etc.The paper will address two main uses of the technique for the monitoring of land subsidence: I.
The detection of unknown (or only partially known) subsidence phenomena. In this context the
technique is used as an "early detection tool" to monitor wide arcas.J. The quantitativ c analysis or
deformation phenomena.\\ here major emphasis is gi\ en lo the precision. accuracy and reliability of
the D-lnSAR obscrv ations.The first type of application fully takes advantage of the \\ idc area
coverage of the spaccborne SAR systems. such as ERS and Envisat. Since this application is mainly
focus on the early detection of unknown phenomena (e.g. slow subsidence phenomena in suburban
areas}. it does not require a very accurate D-lnSAR analysis. In fact. its preliminary (qualitative)
results arc usually employed to plan more detailed studies. which can then he based on a quantitative
DlnSAR data analysis or on geodetic surveys.The quantitative aspects or the D-InSAR deformation
monitoring have been often disregarded. This is partially due to the fact that some applications
rather focus on a qualitative use of the D-InSAR results. which, however, is not adequate lo support
all the potential D-lnSAR applications. An example is represented by the subsidence monitoring in
urban areas. which needs to be characterised by high quality standards (i.e. providing precise.
accurate and reliable observations) like those usually achieved hy the geodetic techniques. D-InSAR
may potentially ofter a powerful and cost-effective subsidence monitoring tool. HO\\ ever, different
aspects of the technique have to he carefully considered. The papcr w ill consider in particular the
use of multiple observations (multiple interferograms). which represents the key factor to achieve a
quantitative D-InSAR deformation monitoring.The two main uses of the technique addressed in the
paper can play a fundamental in the control of the geological hazards related to land subsidence.
Their discussion will he illustrated hy considering the results obtained in different D-lnSAR
applications developed al the Institute otGcomatics and the University of Milan.
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Abstract No. 115

Evaluation of Applicability of ERS INSAR Data for Monitoring of
Yamburg-Nyda Gas Pipelines State

A. Zakharov', N. Khrenov2
1 IRE RAS, Russian Federation
2 OG! RAS, Russian Federation

The goal of the report is a discussion of the results of ERS lNSAR data analysis in the area of
Yamburg-Nyga gas pipelines located in Siberian permafrost area on the 6 years time interval (period
of 1993-1998) with a goal of detection of the vertical displacements of the pipelines.The area of
interest is of high economical importance containing 192 km long gas pipelines built in 1986-1994.
The northernmost territory is a very complicated because of presence of low-temperature permafrost
as well as thawed/waterlogged soils which are changing their state because of seasonal variations
and thermal contact with a pipe.Analysis of the interferometric pairs does show evidence of
temporal displacements of portions of pipes located on the permafrost areas. Pairs with annual or
more time interval between acquisitions show evidence of pipes uplift at centimeters level because
of permafrost heave. Among the impressive results is a detection of surface displacements on the
interferogram from ERS tandem pair obtained in June 1996, where the effect of pipes subsidence at
the first millimeters scale took place because of permafrost thawing in summer time. The subsidence
of the car road because of underlying permafrost thawing is evident as well as subsidence of
swamps surface because of water discharge.Ground truth data from I992. 1993 and 2000 include
air/helicopter borne camera, hyperspectal scaner and high resolution X-band SAR as well as field
trip measurements with georadar. The data mentioned complement ERS DlNSAR results and
confirm good applicability of spaceborne INSAR techniques for monitoring of pipelines
dynamics.Authors express thanks to ESA for ERS SAR data obtained under AO "Exploitation
Projects" project.

Abstract No. 215

Detection of Urban Land Subsidence in the City of Turku in Finland
Using Differential SAR Interferometry

M. Karjalainen, K. Karila, M. Karjalainen, J. Hyyppa
Finnish Geodetic Institute, Finland

The centre of the city of Turku by the river of Aurajoki in Finland has been built on clay and silt
soil. The level of the ground water has been constantly lowering in the last few centuries due to the
postglacial land uplift and extensive water usage leaving the old wooden pilework exposed to
decaying. The decaying has led to the subsidence of some historical buildings in the old centre of



Turku at the rate of few centimetres per year. thus huge investments arc needed to repair damages
and to prcv cut any huildings from collapsing in the future. Nowadays. the subsidence monitoring is
done with traditional land surveying. namely by levelling the benchmarks in the area regularly.
Recent advances in the SAR interferometry. especially the permanent scatterers technique. has
enabled a long-term study of vertical land movements using SAR images. In the end of ::'002 our
proposal for a Category I project 'Land subsidence and land uplift determination due to the
postglacial rebound in the borcal forest zone using repeat pass satellite SAR interferometry and
Permanent scatterers technique· was accepted (CAT-I 1488) and we requested altogether 40 ERS-1
and ERS-::> single look complex SAR images covering our test area in the city of Turku. The
reference data of the subsidence of individual buildings has been acquired from the Real Estate
Department ofTurku. This paper presents the lirst results of the long-term differential SAR analysis.

Abstract No. 234

Monitoring Land Subsidence in Mexico City with Envisat ASAR
Interferometry

T. Strozzi, U. Wegmiiller, C. Werner, A. Wiesmann
Gamma Remote Sensing. Switzerland

Mexico City is huilt on highly compressible clays and because of strong groundw ater extraction a
total subsidence of more than nine meters has been observed O\Cr the last century. Prcv ious studies
using ERS and JERS SAR di ffcrcntial interferometry bctw cen 1994 and 1996 sho« ed a maximum
subsidence rate larger than 40 cm/year over part of the city. Between November ::>OO::>and January
::'004 Em isat ASAR acquired I0 scenes in IS::> mode mer Mexico City. These regular
interferometric ASAR acquisitions were used to assess recent subsidence rates at Mexico City. The
results demonstrate that l.nvisut ASAR inicrfcrograms arc of excellent quality for land subsidence
studies and that land subsidence in Mexico City is continuing at an impressive rate of several
decimeters per year.

Abstract No. 345

Surface Deformation at Rotorua, New Zealand Measured by lnSAR,
1996-2003

J. Hole1, N. Stevens", G.Wadge·1
1 University of Reading. United Kingdom

c Institute of Geological and Nuclear Sciences. New Zealand
3 Environmental Svstems Science Centre. United Kingdom



The Taupo Volcanic Zone (TVZ) on the North Island of New Zealand is an area of crustal extension
and volcanism, dominated by large silicic magma bodies with associated geothermal systems. The
Rotorua Geothermal field is one of these and has been widely exploited throughout the city of
Rotorua by the drilling of private boreholes and wells to provide domestic and industrial heating and
energy. Although these wells are relatively shallow (20-200m), the demand on the system was such
that during the 1980s, it was discovered that the increasing water draw-off was affecting the natural
geothermal features in the area. For example, there was a reduction and failure of some of the
geysers at Geyser Flat, Whakawerawera. As a result of this, heat and water extraction was greatly
reduced in 1987 and water levels subsequently rose. In recent years this has led to increased surface
activity including a series of hydrothermal explosions. Exploitation of other geothermal fields in the
TVZ and elsewhere has led to significant subsidence. We have studied the surface deformation at
Rotorua for recent years since this new management regime for the geothermal system was
introduced. Using ERS SAR data from I996-2003, we have shown via radar interferometric
processing (InSAR) that deformation is occurring in Rotorua city in a region located on the western
edge of the known active thermal area. Subsidence in the area south of Kuirau Park of up to
I3mm/year during I996-2000 is indicated. We are currently investigating what the causes of this
might be and whether the deformation is related to the geothermal field or other environmental
factors.

Abstract No. 392

Interferometry Techniques for Urban Subsidence Analysis
over Beijing

V. Prinet', J. Bai1, Y. Zhang1, P. Chen2
1 Inst. a/Automation, Chinese Academy of Sciences, China

c Beijing Institute of Survey and Mapping, China

This paper aims at presenting on-going work carried out in an AO! project (102365, "DlnSAR
Technique for Beijing Subsidence and XingJiang Province Earthquake -China"). The project's
objective is to study long term topographic change over Beijing city and suburb, from differential
interferometry (D-Insar) and permanent scatters (PS) techniques. The acquired data include yet 15
ERS-2 SLCI images and 4 Envisat images from 1996 to 2003. An other set of Envisat images is
expected to be scheduled for planning. Preliminary processing raised quite a number of practical
problems : the dataset clearly does not provide favorable basis for "easy and quick" analysis.
Technical issues focus on Envisat and ERS images merging --specifically for D-Insar and PS. The
processing is performed simultaneously via the Doris software (provided by Delli University) and
self-developed software (Windows based), which includes optimised techniques recently developed
by the authors.



Abstract No. 497

Identification and Measurement of Mining Subsidence with SAR
Interferometry: Experience from Upper Silesian Coal Basin in Poland

Z. Perski
University ofSilesia, Poland

This \I ork presents main conclusions regarding the operational use of SAR Intcrtcromctry mer one
of the biggest in Europe coal-mining field of Upper Silesia in Poland. The Upper Silesian Coal
Basin (USCB) covers an area of about 7250 km2. Mining activity of Carboniferous hard coal
deposits has been carried out here for O\ er 200 years. As a result. the region becomes highly
urbanized. industrialized and thus environmentally degraded. At present there are 39 active
coal mines in the Polish part of the basin. However, because of rcstructurization of Polish industry.
the significant number of the coalmincs is going to he liquidated. Since 1998 the 50 ERS SAR
scenes over Upper Silesia have been analyzed and processed. As the result of this study the
interfcrogams of variable baselines (between 0 to 431 111) have been successfully generated using 2-
pass. 3-pass and 4-pass approaches (FSA A03- I27 project). Detailed analysis of these data
demonstrates that SAR inicrfcrograms contain t\10 types of information: quantitative. concerning
the rate of subsidence during a period between repetitive ERS SAR acquisitions and qualitative.
\\ hich allow s to identify the shape and extent of subsided area The intcrfcrograms present various
coherences depending on seasonal and weather conditions. Comparative studies shows that it is a
typical situation for Central Europe and for other areas of moderate climatic zone. Lm1 coherence
strongly reducing interpretation of the fringe pattern and usually preclude the subsidence
measurements. To omit this problem and dcriv c the quantitative subsidence data the intcrfcrograrns
should he constructed from SAR data of as small as possible temporal baseline. However, in that
case the fringe pattern presents the subsidence increment during a period of repeated SAR
obscrv ations. Consequently. SAR intcrfcrograms of small temporal baseline present valuable
information only about subsidence vckrcity pattern hut with spatial quality impossible to reach using
traditional terrestrial methods. The traditional lnSAR techniques have been extended in last years to
pixel-based approaches like c.g. Permanent Scatters method. However, the main problems related lo
decorrelation, still remain. A potential advantage in this matter seems to he possible using alternate
polarization and multi frequency SAR data. Ack now ledgmcnts: The author gratefully acknow ledges
the European Space Agency and European Space Research Institute for supporting and sponsoring
this research and supplying the ERS SAR data from A03-127 " lnSAR for Land Subsidence
Monitoring in the Upper Silesian Coal Mining Region. Poland?

Abstract !\o. 575

Reflexions and Insights from Urban SAR Interferometry for
Monitoring Vertical Deformation Due to Water Pumping:
the Haussmann-St-Lazare Case Example (Paris, France)



B. Fruneau', B. Deffontaines", A. Prunier-Leparrnentier ',
A. Arnaud", J. Rudant5

1 UniversiteMarne la Vallee,France, Metropolitan
:> Ecole Pratiques des Hautes Etudes, France, Metropolitan
3 Inspection Generate des Carrieres, France, Metropolitan

4 ALTA-MIRA Information, Spain
5 Univ.Marne la Valleelab. Geomateriaux,France, Metropolitan

The St Lazare area in Paris (France) has undergone important water pumping for the construction of
the underground Haussmann - St Lazare station for Eole subway line (SNCF). This oral talk
presents the monitoring of small surface displacements related to the pumping activity by both
classical and PS SAR interferometry. Hydrogeolocial and geodetic data are examined in order to
validate the phenomenon: piczomctric measurements were provided on 87 piezometers by SNCF
and IGC, precise levelling were processed on 626 points by SNCF. Analysis and comparisons of all
available data show first their good agreement and complementarity to monitor the small surface
deformation of the studied area and second the potential opcrationnality of the classical and PS SAR
interferometric approach in such study. At least reflexions and insights arc delivered by two teams
(BRGM and UML V) who worked separately on the understanding of this phenomenon (sec
references be low). A precise study done with fields data shows the limits of the methods they used.
the misfits, and of course in contrast the potentialities and the operationality for urban
hazards.Fruncau B., Sarti F., 2000. Detection of ground subsidence in the city of Paris using radar
interferometry : isolation of deformation from atmospheric artifacts using correlation. Geophys. Res.
Lett., 27. 3981-3984. Le Mouellic S., Raucoules D., Camcc C.. King C., 2002. A ground uplift in the
city of Paris (France) detected by satellite radar interferometry. Geophys. Res. Lett.. 29, 1853.

Abstract No. 683

Mine Subsidence Monitoring: A Comparison Among Envisat,
ERS, and JERS-1

L. Ge1, M. Hsing-Chung Chang', C. Rizos", M. Omura2
1 The University of New South Wales,Australia

:> Kochi Woman's University,Japan

This paper reports the progress of the Envisat CAL/VAL Project No I078. Subsidence in an
underground coal mining region southwest of Sydney has been monitored using Envisat. ERS. and
JERS-1 satellites. Data from the ERS-1/2 tandem mission have been widely used to generate digital
elevation models because of the 24 hour short time interval (temporal baseline) between the two
acquisitions which delivers high coherence in the synthetic aperture radar interferometry (lnSAR)
data processing. ERS tandem data based differential lnSAR analysis (tandem differential InSAR)



has also been used to study atmospheric effects in lnSAR results. In this case. the topographic
contribution is carefully removed from the interferogram and an assumption is made that there is no
significant ground displacement within 24 hours. What have been left in the differential lnSAR
result arc atmospheric disturbances. The assumption cannot be held. how C\ er. in the shallow
underground mining region (mining depth about 500 m) selected for the project. Tandem differential
lnSAR analysis has revealed I cm subsidence in 24 hours with a resolution of+/- 3 mm. In contrast
to tandem differential lnSAR, repeat-pass differential lnSAR has been widely used since 1993 to
map ground surface movements due to many natural (e.g .. earthquakes and volcanoes) and man
made (c.g .. underground mining and oil / water / gas extractions] activities. In repeat-pass
differential In SAR. the master and slav e images arc acquired by the same sensor aboard the same
platform. Therefore. the temporal baselines arc multiples of 24. 35. and 44 days for Radarsat-1.
ERS-1 and -2. and .IERS-1, respectively. which is significantly lager than the tandem case. These
much larger temporal baselines lead to temporal de-correlation which degrades the lnSAR results.
For example, for the same Australian region mentioned above. the accuracy of lnSAR measured
subsidence is-/- 1.4 cm from the JERS-1 repeat-pass differential lnSAR when compared to ground
truth. Comparing the tandem to repeat-pass differential lnSAR. it can ht: seen that due to the much
shorter temporal baseline. tandem differential lnSAR can measure ground displacement at a much
higher resolution. In the meantime, seven Envisat images have been acquired over the same site as
well <luring 29 March 2003 and I0 May 2003
(http: 1\1111.umat.u11s\1 .i.:du.au:snap stall linlin Rc,ults"'k\\ EVtrialil·.11\ isatTcstinu l.n\ isat tcstinu
sun1111an .luml ). Apart from the challenges that they were acquired from both descending and

ascending passes \\ ith four different imaging modes. the newly dev eloped Ell\ isat module in the
soil\\ are seemed also to have some hugs. More Envisat acquisitions hav c been requested.
Differential lnSAR results from these data will he reported and compared to the ERS and .JERS-1
results.
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Abstract No. 339

MERIS Data for Monitoring Dynamics of Vegetation Cover
in Semiarid Wetlands

- a Case Study of the Niger Inland Delta (Mali, West Africa)

R. Seiler, E. Csaplovics
TU Dresden, Germany

The Niger Inland Delta is one of the most fragile ecosystems of African Sahel. Availability of
surface water as the main impetus for vegetation growth is generally low and significantly variable
in its spatial and temporal distribution. Conditions during dry and rainy seasons are remarkably
influenced by pre-flood, flood and post-flood periods, which are driven by the variations of the
water level of the river Niger and its tributaries. Quality and quantity of vegetation cover is thus
periodically changing in correlation with oscillations of the water level. While the inland delta is
dominantly covered by irrigated fields or grasslands during flood and post-flood months (late July
till October to January) most of the photosynthetically active vegetation vanishes during the rest of
the year (March to June).Medium Resolution Imaging Spectrometer (MERIS) as a payload
component of Envisat-1 operates with a 15 band setting in the visible and near infrared part of the
electromagnetic spectrum. The spectrometer acquires data with a spatial resolution of 300 m (full
resolution) or 1200 m (reduced resolution) over land, allowing for the analysis of land cover with
special regard to vegetation at a regional to global scale. Main focus of this paper is laid upon the
assessment of the dynamics of vegetation cover of the Niger Inland Delta and the Plateau de
Bandiagara eastwards the delta. As the plateau is not affected by annual flooding it serves as
reference for the semiarid vegetation cycle. High spectral resolution of MERIS data in the red and
near infrared spectrum was used to separate vegetation signals from bare soil signals. The dynamics
of increase versus decrease of vegetation-soil-patterns during one growth season were monitored by
analysing 5 MERIS full resolution scenes of processing level IB covering a time period from
August 2002 till June 2003.Besides supervised pixel-based classification of imagery for the five
acquisition dates an analysis of red-edge position and red-edge shift was performed. A third
objective of the research work was to test the capability of MERIS Global Vegetation Index (MGVI)
for monitoring sparse and mostly non-green vegetation. Preliminary results indicate that MERIS
proves to serve as a powerful sensor for vegetation analysis also in semiarid regions characterized
by a variety of land cover patterns dominated by sparse vegetation. The merit of MERIS mainly lies
in the availability of I0 different bands within the red and infrared part of the electromagnetic
spectrum. This allows for reliable studies on the quantity and quality of vegetation cover.
Nevertheless it has to be concluded that the accuracy of results is strongly depending on the
availability of auxiliary informations such as measurements in the field, annual as well as seasonal
variations of water levels and others. Especially for data of the late dry season with a ratio of
vegetation coverage less than I0% per unit area the separation of the vegetation signal from the
"background" signal was rather vague.



Abstract \lo. 657

Potential of ERS and Envisat SAR Data for Environmental
Monitoring of Kolkota (Calcutta) City and Coastal Region of West

Bengal, India

R. Chatterjee', T. Sarkar', P. Roy1, J. Rudant", P. Frison", B. Fruneau', H.
Trebossen", D. Mitra', P. Gaurav', S. Banerjee'

1 India Institute ofRemote Sensing. India
: University of Marne la Vallee, Fronce

The present \I ork is principally aimed at stud; ing the potential of ERS SAR and Em isat ASAR data
for cm iron mental monitoring of an urban test site and a coastal test site of India. Kolkata (Calcutta)
City of India. \I hi ch typically represents the urban environmental set-up of the developing world,
has been taken up as the urban test site in this work (Figure I). Due to rapid urban growth and
population explosion in Kolkata City during the last kw decades. rapid changes in landusc
landcox er pattern. infrastructural de\ clopmcnt, augmentation of transport system to subsurface
(Metro Rail) and excessive ground water extraction to meet the water demand of the population and
industry have occurred. All these have adverse environmental impacts to this region. Cicologically.
the Greater Calcutta area forms a part of lkngal Basin comprising of a thick pile of unconsolidated
sediments (-l:'Olll.) of alluvial/dcltaic origin in subsiding trough. Consequently. the area is
undergoing regional subsidence O\U the years. In addition. differential local subsidence in some
pans of the city area has been reported by the media and the people \I hich might have been
occurring due to over-extraction of ground water. dcwatering of the underground water-bearing
horizons for installation of subsurface transport system (Metro Rail) or due to slm1 differential
movement along subsurface basement faults (xcismotcctonic ). Illegal urban spra« ling in and around
the city is another aspect of environmental concern in regard to planning and management purposes.
The part of Bay of Bengal in India to the south of the urban test site, characrerivcd by rapid and
div ersc coastal changes in terms of coastal erosion. delta development and C\ olution of mangrove
forests. has been taken up as the coastal test site in this work (Figure I). The geomorphology of this
region i,.;intricate and fast-evolving due to the combined effect of llu v ial action from the dis tributary
channel network from the land and tidal action from the vast tract of Bay of Bengal. The shore line
\I hich surrounds the main land and/or numerous islands in this region is C\ oh ing rapidly \I ith time.
With the cv olv ing geomorphological set-up. the landusc-Iandcovcr pattern of the region has been
changing \I ith time which adversely affects the cm iron mental condition of the region. Mangrove
forest. the major landcov er unit of the tidal llat region. has tremendous impact O\ er the
cnv iron mental set-up of the coastal region. The Iullo« ing major objccuv cs arc being addressed 111
this work:
(i) Studying ground subsidence in different parts of Kolkata

City Irorn interferometric 1:Rs SAR data.
(ii) Understanding the causes of ground subsidence in Kolkata City and preparation of a

potential subsidence map by spatially integrating the causes of subsidence under Gl S
(Cicographic Information System) cnv ironmcnt.



(iii) Characterization of ERS SAR backscattered intensity and interferometric coherence
information for landuse-landcover mapping and geomorphologic studies.

(iv) Characterization of Envisat ASAR multipolarization backscattered intensity of IS2 beam
mode which is similar to ERS imaging geometry for landuse-landcover mapping and
geomorphological studies.

(Y) Characterization of ERS SAR backscattered intensity and interferometric coherence
information, and Envisat ASAR multipolarization backscattered intensity of IS2 beam
mode for mangrove mapping.

(Yi) Characterization of ERS SAR and Envisat ASAR backscattered intensities with respect to
settlement density for the purpose of identifying illegal urban sprawling in and around the
city.

(vii) The changes in landuse-landcover pattern during last 25 years in general and during last
I0 years in particular to understand the trend in environmental condition as a function of
urban growth and time. The changes in landuse-landcover pattern in the coastal region
during last 25 years in general from multi-temporal optical and radar data.

(viii) Shoreline evolution of the coastal region in terms of coastal erosion and delta
development.

(ix) Geomorphological evolution of the coastal region in terms of migration of creeks and
inland river channels, changes in spatial position and spatial occurrences of sand bar and
beaches, estuaries, intertidal lagoons and current ridges.

(x) Finally, the suitability analysis of ERS SAR and Envisat ASAR data as complementary
and/or supplementary sources of information beside optical remote sensing data and
conventional surveys for environmental monitoring of urban and coastal regions.

For the purpose of studying environmental changes during last 25 years three sets of multi-date
optical data (Landsat MSS and Landsat TM), two sets of ERS SAR tandem data pairs and some
Em isat ASAR IS2 beam mode VY polarization data have been procured over the two test sites.
Several pairs of ERS interferometric data over the urban test site have also been procured for
studying ground subsidence during last 10 years. Multi-polarization Envisat ASAR 1S2 beam mode
data are presently being procured for studying varied backscattered response from different landuse
landcover classes and geomorphological units which may be helpful for mapping the said terrain
elements. Initially, the landuse-landcover maps of the two test sites were prepared from Landsat
MSS or Landsat TM multispectral optical data by unsupervised and supervised classification
techniques. Geomorphological map of the coastal region has been prepared by visually interpreting
the image. A settlement density map of the urban test site has been prepared by digital enhancement
and segmentation of Landsat TM data acquired in 1998. Similarly, the mangrove maps of the coastal
test site with respect to their density have been prepared from Landsat MSS and TM multispectral
data by digital enhancement and segmentation technique. The radar backscattered intensity images
of ERS SAR individual scenes and tandem data pairs and Envisat IS2 beam mode VY polarization
scenes have been processed. The ERS SAR interferometric tandem data pairs of the two test sites
have been processed by DIAPASON software ofCNES, France and SARDA software, !SRO, India.
Characterization of the backscattered intensity of ERS SAR and Envisat ASAR data and the
coherence information of ERS SAR interferometric data pairs particularly that of the tandem pairs
with respect to landuse-landcover classes, geomorphological units, settlement density and mangrove
forests have been carried out in this work in regular grids. Similar characterization of Envisat ASAR
multipolarization IS2 beam mode data will be done. Attempts are being made to understand the
range of radar backscattered intensity of ERS SAR and Envisat ASAR 1S2 beam mode VY



polarization data and coherence values of the ERS SAR interferometric data pairs to identify and
delineate a particular terrain clement from radar imagery. Three differential intcrfcrograms have
been processed from ERS SAR interferometric data pairs of the urban test site. Due to the presence
of atmospheric artifacts over extensive areas in a regular pattern. no local subsidence could be
detected from the three differential intcrfcrograrns processed so far. Processing of a number of
differential intcrferograms and suppression of atmospheric artifacts arc in progress in an attempt to
identify the zones of local subsidence in the urban test site.

Abstract \!o. 42

Continuite des Programmes SAR/ERS et ASAR/Envisat pour la Mise
a Jour Cartographique en Contexte Tropical

J. Rudant', J. Kouarne", A. Mascrer', N. Classeau", P. Frison",
v. Onana', A. Dia~, S. Wade~. K. Selouane", P. Chamard",

M. Courel", L. Louvart", T. Hame7
1 Universite de Marne la Vallee. France

: Untv-vtl: V, France
3 /UT de Douala, Cameroon
~/ST I Univ-Dakar. Senegal
'PRO!J/(j I CVRS. France

n SHOM, France
7 VTT Technolosrv Finland......,. '

Ccue communication. portcra sur unc synthcsc des rcsultats obtcnus grace aux images ASAR de
Envisat . en continuite avec lcs images SAR de ERS.Sont concern es ks domaincs d'appl ication
sui1 ants:-occupation du sol: evolutions d'originc anthropiquc: pratiqucs culturalcs (brulis).
orpaillagc (Guvanc Francaise}, croissancc urbaine (Guyanc, Gabon. Cameroun). cartographic des
formations \t'getalcs (Ciuyanc, Gabonj-gcomorphologic liuoralc: suivi des evolutions liuoralcs avcc
quantification des phcnorncncs d'crosion ct de sedimentation affeciant le littoral de Guyanc
Francaise dcpuis 19'>2. cartographic gcornorpholog iquc (Sahara occidental. Scncgal)Au travers des
cxcmplcs prcscntes. nous nous auachcrons sur le plan technique:- <Idcmontrer l'interct pratiquc de la
conunuiic des programmes ERS ct Em isat (mode IS2. polar VY)- ,·1 analyser lcs apports rcspcctifs
des divers modes d'acquisiiion ASAR-Envisat (incidence. polarisation) pour lcs applications
thcmaiiqucs C\ oquccs ci dcssus

Abstract l\o. 614

Land Cover/Land Use Classification in a Semiarid Environment in
East Africa Using Multi-temporal Alternating Polarisation Envisat



ASAR Data

D. Klein1, A. Moll2, G. Menz3
1 University of Bonn, Germany

2 Center for Remote Sensing ofLand Surfaces, Germany
3 RSRG - University of Bonn, Germany

The region west of Mount Kenya is a heterogeneous bio-ecosystern characterized by high rainfall
variability and a high population density. Land use varies over short distances from rain fed
agricultural areas with small scale farming close to the mountain towards semiarid tree and grass
savannas further northwest. During the last decades land use and land cover changed rapidly
because of immigration. To monitor these changes due to the human impact but also due to climatic
changes high quality information on the current state of the land cover is required as a baseline.
Only remote sensing can provide such information with sufficient spatial detail in a homogeneous
and continuous way as required for operational monitoring purposes.With the Envisat ASAR sensor
alternating polarization images (VV/VH, VV/HH or HH/HV) are available every 35 days with a
spatial resolution of 30m. Additional the invariance of ASAR data regarding cloud conditions and
the possibility to automatize the processing of the images make the data especially suitable for an
operational use. Therefore the potential to obtain an optimal land use/land cover classification in this
region from Envisat ASAR data is investigated.Beneath the mean, different texture measurements
like variance, coefficient of variance and semivariogram were calculated to generate additional input
layers for the classification procedure. A quantitative separability criterion is used to determine the
contribution of each measure to the overall classification and for specific classes. Furthermore the
optimal acquisition times for classification purposes are identified. Ground truth was taken during a
comprehensive field campaign in the dry season in February 2004. The results show that multi
temporality provides most explanation and separability. The discrimination possibilities are highly
depended on the phenological state of the vegetation and therefore the date of the analysed image is
crucial. The contribution of the different texture measures is class dependent, while the polarisation
seems to provide only additional information over the few large-scale farm areas. This is attributed
to the predominant of volume scattering from the acacia forests over most of the study region. The
small-scale farm land is to patchy and heterogeneous in order to provide sufficient proof that a
polarisation influence can be really identified.

Abstract No. 222

Erosion Assessment in the Brazilian Cerrados Using Multi-temporal
SAR Imagery

A. Vrieling1, S. Rodrigues'
Wageningen University, Netherlands

2 Instituto de Geografia - UFU, Brazil



Accelerated soil erosion causes severe problems to agriculture and infrastructure. especially in
tropical regions where high-intensity rainstorms occur frequently. To combat erosion processes. a
sound erosion mapping and monitoring system is needed. which can indicate the extent and the
location or erosion-prone areas. Tropical regions generally have poor data availability and frequent
cloud cover. This hampers both the application or erosion models. and the use or optical remote
sensing techniques for mapping and monitoring purposes.SAR imagery potentially can assist soil
erosion studies through (I) detection or erosion features, and (2) derivation or information on
erosion-controlling factors. Detection or erosion is limited to large features like gullies, with the
exception or SAR interferometry. which can he applied in (semi-) arid regions to detect random
changes indicating soil loss (Liu et al., 200 I). The most important and dynamic erosion-controlling
factor is \ egctation CO\ er. SAR pro\ ides good means to study hoth the spatial and temporal aspects
of this factor. The objective of this study is to explore the information content or multi-temporal
SAR imagery for its potential use in erosion detection. mapping, and monitoring (ESA E0-1223
projcct).ERS SAR and Envisat ASAR data wen: acquired for the I0* I0 km study site near the city
of Ubcrlandiu in the Brazilian Ccrrados. Field data on land use, land cover. and erosion features,
were collected during the 2003-2004 rainy season. The site has deep sandy soils, which are mainly
covered by pastures, shrubs. and trees. Most pastures are degraded which appears from a low soil
cover and a large fraction or weeds. Less soi I cover means less soil protection. and thus sheet and
rill erosion increasingly remove topsoil and nutrients, which in turn negatively influences pasture
development. Deep gullies dominate the landscape. which were formed more than fifty years ago,
and or which some are still very active. The study area has a dry season from May to September,
and intense rainstorms occur mainly between December and Fehruary. Especially in the beginning
of the rainy season. soils an: less protected against erosion. This study presents results on the multi
temporal analysis or SAR imagery for the Brazilian study site. Gullies could be detected in
individual LRS and E111isat images. The gully dynamics could not be assessed. because the annual
retreat rate is generally less than a SAR resolution cell. The SAR interferometry technique was
tested. but 11 as judged inappropriate for this study site, as vegetation cover causes rapid
decorrelation. Assessment of erosion-controlling factors focussed on spatial and temporal variability
of vegetation characteristics. Overlays of calibrated ERS SAR and Envisat ASAR imagery allowed
identifying when the area is most susceptible to erosion. and revealing the spatial patterns of land
use and management. Integration of the imagery and field data resulted in a better identification of
land use units. and an initial assessment of erosion risk. However. for accurate erosion risk mapping.
integration with additional data sources. like a DEM is rcquircd.Retcrcncc.l.iu J.Ci .. F. Hilton. P.
Mason. and H. l.ce. 2000. A RS/(iJS study of rapid erosion in SE Spain using ERS SAR multi
temporal interferometric coherence imagery. Proceedings ol"SPIE 4171 :Y17-J7)
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Abstract No. 43

Utilisation et Contribution des Images Satellitaires dans la
Caracterisation des Conditions Environnementales Liees a

I'Apparition des Epidemics d'Ebola

G. Moussavou', J. Rudant', E. Leroy', I. Jeanne", F. Rakotomanana5
1 CIRMF, Gabon

2 Universitede Marne la Vallee (UMLV),France, Metropolitan
3 !RD I CIRMF, Gabon

4 CERMES, Niger
5 Institut Pasteur Madagascar, Madagascar

Depuis 1994, le Gabon et le Congo ont connu 8 epidemics de fievre hemorragique virale (FHV)
Ebola dont la derniere est survenue en decembre 2003. Ces epidemics sont toutes survenues dans la
rneme region "Nord-est Gabon I Cuvette-ouest Congo". On constate qu'elles apparaissent souvent
durant la periode de transition de la saison seche a la saison de pluie suivante. Pendant la plupart de
ces epidemics, on a releve une grande rnortalite au sein des populations de gorilles et de chirnpanzes
qui semblent ainsi particulierement exposees et sensibles a la maladie.Ces observations nous
amenent a penser que l'apparition des epidemics de FHV Ebola est un phenornene lie aux variations
des conditions ecologiques du milieu, ce qui permet d'envisager la presente etude.Il s'agit d'une
approche multidisciplinaire qui fait intervenir de nombreux domaines de competence (ecologie,
geographic, climatologie ... ) et integre !'utilisation de nouveaux outils tels que la teledetection et Jes
systernes d'information geographiques (SIG).Au moyen de diverses informations issues d'images
satellitaires et de donnees de terrain on se propose de caracteriser Jes conditions du milieu qui
precedent ou accompagnent !'apparition des epidemics d'Ebola. Ce travail doit apporter une aide en
sante publique (Fig. I) selon 3 objectifs majeurs a atteindre :- Mettre en place une base de donnees
geographiquc sous forme de SIG- Identifier et determiner des facteurs ccologiques de risque
d'epidemies- Contribuer a l'elaboration d'un systerne de veille sanitaire pour la prevention des
epidemiesll - Methodologie l-Principe de l'etudefm se propose de caracteriser l'environnement dans
lequel apparaissent Jes epidemics d'Ebola. Le travail consiste a effectuer une analyse spatiale
(distribution geographiquc) et temporelle (variations saisonnieres ou annuelles) des differcnts
parametres du milieu (vegetation, hydrographie, climat, populations humaines et animales ... ).Pour
cela on se sert, d'une part, de donnees de teledetection spatiale (images satellitaires optiques et
radars) et, d'autre part, de donnees de terrain (ecologiques, epiderniologiques, climatologiques ... ).
L'ensemble de ces donnees est integre dans un SIG sous formes de diverses couches d'informations
fusionnees, Le SIG nous permettra par la suite d'effectuer des analyses multifactorielles.Notre etude
comprend Jes etapes de travail suivantes :- Traitement des donnees : analyse et interpretation
d'images spatiales, analyse et mise en forme des donnees ccologiques, epiderniologiques,
climatologiques ... - Exploration du terrain : des travaux sont menes sur le site etudie pour la recolte
de donnees ecologiques et la validation de l'interpretation des images spatiales.- Developpement du
SIG : integration et fusion des informations multi-sources obtenues.- Exploitation du SIG : analyses
milti-factorielles, production de cartes thernatiquesz-Zones detudel, 'etude porte sur deux zones de
tailles differentes :- Region "Nord-Est Gabon I Cuvette-Ouest Congo" (zone globale detude, 13°50
E - 14°30 EI 0°20 S - 1° 60 N, 40 000 km2): I'approche d'investigation est regionale ce qui
implique une petite "echelle de travail";- Aire de conservation de gorilles de Lossi (400 km2): zone



dans laquelle nous sornmes opcrationncls sur le terrain. Les analyses y sont mcnces de manicrc plus
dctaillce ("grandc echcllc de travail").L'utilisation des images satcllitaircs pour l'etudc de ccs zones
revet alors une importance majcure pour trois raisons :- L'ctcnduc de I'ensemble de la zone ctudicc :
cllc represente une vaste region foresticre dont I'investigation cartographiquc est tcchniqucmcnt plus
cnvisagcable et facilitcc par la telCdetcction.- Le caractcrc diachroniquc de l'etude : ii implique unc
grandc quantile ct une haute frcqucncc d'acquisition des donnces ncccssaires d'ou la misc a jour
rcgulicrc du SICi scrait trcs difficile en se limitant aux classiqucs travaux de terrain.- Le type de
climat ii est tropical. sc caracterisant par un dense ct prcsquc permanent couvcrt nuagcux qui
crnpechc l'exploitation complete des images optiqucs, mais cct obstacle est aiscmcnt contourne
grace aux images radars.Ill - Exploitation des donnccs prcliminaircs L'cxploitation de quclques
images satcllitaires obtcnucs a cte cntamee. Leur analyse ct leur interpretation ont pennis d'abordcr
um: premiere approchc de l'etudc de la dynarniquc spatiale du milieu. I-Les images optiqucs :A partir
de quclqucs images Landsat obtenucs, nous avons commence la cartographic du couvcrt vcgctal de
la zone d'epidernics. Ccttc zone prcscnte ainsi 4 types principaux de paysagcs vegctuux : forcts de
tcrre fcrme. forcts ripicolcs/hydrophilcs. forcts marccagcuses ct savanes.Nous comptons realiser
ccue cartographic pour toute l'airc ctudice. Unc misc i1 jour rcgulicrc nous pcrrncnra de suivre la
dynarnique du paramctrc vegetation dans le temps.Nous pensons pouvoir corrcler le suivi de la
vegetation ii cclui de la Iaunc en supcrposant sur ccue cartographic des couches d'informations
concernant notammcnt la distribution naturelle d'cspcccs ct lcs cas de mortulites animalcs
observcs.z-Lcs images radars :Nous avons commence l'cxploitation de quclques images ERS ct
Envisat. Ccs images nous apportcnt des informations pcrtincntcs pcrmcttant de dccrire la
physionornie gcncralc du milieu conccrnant les themes "relief " ct "hydrographic":- La region
etudicc prescntc globalcmcnt un relief plat d'altitudc moycnnc de 600 <I 700 m variant ca ct la de
quclqucs dizaines de metres, On a pu rncttrc en evidence un cscarpcmcnt de relief Nord-Sud. Cct
cscarpcrnent jouc ccrtaincment un role de barrierc gcographiquc dans Jes mccanisrncs ecologiqucs
de l'ccosystcrnc de la region.- Les images analysccs montrent que le rescau hydrographiquc de la
region d'cpidcmics est dense ct tres ramific, On constatc ainsi que ccttc region se caractcrisc par la
presence de nornbrcuses zones humidcs et marccagcuscs (zones de tcrrcs regulicrcmcnt ou en
permanence immcrgccs). Nous pcnsons pouvoir obtcnir des informations trcs intercssantcs i1 partir
du suiv i de la dynarniquc tcrnporcllc de cc paramctrc "hydrographic".A partir de donnccs reccmmcnt
acquiscs, nous avons commence l'analysc d'unc scrie diachroniquc d'images Landsat. ERS ct
Envisat. Les resultats de ccttc analyse nous foumiront ccrtainemcnt des elements importants pour la
suite de notre travail ct conccrnant notammcnt l'ctudc de la dynamiquc tcmporcllc des dillcrents
paramctres du milieu dont unc breve premiere description spatiale vicnt d'etre prcscntec ici.

Abstract No. 79

Multitemporal and Dual-polarization SAR Data for Detection of
Urban Areas

J. Liao, Y. Huang, H. Guo
!RSA. China

Urbanization modifies urban environment and properties so that we need to better understand these
changes. The remote sensing tools arc able to explore urban environments and retrieve spatial.
temporal. and environmental characteristics. Synthetic aperture radar (SAR) is used for urban



monitoring because they are independent of the weather condition and day and time. At present,
most SAR satellites are single band and single polarization, which limits the information to intensity
and texture. Only Envisat ASAR is dual-polarization. In the paper, the SAR data from different
sensors at different bands and different temporals, including in Envisat, and JERS-1, are used to
detect the changes of urban environment over Beijing area of China.Beijing, the capital of the
People.Ts Republic of China, is the center of national politics, economics, and culture. It covers an
area of 16.8 thousand square kilometers, and the major buildings are centered around the Forbidden
City. As the result of the Chinese economy developed quickly, the city enlarge raptly, especially
rural urbanization have been becoming important issues since many projects are building for the
Olympic Game in 2008. So, this paper aims at investigating the usefulness of the multiply SAR
datasets for defection and discrimination of urban area by texture measure and urban land cover
classification. At the same time, the method of pattern recognition is used for detection linear
features, such as the main axes in road networks. We compare classification results obtained by
using multitemporal or multipolarization datasets, and explore the interactions among SAR data
recorded by different sensors. Finally, we want to discuss whether the use of more polarizations
effectively overcomes the possibility to combine multitemporal single polarization images. This
could be useful for detection of the potential for urban environmental changes using the optimal
mode of ASAR sensor.

Abstract No. 82

Multi-Incidence Angle DEM Generation and Land Cover
Classification using Envisat/ ASAR data

X. Li, H. Guo, Z. Li, C. Wang
Institute ofRemote Sensing Applications, CAS, China

Being the ERS SARs had a fixed 23° incidence angle, the effect of radar layover in hilly terrain
prevents widespread use of the data. Envisat/ASAR image mode will provide data acquisition in
seven different swath (i.e. IS I to IS7), giving incidence angle ranging from l 5°to 45°. The
availability of different viewing angles, especially for higher off-nadir angle, of ASAR enhances the
interferometric visibility of steeper slopes, which are otherwise in layover with 23° of incidence
angle of ERS-1/2. In addition, Microwave interactions with the surface are complex and different
scattering mechanisms may occur in different angular regions. Thus. radar backscatter has an
angular dependence, and there is potential for choosing optimum configurations to improve land
cover discrimination using multiple incidence angles Envisat/ASAR data. From the technical
capabilities of selectable incidence angles of Envisat/ ASAR and the angular dependence of radar
backscatter, In this paper, firstly, the interferoemtric SAR data processing algorithm of DEM
generation using Envisat/ ASAR data will be developed, such as using DELFT precision orbit data to
reduce the baseline error, the methods to mitigates atmospheric effects using integrating information
from multiple INSAR interferograms etc. Secondly, Three DEM of different incidence angle will be
generated for the test site, the effects of incidence angle on the quality of inteferoerntric SAR DEM
will be investigated, and a DEM reconstruction methods which can improve the accuracy of DEM
will be developed using these DEMs according to the multi-incidence angle characteristic of ASAR.



Thirdly. the coherence and backscattering characteristic or land cover under different incidence
angle will he analyzed. and comhining the coherence and backscattering components under different
incidence angle of Envisat/ASAR data. the capacity of land-cover discrimination under multi
incidence angle will he investigated. At last. the accuracy of these DEMs and land-cover
discrimination will he analyzed and validated by comparing them to the topographic map. land use
map and the field measurement data.

Abstract No. 125

Contribution of Envisat RA-2 to Global SRTM Evaluation

J. Bennett. P. Berry. J. Garlick
De Montfort University, United Kingdom

Altimeter data from the ERS-1. ERS-2 and Em isat missions have been reprocessed using a rule
based expert system to yield hundreds or millions or height measurements mer the earth's land
surface. This unique dataset has been used in a glohal scale evaluation of the SRTM mission. Whilst
analysis with LRS RA-I data has given good results mer relatively llat terain. the inability of the
altimeter to maintain lock over mountainous terrain has severely limited independent evaluation of
global and regional DLMs using altimctry. The l.nv isat RA-2 uses three modes of operation to
maintain lock over even extreme terrain. This presents the first opportunity to examine the
performance or DE Ms with altimeter derived heights over a significant proportion of the earth's land
surface. This paper presents results from a global scale study comparing Em isat RA-2 Ku and S
hand retrackcd heights with the NASA SRT:vl dataset. and evaluates the potential for Envisat RA-2
to contribute to global terrain mapping.

Abstract No. 131

Urban Dynamic with Multitemporal Envisat/ERS SAR Images and
Multispectral SPOT Optical Image by Using Data Fusion Approach

V. Onana', J. Rudant2
1 UT! ofthe Universitv ofDouala, Cameroon

:> U11.i1·ersit_1·o(J\:tai·11e-/a-Va//ee, France

The urban area is a concentration place of human occupation. \\ hich often undergoes rapid
translormations. particu larlyin dcv eloping countries. These transformations appear through a great
dynamic of the urban area and suhurhanoccupation. which can he followed by remote sensing
data.In the rain forest context, the \\ cathcr conditions ohligc to exploit SAR images for many
applications in remote sensing; hut if available. the optical images can he used locally. in order to
facilitate automatic interpretation or SAR imagc«] I]. which arc corrupted hy the speckle noise.The
urban dynamic can be appraised \\ ith the help of changc detection techniques, \\ hich consist in



estimating thegradient in the temporal direction of a spatial data series.We propose in this article, a
data fusion approach which allows to highlight urban transformations on a given period,by studying
the urban growth and the urban decrease, particularly habitations bright pixels dynamic with the
help otEnvisat/SAR multitemporal SAR images. One SPOT optical image is exploited in the
method as prior information :a urban and non-urban index is used for this purpose, such as NOVI
(Normal Dierence Vegetation Index) index.The proposed approach operates in two steps : I. the
urban dynamic quantification is computed on the multitemporal SAR images, with the help of the
fundamentalSAR temporal change measure Du based on the constant false alarms edges detector
[2]. the fusion of previous quantification measure with the urban and non-urban index coming from
the optical image is performed.The fusion strategy used is based on the subsets theory, first
developed by [3]. Then, according to the dynamic of Du and NOVI measures : a urban growth (Du <
0), a urban decrease (Du > 0) or no-change (Du -> 0) can be highlighted.The proposed method is
illustrated on the images (Envisat'2003, ERS' 1999 and SPOT'200 I) of Douala urban area, which
has a great pressure concerning the urban and suburban human occupation space. The results show
an importanturban growth and urban decrease phenomenon. This kind of of information could be
useful for the urban planers of thiscity.Refcrences[l] V.-P. Onana, E. Trouve, G. Mauris, J.-P.
Rudant, and P.-L. Frison. Change detection in urban context with multitemporal ERS-SARimages
by using data fusion approach. In Proceedings oflEEE IGARSS '2003, Toulouse, 2003.[2] R. Touzi,
A. Lopes, and P. Bousquet. "A Statistical and Geometrical edge detector for SAR images". IEEE
Transactions on Geoscienceand Remote Sensing, 26(6):764-773, 1988.[3] L.-A. Zadeh. Fuzzy sets.
Inform. and Control, 8:338-353, 1965.
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The Role of Earth Observation in the Good Practice Guidance
for Reporting Land Use, Land Use Change and Forestry Activities as

Specified by the Kyoto Protocol

W. Wagner", M. Jonas", C. Hoffmann", U. Gangkofer3,
S. Hasenauer", M. Hollaus', C. Schiller4, F. Kressler"

1 Vienna University of' Technology, Austria
2 International Institute for Applied Systems Analys, Austria

3 Geo Ville, Austria
4 ARC SeibersdorfResearch, Austria

5 ARC Systems Research, Austria

The Kyoto-Protocol, which aims to combat the uncontrolled increase of atmospheric greenhouse
gases (carbon dioxide, methane, nitrous oxide, etc.), allows for the accounting of biological sinks. A
"sink" is defined as a process, activity or mechanism that removes a greenhouse gas from the
atmosphere. An ecosystem represents a sink for carbon if its assimilation of carbon through
photosynthesis exceeds its loss through respiration and disturbances (e.g., harvest).
Correspondingly, a "source" is a process, activity or mechanism that releases carbon dioxide to the



atmosphere. There arc several articles in the Kyoto Protocol (Articles 3.3, 3.4, 6, 12 and 17) that
deal with the so-called "land-use, land use change and forestry" (LULUCF) activities such as
afforestation, reforestation, and deforestation (ARD) activities and management practices, including
"forest management". "cropland management". "grazing land management" and "revegetation".The
measurement of national carbon stocks below and above ground is a challenging task and many
countries do not have the financial resources to carry out national-scale inventories of carbon stocks
in forests and soils. Even for smaller countries like Austria, where national forest inventories are
carried out at regular intervals (every 5-10 years). the uncertainties are comparably high as a result
of using uncertain conversion factors to convert forest inventory data into carbon stocks. The
concern is that the high uncertainties of the LULUCF sector veil the emission reductions to which
the signatory countries of the Kyoto Protocol have committed themselves. It is therefore important
to fully utilize e:-.isting technologies and methods, and/or to develop new ones that may help to
decrease the uncertainty of LlJ LUCF reports.Remote sensing has been identi lied as a potential
technology to provide inputs (estimates of independent variables such as deforested or burnt areas,
biomass. ctc.) to carbon models and as such to the Kyoto Protocol. However, it is not clear which
role satellite-based remote sensing will play for reporting and verifying LULUCF activities. In this
paper we will analyze how the role of remote sensing is seen in the Good Practice Guidance Report
for the LlJLUCF sector (prepared hy the Intergovernmental Panel on Climate Change). which is
soon to he released. Since this report gives specific recommendations on which techniques should he
employed. it is important that the remote sensing community is informed. The discussion will
consider earth observation data of varying spatial and thematic content: low resolution optical
imagery (l.nvisat MERIS), high resolution optical and radar imagery (Envisat ASAR, Landsat), and
very high resolution E-SAR data (simulated TerraSAR-X ).

Abstract No. 302

Global Land Topography and Ocean Bathymctry
from Radar Altimetry

D. Defrenne
SERCOIESA. Italy

A new Digital Elevation Model was compiled for Envisat with a 5' * 5' grid spacing. This Global
Model was achieved hy integrating a Bathymetry model built by Walter Smith from NOAA and
David Sandwcll from Scripps Institution of Oceanography, USA, with the Altimctry Corrected
Elevations (ACE) produced by Philippa Berry of De Montfort University, UK. Both models present
the advantage of associating satellite global altimetry grid with field data (depth sounding for the
bathymetry and local DEM for the altimctry). To take full advantage of the resolution of both input
datasets, two other DEM were also produced with a respective grid spacing of2' and 30".To obtain
a final model with a full. dense and homogeneous coverage, that includes all the information from
the initial models and preserves their accuracy. a merge of the data sets was performed carefully
respecting the boundary between land and ocean because both original grids had different
resolutions. Then. the entire dataset was divided in small geographical tiles that were separately
triangulated and interpolated. l.dgc effects were avoided by taking in consideration an overlap



boundary zone. Finally, three grids were obtained at different resolutions, 30 arcseconds, 2
arcminutes and 5 arcminutes (respectively, 1, 4 and 10 km approximately) to be used for
applications requiring different scales. These grids are the first global models including essentially
satellite radar altimeter measurements of land elevation and ocean bathymetry merged together,
giving a unity and a complete, dense and homogeneous coverage of the world, with an
unprecedented accuracy.This new global model at 5-arcminutes resolution will replace the previous
model used in Envisat data processing and the model at 30-arcsecond resolution will be also used
for MERIS and ASAR application projects.

Abstract No. 358

Synthetic Aperture Radar Studies of Desert Duricrusts

K.wnu,', M. Charlton
1 The University of Reading, United Kingdom
2 University of Nottingham, United Kingdom

Desert duricrusts are important for preserving palaeoenvironmental evidence in deserts. In the
Libyan Fezzan they preserve lacustrine sediments from erosion. These sediments contain important
palaeoenvironmental information and record highstands of Lake MegaFezzan, which covered
c.11 7.000 sq km at 74(+23-16 )ka, and c.149,000 sq km at 9.5±2.5 ka. During the latter episode the
lake covered about a third of its catchment, indicating a surprisingly wet environment at this time.
This giant lake is one of several that once existed in the central Sahara in adjacent closed basins and
between them they submerged nearly 6% of the Sahara in the early Holocene. We explore the
capabilities of Envisat ASAR to identity duricrust locations associated with palaeolake sediments
and demonstrate how Ground Penetrating Radar studies can help explain the energy-matter
interactions involved.

Abstract No. 385

Assessment of Wildlife Habitat Using Remotely Sensed and GIS Data
in Royal Bardia National Park, Nepal

T. Thapa1, J. Lichteneneger2
1 University, Nepal
2 ESAIESRIN, Italy

In this study earth observation data have been used to predict potential habitat for the umbrella
species; Tiger (Panthera tigris), Greater one horned rhinoceros (Rhinoceros unicornis) and Asian
elephant (Elephas maximus) in Royal Bardia National Park, Nepal. Multi- temporal Satellite data
(landsat ETM and ERS SAR). aerial photos. topo sheets, and field survey data were the main



sources of information lo assess and classify land use/land cover types. terrain conditions. waler
availability. human encroachment and/or risk assessment. Ground survey data were used as an
indication of animal's presence and their conflict 11ith human. Satellite data were processed and
classified into 13 land cover types al the European Space Research Institute (ESRIN ). Frascati, Italy.
The project has generated habitat suitability map (HSM) for umbrella species and GIS resource
management database. The HSM and GIS resource management database arc most fundamental for
long-term monitoring or these umbrella species.

Abstract No. 393

Analysis of ASAR Polarisation Signatures from Urban Areas

D. Weydahl, R. Olsen
Norwegian Defence Research Est., Norwav

ERS-1 opened for the analysis of multi-temporal SAR images. while RADARSAT has made it
possible to invcstigate SAR images from the same geographical area on land when viewed with
several incidence angles. l.nvisat ASAR gi1 cs the opportunity to add another dimension to the
analysis and interpretation or urban features: multi-polarisation. It is bclicv ed that Envisat
Alternating Polarisation mode can be of importance if one chooses to use ASAR images to build up
general know ledge or in Irastructurc in an area. Basic theory slates that Iike-polariscd return signals
(i.c. HH or VV) arc 10 % lo 15 'Yi, higher than cross-polarised returns from natural surfaces. and that
the like-polarised signal is more influenced by the cardinal effect than cross-polarisation. On the
contrary. cross-polarisation will give a strong radar return from complex structures. By comparing
the ASAR backscatter from HH. VV. and !IV or VII. it may be possible to say something about the
comp le' ity of an obj eel and the direction (horizontal/vertical) of its dominant components. By using
sci era! ASAR incidence angles. it is also possible to inv cstigatc backscatter changes as a function or
incidence angle.The ESA AO 434 project is focusing on ASAR backscatter change from urban
categories as a function or polarisation and incidence angle. as well as classification abilities of
various urban classes. More than ten scenes were acquired over the Oslo region in Norway in ASAR
Alternating Polarisation mode from summer 200.\ lo spring 2004. and processed to single-look
complex (APSJ images at ESA and Kongsbcrg Satellite Sen ices. The ASAR data sets should be
absolutely calibrated when comparing backscatter from several acquisitions and modes. The ASAR
backscatter is analysed 11ith respect to incidence angle and polarisations. Contrast and structural
informal ion from man-made objects arc also inv cstigatcd. Results show that backscatter from
natural surfaces (e.g. forest. agriculture) is typically 4-7 dB higher in the like-polarisation channel
than in the cross-polarisation channel. In the Oslo region. there arc more bright points from man
made objects in like-polarisation than in cross-polarisation. This is often due to the cardinal
direction effect. Some building complexes guvc up to 30 dB's higher backscatter in HI! than in !IV.
Strong cross-polarisation backscatter is cv aluated 11ith respect lo building types. Ongoing work is
also focusing on which incidence angles (or incidence angle combinations) that 11ill g ive the
maximum information of man-made structures from an urban area 11hen using l.nvisat ASAR data.



Abstract No. 417

Performance Evaluation of a Combined Multi-resolution
Textural Classification of a Single ERS-1 Image

A. Safia, T. Iftene
CentreNational des Techniques Spatiales, Algeria

Against the multispecral images, working only on one single monobande Radar image, for cost and
image availability reasons, is a hard task due to nature of these images. In this work, we present an
attempt for the classification of an ERS-1 Radar image for the need of thematic cartography.The
drawback of monobande Radar image is surmounted by the integration of the spatial dimension of
the image i.e the textural information. This precious information is obtained by using the wavelet
transformation. This latter provides us the possibility to extract the maximum of textural information
by introducing the changing in image resolution in the textural analysis scheme. A redundant
wavelet transformation provides us a 'tower' representation instead of the pyramidal one, thus, we
preserve pixels to pixel correspondence between the different towers level. A textural information
fusion step is then applied in order to deal with the well known 'curse of dimensionality' problem.A
supervised classification process, which combine both radiometric and textural information's, in a
multi-resolution scheme is applied. The results obtained over a single ERS-1 image which cover a
relatively complex area are satisfactory. This permits us to confirm that the presented classification
scheme is a good approach for the purpose of cartography with only a single Radar image.

Abstract No. 461

Land Cover I Land Use Classification Using MERIS
Full Resolution Data

U. Gessner", S. Maier", K. Guenther''
1 GermanAerospace Center (DLR), Germany

2 Satellite remote Sensing Services-Dl.I-, Australia
3 DLR - DFD, Germany

The German Remote Sensing Data Centre (DFD) of the German Aerospace Centre (DLR) is
developing a new land product within the ESA- AO project Generation of MERIS Level 3 products
for European Multidisciplinary Regional Applications (GEMEL3, AO-ID 1413). This new product,
a land use /land cover map (LULC) of Germany, will be generated automatically every year on the
basis of MERIS full resolution level 2 data (top of aerosol reflectance). Subsequently, it is planned
to extend the LULC map to the entire area of Europe. The new product is dedicated to indicate land
cover/land use changes and will be used in climate change research.The classification consists of



two steps. a multi-spectral and a multi-temporal one.The multi-spectral classification is performed
by means of a data base containing the mean spectra, covariance matrices etc. of each class. Owing
to the wide field-of-x icw of MERIS (68.5°), this data base takes into account the view zenith. sun
zenith and relative azimuth angle of each pixel. The multi-spectral classification is computed using
the maximum-likelihood technique and delivers two distances. one corresponding to the shortest
distance. the other to the second-shortest distance. This fuzzy first classification stage makes the
overall process less susceptible to noise in the input data and allows an accuracy estimate based on
the ratio of the t1\o distances. The first classi tication step yields intermediate classes (colour classes)
and not yet land use /land cover classes.In a second step. a multi-temporal classification is
performed. 11hich takes into account the phonology of the land use /land coyer classes (e.g.
phcnolouy of deciduous forests with increasing greenness from spring to summer and autumnal
breakdown). For the land use /land cover of Germany. only central European phonology is regarded.
For the extension of the LULC to Europe. the phenology of northern European and Mediterranean
vegetation must he considered. Only after this second step, an assignment of pixels to land cover
/land use classes is possible. The legend of the LULC map will he similar to the IGBP legend.

Abstract No. 530

Generating, Comparing and Exploiting DEMs for Hydrological
Applications over the Galapagos Islands

N. D'ozouville', J. Benveniste", B. Deffontalnes'', S. Violette',
G. De Marsily', U.Wegmuller"

1 Univ. Pierre er Marie Curie, France
_,ESA, ltalv

3 Ecole Pratique des llaur~s Eludes, France
~Gamma Remote Sensing, Switzerland

This study aims to understand the hydrology and groundwater !1011of the Galapagos Islands. an
insular basaltic e111ironment with growing anthropogenic pressure and ecosystems to preserve. Lack
of essential data for system modelling ie. topography. led to retrieving this information from other
sources. Generation and exploitation of DEMs in this context is presented here for the island of
Santa Cruz.Techniques with Radar were preferred. as images arc not affected hy cloud cover. The
interferometric DEM was realized with ASAR images and Atlantis Earth Yic11. taking into account
temporal and baseline decorrelation constraints. Radargrammctric DEM wa-; generated by Gamma
Remote Sensing 11ith multi-incidence angle capacity of ASAR. The two techniques arc compared
for this type of cnv ironmcnt. SRTM 90 m resolution elevation data (recently available from NASA)
and a digitalised topographic contour DEM (M. Souris. IRD) were used to aid phase unwrapping
(interferometry) and for comparison and validation. The DEMs were used to determine theoretical
drainage network and the area of watersheds. Water balance calculation can now he carried out.
Field work shows that riverbeds are mostly non-perennial, indicating important temporal
dependence of runoff and recharge. Also structural and geomorphological data. ic. the preferential
East-West fault direction and the position of lower watershed depressions, will he used to constraint



the hydrogeological model. The integrated georcferenced database will also used for defining
hydrological network setup and geophysical investigations.

Abstract No. 594

Application of Envisat ASAR Data for Alpine Land Use Classification

L. Kenyi, M. Schardt
Joanneum Research, Austria

The advantage of Envisat ASAR over its predecessors. namely ERS-1 and ERS-2, as a land
observation tool resides in its multiple polarization and multi-look angle capabilities. As a radar
sensor the ASAR backscattering coefficient is sensitive to the moisture content of the scattering
media and its geometrical properties (i.e. size. shape. roughness. and orientation).ln this paper.
application of Envisat ASAR multiple polarization backscattering data for the discrimination of
alpine land use categories, i.e. forest area and types. agricultural fields. meadows, urban areas and
water bodies is presented. Envisat ASAR data acquired during the period April 2003 to May 2004
over test areas in Salzburg (Central Alps) and East Styria (Eastern Alps) in Austria are compiled and
processed. The processing included geo-referencing. backscattering coefficients retrieval and
topographic normalisation.The ASAR backscattering coefficients averaged over reference polygons
of homogeneous forest stands were extracted and statistically analysed. The ASAR Multiple
polarisation data were found to discriminate forest from non-forest with very good degree of
accuracy. although some high grass are con fused with forest. Generally. for forest types separation
the measured ASAR backscattering coefficients were found to perform some limited discrimination
of forest types. Whereas. the statistics of the various land-cover categories were found to show good
class discrimination.

Abstract No. 624

Use of lnSar Products for Gold Exploration in the Kedougou-Kenieba
Inlier of Senegal and Mali (West Africa)

S. Wade1, J. Lichtenegger", M. Barbieri", J. Rudant3
1 Cheikh Anta Diop University of Dakar, Senegal

c ESAIESRIN, lta/v
3 UML VllFG, Fra~ce

Interferometric Synthetic Aperture radar (lnSar) is a technique for extracting three-dimensional
information of the Earth's surface by analysing the phase content of the radar signal. lntcrferograms
(phase differences) can be computed from image pairs acquired with the repeat-pass ERS-1 orbits or
the ERS-1 /ERS-2 tandem mission. lnSar derived products. digital elevation models (height
information and coherent images (phase correlation). arc very useful for improving SAR images for



a number of geological applications like surface geology and geomorphological studies. lithological
discrimination. lineament analysis and structural mapping. The Kcdougou-Kenieba test site. which
is part of the West African cratoon, is constituted by Birimian (Palcoprotcrozoic ) rocks. surrounded
by discordant. late Proterozoic formations. It has been activ cly explored for gold and its important
potential has been confirmed by the discovery of deposits. among which the Sabodala typc w hich is
associated with a major scncstral NE_SW shear zone. But gold exploration in this region, based on
traditional methods like geological, geochemical and geophysical surveys, shafting and drilling. has
already costed millions of dollars. \\ ithout hav ing proved the existence of valuable eco110111ic
concentrations. despite of good surface e\ idenccs. This is mainly due to the presence of a latcritic
crust of up to -10-50 meters thickness. \\ hich extends over wide areas and impedes a direct
obscrv ation of rock outcrops and mineralised structures. SAR intensity imagery and their derived
lnSar products arc of great utility for optimising lithostructural mapping and identifying shear zones,
potential for gold mineralization. lnSar processing has been conducted on the I December 1995
(orbit 22899. frame 3339) and 5 January 1996 (orbit 2:1-100. frame 3339) interferometric image pair.
covering part of the Kcdougou-Kcnicba inlier (Senegal. Mali). The resulting DEM has bcccn used to
produce a hill-shaded relief image with colour-coded height information.The coherence and the
DEM have then been combined with the amplitude to generate the intensity landusc (ILU) image.
finally the three images have been interpreted and a lineament 111apextracted. This map shows the
N-S to NNE-SSW scncstral shear zone of regional extent. evidenced by the alignment of basic
volcanic rocks. cut and displaced by more recent NW-SW. NE-SW and E-W fault systems. The
Sabodala gold deposit and its "satellites" appear clearly along a N-S ax is. They arc associated with
NE-S\V. \i\V-SL and EW structures. A similar fault setting is visible at the upper left. middle right
and bottom central parts of the lineament map (areas A. B and C). Particularly. the intersection
zones hctw ccn the N-S and the later fault systems 111aybe considered as potential zones for gold
concentrations.Synergistic exploitation of radar amplitude images and lnSar products (DEM and
coherence images) can greatly improve the intcrprctability of radar imagery for geological
applications. This approach has been tested successfully on the Kcdougou-Kenicha inlier where
lithostructural mapping and mineral exploration arc rather di Ificult because of the presence of a
thick and \\ idcly cm cring lateritic cap. The analysis of the lineament map established from the
interpretation of the lnSar derived images has allowed to retrieve the structural fault systems
controlling the sabodala gold deposit. Other areas of the image showing similar fault settings have
been identified. They may be potential gold deposit zones. These results confirm that radar remote
sensing in general . lnSar and derived products in particular. arc a highly informative and cost
effective tool for mapping and for mineral exploration. especially in poorly outcropped terrains.
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Analvsis and Processing of ASAR and MERIS Data for Urban Areas
· Classification and Monitoring
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, University of Rome "Lo Sapienza", ltalv
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The aim of this research was to investigate the potentialities of ASAR and MERIS data for
applications related to urban areas. In particular, we aimed at providing a first assessment of the
effectiveness of the different multiparametric characteristics (multiangle, multi sensor, multispectral,
polarimetric) of the sensors for the classification and the monitoring of urban areas. This goal was
achieved by means of (i) the direct analysis of the statistical characteristics of the data, and (ii)
through the development of techniques for the extraction of the relevant information, and the
evaluation of the achieved results. For the second point, we developed techniques based either on a
statistical approach or a neuro-fuzzy approach, and we considered different applications. In the
following, we will illustrate the selected test site and the used data, moreover we will describe the
different aspects considered, specifying for each one the field of application, the achieved and the
expected results, and the conclusions. Description of the worka) Test site: almost all the results were
obtained considering the town of Pavia, in Northern Italy. This site can be considered relevant for
the following reasons:- it is a medium-size town with different classes of urban tissue (densely built
up areas. residential areas, industrial areas, etc ... );- it is located in a flat area, thus the corresponding
images are not affected by layover or shadowing phenomena;- a high volume of data is available to
the authors for this site, both in term of images and ground truth.b) Data set: due to the reduced
amount of ASAR and MERIS data available to the authors at the time the present research was
carried out, some of the results were obtained on data from other sensors, with similar
characteristics. In particular, we considered ERS and SIR-C data, and Landsat TM and ETM data. c)
Analysis, processing, and results.- Statistical analysis of multiangle/multitemporal SAR data: this
analysis was carried out on ERS and ASAR data, considering images acquired with different
incidence angle and in different dates. We analysed the characteristics of different classes of the
urban tissue, with the aim of identifying a suitable statistical model among different candidates. We
also investigated the effects of variations of the incidence angle on the backscattered radiation, and
we studied the potential separability of the different classes present in the considered scene. Results
show that the incidence angle has a great impact on backscattering characteristics, and that different
classes of urban tissue are potentially distinguishable using the considered data.- classification of
mono- and multitemporal SAR data: we analysed the possibility to distinguish different classes of
the urban tissue applying a statistical classification scheme on ASAR data. Moreover we studied
different ways to combine the multitemporal information to improve classification accuracy, using
statistical, neurofuzzy, or combined approaches, and exploiting the contextual information. Finally,
we studied the effectiveness of change detection techniques, with application to the detection of
flooded areas. The achieved results and the conclusions will be reported in the final paper. -
classification of multispectral/multisensor data: we considered different approaches to the
classification of multispectral/multisensor data, in order to investigate their effectiveness for the
extraction of the relevant information. In particular, we considered a statistical and a neurofuzzy
approach, moreover we considered different schemes for the fusion of the different hands, and we
also evaluated the impact of the contextual information on the achievable classification accuracy.
Finally, we analysed the effects of the fusion of SAR and optical data. The comparison of the
achieved results and the conclusions will he presented in the final version of the paper. 4.
Polarimetric SAR image processing: we considered different approaches to the combination of the
polarimetric channels for an efficient classification of urban areas. The use of the polarimetric
information proved to be effective for SIR-C data, while its effectiveness for ASAR data is currently
under investigation.Conclusionsln this work we considered different aspects and approaches to the
processing of ASAR and MERIS data. The aim of this research was to define both the potentialities
of such data for urban area characterization and monitoring, and the results practically available
using different approaches.

Abstract No. 647



The generation of a UK and Ireland ERS SAR Multi-temporal Mosaic

P.Meadows'
BAE Svstems Advanced Technology Centre. United Kingdom

A multi-temporal mosaic of the UK and Ireland has been generated using 1'.RS SAR imagery. The
large archiv c of ERS SAR imagery has been exploited to generate the mosaic as much of this data
has been acquired such that large areas have been imaged over short periods of time. The mosaic
enables large scale land features to he \ isualised and shows potential for land use monitoring on a
large scale.Approximately 100 ERS SAR PRI images were used tor each of the three mosaics
required to generate the false colour multi-temporal mosaic. Each individual I00 km by 100 km PR!
image has been converted to a common map projection and then combined with images from
adjacent S\\ aths. There is a need to rernov c the across-track image intensity \ ariations due to the
changing radar cross-section of land surfaces across the SAR swath and also to mask out water
regions. The localisation information \\ ithin the LRS SAR PR! product has been found to he
adequate for registration of images \\ ithin the mosaic. It is necessary to en sun: that the time span
between the three individual mosaics is sufficient to show changes in radar backscatter. This poster
paper will show the multi-temporal mosaic of the LJK and Ireland and describe how it has been
generated. A CD-ROM of the mosaic is available from 1-:SA. It is important to note that large scale
mosaic generation has become much easier using the wide S\\ ath product acquired by the Enx isat
ASAR instrument.

Abstract :\o. 177

A Numerical Algorithm to Acquire the Average Height of Land
Surface from Radar Altimeter Mean Return Wave

X.Zhou. X.Hu. Y.Zhang
Modern Co1111111111icatio11.China

Based the radar altimeter mean return '' ave, a new numerical algorithm to acquire the average
height of land surface is proposed through the origin analysis about each point of return \\ avcform.
For the time relay of mean return wave reflects the corresponding information of incident scope. it
can result in a practical numerical reconstruction to extract the distance between altimeter and land
surface. In the difficult situation of how to decide the single characteristic point responding the
average height. the technique built this numerical algorithm can he operated easily in practice.
Otherwise. simulation results and practical airborne altimeter measurements' alidate our model in a
good way.

Abstract No. 199



Recent Geological Evolution of the Lake Ab he Basin Using
Multitemporal Satellite Images

L. Marinangeli I' A. Rossi2' G. ori2
1 Universita' D'Annunzio, Italy

2 IRSPS-Dip. Scienze, Universita' D'Annunzio, Italy

We used a multitemporal dataset (ERS 1/2 and Landsat) to investigate the recent geological
evolution of a tectonic basin of the East African Rift. The study area is the Lake Abhe-Goba'ad
basin which is located at the border between Djibouti and Ethiopia.The Lake Abhe in particular, is
currently confined to the western part of Goba'ad depression but it experienced strong climatic
fluctuations during Late Quaternary reaching also the maximum extension of about 6.000 km2.We
focused our study on the radar and spectral characteristics of sedimentary deposits such as alluvial
fans. deltas. both active and inactive. and possible recent fan-deltas. These features are the most
sensitive to climate changes. Drainage pattern has been also mapped on the different images. The
area covered by Lake Abhe in the multitemporal images has been measured on the geocoded dataset
and the result shows a rapid shrinking of the lake during the last tens of years. We identified a
relative chronology between different fault systems on the basis of cross-cutting relationships. Also.
we compared the shapes of the main sedimentary basins of Southern Afar and the trend and density
of the main tectonic structures. The Lake Abhe basin in particular. seems to be linked to the oldest
deformativc episodes. less tectonically active in Late Quaternary if compared to younger basins such
as the Asal one to the East. Moreover, the Abhe basin appears to be the most geometrically complex
depression in Southern A far.

Abstract No. 200

Reconstruction of the Paleohydrology in Desert Areas Using SAR and
Digital Topography Data

L. Marinangeli', G. Ori", A. Rossi", G. Di Achille2
1 Universita' D'A111111n:::io,ltalv

2 IRSPS-Dip. Scienze, Universita' D'An~unzio, Italy

Arid zones have been affected during the quaternary by a large hydrological and climate variability.
This change of processes has shaped the landscape leaving the signature of former paloedrainage
and sedimentological features. Using the radar SAR images matched with the detailed topography, it
is possible to reconstruct the paleodrainages and identify the paleohydrological behavior of the past
rivers and standing bodies of water. Interferometric data may show morphologies and provide
elev ation to estimate the former palcowater budget. A direct comparison between the past and
previous settings is possible by the matching or SAR and other imaging product. Examples from
Western Sahara (Algeria and Tunisia) will be presented. The saharian study areas consist of
ephemeral rivers and dry lakes, but shows the past evidence or large rivers and shallow water,



perennial lakes. Instead the other shows several small basins with scbkas and permanent lakes
showing cv idcncc of dramatic environmental changes due to quaternary climatic changes. A
quantification of these changes is possible by the analysis of topographic data. The observation of
partially buried palcovalleys is more consistent in radar data rather than other remote sensing
images.

Abstract No. 214

Applications of Envisat ASAR Data in Urban Environment, Soil
Moisture and Crop Studies

H. Guo' J. Liao, Z. Li, J. Chen
Institute ofRemote Sensing Applications, China

The Advanced Synthetic Aperture Radar (ASAR) instrument on board the Lll\ isat satellite,
compared with LRS-1/2 SAR, has an enhanced capability in terms of coverage, range of incidence
anglcsl>polarization. and modes of operation. In our project, we hav c conducted three aspects
research with l.nvisat ASAR data on crop analysis of Zhaoqing area in Guangdong Prov ince of
South China. urban environment analysis of 2008 Olympic Game site in Beijing. and soil moisture
measurement and rctricv al analysis. The fol lov ings arc the results of our study. I) Crop Analysis.
For rainy and cloudy areas in southern China. 11e utilized t110 ASAR dataset 11ith alternating
polarization mode. One. acquired on 13 June of 2003, had imaging s11ath of IS5 and polarization of
HH/HV. The other. acquired on 2 July of 200:l. had imaging swath of IS5 and polarization of
VVll II I. At first 11c derived the backscattering coefficients of main ground objects in the images
and used the crop microwave scattering model to build the relation hctw ccn the backscattering
coefficient and LAI (leaf area index) of rice and banana. Then we compared the LA I obtained from
ASAR with that obtained from the ground measurements and TM acquired on 18 June of 2003. The
results show that different ground objects in experimental area hav c distinctive and different
characteristics of backscattering coefficient in ASAR images with different polarization and imaging
swath, which imply that ASAR data can he used in targets detecting and classification. The LAI
obtained from ASAR data can he used in crop gnrn th monitoring 11ith certain accuracy. The
accuracy of crop microwave scattering model also can he improved if 11c hav c more ASAR data
11ith multi-incidence angle and multi-polariz.u ion.Jj Soil moisture measurement and retrieval
analysis. Lsing Integral Equation Model (IEM). 11e simulated the backscattering coefficients ofC
hand SAR backscatter at different incidence angles and the alternating polarisation mode, and
analysed the scnsiti. ity to soil moisture. The algorithm of inferring surface soil moisture from radar
backscatter is developed according to semi-empirical model from the results of simulation and
sensitivity analysis. Several microwave satellite images arc obtained. which arc ASAR APS IP data
with llH and llV polarisations on Jun. 27. Jul. 13 and Aug. 12, 2003. Additionally. field soil
moisture measured on the day of acquisition at several sites including Tuotuohe, Tibet plateau
(34ji'il3j-:\. 92ji'i25j I'.) and llctian. Xinjinag (37ji'il5j-N. 79j<148j E) area. where arc the arid and
semi-arid area of west China. The soil moisture ground-truth data arc collected through the TDR and
gra\ imctric methods. and arc used to assess the ASAR imagery soil moisture estimations. The soil
moisture map rctricv ing from ASAR backscatter measurements compared to the spatially distributed
ground truth. Accuracy in the retrieval of the surface moisture content from the radar measurements
follows the accuracy in the field measurement. The results demonstrate the effects of soil moisture
monitoring using mutil-polarisation rnutil-incidcncc ASAR data. 3) Urban cm ironrnent analysis for



2008 Olympic game site. We applied pattern recognition method to Envisat ASAR data of 26
January 2004, together with JERS-1 SAR data of several years for extracting road information, and
study the dynamic changes of urban development of the Beijing Olympic Game site in recent years.
In this paper we will present the results of our study for the above-mentioned aspects.

Abstract No. 217

Derivation of a Multi-sensor Interferometric DEM
of the Dead Sea Region

U. Marschalk1, M. Bauer", B. Pfeiffer", A. Roth1, J. Hoffmann', B. Rabus3
IDLR, Germany

- University of Applied Science, Germany
3 MDA, Canada

Radar interferometry is a well established technology for the generation of digital elevation models
(DEM). Several satellites with SAR-sensors on board have been launched during the last 10 years,
which provide interferometric datasets for this purpose. One of them is the Envisat ASAR, a repeat
pass interferometric system with a repeat cycle of 35 days. The great advantage of this sensor is the
new beam steering capability that allows data takes with different incident angles. Especially for the
mapping of steep mountainous regions, like the border of the Dead Sea, the combination of different
incidence angles will have a favorable effect. Under ESA project 2341 we investigated the
combination of several Envisat ASAR datasets with different orientation (ascending /descending)
and various incidence angles. Another objective of the work has been the comparison of the Envisat
ASAR DEMs with other interferometric datasets derived from ERS-1/2 tandem data, SRTM and
RADARSAT data. The advantages and disadvantages of the different datasets like wavelength,
incidence angle, resolution, single versus repeat pass will be discussed.The result of the study is a
multi-sensor DEM. which combines the advantages of each dataset in one final product.

Abstract No. 220

DEM Resolution

J. Holzner
DLR, Germany

DEMs can be represented in a first approximation as fractal processes. Multi-resolution
representation and analysis is a suitable method of whitening DEM signals. This means, in case of
fractal processes, that neighbouring coefficients of a specific wavelet decomposition are
uncorrelated. However, coefficients on the various decomposition levels representing the same area
in the 2D signal show self-similarity properties. In case of DEMs that may be represented as a single



mode fractal a wavelet decomposition represents a Karhuncn Locvc Transform to the signal. This
paper explores the possibility to measure DEM resolution with the mentioned techniques.

Abstract No. 280

Utilisation de Donnees Spatiales Haute Resolution pour la
Cartographie des Rlzieres, Gites Larvaires Potentiels des Anopheles
Vecteur de Paludisme dans la Region des Hautes Terres Centrales de

Madagascar

F. Rakotomanana 1, R. Randremanana 1, I. Jeanne",
G. Moussavou', J. Rudant2

1 Institut Pasteur de Madagascar. Madagascar
:> Centre De Recherches Medicalcs Et Sanitaires. Niger
3 Centre International De Recherches Medicates. Gabon

3 Universite Marne l.a Vallee. France, Metropolitan

Le paludisme demcurc un problcmc de same publiquc it Madagascar. Son histoire est marquee par
lcs episodes cpidcrniqucs sur ks Hautcs Terres Centralcs (HTC), la population y est dcpourvuc de
prcmuniiion ct rcstc \ ulncrablc, Le paludismc rcprcscntc unc consultation sur cinq dans lcs
dispcnsaircs. La riziculturc constitue la principalc activ itc de la population rurale sur lcs Hautcs
Terres Ccntralcs Malgaches. L 'cntrcticn des riziere s cntrcticnt en mcrnc temps lcs gites larvaires
dAnophclcs funcstus, principal vccteur du paludismc <i lorig inc dunc epidemic mcurtricre des
annees I lJ~O sur lex HTC. II y a plusieurs types de ri zicrc-; ccllcs: - de grands perimctrc-, irrigues- en
digitation occupant lcs has fonds- en tcrrasse ou grad in- en petite parcclle pluv ialc.A part ces
diffcrcnts types. lcs rizicrcs sont caractcrisccs par le fail qucllcs nc sont pas homogcncs. Au scin
mernc des grands pcrimctrcs irrigucs sc trouvcnt des cultures vivricrcs. Le trav ail commence au
mo is d 'octobrc av cc le labour. La misc en eau des rizicrcs nc precede le rcpiquagc quc de quclqucs
jours, principalemcnt au cours du mois de dcccmbrc. A partir de cc moment. Jes rizicres sont
toujours inondccs, le nivcau de liquidc doit sc maintcnir au tour de I0 cm. I.a rcco ltc sc place au
mois dAvril. L 'ctat des riziercs est en perpctucl changcment durant toutc la pcriodc de croissancc
du riz ct cc jusqua la moisson. Un projct dctudc sur le Systcme d Tnformation Gcographique pour
la prevention du Risque de survcnue dEpidcmic de Paludismc (SICiREI') sur lcs Hautcs Terres
Ccntrales trouve son application ct pretend optimiser la Jutte antivcctoricllc en ciblunt lcs foyers
potentiels dcpidcmic de paludisrnc. Les cr itcrcs de choix des sites dctudc rcposcnt sur la situation
gcographiquc, le type de rizicrcs, la prevalence du paludismc ct l'cxistcncc des pulverisauons intra
domiciliaircs antcricurcs. Notre objcctit est detudicr lcs informations apportccs par Jes imageries
radar dans la segmentation des rizicrcs I non rizicres en complcmcntarite avcc cell cs qu 'on a extra it
des imagc-, Spot afin de cartographier lcs rizicrcs, gitcs larvaircs potcnticls des anopheles
rcsponsahlcs du paludisrnc sur Jes I lautcs Terres Ccntralcs malgachcs. L 'ctalonnagc des images de
chaque bandc ct lanalysc en composanic principalc ont ete cffcctucs avant la composition coloree.
Les coordonnces rclcvces par Cil'S et la reconnaissance terrain ont servi it la determination des



parcelles dentrainemcnt pour la classification supervisee. La comparaison des signatures des
echantillons a ete effectuee Sur les moyennes des reponses spectrales. Les images ont ete classees en
rizieres. vegetation et autres, puis le resultat obtenu recode en rizieres et non rizieres. L'index Kappa
a ete accepte a partir de 0.80, pour la validation de la classification. Dans certaines regions, ii est
difficile de separer les vegetations des rizieres. Unc analyse de decorrelation maximum des bandes a
ete effectuee. Fautes de cartes recentes, les rizieres digitalisces a partir des cartes topographiques
vieilles de 40ans ne refletent pas la rcalite. Des confusions existaient entre rizieres et vegetation;
ceci implique le recours aux images radar ou la reponse du signal est particulierernent sensible a
l'humidite de la surface etant donne que Jes rizicres sont toujours inondees. Les images radar
cornpletent de manicre efficace les informations apportees par les images optiques (Spot. .. ). Elles
permettent un suivi global et permanent de vastes regions independarnment des conditions
climatiques et meteorologiques. La distribution des donnees radar ne suit pas la loi normale.
L 'utilisation pour ce type de donnecs, d'algorithme de classification parametrique pourrait entrainer
des erreurs. La photointerpretation des images permettrait en premier lieu de distinguer Jes rizieres
qui sont la pJupart du temps inondes et qui devraient apparaitre en noir ou sombre. L 'image de
changement temporelle serait interessante pour differencier Jes zones presentant une retrodiffusion
stable (vegetation) par rapport a celle correspondant a une retrodifussion qui change de facon rapide
(rizieres), Le calendrier cultural du riz coincide totalement avec la saison humide, ce qui limite les
conditions dacquisition des images optiques. Les images Spot ont ete acquises entre le mois d'avril
et ju in 2000 tandis que les images radar ont cte cornmandees en debut (janvier -fevrier 2004) et fin
de croissance du riz (avriJ 2004 ). L 'index, surface des rizieres par commune et des zones tampon de
1 kilometre autour des riziercs ont etc pris en compte comme facteurs, parmi tant d'autres
pararnetrcs, utilises dans I'evaluation rnulticritere des risques depidemie de paludisme sur Jes
Hautes Terres CentraJes.Note:Projet CAT I 2320

Abstract No. 649

The Use of ASAR Mosaics for Operational Global Monitoring

E. Guyader
ESAIESRIN, Italy

A mosaic is a geolocated product composed with several overlapping images. Whereas a single
image scans an area of size A, two images mosaicked together provide an area of size 2A, and so on.
One easily understands the advantages of such products, since the observed area becomes larger
with the number of original images stitched together. Imaging rivers along countries and continents
can only be assured with mosaics (eg, Chang Jiang river, 5990 km). Mapping continents across
seasons can also provide valuable information on forestry and agriculture.This justifies an
operational use of mosaic. By systematically observing predefined large areas, low-variant changes
at large scale can be highlighted and analysed with mosaics. It can be a first step towards further
forecasts and operational intervention.Global land monitoring is used for observing great changes
occurring at large scale. Large areas can be covered up within 3 days, thus allowing an efficient
monitoring of slow-variant changes. An exception is on polar areas, since they are revisited every
day, fast-variant changes can be observed in a reactive context. Multi-temporal composite images



can also prov ide large scale studies, hoth at the time scale and at the geometric scale.Hydrology.
topography, agriculture. forestry, can gain a lot from mosaicking. The phenomena related to these
domains occur at very large scale, and the studies can thus he led in a global context. Ice monitoring
can also expect great help from mosaicking. In polar regions, it is of interest to follow the
movements of the sea-ice. resulting in a value-added in the field of forecasts. From ASAR Wide
Swath (I 50 metres resolution. up to 75 metres pixel spacing) to ASAR Ci Johal Monitoring Mode
(I 000 metres resolution, up to 500 metres pixel spacing). global monitoring becomes easy with
these images 400 km 11idc, The resolution is an interesting feature. hut implies processing 1cry
heavy Illes. especially in the case of Wide S11ath. The software is developed in order to not alter the
resolution. and makes use of several optimization methods to reach such a level of accuracy.
Accurate gcolncation is provided. together with an efficient memory management. The software is
concciv ed in order to he used in a parallel chain high velocity can he gained thanks to several
computers working in parallel, thus reducing the time of computing.

Abstract \lo. 718

Canadian ENVISAT ASAR Applications; Preliminary Results

J.J. van der Sanden, P. Budkewitsch, A. Deschamps, \1. D'lorio A.L. Gray,
T.J. Pultz, V. Singhroy

Canada Centrefor Remote Sensing. Natural Resources Canada

The paper 11ill discuss the preliminary results of a number of Canadian-led LNVISAT AO projects
that aim to develop applications in the domains of geology. glaciology and hydrology. We have a
particular interest in developing applications for ENVISAT ASAR alternating-polarization data
since these can he seen as a precursor of the sclccti, c dual-polarization data that 11ill become
available from the Canadian RADARSAT-2 satellite. RADARSAT-2 is currently scheduled for
launch in the fall of 2005. The geological applications focus on the mapping of surface properties in
the Canadian Arctic and the delineation of terrain units along a proposed pipeline corridor in
Northern Canada. Lffccts of polarization and incidence angle on the potential of C-hand SAR data
tor the mapping tundra barren lands on Bathurst Island. Nunavut arc discussed. The identification of
the surface properties of such lands in terms of rock. vegetation and soil types supports active
geological exploration in the region. Fusion of C-hand VY and DEM data 11as found to he
particularly useful for the mapping of terrain units and landslides along proposed pipeline corridors
in permafrost terrains in Northern Canada. Results relating to glaciology address the potential of
alternating-polarization repeat-pass interferometric ASAR data for application to the monitoring of
glacier motion in Antarctica and the Canadian Arctic. The information derived from ASAR standard
beams is assessed and compared to results derived from other sensors. e.g. RADARSAT-1. In terms
of hydrology. we I\ ill address the potential of alternating-polarization ASAR data for the extraction
of information on soil moisture at the watershed scale. Multiple acquisitions collected over the
Roseau River watershed, located in western Canada. were analyzed in relation to ground
observations and meteorological conditions. A method was then developed to produce soil moisture
maps for input to a hydrological model for flood forecasting. In addition. preliminary results of a
study into the potential of altcrnating-polarization ASAR data for the monitoring of river ice



breakup will be presented. The area of interest for this study is Fort McMurray, Alberta.
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Abstract No. 429

Retrieval of Sulphur Containing Atmospheric Constituents
from MIP AS/Envisat

A. Burgess, A. Dudhia, R. Grainger
University of Oxford. United Kingdom

Operationally only pressure, temperature and six significant trace gases are retrieved by ESA from
MIPAS data. However, there is information on many interesting species that is also present in the
spectra. We apply a variety of techniques and our own retrieval model to retrieve concentration
information on three of these other species - S02, COS & SF6.Sulphur Dioxide (S02) is an acidic
gas with both natural and anthropogenic sources that is rapidly converted to sulphuric acid and
hence sulphate aeorsols in the atmosphere. Carbonyl Sulphide (COS) is produced naturally at the
ocean surface and by biomass burning and is thought to be the main contributor to non-volcanic
stratospheric sulphate aerosols. Sulphur Hexafluoride (SF6) is almost entirely anthropogenic in its
origins and shows steady year-on-year increases making it useful for age of air and tracer studies.
Alier DiMethy!Sulphide (OMS), these species comprise the main source gases in the atmospheric
sulphur budget.We anticipate the good global coverage and continuity of data will make MIPAS
useful for the determination of changes and trends in the quantity and distribution of these species -
both natural and anthropogenic.

Abstract No. 666

Polar NOx in the Middle and Upper Stratosphere
Observed by MIP AS on Envisat

B. Funke', T. Von Clarrnann", H. Fischer", S. Gil-Lopez'', N. Glatthor2i
U. Grabowski", M. Hopfner4, M. Kaufmann", S. Kellmann", M. Kiefer,

M. Koukoulr', A. Linden , M. Lopez-Puertas", G. Mengistu Tsidu2, M. Milz2,
T. Steck2, G. Stiller2, D. Wang2

1 CSIC, Spain
-'Institutfiir Meteorologie und Klimaforschung, FZK, Germany

3 lnstituto de Astroflsica de Andalucia, CSIC, Spain
4 lnstitutfiir Meteorologie und Klimaforschung, FZK, Germany

-'lnstituto de Astroflsica de Andalucia, CSIC, Spain

The Michelson Interferometer for Passive Atmosphere Sounding (MIPAS) on board of the polar
orbiter Envisat, launched on March Ist, 2002, detects non-L TE emissions of NO (5.3 um) and N02
(6.2 um) with high spectral resolution.The simultaneous detection of both NOx species along with
the pole-to-pole coverage of MIPAS data offers an unique opportunity to study the descent of
mesospheric/thcrmosphericNOx into polar winter stratosphere. Vertical profiles of both NOx



species have been retrieved from a large set of MIJ>AS observations with the scientific non-LTE
data processordcvcloped at !MK and !AA. Derived data show a clear NO\ enhancement in the
upper stratosphere due to NO\ descent during polar night \\ hich disappears in the sunlit spring
stratosphere.

Abstract No. 419

Air Pollution Monitoring: Results from the TEMIS Project

R. Van der A1, F. Boersma', I. De Smcdt", W. Di Nicolantonio", H. Eskes',
C. Fayt2, J. Van Ceffen'. R. Guzzf'', C. Lccerf", G. De Leeuw", I. Van der
Neut', T. Nicolas", A. Petritoli'', D. Schaub", R. Schoemaker". W. Som De

Cerff1, P. Valks1, M. Van Roozendael", J. Van De Vegte', A. Weiss6
1 KNMI. Netherlands
_,BlRA-I ASB. Belgium

3 CGS. ltalv
~!SAC. lrair

' T.VO-FtL Netherlands
"l:'i'v!PA. Switzerland

The Troposhcric lm ission Monitoring Internet Sen ice (TLM IS), pan or the Data l Iser Programme
(Dl'P) of ESA. aims al the processing and delivery of tropospheric datasets for targcucd user
groups. These datasets consists or gtobal concentrations of tropospheric N02. S02 and ozone, and
aerosol and LJV products dcriv ed from obscrv ations or nadir-view ing satellite instruments such as
GOME. SCIAMACllY and (A)ATSR. These data sets arc especially useful for monitoring of air
pollution. which often travels long distances and affects areas far from the emission source. The
transport and patterns in air pollution can he identified in the daily datasets. The TEMIS
dataproducts arc made available within 24 hours alter observation. The results or TLMIS (2002-
2004) 11ill he presented and discussed.

Abstract No. 14

Surface UV Radiation Monitoring Based on
GOME and SCIAMACHY

J. Van Geffen, R. Van dcr A, M. Van Wcele, M. Allaart, H. Eskcs
KNAii. Netherlands

It is important to monitor surface l'V lcv els on a global scale and to do this 01 er a prolonged time
period. Thinning of the atmospheric ozone - due to ozone depiction and changes in the meteorology



in the stratosphere - leads to elevated levels of UV-8 radiation at the Earth's surface. Exposure to
enhanced UV incidence increases the risks of, e.g., sunburn (erythema) and DNA damage in living
organisms.Within the TEMIS project a near-real time forecast service has been set-up for total
ozone and for surface UV data. The satellite measurements of the near-real time ozone column by
GOME and SCIAMACHY are assimilated in a transport model in order to produce near-real time
forecast of the worldwide surface UV radiation for local solar noon and clear-sky conditions (UV
Index). Further, the daily UV dose is computed for the last complete day using hourly cloud
information from Mcteosat (only for Europe). Additionally, worldwide UV doses arc calculated
using cloud climatology data from ISCCP as soon as these are made available. Time series of UV
index and UV dose for the GOME measurement period are completed and are continued using
SCIAMACHY measurements.The presentation will give an overview of the available TEMIS UV
data products. Validation is performed by comparison with ground-based surface spectral UV
measurements at sites in Europe and in Surinam. All data files and images are delivered via the
TEMIS website at http://www.temis.nl/uvradiation/.

Abstract No. 463

The Mg II Solar Activity Proxy Indicator Derived from GOME and
SCIAMACHY

J. Skupin', M. Weber2, H. Bovensmann", J. Burrows2
1 University of Bremen, Germany

l Institute ofEnvironmental Physics (IUP), Germany

It has been shown that the Mg II index derived from daily direct solar observation in the near UV
spectral region provides a good measure of the solar UV variability and it can be used as a reliable
proxy to model extreme UV variability during solar cycle. For solar-terrestrial climate interaction an
establishment of a long time series spanning serval decades is important. GOME (Global Ozone
Monitoring Experiment, 1995-present) and SCIAMACHY (SCanning Imaging Absorption
Spectrometer for Atmospheric CHartographY, 2002-present) provide continuous direct solar
observations in the near UV since 1995.GOME and SCIAMACHY are passive remote sensing
instruments operating in the ultraviolet, visible, and near infrared wavelength regions whose primary
objective is the determination of the amounts and distributions of atmospheric trace constituents. In
addition solar observations are performed regularly that offer the possibility to monitor solar
variations.Together with the second European ozone monitoring experiment GOME2 (to be
launched in 2005), GOME and SCIAMACHY complete a triple of similar instruments ensuring a
continuous record of solar and atmospheric observations well into the second decade or the 21st
century.The results presented will cover the following topics:(a) A continuous solar Mg II index
from 1995 to 2004 based on GOME and SCIAMACHY solar measurements.(b) The comparison of
the GOME/SCJAMACHY solar Mg II index with the results from the NOAA/SBUV2 instruments.
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Abstract No. 35

First Results on Global Distribution and Seasonal Variation
of C02 Detected by SCIAMACHY

W. Hartmann', S. Houweling", H. Schrijver", I. Aben1
1 SRON, Netherlands

2 IMAU/SRON, Netherlands

The SCanning Imaging Absorption spectroMeter for Atmospheric CartograpHY (SCIAMACHY) on
Envisat has been measuring Earth reflected and back-scattered light from the atmosphere in the
ultraviolet, visible and near-infrared (240-1750 nm. 1940-2040 nm, 2265-2380 nm).Although
SCIAMACHY's instrument design is not optimized for C02 measurements. its wavelength range
includes a number of C02 absorption bands. We aim to explore the use of these bands to derive
information on sources/sinks of C02. Global coverage is achieved every 6 days. Thus C02
measurements from space are a potentially interesting additional source of C02 data complementary
to the existing C02 surface network.Our C02 total columns arc currently in the process of being
comprehensively validated. Seasonal variation is already clearly observed in the C02 data.
Qualitative analysis of the C02 data shows seasonal variations changing in tandem with large-scale
trends predicted from atmospheric transport models (TM3 )C02 measurements from space arc
expected to be sensitive to Aerosol Optical Depth (AOD). which either decreases the photon path
length through the atmosphere by blocking part of the atmosphere from view or increases it by
reflections and scatterings between the Earth's surface and the aerosol layer. The retrieved C02
column is changed accordingly. To study the above effects retrieved C02 columns are compared
with the AOD obtained from various sources like e.g. the Aerosol Robotic Network (AERONET)
program.

Abstract No. 37

Identification of Tropospheric Emissions Sources from Satellite
Observations: Synergistic Use of Trace Gas Measurements of CH20,

and N02

T. Marbach, S. Beirle, J. Hollwedel, U. Platt, T. Wagner
University ofHeidelberg, Germany

Satellite observations are a helpful tool for the identification of the sources for tropospheric
emissions by providing global observations of the different trace gases.We present case studies for
the combined observations of CH20 and N02. The satellite CH20 observations provide
information concerning the localization of biomass burning (intense source ofCH20). The principal



biomass burning areas can be observed in the amazonian forest and in central Africa. Other high
CH20 emissions can be correlated with climatic events like El Nino in 1997. which induced dry
conditions in Indonesia causing many forest fires. Tree isoprcnc emissions contribute also for high
CH20 concentrations especially in southwest United States.Biomass burning arc also an important
tropospheric source for N02 emissions and can be compared with the CH20 emissions to
discriminate the influence or the vegetation type Oil the tropospheric emissions or both trace gases
during biomass burning.

Abstract :\o. 38

First Results on the DOAS - Retrieval of OClO from SCIAMACHY
Nadir Measurements

S. Kiiht W. Wilms-Grabe, C. Frankenberg, S. Kraus, U. Platt, T. Wagner
lnstitutfiir Umweltphvsik, Germanv

The Scanning Imaging Absorption Spectrometer lor Atmospheric Chartography was launched
successfully onboard l.nvisa: on March I. 2002. It observes the solar radiation transmitted.
backscattered from the atmosphere and reflected from the ground in nadir. limb and occultation
1 ic« ing modes. Chlorincdiox idc (OCIO). an important indicator for stratospheric chlorine
activation. can be measured in the UV spectral range by Differential Optical Absorption
Spectroscopy !DOAS).First results of the D01\S retrieval or OCIO slant column densities (SCDs)
from the SCIAMACllY measurements arc presented and compared to measurements of the Global
Ozone Monitoring Experiment (GOME) 11hi ch has successfully measured OCIO since 1995.
SCIAMACI IY flies in the same orbit. but measures approx. 30 minutes earlier than CiOME. As
OCIO sho« s a strong diurnal variation. th is leads to differences in the observed column densities.
which may be useful to investigate the photochemistry or OCIO and related compounds. Also, the
spatial resolution of SCIAMACllY is higher 00*60 km2 compared to 40*320 km2 for GOME),
which will allo« a more detailed study or small scale effects like c.g. chlorine activation in
mountain 11a1 cs.

Abstract l\o. 50

Retrieval of SCIAMACHY Near-Infrared CH4 and CO
Measurements

A. Gloudemans, H. Schrijver, A. Maurellis, Q. Kleipool. G. Lichtenberg,
R. Van Hees, A. Straume, I. Aben

SRON. Netherlands



Measurements by the SCIAMACHY instrument on board the Envisat satellite allow to investigate
the global distributions of important trace gases, such as CH4 and CO. These gases play an
important role in long-term changes of the atmospheric composition and possible climate
change.The near-infrared nadir spectra measured by SCIAMACHY between 2265 and 2380 nm
enable the retrieval of CH4 and CO total columns. We present here two SRON-developed retrieval
algorithms and the seasonal variations of their retrieved CH4 and CO columns.These retrieval
algorithms use in-house information aboutthe calibration and characterization of the SRON
developed near-infrared detectors. Although the retrieval within this wavelength range is hampered
by the growth of an ice layeron the detector, the SRON algorithms allow a correction for this.The
retrieved CH4 and CO total columns from the SRON algorithms will be intcrcompared and details
of the SRON retrieval methods will be discussed.

Abstract No. 56

CAP ACITY: Operational Atmospheric Chemistry Monitoring

H. Kelder1, H. Bovensmann", B. Kerrldge'', A. Goede',
P. Monks4, M. Van Weele1

1 KNMl, Netherlands
l !UP, Univ. Bremen, Germanv

3 RAL, United Kingdom .
4 U. Leicester. United Kingdom

The ESA project CAPACITY refers to future Operational Atmospheric ChemistryMonitoring
Missions. Here operational is meant in the sense that a reliable serviceof specified information
products can be established that satisfies user needs.Monitoring is meant in the sense that long-term
continuity and consistency in thequality of the in formation products can be achieved. The objectives
of the projectare:- To consult with user communities to develop high level informationrequirements
and the form of the information products.- To identify and prioritise mission objectives.- To derive
mission data requirements from the high level user informationrequirements and iterate these with
the users.- To set these requirements against observation systems available orapproved for the
future.- To identify missing information products or information products ofinsufficient quality.- To
define a global observation system that would satisfy userrequirements.The time frame of this
operational system is projected to cover the period 20 I0 to2020 concurrent with the operational
satellites MetOp and NPOESS. In order toaddrcss these objectives a large European consortium has
been formed consistingof approximately 30 partners from 9 ESA countries (F, D, UK, I, SW, N.
DK, B,NL). The project is led by the Royal Netherlands Meteorological lnstitute(KNMI). Four
application areas arc identified:- Protocol Monitoring (Montreal and Kyoto) and Policy Support- Air
Quality Monitoring and Policy Support (CLRT AP)- Long Term Science Issues and Climate
Monitoring- Forecast CapacitySeveral user organisations have been consulted to establish user
requirements anda dedicated workshop was held 20+ 21 January 2004 at ESTEC, Noordwijk,
TheNetherlands. In the derivation of level 2/3 data and mission requirements from theuser
requirements the consortium relies on a large group of modellers usingsatellite data, and of space



research institutes with expertise in retrieval andcalihration/validation of satellite data as well as
Industry \\ ith experience inbuilding space instrumentation. The project started I October 2003 for
I 8 months.At the time of the conference data requirements for future monitoring ofamtospheric
composiiton will he available. together with the assessment ofcurrcnt and planned systems to these
requirements and the missing elements.

Abstract No. 72

The Chlorine Deactivation Period During the Antarctic Vortex Major
Warming in September/October 2002: CION02 Measurements by

MIPAS/Envisat

M. Hopfner ', T. Von Clarrnann", H. Fischer', N. Clatthor ', U. Grabowski',
S. Kellmann '. M. Kiefer", W. Kouker '. A. Linden', G. Mengistu Tsidu1, M.

Milz1, T. Reddmanu', R. Ruhnke', T. Steck', G. Stiller', D. Wang", B. Funke2
1 Forschungszentrum Karlsruhe, Germany .

c Instituto de Astrofisica de Andalucia. S1wi11

During end of September 2002 the Antarctic polar vortex was affected by an unusual major
stratospheric warming.This period \\as covered hy first continous mcasurcmcntsot the mid-infrared
limh emission sounder MIPAS (Michclsonlntcrfcromctcr for Passive Atmospheric Sounding) on the
Europeanpolar orbiting satellite l.nvisat.Hcrc we report on the evolution ofCION02 in the Antarctic
polarvortcx from September 18 until October U. 2002 as measured by MIPAS. Due to persisting
chlorine activation on 475K. CION02showcd a pronounced collar structure with high mixing ratios
atthc vortex edge and low values in the inner region on Scptcmbcr l 8-20. During the following live
days mean inner \ oricx CION02 increased by 0. 7 ppbv. This indicates that from September 20-25
the conv crsion into CION02 was thcrnain path« ay for chlorine deactivation on 475 K.Very likely
due to conv crsion intol lCl. CION02 decreased alter September 25.Chlorine deactivation had
already taken placcon 625 K on September 18 and in the following CION02 mix inuratios were
decreasing. This C\ olution of CION02 is in agreement \\ ith the obscrv at ion of polar stratospheric
clouds by \11P:\S:around the 475 K le\ cl last l'SCs wcrcdciccrcd by MIPAS on September 18 and
no PSCs on <>25 K from September 8 until October 13.Still in mid-October elev atcd CION02
volume mix inj; ratios wcrcfound in vortex remnants above 550 K even north of .\0\:.



Abstract No. 87

Envisat Data Analyse from Democratic Congo

K. Kingenge
Universitdt Salzburg, Austria

Alier analysis of the data which were provided by the service Americain d' Observation of the Ozan
layer we can drawn one seen from what the evolution of Ozan in the towns of BRAZZAVILLE and
KINSHASA gave us of 1996 until 2003. As we have to note in the lines which will follow. The
tables of the figures which are enurneres above shows us the evolution and the change which takes
place this last time within the area of BRAZZAVILLE AND KINSHASA. Referring in our table we
can quote like notes important the various ones.

Abstract No. 136

Ozone and Water Vapour in the Tropical Upper Troposphere
as Observed by the MIP AS Instrument

H. Sembhi, A. Waterfall, J. Remedios, G. Allen
EOS, Space Research Centre. United Kingdom

Dynamical and in situ chemical processes influence water vapour and ozone in the tropical upper
troposphere. This region of the atmosphere is poorly monitored and is dependent on aircraft and
balloon campaigns such as the ongoing MOZAIC program that offers limited temporal and spatial
resolution. Deep convection and stratospheric - tropospheric exchange (STE) are just some of the
processes transpiring in the lower and mid atmosphere hence increased UT/LS surveillance will
improve our understanding of these processes.The Michelson Interferometer for Passive
Atmospheric Sounding (MIPAS) on board the Envisat provides the opportunity to study infrared
emission spectra of the Earth's limb using Fourier transform spectroscopy. The MIPAS allows
global, consistent and continual retrievals of atmospheric constituents at a high resolution currently
down to 12km. Operational MIPAS data shows significant cloud contamination particularly at the
tropical latitudes. A cloud detection scheme, developed at the University of Leicester is used to
'clean· data for use in analysis. Calculations of cloud occurrence frequencies provide an effective
measure of identifying cloud positions hence allow ing recognition of 'cloud-free' data. The primary
objectives of this project are to study seasonal, monthly and shorter timescale variation of tropical
water vapour and ozone that can then be used in validation and verification of model and aircrafi
measurements of the tropical regions. Results will be shown for seasonal averages of particular
regions including the Amazon, west coast of Africa and Indonesia. Understanding these trends will
provide greater knowledge of the impact of biomass burning on atmospheric composition in the
tropics.



Abstract No. 250

Intercomparison of SCIAMACHY and GOME Reflectances,
Geolocation and RAL Ozone Profiles

B. Latter', R. Siddans", B. Kerrtdgc'
1 Rutherford Appleton Laboratory, United Kingdom

:> RAL, United Kingdom

To evaluate the radiometric and gcolocation accuracies of rcflcctanccs measured by SCIJ\MACllY.
comparisons hav c been made with rctlcctances measured simultaneously by AATSR in its three
visible channels (approx. 550. 670 and 87011111)and I .ornicron channel. This requires integration of
SCIAMACHY spectra over the AJ\TSR filter hands and integration of J\ATSR images over
SCIJ\MJ\CHY-nadir ground pixels. The comparatively small size of ;\J\TSR ground pixels allows
the along-track and across-track gcolocation of SCIAMJ\CI IY ground-pixels lo be established quite
accurately. The same methodology has previously been applied to (iOME and ATSR-2 data. Results
of a four-w ay intcrcornparison bctw ccn GOME. SCIJ\MACHY (nadir). ATSR-2 and ;\;\ TSR will
he presented.Rutherford Appleton Laboratory (R;\L) has developed a scheme to retrieve ozone
profiles spanning the troposphere and stratosphere from GOML (ERS-2 ). whi ch has been
extensively validated. The scheme has now been extended to work with SCIAMACllY (nadir) level
I data. and retrievals have been carried out for a sub-set of test orbits. Ozone profiles derived by this
scheme. from both (iOME and SCIJ\MJ\CllY-nadirdata have been intcrcornpared and initial results
\I ill he shown.

Abstract No. 268

Modelling the Earth's Radiation Budget within the EVERGREEN
Project

U. Friess
University of' Leicester, United Kingdom

The EYERGRI·:ET\ project aims to improve our knowledge on emissions. sources and sinks of
atmospheric greenhouse gases by satellite observations ol'C02. Cl l-l. !\20. CO. OJ. N02 and 1120
from SCIAMACHY and MIPJ\S on Lnvisat. The measured global distribution of these Kyoto
Protocol gases will serve as input for radiative transfer calculations w ith the aim of improving our
know ledge of the Earth's radiation budget. The primary objective of modelling studies currently
been undertaken is the inv estigation of the effects of changing atmospheric composition on the
Earth ·s radiation budget. In particular. the important role that Kyoto Protocol gases play in
es la hi ish ing the balance betw ccn the incoming short-w ave rad iation and outgoing long-wave



radiation will be studied. The modelled radiative fluxes will be compared to satellite-borne
broadband radiation measurements from the Global Earth Radiation Budget (GERB) instrument
onboard MSG-2. GERB allows the diurnal variations in the incoming and outgoing radiation to be
measured for the first time due to its geostationary orbit.We will present first sensitivity studies on
global radiation budget modelling within the EVERGREEN project. This includes scenario
modelling to investigate the sensitivity of the radiation budget modelling to changes in the
atmospheric concentration of individual primary and secondary Kyoto Protocol gases, and the
comparison of modelled short-wave and long-wave fluxes with surface radiation measurements.
Furthermore, we will present an outline of the GERB radiation measurements and the forthcoming
intercomparison ofGERB measurements with modelled top of the atmosphere radiative fluxes.

Abstract No. 275

A Database of Spectral Surface Reflectance from 335- 772 nm Derived
from 5.5 Years of GOME Observations

P. Stammes', R. Koelemeijer", N. Fournier", M. Eisinger", J. De Haan1, P.
Stammes'

1 KNMJ, Netherlands
2 RIVM, Netherlands

3 ESAIESTEC, Netherlands

A global database of Lambert-equivalent reflectance (LER) of the Earth's surface has been
constructed, by analyzing observations of the reflectance at the top of the atmosphere made by the
Global Ozone Monitoring Experiment (GOME). Since its launch on-board the ERS-2 satellite in
April 1995, the GOME instrument has been measuring spectra of the Earth between 237-794 nm,
with a spectral resolution between 0.2-0.4 nm and a spatial resolution between 40x80 km2 - 40x320
km2. The LER database covers eleven I-nm wide wavelength bins centered at 335, 380, 416, 440,
463, 494.5, 555, 610, 670, 758, and 772 nm, which were selected for various retrieval applications.
The original database has a spatial resolution of I deg x I deg, is made for each month of the year,
and pertains to the period June 1995 - December 2000.Typical spectra of various surface types arc
presented. Attention is paid to instrument degradation and residual cloud contamination. We have
found satisfactory agreement between our database at 380 nm and the TOMS LER database at 340-
380 nm.Recently, the spatial resolution of the database has been improved around coastlines to 0.25
deg x 0.25 deg, in order to account for the improved spatial resolution of new sensors.The database
presented here can be used to support retrievals oftrace gases, clouds and aerosols from GOME,
SCIAMACHY, OML and GOME-2.The database can be downloaded from the internet.



Abstract No. 324

Stratospheric N205 in the Austral Spring 2002 as Retrieved
from Limb Emission Spectra Recorded by the Michelson

Interferometer for Passive Atmospheric Sounding (MIPAS)

G. Mengistu Tsidu1, T. Von Clarmanu', G. Stiller', M. Hoepfner", H.
Fischer', B. Funke:', N. Glatthor ', U. Grabowski'. S. Kellmanu'. M. Kiefer",

A. Linden', M. Milz1, T. Steck', D. Wang!
1 Forsch1111gs::e11rr11111Karlsruhe. Germany

-' lnstito de Astrofisica de Anda/ucia,CSIC. Spain

N205 was rctricv ed from infrared limb emission spectral radiances of the Michelson Interferometer
for Passi\ c Atmospheric Sounding (MI PAS) on hoard the European cnv iron mental satellite
(Envisat}. The measurements were taken during the pcr iod covering the Antarctic polar vortex split
between 20 September and 13 October. 2002. The retrieval of N205 is aggravated by its continuum
like emission feature covering a wide spectral region. which is hardly distinguishable from
background continuum emission. The method of constraining the background continuum in the
N205 analysis spectral region to its \ aluc in a N205 free spectral region \\as round to be
appropriate to solve this problem. Retrieved volume mixing ratios (VMR) ofN205 exhibit features
consistent \\ ith the dynamics prcv alcnt al the time in the Antarctic and know n N205 chemistry
go\ crning diurnal \ ariahi lity. The obscrv at ions of poor N205 inside vortex airmass and rich N205
ex-vortex airmass arc strongly in support of the chemistry that governs its partitioning \\ ithin the
NOy family. The enhanced nighttime high geographic latitude N205 VMR '' ith a peak in the
altitude range of 32-37 km during last « eek of September 2002 is cunsistcnt « ith airmass transport
from lower to high latitudes and temperature sensitive N205 formation chemistry. N205
enhancement up to 6 ppbv was also obser, ed by Cryogenic Limb Array Etalon
Spcctromctcn ClAf.S) and Improved Stratospheric and Mcsosphcric Sounder (!SAMS) on Upper
Atmospheric Research Satellite (UARS) during northern hemisphere January 1')')2 stratospheric
wanning I\ hich ''as a factor of 3 larger than measurements prior to the I lJlJ2 period. In contrast. a
maximum of .f. I pph. N205 VMR obscr, ed h:;. \'11PAS at 32-37 km is only a factor of 2 larger than
its prcw arming valucs.

Abstract :\o. 377

Polar and Mid-Latitude Tropospheric BrO Climatology Derived from
GOME and SCIAMACHY as Part of the TEMIS Project

1". Theys1, I. De Smedr'. M. Van Roozendael'. C. Fayt1,



M. Chipperfield", R. Van der A3

I BIRA-JASB, Belgium
2 University of Leeds, United Kingdom

3 KNMI, Netherlands

Bromine monoxide plays an important role in the chemistry of the polar atmosphere because of its
high efficiency as a catalyst of the ozone destruction in both the stratosphere and the troposphere. In
the polar boundary layer, large cyclic emissions are observed every year at spring (the so-called
"bromine explosion" phenomenon), which arc responsible for the occurrence of fast and efficient
tropospheric ozone destruction events. Total columns of BrO have been monitored by the GOME
instrument onboard the ESA ERS-2 satellite since 1996. Since July 2002, similar observations can
be obtained with SCIAMACHY on the Envisat platform. In the present contribution, analyses for
total and tropospheric BrO columns derived from both instruments are described, with a focus on
the assessment of their mutual consistency. Results of a new algorithm applied to both instruments
to extract quantitative estimates of the tropospheric BrO contents over polar and mid-latitude
regions are presented. This algorithm, developed as part of the TEM IS project, uses a residual
technique combining GOME and SCIAMACHY measurements with SLIMCA T 30 chemical
transport calculations, and cloud information deriv ed using FRESCO (Koelemeier and Stammes,
200 I). Key aspect of the tropospheric BrO retrieval and efforts done to validate it using available
ground-based measurements arc discussed. Results from its application to 8 years of GOME
measurements and one year of SCIAMACHY data are illustrated. The BIRA-IASB GOME and
SCIAMACHY BrO products are available on the ESA TEMIS web-site
(http://wwww.temis.nl).Koelemeijer, R. B. A., P. Stammes, J. W. Hovenier, and J. F. de Haan, "A
fast method for retrieval of cloud parameters using oxygen A band measurements from the Global
Ozone Monitoring Experiment," J. Geophys. Res. 106, 3475-3490, 2001

Abstract No. 441

Measurement and Validation of Hydrochlorofluorocarbon-22 from the
MIP AS Instrument

D. Moore, J. Remedios, A. Waterfall
University of Leicester, UnitedKingdom

Hydrochlorofluorocarbon-22 (HCFC-22) is an important trace constituent in the atmosphere through
its role as a greenhouse gas and its potential influence on stratospheric ozone chemistry. Previous
estimates of its vertical distribution have been limited largely to infrequent and sparse balloon and
aircraft campaigns, giving poor spatial coverage. By using a limb sounding, spectrally resolving,
instrument such as the Michelson Interferometer for Passive Atmospheric Sounding (MIPAS)
onboard Envisat, it is possible to measure the infrared emission from trace gases and hence obtain
atmospheric concentrations by inversion of the measured spectra. This study focuses on the quality
of HCFC-22 retrievals from such spectra.Extensive validation with comparable datasets is required



to characterise the quality of measured atmospheric quantities from the MIPAS. A preliminary
validation study of our HCFC-22 retrievals will be presented with respect to global mean behaviour.
In particular. comparisons will be made with recent in-situ balloon measurements and historical data
sources such as the Atmospheric Trace Molecule Spectroscopy instrument (ATMOS)
measurements.Global behaviour of llCFC-22 can also be examined by correlation with other trace
species. Both CH4 and N20. like HCFC-22. an: relatively long Iii ed gases and neither has a
significant stratospheric source. Where timescales of atmospheric mixing arc much shorter than
these photochemical lifetimes. distributions of the three gases should be homogeneous and there
should be a compact relationship between them. Preliminary correlations between our retrieved
I ICFC-22 and M IPAS operational measurements of Cl 14 and N20. mer a range of altitudes. 11ill he
presented.

Abstract No. 479

Infrared Remote Sensing of Organic Compounds in the Upper
Troposphere

A. Waterfall, A. Waterfall, J. Remedios, G. Allen
University ofLeicester. United Kingdom

Organic compounds arc of central importance for studies of tropospheric chemistry. They are a key
component in control of tropospheric ozone. act as tracers of dynamics. and prov ide indicators of
large scale pollution influences. c.g. biomass burning. I lowcvcr, current measurement systems arc
mostly restricted to specific, in situ, field campaigns. and only recently have the first global datasets
become available for this type of compounds. The measurement of formaldehyde columns by the
Global Ozone Monitoring Experiment (GOME) has been an important step for« ard. In recent years.
it has been realised that there is the potential for measurement of key organic species in the upper
troposphere using infrared remote sensing instruments, such as the Michelson Interferometer for
Passive Atmospheric Sounding (MIPAS) on l'.111isat and the Tropospheric Emission Spectrometer
(TES) on EOS-AL1RA. Herc 11c will discuss the detectability of a number of organic species in the
upper troposphere. in particular ethane. acetone. formic acid and PAN. 11ith reference to a high
resolution limb sounding infrared spectrometer such as the MIPAS instrument.

Abstract :\o. 482

Mapping of Tropospheric N02 from Limb-nadir Matching

C. Slorls", R. Martin2
1 Smithsonian Astrophysical Observatory. United States

-'Dalhousie Universitv, Canada



The stratospheric vertical column of N02 from integration of the vertical profile from limb
scattering is subtracted from the total vertical column obtained from nadir geometry. This residual
technique is applied on a global scale. Transport of N02 from urban to rural areas is shown as well
as the contribution of forest fires and the importance of high spatial resolution. The focus of this
work will be on determining sources in North America and Europe.

Abstract No. 513

Observation of CIO by MIP AS/Envisat Before and During the
Antarctic Major Warming in September 2002

N. Glatthor1,. IMK/MIPAS/Envisat Team'
1 UniversitaetKarlsruhe, Germany

) .
- !MK, Germany

The first ClO profiles retrieved from limb emission spectra recorded by the Michelson
Interferometer for Passive Atmospheric Sounding (MIPAS) Fourier transform spectrometer on
board the European research satellite Envisat (ENVironmental SATellite) are presented. These
measurements were taken between September 8 and October 13, 2002. They cover the Antarctic
major warming around September 25, an event which had never been observed before. During the
period of investigation, MIPAS measured typical ClO volume mixing ratios (vmrs) between 1 and 2
ppbv from September 8 until September 23 in contiguous parts of the dayside lower Antarctic
stratosphere (400 K - 625 K), i.e. before and at the beginning of the major warming. After
September 23 no significant amounts of ClO were detected any more. Daily averages of inside
vortex daytime ClO showed a slight increase until about September 17 and a subsequent rapid
decrease. Further, a positive response of inside-vortex nighttime CIO to increasingternperatures. due
to enhanced Cl202 dissociation, was detected. Comparison with other measurements from previous
years showed a similar temporal development. Thus, the warming event obviously happened too late
to lead to a premature chlorine deactivation significantly different from "normal" Antarctic winters.

Abstract No. 526

Monitoring Tropospheric N02 with SCIAMACHY

S. Beirle, U. Platt, T. Wagner
UniversityHeidelberg, Germany

The results of trace gas retrieval from the Global Ozone Monitoring Experiment (GOME)
demonstrate the potential of satellite observations for identifying, localizing and monitoring
emissions. Mean maps of the global distribution of N02 reveal a clear fingerprint of anthropogenic
sources (fossil fuel combustion). Also NOx stemming from biomass burning and lightning can be
identified and estimated. A further advantage of satellite data is the temporal coverage, allowing to



track pollution plumes. Several intercontinental transport events have been reported. However,
CiOME data suffers from the rather coarse spatial resolution of 320 km cast-west, leading lo a
smearing out of the retrieved maps of tropospheric vertical column densities. Furthermore. due to its
extent the majority of the GOME pixels is (at least partly) clouded. leading to a shielding of
tropospheric constitucnts.SCl;\MJ\CHY on Env isat provides an improv ed spatial resolution of
30*60 km"·2. Herc \IC present some pilot studies, comparing the retrieved absolute column densities
ofSCIAMJ\CHY to CiOME results as well as to validation measurements. We analyse the benefit of
the improx ed spatial resolution of SCIAMJ\CllY. i.e. a more precise know ledge of the global
distribution of l\02. al lo« ing to localize and assign enhanced N02 levels directly to a certain
source. i.c. a city. and separate different source types.

Abstract ~o. 557

CO in the Middle Atmosphere Measured with MIPAS/Envisat

B. Funke", M. Lopez-Puertas", T. Von Clar mann'', H. Fischer:'. B. Funke2,
S. Gil-Lopez", N. Clatthor ', U. Crabowski ', M. Hopfner'', S. Kellmann",

M. Kaufmann", !VI.Kiefer:', M. Koukouli", A. Linden:', G. Mengistu Tsidu3,
M. Mitz·1, T. Steck", G. Stiller3, D. Wang:'

1 CS!C, S1wi11
_'lnstituto de Astroflsica de Andalucla (CS/CJ. Spain

3 !MK, Forschungszcntrum Karlsruhe. Germans ·

Due to its long chemical lifetime and variable volume mixing ratio in the middle atmosphere. carhon
monoxide scrv es as an excellent tracer for stratospheric and mcsosphcric dynamics. Spectrally
resolved non-L TL cmssions of CO arc measured hy the Michelson lntcrtcrornctcr for Passive
Atmosphere Sounding (MIPAS) on hoard of the polar orbiter Envisat since March 2002 with full
glohal coverage. Vertical profiles of CO have been retrieved from a large set of MIPAS
observ ations \\ ith the scientific 11011-LTE data processor developed at !MK and !AA. The usefulness
of this data for the investigation of the dynamical coupling of stratosphere and mesosphere is
demonstrated for the South polar vortex srlit in September/October 2002. Furthermore. the status of
validation activ itic-, will he summarised.

Abstract No. 611

Water Vapour Isotope Measurements: Comparisons between Results
from MIPAS and the Odin SMR

V. Payne'. A. Dudhia', C. Piccolo', J. Urban", N. Lautie ', D. Murtagh''
1 University ofOxford. United Kingdom



2 Observatoire de Bordeaux, France
3 Chalmers Universityof Technology,Sweden

The isotopic composition of stratospheric water vapour depends on the sources of water vapour and
on the temperature and precipitation history of the stratospheric air. Isotopic measurements therefore
have potential to aid invesigation of dehydration in the polar vortex, of stratospheric/tropospheric
exchange, of upward transport in the tropics and of subsidence at polar latitudes.Here we compare
water vapour isotope measurements from two satellite limb-sounding instruments: the Michelson
Interferometer for Passive Atmospheric Sounding (MIPAS), an infra-red limb sounder on Envisat,
and the Sub-Millimetre Radiometer (SMR) on board the Odin satellite.
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Abstract No. 615

Long-term Sea Level Change from Multi-satellite Altimetry
in the European Seas

L. Fenoglio-Marc, E. Groten
Darmstadt Technical University, Germany

Satellite altimeter measurements of the ERS and Envisat missions are used to estimate the long-term
sea change in the European Seas over the last decade. The agreement between the results obtained
from the multi-mission data and those obtained from the uninterruped single-satellite mission
Topex/Poseidon is investigated. The stability of the instrument and the accuracy of the corrections
appear to be very important for long-term sea level change determination. The use of the Bent iono
correction introduces in the ERS-2 sea level heights a negative drift that can be interpreted as
negative sea level change, that almost disappears when the G IM or IRI ionospheric corrections are
applied. The accuracy in the merging of data from two missions is limited by the uncertainty in the
relative-bias between the missions, that is estimated by the dual-crossover and colinear methods.
The sea level heights obtained by different instruments are compared over the European seas and
near to the coast, where tide gauge stations are used as reference. The comparison between near
simultaneous altimetry and tide gauge data show promising results in assessing data quality and in
cross-calibrating the altimeter satellites as the results obtained are in good agreement with the results
obtained by the DXO method. In the interval 1995-2002 the relative trend between the ERS -2 and
Topex is of -2 mm/yr, with a strong seasonal component, while an higher relative trend is observed
in the first part of the ERS-1 mission. The spatial pattern of variability detected by ERS-2 and
Topex/Poseidon are in general consistent. In the Eastern North Atlantic and in the European Seas
region the linear term of sea level change is mostly positive with exception of the Ionian Sea in the
Mediterranean Sea with -15 mm/yr. The positive values are generally lower than 6 mm/yr, higher
values are observed in the eastern Mediterranean ( 10 mm/yr) and in the Black Sea ( 14 mm/yr) and
in the southern part of the Baltic Sea ( 10 mm/yr).

Abstract No. 277

Deriving 2Hz ERS-1 Geodetic Mission Altimetry for Gravity and
Marine Geoid Purposes

0. Andersen', P. Berry", S. Dreher", P. Knudsen', R. Trimmer"
1 National Survey, Denmark

2 De Montfort University, UnitedKingdom
3 National Survey - Denmark, Denmark

4 NGA, UnitedStates



All present global marine gravity fields are based on the I Hz (6km resolution) ERS-1 Geodetic
Mission (GM) altimeter data along with other altimetric data. Close to the coast (< 25 km)
investigations by i.e. Trimmer (2004) have demonstrated that the altimctric gravity fields degrades
because the height estimations degrades due to a combination of several factors. By starting out
from the original waveform data and rctrack ing the entire GM mission using a highly advanced
expert based system of multiple retrackcrs the return time from both the open sea surface and from
all ice-covered regions within the coverage of the ERS-1 can be derived with higher accuracy that
presently av ailablc. This presentation di:scribes the combined effort in improving the ERS-1 GM
dataset through retracking and regression to 2 Hz and its effect on gravity field modeling close to the
coast.The use of 2Hz data will enable a better determination of gravity tie Id related signal both in
the deep ocean hut particularly in shallow water/coastal regions. In the coastal regions the expert re
tracking system will result in consider more data and at a higher resolution than present in the
standard dataset. Extensive comparisons carried out at the National Geospatial-lntelligence Agency
is also presented to document the improvements.

Abstract No. 285

Multi-mission Mean Sea Surface and Geoid Models for Ocean
Monitoring within the GOCINA Project

P. Knudsen, 0. Andersen, A. Vest
National Survey, Denmark

A major goal of the EU project GOCINA (Gcuid and Ocean Circulation In the North Atlantic) is to
develop tools for ocean monitoring using satellite altimetry combined with satellite gravimetry.
Furthermore, the project will determine an accurate gcoid in the region between Greenland and the
UK and. hereby. create a platform for validation of future GOCE Level 2 data and higher order
scientific products. The central quantity bridging the gcoid and the ocean circulation is the mean
dynamic topography. which is the difference between the mean sea surface and the geoid. The mean
dynamic topography provides the absolute reference surface for the ocean circulation. The improved
determination of the mean circulation will advance the understanding of the role of the ocean mass
and heat transport in climate change. To calculate the best possible synthetic mean dynamic
topographies a new mean sea surface (KMS03) has been derived from nine years of altimetric data
(1993-2001 ). The regional geoid has furthermore being updated using GRACE and gravimetric data
from a recent airborne survey. New synthetic mean dynamic topography models have been
computed from the best available geoid models (EGM96. GRACE. GOCINA) and the present mean
sea surface models (i.c. CLSO I. GSFCOO. KMS03 ). These models will he compared with state of the
art hydrodynamic mean dynamic topography models in the North Atlantic GOCINA area. An
extended comparison in the Artie Ocean will also he presented to demonstrate the impact of
improved gcoid and mean sea surface modeling. Particularly using the GRACE derived geoid
models. and the KMSOJ mean sea surface.



Abstract No. 6

Geodynamics and Reconstruction of the Earth's Interior Structure by
the Geoid Data in Different Region of the World Ocean

R. Greku
Institute of Geological Sciences ofNASU, Ukraine

Work with the ERS altimetric data stimulated a solving of an important geotectonic problem
through the geoid characteristics: reconstruction of the Earth's interior. The geoid topography is
caused by the gravitational nature of the inhomogeneous geological structure of the Earth.
Elevations and depressions on the ocean surface by altimeter measurements correlate with location
of disturbing earth masses. We developed a technique to image the interior of the Earthand named it
as a "gravimetric tomography". Owing to this the altimetric and geoid data provide now not only
geodetic but geological information also. The method includes a decision of the main two tasks:
determination of depths of disturbing layers of the Earth according to harmonic degrees of the geoid
topography expansion and determination of density of anomalous disturbing masses. Assessments of
the depths are computed with the harmonic function l/r known in the geoid theory. Density
anomalies are computed by the H. Moritz's algorithm under some conditions. The reconstruction of
the Earth 's geological structure show a detailed distribution of masses in lithosphere, geometry and
sizes of density inhomogeneities, their displacement in depth under impact of dynamic processes,
and correlation of subsurface bodies with the visible topography also. Values of disturbing gravity
potential in terms of the geoid heights, values of harmonic density anomalies in units of g/cm3 and
values of upper cover depths of disturbing layers of the Earth are computed. Spherical coefficients
of the EGM96 geoid model were used. Many maps and vertical cross-sections of distribution of
density inhomogeneities for different depths were built for different region. Region of the Scotia's
Sea lithosphere was studied using the gravimetric tomography method. The distribution of density
inhomogeneities for whole range of Earth's depths is displayed along the characteristic latitudinal
and longitudinal cross-sections, and on lateral levels of region with the spatial resolution of 30 km
also. Latitudinal vertical cross-sections through the island arc are shown a situation of root parts of
the island arc and the trench on depth. The roots of the island ridge are inclined to the Scotia sea side
and dived up to depths of 25-30 km on extention of 500 km. Such significant displacement of root
areas on depth show intensive contrary geodynamic processes of different plate blocks. Density
structure and geodynamic processes on depths more than I00 km are distinguished considerably
from upper layers. The anomalous dense body like a lens is revealed in depth of 780 km. Its kernel
is 200 km on thickness (depth of 680-880 km) and 1100 km on extension. Deep density structure
and geodynamic features of the Tethys region along geological/geophysical transects (TRANSMED
Project) as vertical cross-sections from the geoid surface up to the Earth's core depths and as a
spatial location on maps in different depths are considered also. The transect (Ukraine - Black Sea -
Cyprus-Sahara) with an extension of 2337 km is a significant interest. The lower mantle in depths
2800-800 km is characterized here by two density blocks: the negative one is in the north part and
the positive is in the south. The vertical boundary between them are projected to the southern edge
of Anatolia. The layer of 800-300 km is a transitive zone from lower to the upper mantle. Three
large anomalies arc allocated in the basis in depth 300 km. A differentiation of geological masses is
increased in smaller depths. Significant geodynamical displacements (up to 400 km) concerning root
parts of the bodies arc identified in depths less than I0 km. Total density range for different
anomalous bodies along the transect is changed from -0.0003 g/cm3 (lower mantle) up to 0.2 g/cm3
(mountain ridge). Contemporary problem for the Coastal States - determination of limit lines of the



continental margin under the UN Convention on the Law of the Sea (UNCLOS) - arc considered
using the altimeter and gcoid data. lJNCLOS recommends determining the boundary of the
continental mass as a foot of the continental slope. which can he made '\ isiblc" hy echo-sounding
and seismic surveys. It is obvious that the real continental margin extends under the upper layers of
the ocean floor further seaward than the \ isiblc continental slope. The gravimetric tomography
method enables to "glance" through depths like seismic methods. Deep layers on the vertical
sections crossing the Argentine shelf show that roots of The Andes extend to Ml-70 km. The lower
boundary of the continental crust in depth of about 30 k111and the oceanic crust at about 15 km an:
coordinated \I ith seismic surveying. Geo id data can he an important addition to study the continental
margin of the coastal states. It allow s to reduce laborious and expensive marine geophysical
survcycs.Comparison of the global seismic tomography data and gravimetric tomography data was
carried out along cross-sections through the Kurils subduction zone. These methods arc based on
various physical principles of measuring. the \ arious physical properties of geological bodies and
they have \ arious resolutions at depth and lateral extension. Nevertheless singular coincidences arc
observ ed. In particular. sinking of the oceanic crust in the subduction zone is visible. Continuation
of a dense body« ith an epicentre in depth 250 km is flattened in depth about 700 km. In ho th results
an existence of more dense mass in depth 1300 km is confirmed. The gcodynamic processes from
the west (EuroAsia plate) and cast (Pacific Ocean plate) change the geometry of this body
essentially along depth.

Abstract No. 427

Bathymetry from Space: Geophysics, Oceanography, and Climatology

D. Sandwcll', W. Smith", R. Ranev'
1 L'CSD. United States •

::Laboratory for Satellite Altimetrv. NOAA. United States
3 Johns Hopkins lJ;1il'(:'rsitr.Applied Plirsics Laboruto. United States

Satellite altimeter mcasurcmcrus of the mar inc gra\ ity field have been used with ship soundings to
construct global baihymctric maps at 30-km wavelength resolution. While these maps have
revolutionized several areas of geophysics. oceanography, and climatology. many applications no«
require higher resolution and global coverage. These include: resolving the line-scale (-15 km
wavelength! tectonic structure of the deep ocean floor in ureas that have not been surveyed hy ships
(c.g .. abyssa] hills, microplatcs, propagating rifts, scamounts, meteorite impacts ... ) measuring the
roughness spectra ( 15-50 km wavelength) of the scalloor on a global basis to better constrain models
of tidal dissipation. vertical mix ing, and mcsoscalc circulation of the oceans and: resolving the fine
scale (~ 15 km \\a\ clcngth) gravity field of the continental margins for basic research and petroleum
exploration. II ere \IC discuss two approaches for improx ing the accuracy and resolution of marine
gr<\\ ity and buthyrnctry maps. The near-term approach is rctrack ing the wavcfonns of LRS-1 and
Geo sat Geodetic Mission data using a newly-developed algorithm that is optimized for recovery of
along-track sea surface slope hy assuming the significant wave height varies smoothly along track.
The long-term approach is to launch a llC\\ dedicated satellite altimeter mission using delay-Doppler
technology to prov idc the smaller along-track resolution and improved height precision required for
better bathymctry.
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Abstract No. 282

The KMS03 Multi-mission Altimetric Mean Sea Surface

0. Andersen, P. Knudsen, A. Vest
National Survey, Denmark

In a comparison between hydrodynamic derived mean dynamic topography (MDT) and synthetic
derived MDT (derived from the difference between the MSS and the geoid), the resuls depends on
the quality of the MSS and geoid, but also on the inter-annual ocean variability. In principle the
MSS used to derive the synthetic MDT should be averaged over the same period in time as used to
average the hydrodynamic derived MDT to avoid leakage of inter-annual ocean variability on the
result. Different global mean sea surfaces (CSR98. GSFCOO, CLS-SHOM98, CLSO I, KMSO I) are
based on limited T/P time-epoch used in their derivation. Consequently, inter-annual ocean
variability (like the major El-Nino event in 1997-1998) will be visible to a larger or smaller extend
in these different MSS (the MSS are actually quasi-stationary MSS ). In our new mean sea surface
(KMS03) we have included a method to account for the inter-annual ocean variability. By
investigating the inter-annual ocean variability from T/P the MSS can be made to include the inter
annual variability over a specific period in time From the 9.9 years ofT/P altimetry the inter-annual
ocean variability for each year have been modeled using the annual mean sea level height once the
"intra-annual ocean variability have been removed. The "intra"-annual variability was initially
removed by removing the mean monthly value of all months from the 9.9 year period. Evaluation of
the available mean sea surfaces will be carried out in the GOCINA study region (www.gocina.dk) in
the Northern Atlantic region. An extended comparison will also be presented in the Arctic Ocean to
demonstrate the impact of improved geoid and mean sea surface modeling to derived reliable
synthetic MDT. Particularly using the GRACE derived geoid models (GGMOI), and the KMS03
mean sea surface.

Abstract No. 284

High Resolution Altimetric Gravity Field Mapping (KMS2002).

0. Andersen, P. Knudsen
National Survey, Denmark

A series of KMS high resolution near global gravity fields from altimetry has been released during
the past 7 years. This presentation focuses on describing the improvements leading to the release of
the new KMS2002 field.Significant improvements have been achieved through careful fine-tuning
of the procedure and parameters used for the derivation of gravity from satellite altimetry.
Particularly emphasis has been made in improving the gravity field determination at medium
wavelengths ranging between I00-500 km, and at shorter wavelength in coastal regions. Emphasis
was made in recovering the gravity field in lakes. which have normally been deleted from global
marine gravity field maps. Extensive comparisons carried out at the National Geospatial-Intclligence
Agency is also presented to document the improvements.
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Abstract No. 408

Re-introduction of ERS-2 Scatterometer Data in the Operational
ECMWF Assimilation System

P. Janssen, L. Isaksen
ECMWF, UnitedKingdom

On 9 March 2004, ECMWF re-introduced the usage of surface-wind observationsfrom the ERS-2
scatterometer in their operational assimilation system.This wind product had been publicly re
distributed by ESA since2 l August 2003, after a long suspension period from January 200 I.In the
meantime. research at ECMWF and KNMl had led to an improved formulationof the relation
between the scatterometer observed radar backscatter andthe geophysical quantity of interest: the
ocean-surface vector wind.Besides improving overall product quality, this geophysical model
function, called CMOD5has shown to largely correctthc wind speed biases present in the model
function CMOD4, currently used at ESA.ECMWF has a long experience with the usage of
scatterometer data.Scatterometer data from ERS-2 and its predecessor ERS-1 have been
successfullyassimilated from January 1996 up to the failure in January 200 I.The four-dimensional
variational assimilation system at ECMWF allowsfor a dynamically consistent use of
observations.In this way, information of the scatterometer surface windsis propagated to the entire
troposphere. and both ambiguous wind solutions canbe exploited without the need of prior de
aliasing.Scatterometer data has proven to have a positive impact on theECMWF forecast skill in
general, and the analysis of tropical cyclones in specific.Off-line experiments including the
assimilation of CMOD5 based winds from the newlydistributed data confirmed that a positive
impact was observed.despite the loss of global coverage.Some examples, such as the correction of
the position for hurricane Kate on 5 October 2003,will be shown.

Abstract No. 337

Towards an Objective Performance Measure of Spaceborne Wind
Sensors: ERS Test Case

M. Portabella', A. Stoffelen', V. Wismann2
1 Royal Dutch Meteorological Institute, Netherlands

1 Institute.for Applied Remote Sensing, Germany

Spaceborne wind observations have proven important for a wide variety of applications, including
nowcasting. short-range forecasting and mesoscale numerical weather prediction (NWP) data
assimilation. However, because of the different spatial and temporal sampling characteristics as well
as the different error statistics of the various spaceborne systems, the comparison among the
different wind sources is not trivial. In addition, the error analysis for wind data derived from



spacebornc sensors requires special care due to non-linearities and ambiguities in the geophysical
model functions (GMF) leading to multiple solutions in the wind retrieval.Within the framework of
an ESA project, we try to assess the information content of spaccborne wind observations to set an
objective performance measure that will allow us to not only compare different wind sensors hut
also seek for a future and improved sensor.In this study, the dependence of the geophysical noise on
instrument resolution. wind speed, and GMF is evaluated first for ERS scattcrornctcr in the form of
a sensitivity analysis. The latter shows substantial dependencies of the geophysical noise, notably in
the w ind speed and measurement geometry domains. Based on these results. an in-depth analysis of
the impact of the retrieval technique is ongoing. It is known that different retrieval schemes using
normalization by measurement noise (Kp). solution Kp, or no normalisation at all lead to different
error distributions with respect to measurement geometry and wind speed. Inclusion of the
geophysical noise term in wind retrieval has not been performed yet. Results on the impact of
inclusion of the pre-determined geophysical noise in the Kp term in wind retrieval will he presented
at the con fcrcncc.

Abstract '.\lo. 411

Timely ERS-2 Scatterometer Winds for Weather Nowcasting

A. Stoffelcn
KNMl, Netherlands

The current ERS-2 scattcrornctcr ground processing provides excellent 11inds. albeit with an
occasional and local drop-out due to attitude. Moreover, the failure of the on-hoard tape recorded
provided an incentive at ESA to drastically increase the number of satellite acquisitions and ground
stations. This results in an unprecedented data timeliness of about 30 minutes and good coverage
over the North Atlantic and European seas. The acquisitions arc combined at KI\Ml to increase the
number of backscatter triplet measurements and to exclude duplicated data. The thus streamlined
data flow is subsequently put in the KNMI wind processor to obtain a spatially coherent
scatteromcter wind product (See http://11\\I\.knmi.nl/scatterometer/ers-prod/)The 30 minutes
timeliness makes the current l'.RS-2 wind product suitable for operational weather nowcasting and
short-range \\ cather forecasting. This offers adv antages in analysing and forecasting extreme
weather events. Examples of this benefit will he shown at the meeting.

Abstract No. 701

Analysis of the Remotely Sensed Winds: Sensitivity of ORCA Model
to the Scatterometer Wind Forcing

A. Bcntamy, L. Ayiana
IFREMER. France



Numerical Weather Prediction and analysis outputs arc usually used to investigate oceanic and
climatic processes and to run ocean models in a forced mode. This oceanic forcing function might
be validated and improved, particularly for wind stress and turbulent heat fluxes, directly by the use
of scatterometer high-resolution surface wind data. Indeed, enhanced global turbulent flux fields are
constructed from ERS and Seawinds on board QuikScat with a spatial resolution of0.5° in longitude
and latitude, and a temporal resolution of 12 -hour, daily, weekly, and monthly. The quality of the
remotely sensed fluxes is investigated through comparisons with data from buoys moored at several
areas. For instance, over the Mediterranean sea, the correlation coefficients exceed 0.85, the biases
are less than 0.5 mis and the root-mean-square (rms) are less than 1.7 mis. For wind direction the
difference standard deviation is less than 20°. For latent heat flux estimates. the bias in quit small
and not significant. while the rms difference, and the correlation coefficient are about 22W Im'
and 0.79, respectively. The buoy data are then used to assess the quality of flux properties (spatial
and temporal patterns) estimated from satellite as well as from NWP analyses (ECMWF) and re
analysis (ERA40) for the time period 1996 - 2003. For instance. the wind large-scale characteristics
from satellite and models compare well. However. significant discrepancies are found in the tropical
areas. and especially between satellite and ECMWF analysis. At higher latitudes. differences in the
spatial structure is found in the wind stress magnitude as well as in the Northern-Hemisphere sub
polar gyres. The driven-wind response of the ocean is investigated through a simulation with the
oceanic general circulation model (ORCA). The annual mean ORCA responses to the satellite winds
and to surface winds from the ECMWF analyses and re-analysis are compared in terms of mean and
variability of sea surface temperature (SST). salinity. surface heat flux, barotropic stream function,
and current. The global and local difference results will be presented and documented.

Abstract No. 206

Investigation of the Wind Forcing of Ocean Circulation Using the
Decade-long Scatterometer Measurements from ERS-1 and -2

L. Fu
Jet Propulsion Laboratory. United States

For the first time we have decade-long satellite observations of the global sea surface height and
wind velocity for studying the variability of ocean circulation. The precise measurements of sea
surface height made by the TOPEXIPoseidon altimeter have led to the discovery of a new class of
ocean variability that has spatial scales of I000 km and temporal scales of a few days to months.
Using wind observations from the ERS scatterometers. we have demonstrated that this large-scale
ocean variability is primarily forced by the curl of wind stress. A simple model of the balance of
ocean vorticity is used to demonstrate the dynamics governing the oceanic motion. The entire water
column of the ocean varies in unison in response to the wind forcing, resulting in the so-called
barotropic mode of oceanic motion. On longer time scales, the ERS wind observations are also
analyzed to study the forcing of interannual-to-dccadal variability of sea surface height measured by
altimetry. The relation between low-frequency wind variability and sea surface temperature
variability is also analyzed. The results will be presented in terms of low-frequency change of the
ocean and the interaction with surface wind field with a focus on the decadal variability of the
Atlantic Ocean.
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Abstract No. 637

Persistent Scatterers on Volcanoes

I 1 S 1 I 2 2A. Hooper , A. Hooper , P. egall , H. Zebker , B. Kampes , N. Adam
1 Stanford University, United States

2 DLR, Germany

The use of persistent scatterers (PS) to estimate steady (i.e. linear with time) deformation has been
shown to be very effective when applied to urban areas. The use of PS for the estimation of
deformation on volcanoes is generally more challenging because a) most volcanoes are not
urbanised and therefore lack man-made structures, which usually make the best PS and b)
deformation tends to be non-steady.We have analysed data from Long Valley Volcanic Caldera in
California, and determined that there are low amplitude pixels with reasonable phase stability,
although amp! itude dispersion thresholding as described in Ferretti et al. [200 I] does not generally
do well at picking them. We have therefore developed a new method for identifying low amplitude
PS candidates. We have also developed a method to process PS and estimate deformation that is
spatially correlated, with no prior assumptions about the temporal nature of this deformation.

Abstract No. 271

Interferometric Synthetic Aperture Radar (lnSAR) Study of Okmok
Volcano, Alaska, 1992-2003: Magma Supply Dynamics

and Post-emplacement Lava Flow Deformation

Z. Lu1, T. Masterlark', D. Dzurisin2
1 USGSIEROS Data Center, SAIC, United States

: USGS, Cascades Volcano Observatory, United States

Okmok volcano, located in the central Aleutian arc, Alaska, is a dominantly basaltic complex topped
\\ ith a 10-km-wide caldera that formed circa 2.05 ka. Okmok erupted several times during the 20th
century, most recently in 1997; eruptions in 1945, 1958, and 1997 produced lava flows within the
caldera. We used 80 interferometric synthetic aperture radar (lnSAR) images (interferograms) to
study transient deformation of the volcano before, during, and after the 1997 eruption. Point-source
models suggest that a magma reservoir at a depth of 3.2 km below sea level, which is located
beneath the center of the caldera and about 5 km northeast of the 1997 vent, is responsible for
observed volcano-wide deformation. The pre-eruption uplift rate decreased from about I0 cm/year
during 1992-1993 to 2-3 cm/year during 1993-1995 and then to about -2 cm/yr during 1995-1996.
The post-eruption inflation rate generally decreased with time during 1997-2001, but it increased
significantly during 2001-2003. By the summer of 2003, 30-60'Yo of the magma volume lost from
the reservoir and erupted in 1997 had been replenished. Interferograms for periods before the 1997



eruption indicate consistent subsidence of the surface of the 1958 lava flows, most likely due to
thermal contraction. lnterfcrograms for periods after the eruption suggest at least four distinct
deformation processes: ( 1) volcano-wide inllation due to replenishment of the shallow magma
reservoir. (2) subsidence of the 1997 lava !1011s, most likely due to thermal contraction. (3)
deformation of the 1958 lava flows due to loading by the 1997 flows, and t-l) continuing compaction
of 1958 lava t1011s buried beneath 1997 flows. Our results prov ide insights into the post
emplacement behav ior of lava flows and have cautionary implications for the interpretation of
inflation patterns at active volcanoes.

Abstract No. 486

Measurements of Deformation Due to Seismic and Volcanic Sources
Using ERS and Envisat Data: Examples from North and South

America and Asia

Y. Fialko1, D. Sandwell2
1 Univ. ofCalifornia San Diego, United States

-'UCSD. United States

We use repeat orbit Synthetic Aperture Radar data collected by the ERSand Envisat satellites to
i111estigatc surface deformation due to arange of tectonic processes. We dcriv c full 1ector
displacement fieldsfor the 1992 Landers and 1999 Hector M inc earthquakes in southernCalifornia
by combining pixel tracking techniques with intcrfcrometricSAR data from the ascending and
descending orbits. A comparison withindcpcndcnt CiPS data collected in the near field of the
carthquakcrupturcs indicates that the accuracy of the 3-D 1cctor displncemcntficld is of the order of
5 cm for all three components. A similaranalysis allows us to retrieve the 2.5-D displacement field
for the2003 Barn (Iran) earthquake using Envisat data from t110 vicwingdircctions. We analyze the
post-seismic deformation due to the Landcrscarthquak c using a massively redundant J-:RS data
spanning a timeintcrval of about 10 years following the earthquake. The stacked lnSARdata
provides critical constraints on physical models otthcpost-seismic relaxation. We find that the post
Landers deformation ishest explained in terms of the porn-elastic rebound of thefluid-saturatcd
upper crust. Analysis of multiple intcrfcrograrnsal'ows us to detect subtle crustal uplifts above the
giant magrnabodics in the middle crust inferred from seismic studies in Ne11 Mexico(US).
Altiplano-Puna (South America). and Southern Tibet (Asia). Wcdemonstrate that the available data
allows us to detect ihcline-of-sight displacement rates of the order of millimeters per year.and strain
rates of the order of IW- 7 - IW-8 per year. i.e .. on tl11:1crgc of the theoretical accuracy of the C
hand interferometric SAR.



Abstract No. 616

Mapping Interseismic Strain Accumulation Using InSAR - New
Results from Western Tibet and Eastern Turkey

T. Wright1, B. Parsons", R. Holley2, P. England2, E. Fielding3
1 Oxford University, United Kingdom

l COMET, Oxford University, United Kingdom
3 COMET, Cambridge University, United Kingdom

Tim Wright (I), Barry Parsons (I), Rachel Holley (I), Philip England (I). Eric J. Fielding (2),( I)
COMET, Department of Earth Sciences, University of Oxford.(2) COMET, Department of Earth
Sciences. University of Cambridge.Although lnSAR has been used extensively to map the
deformation thatoccurs during earthquakes, there are relatively few examples ofinterseismic
deformation measured by lnSAR. This is largely becausethe signals from interseismic deformation
are small (a few centimetresper year at most) and are often distributed over many tens ofk ilometres
in length scale. It is therefore difficult to separate thesignal from noise caused by changes in the
atmosphere and orbitaluncertainties. However. if multiple SAR acquisitions are used toincrease the
signal to noise ratio. interseismic deformation can bedetected. We present new observations of
interseismic deformation inWestern Tibet and Eastern Turkey. In Tibet, we have used several5-
frame ERS interferograms to map the deformation occurring across theplateau associated with the
major faults of the region -- theKarakoram and Altyn Tagh Faults, previously thought to be slipping
at20-30 mm/yr. Our data show that the Karakoram Fault has a slip rate otjust I+/-3 mm/yr and the
Altyn Tagh Fault a rate of 5+/-5 mm/yr, ratesthat are consistent with the predictions of continuous
models forcontinental deformation. In eastern Turkey, we have extended ourstudy of the North
Anatolian Fault to the west. New ERS data confirmour previous result that the North Anatolian
Fault is slipping at -20mm/yr under a -18 km elastic lid. We also hope to present results forthe East
Anatolian Fault. We will conclude by discussing the prospectsfor continuing this work with Envisat
data.

Abstract No. 485

Post-seismic Deformation across the Central Nevada Seismic Belt,
USA, Measured by InSAR

N. Gourmelen, F. Amelung
RSMAS, United States

We investigate the surface deformation in the Central Nevada Seismic Belt (CNSB), at the south
western end of the Basin and Range, USA. The CNSB was the location of major normal and strike-



slip earthquakes in 1915 (Pleasant Valley M7.5) and in 1953 (four Magnitude 6.~-7.2 in a 6 month
period). CJPS measurements have shown ongoing crustal dcformution at rates of 5 to I0 mm/yr
across the CNSB. Those geodetic estimates of deformation arc hy a factor of 3-4 higher than
geologic fault slip rates derived by palcoscismology. ;\ possible explanation for the discrepancy
bcrw ccn geodetic and geologic rates of deformation is that the geodetic measurements do not reflect
long-term strain accumulation hut transients processes such as post-seismic relaxation following the
1915-1954 earthquakes. We measure surface deformation in the CNSB using Interferometric
Synthetic Aperture Radar ( lnSAR ). We obtained 9 independent inicrfcrograms each cm cring four
adjacent frames (-400 km in along-track direction) spanning 4-7 years using ERS SAR imagery
acquired bctw cen 1992 and 200 I. A precise displacement map obtained by stacking (averaging) the
intcrferograms show s shortening of the distance between the ground and the satellite at a rate of -·2-
3mm/yr (range change). We compare the lnSAR derived rate to permanent CiPS station derived
measurement. The max imurn range changes occur in the cpiccntrul area of the 1954 Dixie Valley
and 1915 Pleasant Valley earthquakes. ;\ \ isco-clastic model of post-seismic relaxation lit the
lnSAR measurements. This suggest that post-seismic deformation still occurs 50 to 90 years alter
the earthquakes.
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Abstract No. 272

InSAR Survey of Alaskan Volcanoes

Z. Lu1, D. Dzurisin", C. Wicks3
1 USGS/EROS Data Center, United States

; USGS, Cacades Volcano Observatorv, United States
3 USGS, Earthquake and Volcano Hazards Program, United States

Interferometric synthetic aperture radar (lnSAR) imaging is a recently developed remote sensing
technique capable of measuring ground-surface deformation with centimeter to subcentimcter
precision and spatial resolution of tens-of-meters over a relatively large region. The spatial
distribution of surface deformation data, derived from lnSAR images, enables the construction of
detailed mechanical models to enhance the study of magmatic and tectonic processes. This poster
summarizes our recent lnSAR studies of more than a dozen of Alaskan volcanoes, associated with
both eruptive and non-eruptive activity. These examples include the pre-eruption inflation, co
eruption deflation, and post-eruption inflation at Okmok volcano; magmatic intrusion and the
associated tectonic stress release at Akutan volcano; progressive aseismic inflation of Westdahl
volcano; magmatic intrusion at Mount Peulik volcano and its relation to an earthquake swarm 30 km
away; magmatic intrusion at Makushin volcano associated with a small eruption in 1995; complex
patterns of transient deformation during and after the 1992-1993 eruption at Seguam volcano; uplift
from 1993 to 1995 at New Trident volcano: surface subsidence caused by decrease in pore fluid
pressure in an active hydrothermal system beneath Kiska volcano: compaction of young pyroclastic
flow deposits at Augustine volcano; and a lack of expected deformation associated with recent
eruptions at Shishaldin, Pavlof, Cleveland and Korovin volcanoes. These studies demonstrate that
lnSAR can improve our understanding on how the Aleutian volcanoes work and enhance our
capability to predict future eruptions and the associated hazards.

Abstract No. 307

Contemporary Deformation in the Taupo Volcanic Zone, New
Zealand, from ERS and Envisat Permanent Scatterer Processing

S I 2G 2 I I .3N. tevens , J. Hole, . Wadge, J. Beavan , D. Darby , S. Mc Neill
1 JGNS, New Zealand

2 ESSC, University of Reading, United Kingdom
3 Landcare Research, New Zealand

The Taupo Volcanic Zone (TVZ) is an area of active plate tectonic back-arc spreading in the North
Island of New Zealand, and is volcanically active along its -200 km onshore length (as recently as
1996). The TVZ is also moving apart by -8 mm per year tectonically, and geothermal power



extraction contributes significant localised deformation in the area. Future volcanic and tectonic
activ ity at the TVZ represents a real risk to the contemporary Nc\1 Zealand population and
infrastructure. Measurement of the deformation field across the TVZ is thus important for modelling
and understanding the physical processes operating within the TYZ. '' hich has obv ious benefits
towards risk mirigution.At present. TVZ deformation is measured via differential CiPS at widely
spaced continuous installations and on 3-5 yearly campaign revisits. The GPS network 11as designed
originally for measuring tectonic deformation. and has a low spatial density. Although some
continuous sites arc being installed with a vic« to volcano monitoring. the low spatial density of
measurements mean that this network could miss prc-cruptiv c deformation signals. In 1999-2002.
differential SAR interferometry using data acquired hy the ERS-2 satellite wa-, investigated. This
project wa» largely unsuccessful clue to the low correlation between ERS SAR pairs in this highly
vegetated area.A time series of ERS data has been acquired for 1996-2003. We arc investigating the
use of permanent scatterer processing in areas of the TVZ where there is a sufficiently dense
concentration of point scatterers. The successful launch of the European Space Agency Envisat
ASAR C-hancl instrument in 2002 provides the opportunity to extend the measurements to 2006 and
beyond. Imaging modes were chosen to reflect the styles of deformation prcv iously observed in the
TVZ - on descending passes (parallel to the ax is of previously obscrv ed TVZ tectonic motion) the
IS5 imaging mode is chosen because it is likely to he more sensitive to horizontal crustal motion,
unlike the IS2 mode. which is chosen for ascending passes to seek volcanic and geothermal
extraction deformation signals.The surface deformation measured in the TVZ during this period
(ERS: 1995-2003. Em isat: 2003-2006) will have direct rclcv ancc to current and future monitoring
and modelling efforts. and will provide a unique data set from which future projects arc sure to
cv oh e.

Abstract No. 389

Towards Near-Real-Time Envisat ASAR Interferometry
at Active Volcanoes

N. Stevens', G. Wadge2, A. Celentano:'
1 !CNS, .Ve1r Zealand

: ESSC, University ofReading. United Kingdom
3 Eurimage, Italy

The ability to measure surface deformation at active volcanoes has obv ious value. because such
measurements inform deductions about internal magma movement. and prov ide indications of flank
instability. Measurement of volcanic surface movement is already an established operational
technique at manyv olcano observatories to help understand internal processes and to aid in eruption
forecasting. Differential synthetic aperture radar interferometry shows excellent promise as a near
real-time tool to supplement such measurements. with an already well-proven ahility to map patterns
of surface deformation on \ olcanocs. Howev er. repeat-pass interferometry as a technique has not yet
become operational. partly because current spaccbornc radars were not designed for the task. We
investigate the limitations of the ERS and En1 isat SA Rs for this purpose in terms of: radar system



constraints, volcano surface characteristics, interpretational uncertamnes and the operational
context. We illustrate some of the drawbacks at volcanoes in South America and New Zealand,
chosen to represent a range of conditions and volcano morphological types. Freely-available global
datasets of vegetation cover and atmospheric water vapour content can be used as proxy measures of
coherence and path delay effects, which are the two main determinants of data quality. We also
consider the issue of whether near-real-time (NRT) measurements from an instrument such as
Envisat ASAR, with a repeat-pass interval of 35 days, are valuable in an operational sense.
Ultimately, we argue that any additional information that informs emergency managers in a crisis
situation has value, regardless of the interval of measurements attainable, especially that of
centimeter-scale volcanic deformation in the weeks or months preceding an individual SAR
acquisition. Of course, with the seven imaging modes of Envisat ASAR, a new acquisition could
theoretically be acquired of an area as often as every few days, if emergency data commissioning
procedures allow it. However, interferometric processing is restricted by compatibility with, and
availability of, existing archived data, which often requires advanced planning to ensure adequate
data archives are in place. The latter can be problematic if the volcano has not shown any signs of
previous unrest, and if nobody actively ordered the data in the first place.Lastly, the entire NRT
observational capability then hinges on the rate of data delivery, or the turnaround time between
data acquisition by the satellite and delivery of the RAW product to the end-user, and we discuss the
NRT capability that is currently being offered by Eurimage, the leader of the EMMA consortium
and global commercial distributor of the European Space Agency ERS and Envisat standard derived
products. With concerted effort, operational volcano DlnSAR should be viable in the near future. In
the meantime, our experience using existing systems, such as Envisat, will inform the construction
of future orbital radar systems designed specifically for this purpose.

Abstract No. 570

InSAR Observations of Crustal Deformation in Iceland - an Overview

R. Pedersen', F. Sigmundsson', K. Feigi2, C. Pagli1, S. Jonssorr',
E. De Zeeuw-Van Dalfsen·\ H. Vadon''
1 Nordic Volcanological Institute, Iceland

2 CNRS, France
3 ETH, Switzerland

4 Open University, United Kingdom
5 CNES, France

Interferometric combination of radar satellite images ( lnSAR) is becoming an extensively used way
of documenting sources of deformation within Iceland. The technique often supplements other
geodetic data, such as campaign dry tilt and GPS measurements. The InSAR images most often
provide a spatially highly improved illustration of the surface deformation, due to the excellent
backscatter conditions prevailing in Iceland. Crustal deformation events in a variety of tectonic
settings have been recognized using ERS I and ERS2 images provided by ESA, including: l ):
Intrusions in the Eyjafjallajokull volcanic system. Images spanning 1993-2000 identify considerable



surface deformation in an area south of the Eyjafjallajokull icecap. The intrusive events (occurring
in 1994 and 1999) have also been detected by tilt and GPS campaign measurements, as well as high
seismic activity. Modeling based on InSAR data suggest a more complex source geometry than
previous work based on GPS and seismic data.2): Earthquake faulting in the SISZ due to seismic
activity in June 2000 has been detected in several images. On June 17. and June 21. 2000 two Mw
6.5 earthquakes ruptured N-S striking faults in the SISZ. Joint inversion of lnSAR and GPS data
indicates that the t\\ o events activated faults 15 km long extending to about 9 km depth. Maximum
slip. reaching more than 2 meters in hoth events. is concentrated in the upper crust. from the surface
to 5-6 km depth. 3 ): Deformation due to dynamically triggered earthquakes on the Reykjanes
Peninsula. about 80 km to the east of the main event in the SISZ (June 17. 2000 Mw 6.5
earthquake). Inverse modeling of the lnSAR data estimates the deformation to originate from a Mw
5.8 and a M\\ 5.3 event, when assuming uniform slip on two simple rectangular fault patches.4):
Subtle surface deformation signal in the vicinity of the main earthquake faults active in the June
2000 SIS/ sequence hav c been documented in lnSJ\R images. The deformation signals correlate
well with watcr-Ievcl changes in geothermal wells and have been interpreted as porn-elastic rebound
following the SISZ :2000 earthquakes. 5 ): An eruption at Hckla volcano begun on February 26.
2000. Short-term precursory seismic activ ity was detected about one hour before the eruption
started. Initially. a 6-7 km long eruptive fissure opened up along most of the Hckla ridge.
Deformation due to the eruption is seen in a series of intcrferograms. The displacements appear to
he the result of dike opening as well as subsidence due to deflation of a deep-seated magma
chamber.tu: Surface inllation due to inflow of magma in the Hcngill area can he seen in images
spanning 1993 to 1998. The uplift signal can he explained by an expanding Mogi-sourcc at 7 km
depth. \\ ith 2-cm/year inflation rate. Persistent scismicity during 1994 to 1998 was associated with
the widespread uplili.7): Long-term subsidence in the J\skja caldera has now been recognized not
only hy tilt and GPS. hut also in lnSAR images. ;\ series of intcrfcrograrns shows continuous
subsidence, \\ ith the size of the deformation signal scaling well with the time span of the images.
The subsidence can he related to drainage and/or cooling of a shallow magma chamher.8):
Readjustment of the spreading segment at Kralla has been detected in lnSAR images spanning 1992
to 1999. Subsidence occurs above an inferred shallow magma chamber, whi ch fed even ts during the
1975 to 1984 riliing period. The subsidence is elongated along the spreading axis. which is
interpreted to be due to cooling contraction and ductile flow of material away from the spreading
axis. ;\ wide-spread uplift signal of about I cm/yr has however been recognized to the north, and
appears to be due to recharging of magma into a deep seated source. All these studies hav c benefited
from images contributed hy ES;\ Pl contracts.

Abstract :\o. 592

Estimation of Barn Earthquake Coseismic Displacement Using Envisat
ASAR Interferometric Data

L. Kenyi
Joanneum Research, Austria

On the 26th December 2003 an Earthquake. that measured 6.6 on the Richter scale. struck the town
of Ham in Southern Iran. As a results, many buildings were demolished and thousands of people lost



their life. The European Space Agency (ESA) through its orbiting Envisat ASAR sensor managed to
acquire 3 ascending and 3 descending image sets of the Earthquake area. These image data were
distributed. on request. free of charge to the research community. In this paper, the interferometric
results and analysis of these Barn's Earthquake Envisat ASAR scenes are presented. The scenes
were interferometric processed using the well known differential techniques. The resulting
displacement maps from ascending and descending image sets were compared. Additionally, the
SRTM 90m resolution DEM was used to remove the topographic phase from the interferograms that
contained the coscisrnic displacement phase. The logic behind this is to test the suitability of the
SRTM 90m resolution DEM for such an application. However. the preliminary results generated
have shown that the predicted phase from the SRTM 90m resolution DEM add too much speckle to
the difference interferogram. In addition to this, the phase gradient technique was applied and it was
found to clearly detect the coseismic fault which is not visible in the amplitude image.

Abstract No. 661

Measuring Inter-seismic Deformation by InSAR in Eastern Turkey

K. Feigl 1, S. Mcclusky", S. Akarvardar'', S. Ergintav', R. Reilinger
1 CNRS, France

l MIT, United States
3 TUB/TAK MRC, Turkey

We seek to measure interseismic deformation across the fault systems intersecting at the Karl ova
Triple Junction using radar interferometry at C-band (-5 cm) wavelengths. We have obtained ERS
interferograrns with enough correlated pixels to interpret for pairs spanning up to 3 years, provided
that the images are both acquired in the summer months (June-September) and the altitude of
ambiguity is very favorable (over 500 m in absolute value). This result extends the work Wright et
al. [GRL, 2001]. We have developed an approach that analyzes changes in range in profiles
perpendicular to the strike of the fault. After unwrapping, these profiles show gradients which
combine the interseismic deformation signal with the unrnodeled orbital effects. Previous studies
have neglected the orbital errors. To separate the former from the latter. we apply an approach called
temporal adjustment that should estimate both intcrseisrnic deformation parameters and orbital
corrections. We compare the INSAR results to available GPS estimates.
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GLOBCARBON: Multi-Sensor Estimation of Global Biophysical
Products for Global Terrestrial Carbon Studies (DUP/DUE)

S. Plummer', 0. Arino2, F. Fierens ', J. Chen", G. Dedieu", M. Simon",
W. Cramer", P. Ciais", S. Quegan", M. Schultz!"

1 IGBP. Italv
2 ESA/ESR!N, Italy
3 VITO, Belgium

4 University of Toronto, Canada
5 CESBJO, France

6 SERCO. Italy
7 PIK, Germanv
8 LSCE, Franc~

9 University of Sheffield, United Kingdom
in MP!, Germany

'Greenhouse gases', especially carbon dioxide, arc intimately connected to climate change. To
predict future climate change accurately and find ways to manage the concentration of atmospheric
carbon dioxide, the processes and feedbacks that drive the carbon cycle must first be understood.
Understanding the spatial and temporal patterns of carbon fluxes is essential to inform the policy
process. However, our current knowledge of spatial and temporal patterns is uncertain, particularly
over land. The ESA GLOBC ARBON project aims to generate fully calibrated estimates of at-land
products quasi-independent of the original Earth Observation source for use in Dynamic Global
Vegetation Models, a central component of the IGBP-IHDP-WCRP Global Carbon Cycle Joint
Project. The service will feature global estimates of: burned area, tAPAR, LAI and vegetation
growth cycle. The demonstrator will focus on seven complete years, from 1998 to 2003 when
overlap exists between ESA Earth Observation sensors (ATSR-2, AATSR and MERIS) and
VEGETATION. However, the system will be flexible and therefore can be retrospectively applied
to existing arch ives and used with future sate IIite sensors. This paper examines the experience of the
GLOBCARBON project as it begins to deliver products to the identified user community of
atmospheric chemistry and dynamic global vegetation modellers. It features discussion of user
requirements, operational algorithms, and product output and use within the Sheffield and Lund
Potsdam-Jena DGVM and the atmospheric chemistry models of LSCE and MP!. Examples of leaf
area index, tAPAR, vegetation growth cycle and burned area estimation will be provided.



Abstract No. 543

KYOTO-INV: Reporting on Land Use and Forestry under the Kyoto
Protocol (DUP/DUE)

J. Romero", R. Volz1, M. Giambonl', W. Ruesch2
1 Swiss Agencyfor the Environment, Forests and Land Switzerland

2 Rueschlingineering, Switzerland

The KVOTO-INV is a project funded by ESA within the Data User Program Framework (DUP-2).
Its aim is lo define and to implement EO-bascd services in support of the reporting and the
verification of Land Use, Land-Use Change and Forestry (LlJLlJLCF) activities under the Kyoto
Protocol. Five European countries have been involved in the project for the definition of services
and products: Italy. Switzerland. Norway. the Netherlands and Finland. Common requirements for
all users arc the assessment of different subclasses of forest areas and land-use. as well as
afforestation. reforestation and deforestation activities. Taking 1990 as the baseline year, these
activities have to be gen-referenced with a minimum unit of0.1-0.5 ha and a thematic accuracy of
90-95'/o. Furthermore. each country has defined specific requirements corresponding. inter alia. to
the characteristic of its forests, its topography and the availability of ground truth. During Phase I of
the project (Prototype). one LANDSAT image per year has been used for each one of the various
areas (each 50 km x 50 km) that were defined in each country as test areas. Existing EO-data based
algorithms for forest. land use and cover map have been used. The results show the capabilities and
the limits of this approach.

Abstract No. 85

Monitoring Forests as Carbon Sinks Using Remote Sensing

F. Gonzalez-Alonso, S. Merino-De-Miguel, A. Roldan-Zamarron,
S. Garcia-Gigorro, J. Cuevas

/NIA. Spain

The Kyoto Protocol intends to limit or reduce ('02 and other greenhouse gas emissions to 1990
levels and allows carbon emissions to be balanced by carbon sinks represented by vegetation. The
assimilation of atmospheric C02 by the Earth ·s vegetation ecosystems. especially by forests which
represent a long-term pool. is a very important component for the global balance of carbon. In order
to Iulfi] the Kyoto Protocol commitments and for treaty verification. different control and
monitoring mechanisms should be implemented on a global basis. For those aspects referred to
carbon sinking by land use change (reforestation or afforestation). reliable systems will he a key



point in reducing uncertainties in inventory practices. In this context, the remote sensing community
seems to be very well positioned: (i) it is best equipped to address C02 and other greenhouse gases
inventory (Rosenqvist et al., 1999; Richards, 2003) and (ii) land cover change identification using
remote sensing is becoming more widely applied (Richards, 2003) among other well known
advantages. AVHRR-based studies carried out during the last years have shown a clear tendency
through an increase in the carbon pools of boreal and temperate forests, both at global and regional
scales (Myneni et al., 1997; Myneni et al., 200 I; Dong et al., 2003; Gonzalez-Alonso et al., 2003a;
Gonzalez-Alonso et al., 2003b; Gonzalez-Alonso et al., 2003c). The launch of the Envisat satellite
opened new opportunities for such studies since information derived from MERIS is much more
accurate in terms of radiometric, spatial and spectral characteristics. The present paper shows the
first results in the application of MERIS data for forest biomass retrieval in Spain and it is based on
the use of spectral indices.

Abstract No. 577

Inferring Carbon Fluxes of Forests from Tandem Coherence:
Environmental and Management Controls

S. Quegan, P. Drezet
Centrefor Terrestrial Carbon Dynamics. UnitedKingdom

Various studies have shown that ERS Tandem coherence is related to the age or biomass of forests,
but that this relation can vary greatly with location and environmental conditions. In this paper, we
use environmental models for plant and soil moisture, together with scattering models, to investigate
the spatial and temporal behaviour of time series of coherence over forests in the UK, focusing
particularly on Kielder Forest in northern England. Both soil and plant moisture are shown to be
important determinants of the coherence. The 11 am local time of the data acquisitions coincide with
rapid changes in leaf moisture, affecting the ratio between the coherent returns from soil and the
incoherent returns from the canopy. This ratio in tum is critical in determining the value of
coherence. Simple relations between coherence and the age (or biomass) of the forest only appear in
forests that are cleaned of undergrowth or in which the undergrowth is otherwise suppressed.
Otherwise the undergrowth contributes significantly to the incoherent canopy term, distorting or
destroying the coherence/forest biomass relation.The temporal and spatial behaviour of coherence is
investigated experimentally using a long time-series of coherence data from Kielder Forest, together
with full UK coverage gathered during June-August 1995. Environmental conditions under which it
is reasonable to invert coherence to age are identified, and the uncertainties on the inversion are
quantified. These arc converted into uncertainties on average annual carbon flux from the forests,
taking into account the dependence of this flux on forest age. Finally, the implications of these
results for exploiting the Tandem archive to produce an age/biomass map and corresponding carbon
flux estimate for the borcal zone using archived data are discussed.



Abstract No. 260

Envisat-Indonesia Radar Biomass Experiment (EIRBEX)

M. Raimadoya', M. Dobson", B. Trisasongko'. R.van Rensburg '
I Bogor Agricultural University, Indonesia

2 NASA. Usa
3 Ria11p11/p. Indonesia

A study for operational application of Env isat/ASAR in the sector of Land Use and Land Use
Change and Forestry (LULUCF) of the Kyoto Protocol is implementing under Enx isat AO (AOE
~69). The concentration is in the implementation of Article 12 (Clean Development Mechanism
CDM) in the tropical cnv iro111rn:11L\\ hich requires higher tier input data compared to national
greenhouse gases inventory exercise.Due to CDM/LULUCT complexity and the existing
international political negotiation process within the United Nations Framework Convention on
Climate Change (UNFCCC). the follm1i11g strategy wa» applied in this stud) (I) focus on the
above ground biomass of the afforestation and reforestation. (2) use of commercial tropical timber
plantation to get one large contiguous block of land as the test sites, (3) perform Env isat/ ASAR
biomass detection ability at the test site. (4) implement Envisat/ ASAR application for Kyoto
Protocol Article 6 (Joint Implementation JI) requirements. as a transition. and (5) adapt the
application to the CDM/LULUCF (Article 12) requirements in the tropical environment.Based on
the above strategy and the implementation of the study in Riau Prov incc, Central Sumatera.
Indonesia. this presentation demonstrate the positive result of the ability of Env isat/ ASAR for good
practice CDM/LULUCF estimation and reporting requirements. such as : (I) representation of land
area for broad land use categories. (2) strati Iication of the timber plantation area. (3) identification of
relevant carbon pools and non-C02 greenhouse gases. (4) the sampling framework design, (5)
identification of method (field and model) for monitoring the pools. and (6) monitoring plan
development. including quality ussuranccquality control plan. A description of intensive field data
collection and small format aerial photo coverage mission to support this study is also prov idcd.
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Abstract No. 426

The GODFIT Direct Fitting Algorithm:
a New Approach for Total Column Retrieval

R. Spurr", M. Van Roozendael", J. Lambert", C. Fayt'
1 Smithsonian Astrophysical Observatory, United States

2 BIRAIIASB, Belgium

The GOME total ozone record dates back to July 1995; it is now an important candidate for ozone
trend analysis. This requires retrieval accuracy high enough to detect 1% changes in total ozone over
a 10-year period. Several improved total ozone algorithms were developed in 2003 under
ESA/ESRIN funding. The present consortium was responsible for two of them - the direct fitting
GODFIT algorithm described here, and the GDOAS algorithm described in a companion
presentation at this Symposium. GDOAS was selected for the GOME total ozone record
reprocessing in 2004, and has been implemented in the GOME operational processing environment
(UPAS/GDOAS 4.0). The GOME Direct Fitting (GODFIT) algorithm uses nonlinear least squares
fitting (with optional regularization) to make direct comparisons between measured backscatter
radiances and simulated forward model quantities. All radiative transfer (RT) simulations are done
from scratch using the linearized LIDORT code. One call to LIDORT will return simultaneous
computations of radiances and analytic Jacobians with respect to surface and atmospheric properties.
The algorithm is flexible and modular; reference data (atmospheric properties, spectra) can be easily
implemented and changed as needed, and the algorithm operates without the need for extensive
look-up tables. For the retrieval of total ozone amounts from GOME and related instruments
(SCIAMACHY, OMI and GOME-2), we consider earthshine measurements in the UV ozone
Hartley-Huggins bands. RT simulations require ozone profiles (partial columns); we use the TOMS
Version 8 column-classified ozone climatology to generate a unique map between the fitted total
column and the input RT profile. RT simulations are done in a Rayleigh atmosphere, and the surface
albedo is fitted as an internal closure polynomial (3 coefficients). GOD FIT is not limited to optically
thin regimes typical for DOAS-style algorithms based on Beer-Lambert absorption; separate AMF
computations are not needed. Both GDOAS anad GODFIT contain improved schemes to deal with
Ring effect corrections. Clouds are treated in the independent pixel approximation, with cloud-top
pressure and fractional cover as model parameters. GODFIT was applied to a a set of GOME
validation orbits selected for the ESA/ESRIN study in 2003. GODFIT can process one orbit (-2000
scenes) in under 15 minutes. We present validation results from comparisons with NDSC and
WMO/GA W ground-based networks, and with TOMS Version 8 total ozone measurements. We
compare results with GDP 3.0 and the newer UPAS/GDOAS 4.0 total ozone product. As with
GDOAS, we find that GODFIT produces improved RMS values and reduced seasonalities compared
with GDP 3.0 results. Again, GODFIT results lie within -1% to + 1.5% of ground-based values for
solar zenith angles up to 70 degrees. Further work is underway to extend GODFIT to aerosol and
minor trace gas retrievals for GOME and related instruments.



Abstract l\o. 353

An Online Version of WFDOAS Algorithm for Total Column
Retrieval with GOME and SCIAMACHY

L. Larnsal, M. Weber, A. Rozanov. V. Rozanov, M. Coldewey-Egbers
University ofBremen, Germany

A novel algorithm based upon WF-DOAS (Weighting Function Differential Optical Absorption
Spectroscopy) has been succsslully developed for ozone vertical column density retrieval from
G0\1E. \\TDOAS VI .0 uses look-up tables for most RTM quantities like reference intensities
andwcighring functions and it has been carefully \ alidatcd with independent ground measurements
and w as proven to produce highly accurate ozone columns for (jQMI .. An onlinc version of WF
DOAS with the nc« radiative transfer model SCIATRAN 2.0 has been 110\\ dcv eloped that allows
RTMcalculations during the litting procedure. This algorithm isspccifically designed for use with
different satellite instruments such as GOMF. SCl/\M/\CllY, and later G0\1E2. The new version
will facilitate, to a large extent, \ arious scnsitiv ity studies !(ir optimising the retrieval. Salient
features of the algorithm will he illustrated by first applications to SCl/\MACllY.

Abstract No. 138

Inverse Modelling of Methane Emissions from Satellite Observations
within the EVERGREEN Project

J. Meirink, J. Eskes, A. Goede
KN1\ifl, Netherlands

The Kyoto Protocol. which the EU has rati lied, calls for a quantitative reduction in greenhouse gas
emissions by the year 20 I0. I lo« e\ er. global emissions. sources and sinks. arc not accurately
known. The EC project EVFRGRLLN (5th H'. Feb. 2003 - Jan. 2006) proposes to improve this
situation by using Lnv isat measurements.In this presentation the status of the 1:vERCiREFN project
will first he rev ie\\ ed. We will then focus 011 the ill\ crsc modelling of methane emissions. \\ hich is
done using four-dimensional variational data assimilation of synthetic SCl/\MACllY data. The
potential added \ aluc of SCIAMACHY measurements for C·114 source attribution is assessed.
Scnxitivity studies give an indication of the impact of a number of aspects, c.g. measurement errors
and the presence of clouds, 011 the retrieved Cll4 sources.

Abstract :\o. 235



SCIAMACHY Water Vapour Retrieval Using AMC-DOAS

S. Noel1, M. Buchwitz", H. Bovensmann", J. Burrows2
1 University of Bremen, Germany

::JFE/I UP, University of Bremen, Germany

Measurements of the SCanning Imaging Absorption spectroMeter for Atmospheric CHartograph Y
(SCIAMACHY) on Envisat have been used to derive global water vapour total column amounts
over ocean and land.For this purpose, the Air Mass Corrected Differential Optical Absorption
Spectroscopy (AMC-DOAS) approach, which has already been successfully used with GOME data,
has been applied to SCIAMACHY's nadir measurements.Whereas operational SCIAMACHY water
vapour products are derived from measurements in the NIR, the AMC-DOAS algorithm is applied
to the spectral region around 700 nm where both water vapour and molecular oxygen absorptions
are present.AMC-DOAS is an extension of the standard DOAS method.To be applicable to water
vapour retrieval, it considers the non-linear relation between absorber amount and absorption depth
(saturation effect).Furthermore, an air mass correction factor is derived from 02 absorption
features.This air mass correction factor not only compensates deviations of the modelled
atmospheric conditions from reality, it also serves a an inherent quality check for the retrieval by
which e.g. too cloudy scenes can be identified.First comparisons of the SCIAMACHY total water
vapour columns derived with the AMC-DOAS method with corresponding SSM/I and ECMWF
water vapour measurements and a Weighting Function Modified (WFM-)DOAS retrieval have been
perfonned.Taking into account the large temporal and spatial variability of water vapour, the
SCIAMACHY results agree within about I0% with these correlative data not only over ocean but
also over land, thus showing the capability of SCIAMACHY to derive water vapour concentrations
on the global scale.

Abstract No. 159

GEO-MTR: a 2-Dimensional Multi-target Retrieval System for
MIP AS/Envisat Observations

B. Dinelli1, M. Carlotti", A. Dudhia3, L. Magnant', F. Niro4, E. Papandrea",
M. Prevedelli", M. Ridolfi2

1 ISAC-CNR, Italy
2 DCFI - Bologna University, Italy

3 AOPP - Oxford University, United Kingdom

In this paper we present a new retrieval system for MIPAS/Envisat measurements, developed in the
frame of the ESA study 'Development of algorithms for the exploitation of MIPAS special modes
measurements'.The new code performs 2-Dimensional (2-D) retrievals of the altitude distributions



of pressure. temperature and Volume Mixing Ratio of selected molecules. These quantities can all
be retrieved simultaneously (MTR functionality) or sequentially. For the analyses, the system makes
use of selected small spectral intervals (Micro Windows). The best performances of the new system
can be attained analysing simultaneously the data coming from a full orbit. but the possibility of
analysing orbit segments (down to one sequence only) is implemented in the code. The new system
can perform the 2-D analysis of Ml PAS special observation modes that are not routinely analysed
by ESA Level 2 processor. The new-system will he distributed hy ESA as an open source code.The
new system has been tested on real M IP AS observations. using micro windows especially selected
for 2-D. MTR analyses. The 2-D retrievals of pressure, temperature and of the VMR of Ozone and
Water Vapour from selected orbits have been performed on nominal and on special observation
modes. These results. along with the results obtained for the retrieval of non-level 2 molecules will
be presented.
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Abstract No. 564

Altimeter Dual Frequency Measurements with Envisat RA-2

B. Chapron', J. Tournadre', Y. Quilfen', F. Collard2
1 JFREMER, France

2 BOOST Technologies, France

Global S- and Ku-band nadir radar measurements have been analyzed to demonstrate the potential
to jointly use both frequencies to infer improved sea surface roughness properties. This work
follows investigations related to the use of C and Ku-band measurements from the TOPEX
altimeter. In this presentation, we shall report on the retrieved altimeter wind, significant wave
height and period. Efforts related to the use of altimeter individual echoes and absolute calibration
issues will also be tentitatively discussed.

Abstract No. 238

Impact of Multi Near Real-time Altimeter (Envisat and Jason)
Assimilation Data on Wave Analyses and Forecast

C. Skandrani', J. Lefevre', P. Queffeulou2
1 Meteo-France, France

2 Jfremer, France

Satellite altimetry has become an important discipline in the development of sea-state forecast
domain or like a new challenge, that of operational oceanography. Meteo-France Marine and
Oceanography Division is much involved in altimetry in which it is also one of the main operational
customers. Sea-state forecasts are produced every day with the help of numerical models
assimilating Fast Delivery Product from ESA's ERS-2 satellite, available in real-time (3-5h). Theses
forecasts are transmitted to seamen as part of safety mission of persons and properties, or specific
assistances for particular operations. With the launch of Envisat (from ESA, launched on March I,
2002, to take over the ERS mission) and Jason-I (from CNES/NASA, launched on December 7,
200 I, successor of Topex/Poseidon), we have the unprecedented opportunity of the availability in
quasi-real-time of data from several altimeters, offering an improved coverage. The objective of this
study is to evaluate the impact of near real-time measurements from several altimeters on wave
model analyses and forecasts, at global scale. Since July 2003, Meteo-France inject the wind/wave
OSDR (Operational Sensor Data Record) Jason data on the WMO Global Transmitting System
(GTS), which yields them available in near real-time to the international meteorological community.
Previous works with the support ofCNES (Lefevre et al., 2003, Skandrani et al., 2004), showed that
the impact of the assimilation of altimeter data on wave model analyses and forecasts is much larger



when two sources of data (ERS and Jason) arc used instead of one (ERS). The necessary adaptation
of multi-satellite data assimilation has been implemented and evaluated for operational use. Also.
Fast Delivery Marine altimeter data of Envisat \1 ill improve coverage and contribute to the constant
progress of marine meteorology. For this purpose. Significant Wave Height time series were
generated using Wan: Model WAM implemented by an assimilation scheme (Lionello ct al .. 1992).
with the two satellites, Envisat and Jason. The results were then compared to CiFO (US Navy
Satellite) and moored buoys waves data. The impact of assimilation was also investigated for
individual storms \I ith severe conditions.

Abstract \lo. 333

Satellite Wave Height and Wind Speed Validation over the
Mediterranean Sea

P. Queffeulou, A. Bentamy
IFREMl:'R. France

The altimeter and scaucrometcr wind and 11an: algorithms have been dcvcloppcd and tested for
glohal open ocean conditions. Previous studies showed that altimeter significant wave height (swh )
and wind speed measurements have to he corrected in order to take into account particular
behaviours. such as underestimation of highest swh by altimeters. or some electronics drift. in the
case of TOP EX for instance, in order to get consistent and homogeneous data sets over the various
altimeter missions. Such corrections have been obtained using buoy and cross altimeter
comparisons. O\Cf the 11hole oceans. <her the Mediterranean Sea the validity of these corrections
can he questioned. Indeed because of the limited site of the Mediterranean hassins. short fetch
modifies the sea state characteristics and. consequently. the radar backscatter measured hy altimeters
and scatteromctcrs and used for wind speed and S\I h retrieval.The paper presents, first. the status of
the validation. over the global ocean. of the altimeter and scatteromctcr missions since 1991, with
particular emphasis on the recent missions QuikSCAT. JASON-I and l.nvisat. Then. a particular
validation study is performed over the Western Mediterranean Sea. using buoy. altimeter and
scaucrornctcr comparisons. The dependencies of 11ind and swh residuals on oceanographic and
atmospheric parameters derived from buoy» arc also examined, using colocated data.The analysis
sho\1s that the satellite measurements can he affected by the limited fetch conditions over the
Mediterranean Sea. and. according to the geographical location, hy the local meteorological
variability. Modification of satellite retrievals over the Mediterranean Sea is more significant for
11ind speed than for wave height.

Abstract No. 527

Climate Change and Extreme Wave Heights in the North Atlantic



P. Challenor, W. Wimmer, I. Ashton
Southampton Oceanography Centre, United Kingdom

We know that the mean wave height in the North East Atlantic is very dependent on the position of
the storrn track as given by the North Atlantic Oscillation index. Is this true of extreme conditions as
well'? We altimeter data from ERS-1 /2 , TOPEX/POSEIDON, Envisat and JASON to estimate
extreme conditions (the 50-year return value) in each 2° by 2° square of the North Atlantic. Unlike
previous estimation methods we use the statistical theory of extreme values to give us a robust
estimate of the extreme values (with attached uncertainty). We assume that exceedences of a high
threshold come from a point process and we use a Generalised Pareto Distribution for values
exceeding this threshold. The estimation of this threshold is difficult and is normally done by hand.
This is impractical for the number of series we have therfore we have developed a 'floating
threshold' method to estimate this value. We look at the robustness of the method to two altimeter
data products: GAPS and RADS. We present a map of 50-year return value across the North
Atlantic and verify the results with buoy data. The problem of satellite sampling is discussed. Using
these methods it is possible to model the effect of explanatory variables such as seasonal effects and
the NAO index. We show that the extreme waves arc affected by the state of the NAO and map out
the extent of this influence. We also examine whether there is any evidence of a trend which could
be caused by global warming.

Abstract No. 445

Extreme Wave Statistics from SAR Wavemode

S. Lehner', T. Konig2, J. Schulz-Stellenfleth'', W. Rosenthal"
1 RSMAS - UM, United States

2 DLR, United States
3 DLR, Germanv
4 GKSS, Germa~y

The central goals of the Envisat AO WaveAtlas (ID 2342) are to globally derive and examine sea
state information from SAR image wavemode data for a period of at least two years. The result will
be an atlas showing the climatology of extreme wave events. Special emphasis is put on areas of
ship accidents due to extreme waves. The atlas will include maps of extreme wave occurrence, wave
crest lengths, groupiness and related parameters. The first version of the atlas will cover a two years
period. which will be extended to the whole lifetime of ERS-1/2. ERS-112 raw wavemode data are
reformatted and archived at DLR's robot archive. From the raw wavernodc data archive, single look
complex imagettes are computed using the DLR BSAR processor. In the framework of the
MAXWAVE project, funded by the EU, imagettes were inverted in order to estimate sea surface
height at each pixel of the imaged area. Sea surface topography is analyzed to find relevant
parameters such as the maximal single wave height (Hrnax), wave steepness (smax) as well as the
significant wave height (Hs). Several image analysis tools like wavelet edge detection are used to
examine wave grouping phenomena and wave crest extension in the original SAR imagcttes, Data
derived from imagcucs in spatial and temporal neighborhood to ship accidents, which happened due
to severe weather situations are examined.



Wednesday 8 September MOZART 3
14:00 - 15:40 I

Session 3C5:

Scatterometer Applications (1)



Abstract No. 669

Improving Tropical Cyclone Prediction Using Scatterometer Surface
Winds in Model Initialization

S. Chen', J. Tenerelli", W. Zhao2, R. Foster", W. Liu4
1 University of Miami, United States

::University of Miami/RS MAS, United States
3 University of Washington/APL, United States

4 JPL, United States

Observations over the world ocean become increasingly important as tropical cyclone prediction
models continue to improve in terms of model resolution and physical representation to capture the
fine structure of the hurricane inner core. The spacebome scatterornctcr, namely the NASA
QuikSCAT, has provided the needed surface wind observations. The contribution to forecasting
errors from the model initial conditions is a key issue in the current hurricane predictions. The
impact of the QuikSC AT winds on hurricane forecasting using high-resolution mesoscale model has
been tested model simulation of Hurricane Floyd (1999). We use multi-nested, vortex-following
grids to cover a large-scale storm environment and still resolve the fine structure of the hurricane.
The grid resolution for the outer domain and the three inner fine-mesh domains are 45, 15, 5, and
1.67 km respectively. The model is integrated for six days. We blend the sea-level pressure and
surface wind fields from the QuikSCAT data smoothly into the corresponding MM5 initial fields.
The simulation with QuikSCT A winds improves the storm intensity forecast significantly, by I0-20
hPa during the first 3 days. It is crucial to have adequate temporal and spatial coverage for
monitoring and forecasting the rapid storm intensity changes within 6-12 hr windows. The lack of
coverage from the single QuikSCAT is clearly evident in many intense hurricanes in the past. The
recent tandem scatterometor missions? the addition of SeaWinds on ADEOS-Il have increased the
critical coverage of two major hurricanes in 2003. In this study we analyze both SeaWinds and
QuikSCAT in Hurricanes Fabian (2003) and Isabel (2003 ). Both scatterometer winds are compared
with the airborne surface wind analysis from the research flights other in situ data from the
Hurricane Research Division at AOML/NOAA. We have developed a method of setting up high
resolution model simulations using combined SeaWind and QuikSCAT for model initial conditions.
The results of this study will be presented at the conference.

Abstract No. 359

Some Evidence on the Link between Solar Activity and Climate from
ERS Scatterometer Data over Land

V. Wismann
IFARS, Germany



In the past the variability of the solar radiation caused changes in the Earth's climate. However, it is
discussed controversially whether recent changes in the 20th century also may have a significant
solar component. During a solar cycle of I I years the "solar constant" varies about 0.1°/i., which
seems to be too small to have any measurable impact on Earth's climate. However. in other
wavelengths. e.g. x-ray, this variability could be several orders of magnitude. It is argued that more
cloud condensation nuclei are produced with increased cosmic ray ionization. which could lead to
more and smaller droplets, longer cloud life times, and thus to localy less rain.Radar backscattering
from the Earth's surface depends on climatological sensitive parameters like state of vegetation
cover, soil moisture, and moisture content of the vegetation. Any change in these properties should
be detectable in radar data. However. local weather variability, seasonal variations. and intcrannual
differences may hide a solar cycle signal. The current data set of global ERS scattcromcter data
spans the period from August 1991 until July 2003 and covers one solar cycle. At the beginning of
the radar measurements Cycle 22 was still at a maximum with a sun spot number of 145. Cycle 23
started in May 1996 and peaked in April 2000 with monthly sun spot numbers of 8 and 121,
respectively.The analysis of global ERS data revealed locations in Argentina, Botswana, and
Australia where the time series of the normalized radar cross section (NRCS) show sinusoidal
variations of about 1.5 dB with a period of approximately I I years, \\ hich are in phase with the time
series of sun spot number. This variation cannot be explained by any instrumental effects. Common
to these sites is a sparse vegetation cover. Thus small changes in precipitation or air/soil moisture
might be amplified by the response of the vegetation and thus lead to a considerable change in
NRCS. These changes in vegetation are confirmed by corresponding variations of the normalized
difference vegetation index (NDYI) derived from data of the Advanced Very High Resolution
Radiometer (A YHRR) over Australia. Concomitant time series of maximum monthly air
temperature show an anti-phase sinusoidal behavior. which is another evidence of a periodical
change oh egetation or moisture llux.

Abstract No. 372

Arctic Multi-year Sea Ice Monitoring: A decade of Observations Using
the ERS Scatterometers

R. Ezraty
IFREMER, France

Scattcromctcrs have become classic instruments to monitor sea ice extent and types at global Ocean
basin scale. The basic physical property which enables sea ice to be discriminated from open ocean
is its azimuth isotropy at the scale of the footprint. Thus. over sea ice. backscatter remains a function
of the incidence angle of the electromagnetic beam and of the roughness of the surface, at the scale
of the radar wavelength. Sea ice which has survived at least one summer melt, is named "Multi-year
sea ice". As sea ice ages. the little roughness which form at the surface act has reflectors, it follows
that Multi-year sea ice have a higher backscatter than that of first year sea ice. Because of the
dependence of backscatter with respect to the beam incidence angle. a correction needs to he
performed to map homogeneously sea ice backscatter. This correction is ice type dependant. ERS
scatteromctcr backscatter map arc typically normalized at forty degrees incidence angle and,



because of the limited swath, one week of data are required to map the whole Arctic basin. Such
maps have been built from 1991 until 2001; then the yaw steered capability of the satellite could not
be used any more to separate sea ice areas from open water. (http://www.ifremer.fr/cersat)The
analysis of this ten-year long time series shows that the multi-year sea ice area decreases during
each winter period by about 1.5 x I06 km'. The anticipated long term decreasing trend of multi-year
area (7% per decade for the period 1978-98) is blurred by the sudden increase of multi-year area
during summer I996 (middle of the time series) likely due to a reversal of the wind regime. Yet, the
systematic decrease is observed on each side of this jump.A new gyro-less ERS scatterometer
backscatter processor has been developed at ESA/ESRIN, this processor is now operational and
used for wind vector estimations. It is planned to test th is revived dataset for sea ice monitoring
using the winter 2003-2004 data, to fill-in the 2002-2003 data gap when the backlog will be
reprocessed and to extend the multi-year area time series until the ASCA T becomes operational. An
overlap period between the two instruments would be invaluable to ensure the long term data
homogeneity.

Abstract No. 462

Antarctic Iceberg Abundance, Size, and Drift Derived from Active
Microwave Data

N. Young', G. Hyland', R. Williams2
1 Australian Antarctic Division & ACE CRC, Australia

2 University of Tasmania, Australia

A survey of the characteristics of the population of icebergs around a large sector of Antarctica has
been carried out using data from active microwave instrumentation. The survey results provide
information on the spatial distribution, abundance. and size characteristics of the iceberg population.
Many of the observed icebergs occur close to the coast. typically in areas where few if any
observations have been collected by ship-board observers or other means. Thus they represent new
data on the iceberg population, especially for those close to their sources, the ice shelves or glaciers
from where they had calved.The icebergs are detected and their dimensions extracted by analysis of
the texture properties present in high resolution SAR images. The observed sizes range from a
fraction of a square kilometre to many thousands of square kilometres. The number of observations
exceeds 23.000 and so provides robust statistics for the size and shape characteristics of that part of
the population. The total population in the Southern Ocean had been estimated to number between
200.000 and 300,000.The drift tracks of very large icebergs are extracted by analysis of a time series
of coarse resolution images generated from scatterometer data. The combination of these tracks
shows the overall broad pattern of driti for the iceberg population. Close to the coast the drift is
typically from cast to west in the "East Wind Drift". The observed drift velocities show the presence
of a narrow· "slope current" with higher speed than adjacent water. Several retrotlections occur in the
pattern where icebergs migrate northwards along preferred corridors to join the southern flank of the
Antarctic Circumpolar Current which carries them from west to east. Detail information on drift
velocities is derived from the displacements of uniquely identified icebergs or clusters of icebergs
extracted from pairs of SAR images acquired at different times. The aggregation of many short-term



\ cctors prov ides in formation on the local spatial and temporal \ ariabi Iity in the drill pattern .Thc
presence and movement of icebergs can cause important modifications to their cnv ironmcnt. Their
drift transports freshwater away from the continent and their subsequent melt injects that water into
the surface layer. reinforcing the ocean stratification. Recent calving of massive icebergs from the
Ross Ice Shelf and Filchncr-Ronnc Ice Shelf has more than doubled the total mass oficebergs in the
ocean and thus the potential freshwater flux. The presence of icebergs can also modify the
movement and concentration of sea ice which in turn influences surface productivity. and habitats.
as w ell as atmosphere-ocean-ice interaction.

Abstract No. 299

Use of Soil Moisture Scatterometer Data in Hydrological Predictions

G. Bloschl, W. Wagner
TU Wien. Austria

Soil moisture has an important influence on hydrological and meteorological processes. Soil
moisture is important in processes that partition rainfall into runoff and infiltration. Extreme
hydrological events (floods and droughts) often have a large socio-economical impact. Depending
on the catchment soil moisture state. the runoff response to a given rain storm may he vastly
different. ;\ realistic representation of such events hy hydrologic models is therefore essential.
Traditionally. the soil moisture state of catchments has been estimated from rain foll and evaporation.
based on soil moisture accounting schemes (SMAS). However. there arc difficulties \\ ith accurately
estimating the parameters for this type of model. particularly in catchments where no stream flow
observations arc available. In this paper we examine the potential of using ERS scattcromctcr data to
better constrain the hydrological models. The rationale behind this combination is that even though
both approaches (SMAS and scattcrornctcr analyses) have clear limitations and an: associated with
significant uncertainty it is their combination that helps reduce the uncertainty of the integrated
estimates. The main hypothesis of this is that the error structures of the estimates from these two
methods arc likely different. so one would expect a combination of the t\\ o approaches to he less
biased and exhibit less random error than any of the two methods indiv idually. The estimates come
from completely different instruments. ground based instruments and spaccbornc sensors. so one
would also expect their errors to be different. Also. the models that estimate soil moisture in these
two approaches have a different structure and they arc calibrated in different ways. Based on this
general idea. \\ c will examine potential methods of estimating the space-time dynamics of soil
moisture more accurately than has been possible in the past with either of the two sources of
information. The focus is on ungaugcd catchments. i.c. catchments \\ ithout stream flow
measurements. where the potential of using the spaccbornc data. probably. is particularly large.
Specifically. \\C arc interested in methods capable of representing the spatial and temporal
distribution of hydrologically relevant soil moisture for Austrian conditions.





Wednesday 8 September MOZART 4-5
16:10 - 17:50 I

Session 3Dl:

Barn Earthquake



Abstract No. 475

Using SAR Interferometry and Teleseismic Data to Determine Source
Parameters for the 2003 Barn Earthquake

S. Jonsson', P. Mai1, D. Small2, E. Meier", J. Salichon', D. Giardini'
1 ETH Zurich, Switzerland

2 RSL, University ofZurich, Switzerland

The 26 December 2003 Mw 6.6 Barn (Iran) earthquake is the world's deadliest earthquake to occur
for more than a decade. About 80% of buildings in the city of Barn collapsed during the earthquake,
including large parts of the Barn citadel, which is more than 2000 years old. No large earthquakes
are known to have happened in Barn prior to the 2003 event. The earthquake occurred on a near
vertical, north-south oriented strike-slip fault with primarily right-lateral displacement. In this study
we combine Envisat-1 InSAR data and broadband teleseismic data to determine the source
parameters for the Barn earthquake. The Envisat-1 radar interferograms are from radar scenes
acquired from both ascending and descending orbits, which is critical in reducing trade-offs between
estimated parameters of the fault geometry. The far-field teleseismic data are from several
broadband seismic stations of the IRIS and GEOSCOPE worldwide seismic networks. Our fault
parameter estimation comprises two main steps. During the first step we estimate the fault location
and geometry using the InSAR data and telcseismic data independently. In the second step we
divide the fault plane into many fault patches, and solve for variable slip on the fault plane using the
InSAR and the seismic observations in a joint inversion. The Envisat-1 lnSAR data have proven to
be vital for the understanding of the Barn earthquake as no near-field ground based geodetic data are
available.

Abstract No. 304

Interferometric Displacement and Damage Assessment for the 2003
Barn Earthquake

J. Hoffmann', A. Roth2, S. Voigt2
I German Aerospace Center (DLR), Germany

2 DLR-DFD, Germany

We use interferometric displacement maps covering the Mw 6.6 Barn (Iran) earthquake on
December 26, 2003 in ascending and descending viewing geometries derived from Envisat ASAR
data to quantify the coseismic displacement field. From the observed line-of-sight displacements in
ascending and descending geometries we estimate the approximate three-dimensional displacement
field using a simple displacement model.Interferometric displacement maps are now used routinely
to investigate earthquake processes and determine fault plane geometries and coseismic slip



accur.uclv.tnrcrcstingty near real-time interferometric SAR products might also be used for damage
asses-anent Inllo« ing major earthquakes. The Harn earthquake was the deadliest earthquake in 2003.
An estimated 30000 people were killed and ~5'/i, of the buildings in the area were damaged or
destroyed. We obscrv c that the interferometric coherence in the cnscismic intcrfcrograms is
decreased markedly in the city of Barn. Using the high-resolution optical images acquired by the
IKONOS sensor immediately after the earthquake we can relate this loss of coherence to the
cxtcnsiv c destruction. Thus, the coherence maps can help provide accurate darn age maps of disaster
areas and possibly complement optical data sources. This may be particularly important in cases
where optical data is unavailable, e.g. due to cloud cov cragc,

Abstract xo. 548

Coseismic Deformation of the Barn Mw=6.5 Earthquake (Iran)
from ASAR Interferometry and Slip Inversion

by Boundary-clement Method

J. Sun, F. Liang, X. Xu
Institute ofGeology. China Seismological Bureau. China

On December 26. 2003. at 07:56:56 (iMT (0:\:26:26 local time). a dcstruciiv c earthquake (M11= 6.5)
struck in the early morning hours. near the ancient city of Bam. southeastern Iran (lJSGS. 2004). An
important cultural loss 11as the destruction or the ancient citadel of Arg-e-Bam. located on the
historic Silk Road and thought to be over 2.000 years old. About 40.(HlO were killed. 30.000 injured,
and between 4:\.000 and 75.000 arc hornclcss.In this area. the Arabian Plate and the Eurasian Plate
collide against each other and several large earthquakes happened in the past 20 years. As viewed
from rigid plate. the Arabian Plate moves northward against the Eurasian Plate at a rate of 30
111111/yr.The rclat ive plate motion vector in Iran along the Zagrns Mtns. suggests both compression
and right-lateral strike-slip of the Eurasian Plate against the Arabian Plate margin. This event
occurred on the previously mapped north-south oriented Barn fault according to the field
investigation. Due to this disastrous event LS/\ kindly provided it;-s newly launched L111isat ASAR
data for scientific research. There arc 7 /\SAR SLC products. Image Mode. S11ath 2. Polarization
YV. same as ERS I and ERS2. Both ascending pass and descending pass data arc a1 ailahlc and the
perpendicular baseline values arc 0.6 111and 2 111long respectively for deformation pairs. We have
computed the coscismic deformation using descending pass data and found that the 111axi111u111slip
of this event 11as about 70 cm (horizontal deformation} that;-s less than the result from tclcscisrnic
data (about 1.2 meters). We also combined ascending pass and descending pass data and amplitude
offsets or the t11o passes for complete surface displacement lie Id computing because of the
consistent orientation between the lault trace and the azimuth direction or the Radar. At the same
time \IC inverted the slip distribution of the Bum earthquake by 3[) boundary-element method using
INS/\R data and triangular clement discontinuities and compared the outcome with the results from
tclescismic data i111ersion.



Abstract No. 559

Earthquake Mechanisms from Envisat ASAR Imagery: the 2003 Barn
(Iran) Earthquake Rupture of a "Truly Blind" Fault

B. Parsons', G. Funning', T. Wright', E. Fielding", J. Jackson3
1 University of Oxford, UnitedKingdom

"Jet Propulsion Laboratory, UnitedStates
3 Universityof Cambridge, UnitedKingdom

lnSAR has been extensively used with ERS SAR data to investigate surface displacements occurring
in earthquakes. Because SAR intcrferograms provide direct measurements of the geometry of
earthquake faulting, and can detect quite small movements. InSAR with ERS data has led to results
that could not have been obtained with seismology. The Mw 6.5 earthquake that devastated the town
of Barn in southeast Iran on 26 December 2003 was one of the first large shallow earthquakes for
which there was prior coverage of Envisat ASAR data. InSAR studies using the Envisat radar data
show that the Barn earthquake had two unusual features. Immediately after the earthquake it was
assumed that the earthquake had occurred on a fault the surface trace of which is clearly visible in
satellite imagery. However, surface displacements and decorrelation effects from lnSAR show that
the earthquake occurred on a previously unknown fault. It is common for earthquakes to occur on
so-called blind faults, where the slip at depth does not fully reach the surface. Despite the lack of a
significant surface rupture, repeated slip on these faults in earthquakes still produces long-term
surface effects by which their existence may be recognised. such as drainage that incises into
growing topography or is deflected as the fault increases in length. However, in the case of the Barn
earthquake, there is a complete absence of any geomorphic expression of the fault on which the
main rupture occurred, such that it could not have been identified prior to the rupture. The existence
of such 'truly blind' faults makes the proper estimation of seismic hazard problematic. A second
unusual feature of this earthquake is that it actually involved rupture on two faults. It was possible to
derive ASAR interferograms from both ascending and descending Envisat passes in this case.
Together w ith azimuth offsets derived as part of the lnSAR analysis. the full 3-dimensional surface
motion occurring in the earthquake could be determined. Modelling of these displacements suggests
that the main rupture was on a mainly strike-slip fault and triggered slip on a neighbouring thrust
fault, repeated earthquakes on the latter probably being responsible for the surface features seen in
satellite imagery. That the surface displacements due to the main and secondary events could be
separated was due to the availability of both ascending and descending interferograms, underscoring
the value of regular acquisitions of ASAR data on ascending tracks in addition to those on
descending tracks.



Abstract No. 644

Envisat InSAR Correlation Changes Reveal Surface Ruptures and
Building Damage from 2003 Earthquake at Barn, Iran

E. Fielding'. M. Talebian2, M. Qorashi", H. Nazari", J. .lackson ', P. Rosen1
1Jet Propulsion Laboratorv/Caltech, United States

:-Geological Survey of Iran, Iran (Islamic Republic Of)
3 University of Cambridge. United Kingdom

The small city of Barn in southeast Iran \\as devastated by a Mw 6.5 earthquake on 26 December
2003. killing almost half of the 100.000 people living there. We were fortunate that the Envisat
background mission had already acquired a number of ASAR images of the area before the
earthquake. enabling interferometric analysis of the effects of the earthquake. The first field visits
after the earthquake concentrated on the fault scarp about 5 km cast of Barn that wa-, first mapped
from aerial photographs in the 1970s. but there was no evidence of signilicant slip on this fault. We
used Env isat images acquired a lier the earthquake to form intcrfcrograms and measure the
interferometric correlation for both co-seismic intervals including the earthquake and pre-seismic
intervals before the earthquake. T\\O extended linear zones of very lov, correlation wen: discovered.
One zone south of the city is about 8 km long and trends directly into the center of the city. and field
checks at this location showed that it was a fresh fault rupture with surface offsets of up to 25 cm.
lligh resolution calculation of the co-seismic correlation revealed a very narrow zone (<I 00 111) of
fault rupture including a series of sub-segments \\ ith step- overs between them. The second low
correlation line northeast of Barn has a wider zone of decorrelation (I 00-200 111 \\ idc). Field checks
of this location showed only minor surface breaks. indicating that the deformation measured by the
lnSAR was distributed over a wider zone instead of a discrete rupture. Combination of the
ascending and descending Envisat lnSAR pairs indicates that the northern rupture zone has a small
convergence component and the southern rupture zone has a small extension component in addition
to the primary strike-sl ip motion. The correlation measurements from the Lil\ isat InSAR also
recorded damage to the buildings in and around Barn. Some low correlation in the area is due to
vegetation. especially the date palms for which Barn is famous. By subtracting the correlation image
for the pre-seismic interval from the correlation image for the co-seismic interval, we can largely
separate the decorrelation caused by the trees from the decorrelation caused hy destruction of the
buildings. The difference. or correlation change. image shows the heavily damaged central zone of
Barn as an area of dramatic decrease in correlation. The residents of these buildings had the extreme
misfortune of living less than I km from the fault that ruptured beneath the city in 2003.
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Abstract No. 168

LAI Estimation of Boreal Forest with Envisat ASAR

T. Manninen', P. Stenberg", M. Rautiainen", P. Voipio'',
H. Smolander ', K. Andersson"

1 Finnish Meteorological Institute, Finland
2 University of'Helsinki, Finland

3 Finnish Forest Research Institute, Finland
4 VTT, Finland

The leaf area index (LAI) is one of the key parameters for detecting changes in the status of
terrestrial ecosystems due to climate change. In large areas remote sensing is the only reasonable
way to estimate LAI. Typically, estimates of LAI are derived using spectral vegetation indices
(SV!s) calculated based on optical satellite data. The cloud cover, however, constitutes a major
problem for optical LAI estimation of large areas. Therefore a microwave data based LAI estimation
method would be valuable. Envisat ASAR alternating polarization data were acquired over two
boreal forest test sites in Central Finland during summer, autumn and winter 2003. The swath range
from IS I to IS6 was studied. The results supported previously reported results obtained using ERS
SAR and Radarsat data (Manninen et al., Proc. IGARSS'03). The VV/HH polarization ratio
correlated quite well with the ground truth LA I values. The coefficient of deterrn ination was around
0.65 for the sites when data from all stands were used without separating between species. Using the
average VV/HH ratio of all summer images or all images produced about the same R2 value as the
best single image VV/HH ratio. For spruce (Picea abies L.) dominated stands the coefficient of
determination exceeded 0.7 and for pine (Pinus sylvestris L.) dominated stands it was even higher.
According to the results of this study Envisat/ ASAR has potential in LAI estimation of boreal
forests.

Abstract No. 508

Comparison of Stem Volume Retrieval Accuracy in Boreal Forest
Using Multi-temporal ERS Coherence Images

M. Santoro', J. Askne", L. Erlksson", C. Schmullius1
1 Friedrich-Schiller-University, Germany

2 Chalmers University ofTechnology, Sweden

Among all spacebome SAR and interferometric SAR quantities, the C-band ERS one-day coherence
has been shown to have the highest sensitivity to forest biophysical parameters. Several studies have
reported on methodologies for stand-wise stem volume retrieval in borcal forest, highlighting large
accuracy (Santoro et al., 2002, RSE; Wagner. 2003: Pulliainen et al., 2003, RSE), which can reach a



level comparable to in situ measurements. A further step is now needed to determine to which extent
forest biophysical parameters can be determined throughout an entire biome by using one
methodology.The availability of ERS one-day coherence images and extensive in situ data from test
sites located in Sweden, Finland and Siberia allows us to provide the first ever assessment on the
consistency of stem volume retrieval within the boreal zone at stand level. For each test site at least
six image pairs are available, acquired under a large range of perpendicular baselines (0 to 300 m)
and sev era! weather conditions typical of northern latitudes. The test sites are characterised by
different forest structure and ground properties. The methodology applied is based on the semi
empirical Interferometric Water Cloud Model. IWCM, (Asknc ct al., IEEE TGRS, 1997) and on a
multi-temporal approach (Santoro ct al., RSE. 2002, Askne ct al., IEEE TGRS, to be publishcdj.The
relationship between coherence and stem volume measurements strongly depends both on the
weather conditions at the time of acquisition and on the specific features of the test site, namely the
forest structure and the ground dielectric properties. These aspects affect both the modelling results
and the stem volume retrieval accuracy. It is always possible to lit the measurements used for
training the model: nonetheless, a few parameters can become mere regression factors under specific
weather conditions and/or forest structures. The baseline length significantly affects the modelled
coherence when it is longer than I00 m. Best retrieval accuracy is obtained under frozen and stable
weather conditions. for which the largest difference between ground and vegetation coherence is
found. Image pairs acquired under changing weather conditions are unsuitable and must be
discarded beforehand. Highest accuracy is achieved at the intensively managed test site in Sweden.
The multi-temporal combination of image pairs acquired under winter-stable conditions produces
stem volume estimates comparable to in situ measurements. At all other test sites, the retrieval error
increases, depending on the test site specific properties. This study shows the dependence of the
ERS coherence on both forest structural and dielectric properties. Since a similar result has been
recently reported concerning the inversion of L-Band JERS SAR backscatter for stem volume
retrieval at the same test sites (Santoro ct al., submitted to I.IRS), it is possible to conclude that the
application of SAR in forestry cannot discern from the knowledge of the type of forest being
investigated.

Abstract No. 474

Multitemporal ERS and Envisat Imagery for the Estimation of the
Reforestation Process of Burned Areas

F. Del Frate', F. Catalucci', F. Del Frate1, A. Minchella.', M. Paganini'
1 Tor Vergara University, Italy

c ESAIESRIN, Belgium

According to personnel working in environmental agencies and state institutions the rate of biomass
regrowth over burned areas can he a crucial factor for the damage assessment related to a forest fire
event. In some cases the reforestation process is very fast and after two years the burned areas will
be completely repopulated. Jn other cases such a process can take even decades so that the
environmental and economic impact of the fire event is much stronger. The knowledge on the
repopulation capability over burned areas of different types of vegetation is so far sparse and limited



to local experiences.Satellite data can alternatively offer the possibility of a more sistematic
investigation on the topic. In particular, multitemporal SAR data could be suitable for this aim, in
fact. the possibility to draw relationship between the amount of regrown biomass in a burned areas
and intensity and/or coherence grade of the signal received is. in principle. feasible. In this study the
potentialities of ERS/Envisat-SAR multitemporal data for the analysis of the reforestation process
over burned areas are investigated. The summer 2000 burned area of Castel Fusano (near Rome) is
the selected test site. Optical images have been considered for the detection of the boundaries of the
burned area. The intensity and coherence of the SAR returns plus textural features have been
examined over several passes of the satellites before and after the event. The reforestation process
has been monitored attempting to classify the stage of the regrowth cycle.

Abstract No. 620

Forest Disturbance and Attributes Observed by Envisat ASAR

G. Sun ', J. Ranson", V. Kharuk3, Z. Li4
1 University of"Maryland, United States

"NASA's GSFC, United States
3 Sukachev Institute ofForest, Academgorodok,, Russian Federation

4 Chinese Academy ofForestry, China

Envisat ASAR C band data were requested from ESA in Howland. Maine USA, Boguchany area.
Siberia. Russia, and Dax inganling, China for investigating the capability of the C-band multi
polarization data for forest disturbance characterization. and physical parameter retrieval studies.
The repeat-pass alternative polarization single look complex images (ASA_ APS_ IP), and
alternative polarization mode precision images (ASA_APP _IP) were acquired during the growing
season of 2003. This study was designed to investigate the capability of the JnSAR, and multi
polarization radar data from Envisat.The mixed hardwood and softwood forest at the Northern
Experimental Forest in Howland, Maine (45o28j:N. -68o40i:l provides a ideal study site because of
the rich field observation data and various forest structures due to active management. It is an
Ameriflux research site and the EOS MODIS validation site. The Boguchany wild fire test site was
selected because of the presence of some large tire scars and Jogged areas in this location. The site is
located at 970 25j: E and 590 2i: N, 75 km North of the Angara River and 350 km east of the
Ycnisey River in Eastern Siberia. The fires that caused the burn scars in this study were ignited by
lightening and extinguished by rainfall. The fire was a strong surface and crown tire and by the time
it was extinguished on August 8, I996, 32 thousand hectares of forest, old clear cuts and dense
regenerating stands were burned. The study site at Daxinganling. Hailongjiang Province, China, the
Mohe (53.1 o N, 122.5 f no E) and Tahe Bureau of Forestry (52.5 f no N, I24f no E), is an area burnt
from 6 May to 2 June 1987, with 870,000 ha of forest destroyed. After the tire, the Chinese
government implemented a I0-year program to suppress forest fire and plant trees in the burnt
area.The characteristics of the fire scars and the conditions of the forest recovery were studied using
ASAR data. The estimates of forest parameters from ASAR and other data such as ETM+ were
compared, and the results will be presented in the paper.



Abstract xe. 680

Burnt Area Detection by Envisat ASAR Wide Swath Backscatter in
Boreal Forests of Siberia

S. Huang, F. Siegert
Remote Sensing Solutions GmbH. Germanv

Wildfire disturbance is common and an integral part of the Borcal Eurasia ecosystem. The observed
trend tow ards the occurrence of years \I ith large tin: damages in shorter time inten als and the
presumable release of huge amount of carbon prompts for accurate information on the burnt area
and the damages to the vegetation. Till no« tin: monitoring and burnt areas asscssemcnt in Russia
are based on low resolution satellite imagery as NOAA AVHRR and hence tire regime is not well
understood in Central and Eastern Russia. For the detection of burn scars optical remote sensing
technology is of limited use because during summer when tires frequently occure a persistant
clouds cover greater than 60'X, of the region in Siberia and dense haze from burning tires impede
optical sensors. Therefore Synthetic Aperture Radar (SAR) systems with their ability to penetrate
cloud and haze are a promising alternative, Because of the enormous size of the tire affected borcal
region high resolution radar systems such as ERS or Radarsat are not operational for large scale
monitoring. Therefore \\C investigated the capability of the medium resolution Env isat \\ ide swath
ASAR (WS\1) mode. To approach this objective, I.) the backscatter dynamics change of burnt
forest and unburnt forest in a time series of seven ASAR WSM images was analysed: 2.) change
detection analysis was applied to pre and post tire images to detect burnt areas: 3.) the backscatter of
tire scars from di tfcrent years was studied in monotemporal and multitcrnporal images. Our results
show that I.) ASAR WSM can he used to detect tire scars; 2.) the optimal time period in boreal
forest of Siberia to detect tire scars is from May to early July, 3.) tire scars arc difficult to detect
after more than 3 years in monotcmporal images. The main disturbing factors were whcather
conditions during image acquisition, wetlands areas and layerover effects in mountain regions. The
results suggest that ASAR WSM on Envisat is a useful! instrument for operational burnt area
mapping over large areas.
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Abstract No. 252

Retrievals of 03 and H20 in the Lower Stratosphere
and Troposphere from Envisat

W.J. Reburn, V.L. Jay, R. Siddans, B.J. Kerridge
Rutherford Appleton Laboratory, United Kingdom

A MIPAS processing scheme is being developed at RAL, which aims to complement the ESA
operational Level 2 processor through optimisation for ozone and water vapour in the upper
troposphere and lower stratosphere (UT/LS). Sections of spectrum (microwindows) have been
selected to target 03 and H20 specifically in the UT/LS, and a tomographic approach can be
implemented.The tomographic retrieval method models radiative transfer in 2-D, taking horizontal
gradients in temperature and constituents into acount, and inverts measurements from multiple limb
scans simultaneously. This method can achieve higher horizontal resolution than is possible for
conventional ( 1-D) limb sounding retrievals.In its nominal mode, MIPAS measures spectra at 0.025
cm-I resolution at tangent-heights from 6 to 68 km (in 3 km steps up to 42 km) with ca. 512 km
horizontal along-track spacing. One of the MIPA5 special modes (56) has been defined to sound the
UT/LS with improved spatial resolution. by scanning from 6 to 35 km tangent-height (in 2 km steps
up to 24 km) and with ca. 112 km along-track spacing. at the expense of reducing spectral resolution
to 0.1 cm-I. Measurements in the 56 mode therefore provide the first opportunity to apply the
principles of tomographic limb-sounding, which have been developed previously through
simulations, to real satellite measurements.The RAL MIPAS retrieval scheme dedicated to UTL5
03 and H20 will he described and initial results will he presented.

Abstract No. 338

Retrieval of Atmospheric Parameters from MIP AS Measurements
at IMK/IAA and Application to Atmospheric Sciences

T. Von Clarmanu', H. Fischer", B. Funke", S. Gil-Lopez", N. Glatthor",
U. Grabowskl", M. Hopfner", M. Kaufmann:', S. Kellmann", M. Kiefer2,

M. Koukoulr', A. Linden", M. Lepez-Puertas", G. Mengistu Tsidu2, M. Milz2,
T. Steck", G. Stiller", D. Wang2

1Forschungszentrum Karlsruhe, Germany
2 Forschungszentrum Karlsruhe and Universitat Karlsruhe, Germany

3 lnstituto de Astroflsica de Andalucia, CSIC, Spain

IMK operates in co-operation with IAA a processor for retrieval of atmospheric state parameters
from MIPA5 limb emission spectra. The processor has been designed for retrieval ofabundanees of



numerous atmospheric constituents \\ ith emphasis on species beyond those of the ESA near real
time data product. For this purpose. the retrieval processor supports various approaches to constrain
the retrievals, includes a generic model to calculate the excitation state of molecules under non-local
thermodynamic equilibrium conditions for the actual atmospheric condition. and is able to retrieve
MIPAS tangent-altitude-pointing information directly from the measured spectra. The option of 2-
dimensional tomographic retrievals is available.Forward modelling of radiative transfer is performed
hy the Karlsruhe Optimized and Precise Radiative Transfer Algorithm (KOPRA). which supports
single scattering at cloud particles and thus allos the retrieval of microphysical and chemical cloud
properties. The IMK:IAA data product includes temperature. line-of-sight information.pressure.
H20. 03. 11:--,;03, Cll4. N20, N02. CION02. CIO. N205. HN04. CFC-I I. CFC-12 (in routine
type processing mode): the above in non-standard observation modes. as well as CO. NO. and N02
under consideraion of non-local thermodynamic equilibrium (in expert processing mode): cloud
parameters. HOC!. COF2. OCS. l-ICFC-22. C2H(i. SF6 (processing parameters arc currently
optimized). Sample data products arc presented and their application to the investigation of
atmosphric processes is discussed.

Abstract l'io. 416

MIPAS Microwindows

A. Dudhia, C. Piccolo, V. Payne, A. Burgess, A. Dudhia
University ofOsford, United Kingdom

M !PAS acquires infrared spectra from 680-241 Ocrn-! at 0.025cm- I resolution every 4.6 seconds.
which is several orders of magnitude more measurement information than can he handled in a
rctricv al scheme incorporating an explicit radiativ c transfer for« ard calculation in near real
time.M icrowindow s arc subsets of of the full spectrum. typically up to 3cm-1 \\ idc, chosen to
maximise the information on the atmospheric parameters to he retrieved (ic profiles of temperature
and/or composition) while minimising the tor« ard model computation time. ESA's operational
processing of \11 PAS data uses from 2- 7 rnicrow indow s pcrspccics to generate profiles of
temperature. Cll4. H20. llN03, N20, \:02 and CD.The selection of these microw indows is
described together \\ ith microwindowssclcctcd for alternative retrieval schemes and additional
products.



Abstract No. 478

Iteratively Regularized Gauss-Newton Method for Atmospheric
Remote Sensing Applied to MIP AS and SCIAMACHY Limb

Sounding Observations

A.Doicu
German Aerospace Center, Germany

In this paper we present an inversion algorithm for nonlinear ill-posed problems arising in
atmospheric remote sensing. The proposed method is the iteratively regularized Gauss-Newton
method. The dependence of the performance and behaviour of the algorithm on the choice of the
regularization matrices and sequences of regularization parameters is studied by means of
simulations. A method for improving the accuracy of the solution when the identity matrix is used as
regularization matrix is also discussed. Results are presented for the retrieval of trace gas profiles
from MIPAS and SCIAMACHY limb sounding observations.

Abstract No. 449

Bright Limb Observations by GOMOS, OSIRIS and SCIAMACHY

E. Kyrola
Finnish Meteorological Jnsitute, Finland

OSIRIS on board Odin and GOMOS and SCIAMACHY on board Envisat measure scattered
sunlight in the limb direction. These measurements are used to derive vertical profiles of various
trace gases. In this work we compare radiances and retrieved trace gas profiles from these
instruments. We also investigate how well the radiative transfer modelling can explain observed
radiances. This work is part of the Envisat AO-project LIMBVAL.
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Abstract No. 127

Simplification of SCIAMACHY's Polarisation Retrieval

G. Tilstra, N. Schutgens, P. Stammes
Royal Netherlands Meteorological Institute (KNMI), Netherlands

We study the relationship between the two relevant Stokes parameters Q and U that describe the
(linear) polarisation of the Earth's reflected radiation, and find it to be equal to or very close to the
theoretical single scattering relation. This conclusion is drawn after careful inspection of polarisation
data provided by both the POLDER instrument onboard ADEOS-l and a polarised radiative transfer
code.As a consequence, performing additional measurements of the ratio U/Q does not provide that
much new information about the atmospheric polarisation. This is a most important conclusion for
SCIAMACHY. which currently relies on a self-measured value of U/Q. Apart from being
unnecessary. this measured value is currently also known to be very unreliable. Therefore the
theoretical single scattering value of the ratio U/Q instead of the measured value is currently used in
the polarisation-retrieval of SCIAMACHY.

Abstract No. 336

Retrieval of Temperature and Pointing Information
from MIPAS Limb Emission Spectra

T. Von Clarmann', H. Fischer", B. Funke:', S. Gil-Lopez3, N. Glatthor",
U. Grabowski", M. Hoepfner", S. Kellmann", M. Kiefer2, A. Linden",

M. Lopez-Puertas", M. Lopez-Valverde", G. Mengistu Tsidu2, M. Milz2,
T. Steck", G. Stiller", D. Wang2

, / Forschungszentrum Karlsruhe, Germany
- Forschungszentrum Karlsruhe and Universitdt Karlsr, Germany

3 Instituto de Astrofisica de Andalucia, CSIC, Spain

Accurate knowledge of instrument pointing in terms of tangent altitudes and tangent altitude
increments is crucial in limb sounding. In case of M !PAS, the star-camera based pointing
information provided can be improved by exploitation of the spectral measurements themselves. We
present an optimal-estimation based concept for joint retrieval of temperature and line-of-sight
pointing information. which has been tailored to the MIPAS instrument. After testing this algorithm
on the basis of synthetic measurements, it has been used for independent pointing assessment of the
MIPAS instrument during the commissioning phase of Envisat, as part of the MIPAS
calibration/validation activities. Intercomparison of nominal and retrieved tangent altitudes reveals a
pointing offset. oscillations, and discontinuities. In order to remove offset and oscillations, ESA has
implemented a mispointing correction. The retrieval method presented here now is used to
independently verify the MIPAS pointing information. Examples of retrieved versus nminal tangent
altitudes are shown.



Abstract No. 366

Tomographic Retrieval Approach and Diagnostics for MIPAS-Envisat

T. Steck, M. Hopfncr. T. Von Clarrnann, U. Grabowski
Forschungszentrum Karlsruhe, Germanv

The Fourier transform spectrometer MI PAS (Michelson lntcrfcrornctcrlor Passive Atmospheric
Sounding) on l.nvisat measures infrarcdcmission or the Earth's atmosphere in a limb viewing
mode.Due to the long ray path. limb sounders arc sensitive to cvcnlitt le abundant species. l Iowcvcr.
horizontul gradients causesystcmatic errors 11ithin the retrieval if a horizontallyhornogcneous
atmosphere is assumed.A dedicated method of taking full 2-dimensional (2d) fields ofstutc
parameters into account is presented. The 2d state vcctoris updated sequentially for each limb scan.
The diagnosticscornprisc estimated random error. vertical and horizontal degrccsof freedom tor
retrieval. as well as vertical and horizontalrcsolution. Analysis or 2d Jacobians and averaging
kernels gi1 cin formation on the spatial origin of the spectral signal andatmospheric parameters.

Abstract xe. 386

Regridding of Remote Sounding Measurements and Application to
Ozone Profile Intercomparisons

Y. Calisesi'. V. Socbijanta'
1 International Seace Science Institute. Switzerland
-'Belgian lnstitutcfor Space Aeronomv. Belgium

Homogenization or the comparison data is a prerequisite to any intcrcomparison or atmospheric
constituents profiles. In the case of remote sensing obscrv ations, the homogenization procedure is
hampered by the mapping of the retrieval results on different numerical grids. depending on the
involved retrieval algorithms. Among others. the question of homogenizing the retrievals vertical
coordinates for comparison purposes dcscrv cs particular attention. Simple vector interpolation is
mostly unsatisfactory in this case. as the vertical grid associated to each rctr iev al result constitutes
indeed an integral part of that result. and should therefore be taken into account in subsequent
profile transfurmations.Reccruly. a method of comparing remote sounders 11hi le allow ing for
different obscrx ational characteristics was proposed by Rodgers and Connor [2003 J. At the time of
publication. application of this method was. however. restricted hy its authors to comparisons of
identical state vectors. We propose to relax this condition. by the use of a linear transformation
function to rcgrid the products of remote sensing obscrv ations. Thanks to the Iinear transfonnation
matrix, the regridding of the retrieved profiles and associated avcrag ing kernels becomes
straiuhtforw ard. We combine this method 11 ith the procedure described by Rodgers and Connor
[2003] to compare independent ozone profile measurements performed during 2000 by the Global
Ozone Monitoring l.xpcrimcut (GOME) onboard ERS-2. and the Mctcoxwis« ground-based



microwave radiometer (MW) located in Payerne, Switzerland. As a result and after removal of
identified comparison artefacts according to Rodgers and Connor [2003], an overall +/- 20%
(2sigma-width) agreement was observed between a total of 84 coincident MW and GOME
measurements. Confirmation of the achieved comparison results was obtained by considering a
control MW retrieval series, computed firsthand on the original GOME retrieval
grid.References:Rodgers C.D., and B.J. Connor, lntercomparison of Remote Soundinglnstruments.
J. Geophys. Res., 2003, doi: 10.1029/2002JD002299Note: This contribution is dedicated to Vincent.

Abstract No. 399

Retrieval of Atmospheric Trace Constituents from Envisat MIP AS
Observations by Means of Rapid Radiative Transfer Calculations:

First Results for CFC-11

L. Hoffmann, M. Riese, P. Preusse, R. Spang, M. Ern, M. Kaufmann
Forschungszentrum Juelich, Germany

Up to now, several retrieval processors for Envisat MlPAS observations have been developed.
Almost all of them utilize forward models which compute the radiative transfer by means of line-by
line calculations. These calculations are most exact, but computationally expensive and time
consuming. In this context, it is worthwhile to consider approximative methods. The BANDPAK
software library of G & A Technical Software, Inc. utilizes the Curtis-Godson approximation and
the emissivity growth approximation as well as sophisticated computer techniques (e.g. emissivity
look-up tables) to speed up radiative transfer calculations by three to five orders of magnitude. The
library has been used successfully for the evaluation of several UARS instruments and the CRIST A
satellite experiment. We developed a retrieval processor for Envisat MIPAS utilizing the
BAN DPAK library for forward modeling. The processor allows for global fit and optimal estimation
retrievals. The retrieval system proposed to ESA will complement the results of the operational
retrieval of Envisat MIPAS observations by additional comprehensive distributions of minor trace
species. These are especially suited for trend-analyses of atmospheric dynamics and chemistry. We
give a detailed description of the retrieval system and present first retrieval results of
chlorofluorocarbon distributions derived from Envisat Ml PAS measurements.

Abstract No. 401

Ozone Profile Retrieval from SCIAMACHY Nadir Measurements

K. Bramstedt, V. Rozanov, S. Tellman, M. Weber, J. Burrows
University of Bremen. Germany

SCIAMACHY on-board Envisat measures the reflected and backscatteredradiation from the Earth in
limb and nadir geometry. The FUii retrieval method FURM is an advanced optimal estimation



scheme to retrieve ozone profiles from nadir measurement in the UV and visible spectral range and
it has been successfully used to retrieve ozone profile from GOME. Here. FURM is applied in a first
case studies to nadir measurements of SCIAMACHY. Implications of the radiometric calibration of
SCIAMACHY for deriving nadir ozone profilcs « ill he discussed.

Abstract No. 410

Retrieval of tropospheric ozone columns from GOME observations.

R. Van dcr A, A. Segers, H. Eskes, M. Van Weelc
KNM!, Netherlands

A retrieval method will he discussed to deriv c global tropospheric ozone columns from GOME
observations. Ozone profiles and their averaging kernels have been retrieved from GOME. Using
meteorological information from ECMWF. these profiles and kernels arc assimilated in the
chemical-transport model TM to derive a global JD ozone field. The retrieved and assimilated ozone
profiles arc x alidated with ozone sondcs. Total ozone columns from GOME arc calculated with the
TOCiOMI [)()AS-algorithm. By subtraction of the stratospheric ozone profile from the total ozone
column a tropospheric ozone column is derived. The tropospheric ozone columns are compared to
chemical-transport model rcsu Its. First results for the year 2000. calculated \I ithin the TEM IS
project. wi 11he presented.

Abstract No. 451

A Neural Network Algorithm for the Retrieval of Temperature
Profiles from GOME Radiance Measurements

F. Del Frate', M. lapaolo", S. Casadio2
1 Tor Vergara University, Italy

-' lnstitutfor Geophysics, Karl Franzens University, Austria

Monitoring the Earth's atmosphere in order to understand the chemical and physical processes
therein represents one of the main objective aimed hy the satellite remote sensing instruments. In
particular. the atmospheric thermal structure. which has a relevant influence on the circulation
mechanism of air masses and on the distribution of trace gases in the atmosphere. results from a
wry complex interplay betw ecn radiatix c and physical processes. Neural networks algorithms can
be a useful tool to face with such complexities in retrieval operations. They are composed of many
nonlinear computational elements (called neurons) operating in parallel and linked with each other
through connections characterized hy multiplying factors. This structure makes neural networks
inherently suitable tor addressing nonlinear problems. The derivation of particular rules or statistical
a priori information on the data to he processed is not necessary. The neural networks establish the



inverse mapping and the input-output discriminant relations on the base of data presented to them
during the learning phase. In this study neural networks potentialities have been exploited to design
a real time algorithm for the retrieval of vertical temperature profiles from the spectral radiances
measured by the Global Ozone Monitoring Experiment (GOME), the instrument boarded on the
satellite ERS-2 and expressively addressed to the monitoring of the global distribution of ozone and
other trace gases through the spectral analysis of the sunlight backscattered from the Earth's
atmosphere in the UV-VIS range.Several algorithms have been already implemented for the
retrieval of such distributions. However, their performance might be significantly improved by a
priori knowledge of temperature gradients. The neural network designed for the temperature
estimation has been trained having in input GOME measurements belonging to the spectral range of
321-325 nm, where the radiance signal shows a strong dependence on the temperature profile; the
output is. on the contrary, represented by temperature profiles extracted from atmospheric databases.
The training dataset collects measurements from two years, 1997 and 1998. Once trained, the
retrieval performance of the neural algorithm has been tested on a validation dataset, which includes
measurements from the same two years but not belonging to the training set. It has to be reminded
that the results obtained in this study could be easily extended to the measurements provided by
SCIAMACHY. the instrument successor of GOME boarded on the Envisat satellite.

Abstract No. 514

Profile Retrieval of SCIAMACHY Limb Sounding Observations

S. Hilgers, A. Doicu, S. Slijkhuis, F. Schreier, A. Von Bargen
German Aerospace Center, Germany

In this contribution we like to present the results of the profile retrievals from SCIAMACHY Limb
sounding observations. At DLR-IMF the development of the SCIAMACHY Level 2 Oftline data
processor wrt limb observations is supported by an independent study system. This study system
contains different retrieval methods. Taking into account the experience gained from the study
system. the SCIAMACHY Level 2 offline data processing can be optimised and advancementof the
data processor can be initiated. We present a detailed discussion with a special emphasis to 03 and
N02 profile retrieval from SCIAMACHY limb sounding measurements.

Abstract No. 524

Studies in Support of an Advanced ESA Mission to Sound
Atmospheric Composition after Envisat

B. Kerridge', A. Baran", M. Birk3, S. Buehler", C. Camy-Peyret",
C. Clerbaux", A. Dudhia6, E. Mattias", C. Emde4, P. Eriksson",

F. Friedl-Vallon9, D. Grainger", J. Greenough!", M. Hoepfner", V. Jay',



P. Jeseck", F. Lama", B. Latter', A. Maurcllis11, D. Murtagh", Y. Reburn',
J. Remedios!", R. Siddans', R. Spang12, T. Steck", G. Stiller9, C. Teichmann",

T. Von Clarrnann", M. Wickcttu
1 Rutherford Appleton l.aboratorv, United Kingdom

c Met Office, United Kingdom
3 DLR, Gerinanv

J University ofBremen, .Germanr
'('NRS, France

6 University of Oxford, United Kingdom
- Chalmers Universitv. Sweden

''tu«. Germl;lll.
/II University ofl.eicester, u;1ited Kingdom

11 SRON. Netherlands
t : KFA. Germanv

13 SERCO, United Ki;1gdo111

During the last three years. t11o studies hav c been undertaken in parallel for ESA to consolidate the
scientific hasis for an advanced future mission to sound atmospheric composition in the period
beyond luvisa'. In this paper. an 01er1 ic« 11ill he given or the scope and principle findings from
these t110 ESA studies.The "Atmospheric Chemistry Ohservational Requirements Study - 2nd
Extension" focused on refining the spccificarions ofnew instruments in polar orbit designed for: (a)
limb-sounding or the upper troposphere and lo« er stratosphere and (b ) nadir-sounding of the
troposphere at ncnr-IR wavelengths. These instruments were selected (as for the candidate Explorer
Core mission ACECI IEM (SP-1257(4 ))) to extend and complement the obscrv ational capabilities of
the future operational missions MctOp and \:POESS in the most effective 11ay. Novcl aspects of
simulations performed for the limb-sounders were: (a) to use 2-D radiative transfer and retrieval
models to determine error sensitivities and to define instrument specifications and (b ) to investigate
quantitatively the potential value of a limb cloud irnagcr to support lJTLS trace gas retrievals from
the limb FTIR emission sensor. The near-IR nadir-sounding part of the study tocused on refining the
specifications of Fourier transfrorn and grating spectrometers hy means of detailed retrieval
simulations and comparison against( externally specified) requirements for 11onhw hilc satellite
observations of C02. CO. Cl 14 and other hydrocarbons. Through the "Consideration of a Mission
Studying Chemistry of the Upper Troposphere and Lo11 er Stratosphere" the staic-of-thc-art for limb
sounding of the UTl.S region has been advanced in three major 11ays: firstly. through pioneering
dcv clopmcnt of tomographic (ic fully 2-D) retrieval schemes for the adv anccd m111-11~11·cand IR
limb-sounders MASTER and AMIPAS and performing iterative, non-linear retrieval simulations for
multiple trace gases in the presence of realistic. horizontal (and vertical) structure in temperature,
trace gas and cloud fields: secondly. through dcv clopmcnt of a rad iati vc transfer model (A RTS-2) to
calculate rigorously limb radiance spectra tor a mulriply-scaucrinu 3-D cloud field and. thirdly. to
determine penetration depth into the troposphere for limb-sounding at different 11a1 clcngths as a
function of latitude and time of year. on the hasis of ECMWF temperature.humidity and cloud
fields. The two tomographic (2-D) retrieval schemes developed in this ESA study arc now bcinu
adapted for application to observations by Em isat :VllPAS in its lJTLS special mode (S6). in order
to perform a first practical demonstration of tomographic limb sounding of the l JTLS.



Abstract No. 667

Mesospheric and Lower Thermospheric Temperature
and C02 Vmr as Measured by MIPAS/Envisat

M. Lopez-Puertas', T. Von Clarmann", H. Fischer", B. Funke", S. Gil-Lopez",
N. Glatthor'', U. Grabowski", M. Hopfner", M. Kaufmann", S. Kellmann", M.
Kiefer", M. Koukouli", A. Linden", G. Mengistu Tsidu5, M. Milz5, T. Steck",

G. Stiller", D. Wang5
1 CSIC. Spain

::lnstitutfiir Meteorologic und Klimaforschung, FZK. Germany
3 Instituto de Astroflsica de Andalucia, CSIC. Spain

4 Institutfiir Meteorologie und Klimaforschung, FZK, Spain
5 Institutfiir Meteorologic und Klimaforschung, FZK, Spain

6 Instituto de Astrofisica de Andalucia, CSIC, Spain

The Michelson Interferometer for Passive Atmospheric Sounding (MIPAS) is ahigh-resolution limb
sounder on board the Envisat satellite, successfullylaunched on March I, 2002. MIPAS has a
widespectral coverage, high spectral resolution (0.05 cm-I, apodised), and highsensitivity, which
allows to measure.simultaneously, the kinetic temperature, the C02 volume mixing ratio, andnon
LTE populations of vibrational levelsemitting at 15. I0 and 4.3 µm in the upper atmosphere. This
data set is vcryuseful for better understanding the non-L TE in C02 and the composition and
energetics of the upper atmosphere. MIPASscans the limb operationally from 6 km up to 68 kmand
up to 120 km for special modes of observations. In this \\ ork we presentretrieved non-L TE
parameters associated to theC02 4.3 and 2.7 µm emissions, as well as temperature and C02 vrnr
profilesretrievcd from the spectra taken byMIPAS on 1 July 2002 and 11-14 June 2003.
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Abstract No. 403

Assimilation of ERS and Envisat Wave Data at ECMWF

S. Abdalla, J. Bidlot, S. Abdalla, P. Janssen
ECMWF. United Kingdom

Unlike atmospheric data assimilation which started in the I960's, wind-wave data assimilation
emerged in !980's. Satellite wave data are assimilated to enhance the "nowcast" and to improve the
forecast of the wave model. This has proved to be of great value (see, e.g. Komen et al., 1994 ). As
an example, Bidlot et al. (2002) showed that assimilation of satellite radar altimeter wave heights
reduces the model wave height errors with respect to buoy observations by about I0-20%.
Operational assimilation of ERS-1 radar altimeter (RA) fast delivery wave heights at ECMWF
started on 15 August 1993 (Janssen et al., 1997). This was followed by the transition to ERS-2 on I
May 1996 and to Envisat on 22 October 2003. Furthermore, ERS-2 Synthetic Aperture Radar (SAR)
wave data have been assimilated since 13 January 2003. Wave data assimilation at ECMWF is
based on the optimal interpolation (OI) technique as described by Lionello et al. ( 1992).The impact
of wave data assimilation based on the ECMWF experience will be presented. This includes the
impact of assimilation on the analysis and forecast. Verifying data from wave model analysis, in-situ
(wave buoy) observations, satellite observations and a combination of all of these sources (multiple
correlation) are used for this purpose.REFERENCESBidlot. J.. Holmes. D.J., Wittmann, P.A.,
Lalbeharry, R., and Chen, H .S. 2002. lntercomparison of the Performance of the Operational Wave
Forecasting Systems with Buoy Data. Weather and Forecasting. 17, 287-310.Janssen, P.A.E.M., B.
Hansen, J.-R. Bidlot 1997: Verification of the ECMWF wave forecasting system against buoy and
altimeter data, Weather and Forecasting, 12, 763-784.Komen, G.J., Cavaleri, L., Donelan, M.,
Hasselmann. K.. Hasselmann, S., and Janssen, P.A.E.M. 1994. Dynamics and Modelling of Ocean
Waves, Cambridge University Press, Cambridge. UK, 532 p.Lionello, P.. Gunther. H. and Janssen,
P.A.E.M. 1992. Assimilation of Altimeter Data in a Global Third Generation Model. Journal of
Geophysical Research, C97, 14453-14474.

Abstract No. 57

Comparison of Envisat ASAR Data with Met Office Global Spectral
Wave Model

J. Li, M. Holt
Met Office, United Kingdom

The Met Office routinely runs a global spectral wave model providing analyses and forecasts of sea
state on a grid spacing of approximately 60 km. The modelled two-dimensional wave energy spectra
are compared with along track Envisat ASAR observations on a daily basis. Comparisons are made
for selected wave period ranges. Preliminary results indicate that Envisat ASAR level 2energy



spectra are systematically higher in the long periods (> 16 s) or low frequency parts than the
modelled spectra. There is a better agreement in the mid-periods of about 8-16 s. Model values of
significant \\a\ c heights. derived from the \\a\ c energy spectra. arc compared against the Envisat
RA2 altimeter data as an independent data source. providing additional judgement on performance
of the Envisat ASAR and the spectral wave model. The modelled significant wave heights arc in
goodagrcemcnt \\ ith the along track altimeter data. Following the LC Framcw Ork Program 5 project
MAX WA VE. some new spectral diagnostics arc calculated from both the wave model and the
ASAR data. The usefulness of these extra diagnostics is assessed.

Abstract No. 99

EDOWA: Envisat Data for Operational Wave Analysis

H. Hajji
Meteo Mer. France

EDO\VA co-funded hy ESA aims to upgrade and improve the operational wave analysis and
forecasts prov idcd by MctcoMcr. This should be performed hy integrating Em isat ASAR and RA2
ocean measurements into the Mctcc Mcr« wave model. In this paper. \IC\\ ill present the Mctco vlcr
operational \I av c system and the new wa , e model wh: ch \\as implemented to ach ievc LSA \I av c
obser. ation assimilation. Some relevant details of the retained assimilation procedure will he given.
Results of the different assimilations including the operational model as well as the new model with
and w ithout assimilation will he showed.

Abstract 1\o. 140

Assimilation of ASAR Envisat Wave Spectra in Wave Model WAM:
Toward Operational Use

L. Aouf", J. Lefevre', D. Hauser", B. Chaprorr'
1 Meteo France, France

-'CETPl!PSL Universite de Versailles, France
3 !FRE/vfER, France

Since the launch of the lnvisa: satellite. directional spectral information of the sea states has became
available from the on board Advanced Synthetic Aperture Radar (ASAR). Prev ious studies carried
out al Meteo France (Aouf et al. 2003) showed that the assimilation of such observations in wave
model induces a helter estimate of the sea state (\1an: height. mean direction and period) . especially
when S\\CI! is dominant.We first present a \ alidation of l.nvisat ASAR data provided by the
European Space Ag..:ncy (ESA) for a three months period. based on comparison witb wave model



(WAM) outputs. Then, runs with assimilation of wave spectra for this period (January, February and
March 2003) have been performed in order to set-up an operational assimilation scheme for
operational use. A global scale version of the WAM model WAM at a resolution of Ix I degrees in
latitude and in longitude has been implemented and the assimilation scheme consists of using the
partitioning concept and an optimal interpolation of observed and modeled mean wave parameters.
The azimuthal cut-off of ASAR spectra is taken into account in the assimilation scheme and the
sensitivity of the scheme to different values of azimuthal cut-off (corresponding to 0.1 and 0.08 Hz
frequencies or 150 and 240 m wavelength) has been assessed. One difficulties of using ASAR data
lies in their quality control. In order to eliminate erroneous data, the signal to noise ratio and the
retrieved ASAR wind speeds are checked.The intercomparison between observed and modeled
wave parameters shows that more than 70% of data can be used for assimilation. Results show that
the assimilation procedure works properly with a reduction of the difference significant wave height
and mean period from model and ASAR. Significant wave heights from the assimilation of ASAR
spectra are compared to those obtained from the assimilation of ERS2 altimeter data. First we have
confirmed that the use of directional spectral information induces a larger impact in the forecast
period than the use of significant wave height only. Secondly, statistical analysis performed at
crossover locations of JASON- I and Envisat satellite tracks, showed the best performance in terms
of mean bias and RMS errors for the assimilation of ASAR spectra in comparison with JASON-I
altimeter data. In other respects, the assimilation tests with different values of azimuthal cut-off have
shown that the use of inaccurate azimuthal cut-off can deteriorate the analyzed wave parameters. In
the context of future work, preliminary results on combined assimilation using altimeter and ASAR
data in wave model will be also presented.

Abstract No.351

Rapid Nearshore Wave Climate from Earth Observation
Measurements

G. Wensink
ARGOSS, Netherlands

Satellites are routinely collecting metocean data since 1985. Scatterometers provide detailed
information on wind speed and direction. Altimeters can measure the wind speed and significant
wave height, and from SAR data, spectral wave information can be derived. At ARGOSS, methods
were developed and implemented to obtain reliable offshore wind and wave climate information
from these measurements. Many applications, however, require nearshore wave climate. The density
and resolution of satellite data is not sufficient for that purpose. Instead, the neighbouring offshore
data are transformed to the nearshore location. We present a simple but effective method to carry out
this transformation, and show validation case studies. Nearshore wave transformation - In the
transition from deep to shallow water profound changes in the wave climate may occur. The most
relevant physical processes involved are sheltering by islands and capes, refraction, shoaling,
breaking and in some situations bottom friction. These processes are implemented in a model that
transforms individual wave spectra from deep water to a shallow water target point assuming locally



straight parallel depth contours. Only the seaward normal direction, the depth at the target point, the
depth profile in the normal direction (for friction). and neighbouring shorelines (for sheltering) are
taken into account. Calibrated offshore directional spectra are split in a sea and a swell part. From
these. ncarshore spectra are computed based on all processes except breaking. A significant wave
height limitation due to breaking is applied to wind sea and swell spectra separately. Spectral shapes
of wind-sea and swell are assumed to remain unaffected. Finally. the ncarshore wave climate is
obtained from a statistical analysis of the computed ncarshorc wave data. Tests - A number of case
studies were carried out to validate this approach. One case study was located at Duck Beach at the
cast coast of the United States. In this study in-situ wave measurements from NOAA arc available
both offshore and nearshorc, and satellite altimeter and SAR data are available offshorc.Ncurshorc
results for wav c height and direction arc compared. In another validation study at the west side of
the US the effects of sheltering are more prominent, and in a study near Chile the statistics of
different swell systems arc important. In all case studies the simple transformation approach
performed well.
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Abstract No. 341

Cross Calibration of Envisat, ERS-2, JASON, TOPEX-POSEIDON,
and Geosat Follow-on Wind and Wave Data, Based on Comparisons

with In-situ Data and Wave Model Analysis Fields

D. Cotton', P. Challenor", J. Lefevre3
1 Satellite Observing Systems, United Kingdom

J Southampton Oceanography Centre, United Kingdom
3 Meteo France, France

We present a calibration of significant wave heights and wind speeds ofEnvisat against in situ buoy
data and model analysis fields and, through this, a cross calibration and comparison against other
concurrent altimeter data sets (ERS-2, JASON-I, TOPEX, Geosat Follow-On). Series of co-located
data sets of altimeter data, in-situ data (wave buoys) and model wind and wave analysis fields have
been generated for the years 2002-2004. For this study, data from buoys in the Atlantic and Pacific
Oceans (courtesy of US NDBC, UK Met Office, and Canada Marine Environment Data Service) are
used. Wind and wave model analysis fields were supplied by Meteo France. The procedure adopted
aims to provide a true estimate of errors in the altimeter, buoy and model wind and wave data, and
to use these errors to calculate the true regression coefficients between all data sets. In the general
case, errors are to be found within the reference and altimeter data sets. A recently developed
technique is applied to these multiple colocation data sets. Making the assumption that we have
independent data sets we generate estimates of error in each of the data sets. Under the assumption
that the errors in each of the estimates of wave height (or wind speed are uncorrelated it is possible
to express the mean square errors (i.e. bias2 + variance) of each as a simple function of terms that
are easily calculated from the data. Using these methods we estimate the errors in each input data
source, and these errors are used to scale orthogonal regressions between the data sets to generate
calibrations and residual errors for each data source. In addition, it is important to note that the
results gave an indication of possible inconsistencies between data from the buoys operated by
different agencies (NDBC, UKMO, CMEDS). Whilst the cause is not clear (and may be
environmental or instrumental) the conclusion to draw is that it should not be assumed that all buoy
data are consistent with each other.

Abstract No. 402

Global Validation of Envisat RA-2 Wind and Wave, and MWR
Products

S. Abdalla, P. Janssen
ECMWF, United Kingdom



Envisat fast delivery wind speed and significant wave height products from the RA-2 instrument and
wet tropo correction and total column water vapour products from the MWR instrument have been
monitored and validated against corresponding parameters from ERS-2. buoys. first-guess and
analyzed ECMWF data over the period of the 18th of July 2002 until the 20th of March 2004. In
general fast delivery wind speed data arc of acceptable quality except for the period of 23rd of
October 2002 to the 7th of April 2003. However. they do suffer at low (below 5 rn/s) and high
(above 20 m/s) wind speed regimes. Regarding the Ku-band significant wave heights. 11c note that
the Ku-band RA-2 observations arc of high quality. This follows from a quintuple collocation where
each product is assumed to be the sum ofa linear function of the truth and an error. Results suggest
that the relative random errors compared to corresponding mean values arc 6.6'Yo. 7.3'/c,, 9.7% and
5.2% for Envisat RA-2 wave heights. ERS-2 RA wave heights. buoy 11a1c heights and analyzed
wave heights, respectively. Taking the buoys as a reference it is found that the RA-2 wave heights
are too high by 2.0%. while the ERS-2 and analyzed wave heights an: too low by 4.5% and 5.0°/c,,
respectively. The RA-2 S-band wave height product is generally of acceptable quality except for a
number of clearly wrong outliers. The global mean of S-band wav c height value show ed a step-wise
change with respect to Ku-band and the model. This seems to be corrected in November 2003.Apart
from short periods of degraded quality. the MWR products are generally of acceptable quality.
However, they tend to be drier than the model for low values and converge to the model at higher
values. They used not to show the saturation behaviour that one would expect based on theoretical
arguments. This 11as corrected on the 26th ofNovember 2003.

Abstract No. 606

Ocean Wave Period from Space: Validation Using Envisat RA2 Data

C. Gommenginger ', D. Cotton", M. Srokosz", P.Challenor '
1 Southampton Oceanography Centre, United Kingdom

c Satellite Observing Systems, United Kingdom

The ability to measure ocean wave period globally. regularly and with accuracy is of great interest
both operationally and for research. A novel source of ocean wave period was recently proposed
with a new empirical algorithm which proposes to rctricv c ocean wave period directly from satellite
altimeter data (Gommcngingcr et al., 2003. CiRL). The empirical model. developed from a large
dataset of Topcx altimeter data collocated 11ith moored buoy spectra. indicates an r.111.s.error under
I second globally. and under 0.8 s in wind sea conditions. In this paper. the same approach is
applied to RA2 data collocated 11ith buoy measurements, in order to check the 1alidity of the
concept for E111isat and produce an dedicated empirical model for the retrieval of 11·a1eperiod with
RA2. In addition. the sensitivity of RA2 S-band data to long ocean waves is considered in order to
define whether S-band measurements arc better suited to ocean wave period retrieval from space.



Abstract No. 617

A Comparative Study of Extreme Waves by Satellite Data

M. Della Rocca
University ofSalerno, Italy

The extreme values of significant wave height represent fundamental data to forecast wave risk in
coastal zones. The probability that significant wave height exceeds an assigned threshold, P(Hs>h).
has in general obtained, by in situ data. However the utilization of such data introduces a limit: the
data arc punctual (limited to neighboring area the buoys) although they are continuous in the time.
The measure of wave motion through satellite data. arranged with numerical models, constitutes a
powerful tool to obtain informations about waves for engineering purpose. In this paper the
significant wave height extracted from altimeter radar of the ERS-2 and Envisat satellite is analyzed
to establish statistics of levels of' wave motion to obtain assessments of the same one in limited areas
of coastal zones. Moreover space-temporal window. centered on Mediterranean buoys, are
considered to estimate the differences between in-situ an satellite data.

Abstract No. 674

Numerical Simulation of Active Sensor Sea and Wind Response
over Shallow Sea

E. Pugliese Carratelli', C. Giarrusso", G. Spulsi''
1 Universita'di Salerno/ CERIUS, Italv' ,

- Delft Hydraulics, Netherlands
(not available)
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Abstract No. 312

Services using Soil Moisture Measured from Space

R. Beck, F. Groesz
NEO B V, Netherlands

In a series of projects since 1997 methods to exploit soil moisture information retrieved from
especially the ERS-scatterometers have been prototyped, tested and validated in projects in which
NEO participated. In this presentation the scope and market of services in drought and yield
estimation, hydrology and climatology will be discussed, once guaranteed data will be available.

Abstract No. 379

Soil Moisture Products from C-band Scatterometers:
from ERS-1/2 to METOP

K. Scipal, Z. Bartalis, V. Naeimi, W. Wagner
Vienna University of Technology, Austria

Despite scatterometer applications over land have so far received comparable little attention by the
scientific community, it has resulted in the first multi-year, global remotely sensed soil moisture
data set. This data set was derived from ERS-1 /2 scatterometer data ( 1992-2000) and has been found
to be of comparable quality with state-of-the-art modelled products. An exciting aspect of these
developments is that the ERS scatterometer mission will find a continuation in the Advanced
Scatterometer ASC AT. The Advanced Scatterometer will be part of EUMETSAT Polar System
(EPS) and will be nearly identical to the ERS scatterometer. It is designated as an operational system
with the intention to ensure data continuity over an initial period of at least 14 years, staring in 2005.
Principally, the methods developed for the ERS scatterometer should be directly applicable to the
Advanced scatterometer. Thus, it should be possible to deliver operational 25 km soil moisture
products in quasi-real time (2-3 hours after reception) with an accuracy of about 0.05 m3m-3 from
2006 onwards. This would result in a dataset interesting for real time applications as well as for
long-term studies in the field of climate change.Nevertheless, slight differences in the design and
operation of the two sensors oblige a careful use of measurements coming from the two sensors. The
ASCAT sensor will use a slightly lower frequency than the ERS scatterorneter, a different
calibration procedure will be applied, it will use six antennas instead of three and it will have a
higher resolution. It is the intention of this paper to review the differences in the sensor design and
operation and its possible impact on data characteristics. Further, the suitability of the methods
developed for the ERS scatterometer for application for Advanced scatterometer data will be
analysed.



Abstract No. 436

Effectiveness of C-band Scatterometer in Hydrological Tasks

C. Scheffler', W. Fliiget2, P. Krausc2
1 Friedrich - Schiller University Jena. Institute]. Germany

c FSU Jena, Institutefor Geography, Germany

In hydrological modelling it is essential to determine soil moisture content and storage capacity in
its spatial and temporal variability as precisely as possible. Several studies. for instance Nielsen ct
al. (1973). Vinnikov ct al. (1996) and Grayson ct al. (1997). showed the dependencies of soil
moisture spatial \ ariability on parameters such as vegetation. soil type. topography and
meteorological patterns. Normally, soil moisture is measured using in-situ techniques. which
prov idc accurate soil moisture calculations only at point scale. Remote Sensing techniques.
especially microw a\ c instruments offer large potential for measuring soil moisture and capturing its
variability 0\ er various space and time scales. A promising microwave instrument is the Synthetic
Aperature Radar (SAR). Due to its fine spatial resolution. great efforts have been done to obtain soil
moisture of those data. But so far most retrieval methods arc still experimental. On the other hand a
tremendous progress has been made in prov iding soil moisture from coarse resolution systems. The
C-Band Scattcromctcr on board the European Remote Sensing Satellite (ERS) acquires large-scale
soil moisture content in the top layer (0-5 cm) with a temporal resolution of 3-4 days. and a spatial
resolution of about 50 x 50 km. In a primarily study the quality of Scattcromctcr soil moisture
product was evaluated. The Scaucromctcr derived soil moisture was compared to hydrornctric data.
such as daily runoff and water level data for one of the major rivers in Southern Africa: the Zambezi
River. Betw een these (\HJ data sets a reasonably lit \I as identified. Additionally the data peaks of
soil moisture and those of hydrological data showed a temporal shili amounted thirty days at the
headwater of Zambezi River whereas at downriver areas it increased to about sixty days. This shift
is caused by soil dependent response time to precipitation events. To quantify the shift. a regression
model was used. \I hich determined correlation cocfficcnis above R' cO.X for all stations. This study
presents the remarkable quality of Scattcromctcr soil moisture products. The results indicate the
potential of coarse soil moisture for improvement and application of hydrological models. These
data might build up an important data source in hydrological modeling and \ alidation. For this.
hydrologists requires a finer spatial resolution. The future challenge w ill he to develop a
downscaling approach for efficiently using of C- Band Scattcro mctcr data. References: Grayson,
R.B .. A.W. Western and F.H.S. Chicw ( 1997): Preferred states in spatial soil moisture patterns:
Local and nonlocal controls. Water Resources Research. Vol. 33. pp. 2897- 290X.Niclscn. D.R ..
.I.W. Biggar. K.T. l.rh ( 1973 ): Spatial variability of field measured soil \I atcr properties. 11ilgardia.
Vol. 42. pp. 214-259.Vinnikov. K.Y .. A.Robock. N. Spcranskaya. C.A. Schlosser (1996): Scales of
temporal and spatial \ ariabi lty of 111id latitude soil moisture . .I. Gcophyxical Res .. I 0 I. 7163- 71 74.



Abstract No. 584

Analysis of ERS SAR and Wind Scatterometer Data Complementarity
over an Agro-pastoral Sahelian Area

S. Zinet, P. Frison', L. Jarlan", E. Mougin", P. Hiernaux ', J. Rudant1
1 Universite de Marne-la-Vallee, France

1 CESB!O, France
3 University ofHohenheim, Germany

ERS Wind Scatterometers have demonstrated their abilities for large-scale land surface monitoring.
It is particularly true for arid and semi-arid areas, where the marked seasonality of key parameters
(such as soil moisture and above ground biomass) combined with strong sensitivity of scatterometer
data to these parameters have led to quantitative studies. These have been conducted over rangeland
areas along a north-south gradient in Sahel to estimate those key parameters and retrieve surface
characteristics using inversion algorithms. This paper presents an extension of that work to different
agroclimatic conditions throughout the Sahel, with a study conducted over an agro-pastoral site in
the Fakara region (southwestern Niger), characterized by a very heterogeneous land use. To evaluate
heterogeneity effects, a temporal profile of ERS WSC backscattering coefficient at 23° of incidence
angle is analyzed over year 1995 using ERS SAR data. In particular, one-day spaced SAR tandem
data show spatial pattern related to dramatic changes in soil surface conditions, in total agreement
with WSC profiles. The contributions of the different landscape units (i.e. millet crops. herbaceous
vegetation, bush and bare soil) within a WSC resolution cell are evaluated. This study is then
extended over the 1994-2000 period at 23° and 45° of incidence angle, using biomass and soil
moisture ground measurements to calibrate a regional Sahelian grassland model that simulates the
evolution of surface parameters, and a radiative transfer model. Good simulation results led to
surface parameters inversion after a simplification of the model.

Abstract No. 556

The Advanced Scatterometer (Ascat) on the METOP Satellites: an
Operational Follow-on to ESA ERS C-band Scatterometers

C. Anderson', J. Figa1, J. Wilsont, B. Gelsthorpe", E. Attema2
1 EUMETSAT, Germany

2 ESAIESTEC, Netherlands

The Advanced Scatterometer (ASCAT) on METOP is a follow-on to the wind mode of the Active
Microwave Instruments on ERS-1 &2. The prime objective of the instrument is to measure the wind
field at the ocean surface. Other objectives supported by ASC AT include measurement of sea ice
boundaries, ice concentrations and type, as well as the retrieval of several land surface parameters



such as snow cover and soil moisture. ASCAT is a real aperture C-band radar with high radiometric
resolution and stability. The beam geometry. radar frequency and vertical polarisauon are the same
as for the ERS scatteromctcr, Data 11ill be prov idcd at a nominal horizontal resolution or 50 km, as
well as at a high-resolution mode of25 km. ASCAT has a dedicated microwave source and a double
swath of 550 km 11 idc 011each side or the satellite track. improving signi ticantly the coverage with
respect to the ERS scattcrometcrs. Also important is the shifiing or the swath to higher incidence
angles. to improve the directional skill or the 11i11dmeasurcments.ASCAT will lly 011 hoard the
platforms METOP-1. -2 and -3, on a 1011earth 29-day repeat cycle orbit and is the first operational
European scaucrometcr mission. planned to CO\ er 14 years or operations as or 2006. \\ ithin the
ELJM ETSAT Polar System (EPS) mission. It is expected that the high area cm cragc or ASCA T data
will lead to a larger positive impact or scaucromcicr data 011 short and medium range weather
forecasts. The high resolution mode 11ill allo« studying mcsoscalc 11 ind structures. and in particular
improving the tracking or tropical cyclones and polar lows. In combination with other scaucrornctcr
instruments and altimeters. it will give the forecaster a wealth or information on the ocean surface
and contribute significantly to climate monitoring. ASCAT 11 ill continue and enhance the already
long time series ofC-hand radar measurements prov idcd by the ERS scaucromctcrs.
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Abstract No. 421

The ERS-2 Scatterometer Mission: Events and Long-loop Instrument
and Data Performances Assessment

R. Crapolicchiu', P. Lecomte'
1 Serco s.p.a., Italy
2 ESAIESRIN, Italy

The ERS project by the European Space Agency (ESA), initially designed as an experimental and
pre-operational space based system to acquire geophysical information with worldwide geographical
and repetitive coverage, has reached thirteen years of continuous operations. The first satellite (ERS-
1) was launched in July l 991; the second one (ERS-2) was launched in April 1995, both from
Kourou in French Guyana. The Scatterometer mission is part of the ERS project and its primary
scope is to measure, with global coverage, the backscattered energy from the Earth surface. The core
mission's element is the Active Microwave Instrument (AMI), a radar working at 5.3 GHz. That
instrument operated in Scatt mode is able to acquire the backscattered signal from the Earth surface
with three different look angles: sideways, 45° forward and 45° backwards with reference to the
satellite's flight direction. Those measurements allow the retrieving of important geophysical
parameters as: the wind speed and direction over the Oceans, the sea ice concentration and ice age,
the soil moisture, the land crop classification. For meteorological centers it becomes an operative
system and data are routinely assimilated into forecast and nowcast weather model prediction. On
June 2004 after the failure of both on-board tape recorders, the ERS-2 Scatterometer mission is
managed on regional basis. In that new scenario, the data coverage is only within the visibility of the
ground stations and includes the Arctic, the North Atlantic, the Mediterranean, the Gulf of Mexico
and a small part of the North West Pacific. To ensure the quality of the Scatterometer data during
the mission lifetime, the Product Control Service (PCS) at ESRIN is responsible for the long loop
instrument and data performance monitoring. This activity is routinely performed on the instrument
telemetry data and on the user's products with the main scope to detect and face out instrument or
satellite degradation due to aging and ground segment anomalies. The aim of the paper is to report
to the users community the results of that monitoring activity in term of: events that have impacted
the ERS-2 Scatterometer mission since the satellite launch (Flight and Ground segments), corrective
actions put in place to maintain the nominal data quality and presentation of time-series to assess the
instrument and products performances. The quality of the products delivered is also analyzed and
discussed. The conclusion summarizes the lesson learned during these thirteen years of ERS
Scatterometer operations; that experience can provide some reference for the next generation of
Scatterometer mission as ASCAT on Metop.



Abstract No. 432

The Global Validation of ERS Wind and Wave Products at ECMWF

H. Hersbach, S. Abdalla
ECMWF, United Kingdom

Since the beginning of the ERS-1 mission. ECMWF is involved inthe global validation and long
term performance monitoringof the wind and wax e products on-hoard ERS spacecrafts.These
products an: retrieved from three instruments. defining thrceFast Delivery (FD) products that are
received at ECMWF in BUFR format.Significant wave height and surface wind speed (URA
product) data arcobtained from the radar altimeter (RA ).Ocean-wave spectrum (UW A product) data
arc received from the SyntheticApcrturc Radar (SAR). Surface wind speed and direction (UWI
product) dataare retrieved from the Active Microwave Instrument (AMI) scatterometer.ln-house
developed monitoring tools are used to compare these productswith corresponding parameters from
the ECMWF atmospheric and wave model. Whenever possible, these tools include a comparison
with in-situohservations like wave buoys. In addition. tests arc performed on theinternal consistency
of the underlying observed quantities mcasuredby the three instruments.An overview for the last
four years of monitoring validation willbe presented. This period is dominated by the on-board
failure on17 January 2001, after which none of the six gyroscopes has been availablefor the
platform's attitude control. It had a negative. though acceptable.effect on the quality of the altimeter
and SAR data. However. it had adetrimental effect on retrieved scattcrornetcr winds. which led to
thesuspension of the dissemination of UWI data.Since that event. considerable effort on correcting
data proccssingw as invested by ESRIN. culminating in the introduction of a cornpletclyrevised on
ground processor (ESACA).Monitoring at ECMWF of a pre-released version during spring and
summer2003 confirmed a more than complete quality recovery of the new UWI
product.Performance in wind speed is as least as high as before. and cspeciallyESACA's improved
de-aliasing algorithm was found to give hy far the hestresults obtained during the entire ERS
mission.The UWI product was publicly re-distributed by ESA on 21 August 2003,and was re
introduced in the operational assimilation system at ECM WFon 9 March 2004.
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Abstract No. 582

Multitemporal Analysis of MERIS FR Data for Crop Monitoring
in Two Agricultural Areas: Barrax and Toulouse

M. Gonzalez-Sampedro", J. Moreno", T. Le Toan3
1 CESBIO I University of Valencia, France

2 University of Valencia, Spain
3 Centre D 'Etudes Spatial es de la Biosphere (CESBIO), France

One key advantage of MERIS data over previously available system is the relatively high spatial and
temporal resolutions, but mainly the spectral information. Such narrow bands and the radiometric
quality of the data allow retrievals of vegetation properties never available before in systems with
global coverage. The objective of this paper is to test such innovative capabilities in agricultural
areas, by using Full Resolution mode and exploiting the spectral and multitemporal information in
the retrieval procedures.We analyse multitemporal Full Resolution MERIS data to monitor the
seasonal variations of two agricultural regions with different climatic conditions: Toulouse (France)
and Barrax (Spain). The temporal series has been acquired in the frame of the E0-662 and E0-726
projects. Time series of MERIS data were acquired along 2003, following crop evolution from
March to October by means of routine ground measurements, complemented with specific
campaigns to collect more detailed ground information.MERIS images are processed by using
available tools. Given the extension of the geographical areas of interest, geometric correction is
performed with the help of ground control points. Atmospheric correction of the images has been
performed by using an algorithm explicitly developed to process MERIS data (Guanter et al. in this
conference). Retrieval algorithms are based on optimised spectral indices for each biophysical
variable.Crop phenology evolution is monitored in both sites through the following biophysical
parameters: LAI, chloropyll and fractional vegetation cover obtained from MERIS. The retrieval of
biophysical parameters is tested at Barrax with the ground data collected during the SPARC field
campaigns. Consistence with the retrievals from high resolution spatial data (SPOT and LANOSA T)
is also addressed. After the algorithms have been validated by means of field measurements and
high spatial resolution imagery, the algorithm is applied to the full temporal series of MERIS data.
Autoconsistence in the retrieved values for the different vegetation biophysical variables is then
addressed.Spatial and temporal changes of phenology indicators along the season are reported and
discussed. In the area of Barrax in Spain, agricultural fields are so large that many of them can be
individually identified in MERIS data, so that crop phenology can be monitored. Due to agricultural
practices of combining different crops in management units, monitoring is only possible when all
crops follow similar phenology, still enough for applications that do not require single field
identification, such as total water balance at local/regional level for irrigation management
purposes.The final goal of this work is to use the biophysical information derived from MERIS data
in crop-growth models, together with radiative transfer models describing soil-leaf-canopy
reflectance, so that in future years data assimilation can be exploited in almost real time applications
such as irrigation advisory services (e.g. in Barrax). To that aims, future research will intercompare
retrievals derived from different systems such as ASAR, CHRIS/PROBA, Landsat and SPOT,
already available for the same test sites, and to address the relating scaling issues.



Abstract No. 507

Synergetic Use of Envisat-1/ASAR IMG/APG Data
and Optical SPOT XS/XI Data for Land Cover and Agricultural

Crops Mapping

M. Mroz, A. Sobieraj, M. Ciolkowska
University al Warmia and Mazurv in Olsztvn, Poland

The progress. current status and results achieved of the Envisat-AO ID:783 Project will he
presented. The project concerns the use of Envisat/ASAR data acquired in Image Mode and
Alternating Polarization Mode \I ith different view ing angles and polarization configurations for land
cover mapping and agricultural crops identification. The 27 different ASAR images taken during
i~Summer 2003j .. campaign over a very flat, typically agricultural j~Malhorkj .. test area in the
northern Poland have been geometrically corrected. speckle filtered and calibrated using available
external calibration constants. Many field visits ( 14) for collecting ground truth data like: land cover
I crop check. identification of developing stage ofv egctation. soil moisture and plant water content
for some of crops I parcels measurements, taking photographs of parcel and plants. have been
carried out. This ancillary non-RS data have been used for helter ASAR image understanding and
facilitating its interpretation during data reduction and preparation of subset for automatic
classification procedure.In the context of sensors] fusion synergism and their complementarity a
time series of live SPOT XS/XI registrations were programmed. Using near and middle infrared
channels some i~opticalj .. indices like: vegetation indices. j~water content index:", Tasseled Cap jV
BCiW have been calculated and included as supporting information in ASAR time series
analysis.The catalogue of signatures (spectral features expressed in the form of color compositions)
for many parcels representing main land cover types and the major types of crops found in the AOI
has been established for each optical registration. Similar catalogue has been also done for ASAR
images and their compositions, completed with the values of Sigma Nought as an objective
quantitative parameter. The coefficient f x = fa ..a /cos fN inc id has been also studied.The main aim
of the data processing \I as to produce the detailed thematic map of land cover and crops. as
expected by national and European operational activ itics in the field of remote sensing applications
in agriculture. using ASAR data. reducing as much as possible the redundancy occurred in inter
correlated rnultitcmporal ASAR j~channelsj·'. Optical data served as a support in the identification
of parcel limits strongly degraded during speckle filtering. Additionally the efficacy of ASAR data
processing and its usefulness for mapping have been controlled by the set of optical compositions.
The quality and usefulness of Alternating Polarizations images versus Image Mode images have
been also partially verified and estimated. The results show that in the context of detailed and early
season mapping of land cover and crop types the fusion of two mentioned sensors can give some
advances comparing with j~traditional optical approaches;". Coarser mapping with ASAR hut faster
and rather unaffected by weather conditions. independent of expensive optical programming, can he
relined hy sparse optical images.



Abstract No. 112

Multipolarized and Multitemporal Analysis of Envisat ASAR Data for
Agricultural Inventories (In VeKoS) in Germany

V. Hochschild1, C. Weise2
1 University of' Regensburg, Germany

2 FS U Jena, Germany

On the base of the Integrated Agricultural Administration and Controlling System (InVeKoS), the
Federal State of Thuringia (Germany) has a strong interest in actual, area covering land use types
and borders. Until now the inventory is based on optical orthophotos. Goal of this study is to
analyze, whether these orthophotos might be replaced by spaceborne remote sensing data, especially
by multitcmporal, multipolarized Envisat A-SAR data, to develop cost and time efficient operational
evaluation procedures. Further objectives include change detection methods to optimize the in-situ
controlling. According to the phcnological development ERS-2, Envisat A-SAR "image mode" and
Envisat A-SAR "alternating polarization" data were evaluated over selected testsites within the
agicultural intensively used Thuringian Basin in the center of Germany. The satellite data covered
the whole vegetation period from March till October 2003 and were compared with G IS land use
data of several farmlands. Theprocesing chain consists of sophisticated preprocessing methods like
sigma nought calculation and speckle filtering. The data analysis itself includes the selection and
spectral analysis of training sites, pixel based and object oriented superviesed classification methods
an finally verification of classification results.The multitemporal and multipolarized evaluations
enabled the distinction between arable land and grassland (pastures). Further separations of different
land use classes within the arable land were possible, although some were overlapping quite a lot.
Envisat A-SAR data therefore improves the possibilities of classifying land use classes immense
compared to conventional single polarization ERS classifications. But although its multipolarized
sensor capabilities, it is still a single frequency system. Operational monitoring systems will have to
wait until future multisensoral investigations with combined X-. C- and L-Band systems.

Abstract No. 503

Sensitivity of ASAR AP Data to Crop and Soil Parameters

F. Mattia', L. Dente", G. Satalino", T. Le Toan3
1 CNR, ltalv

2 CNR-ISSIA, italv
3 CESBIO, Fran;e

With the launch of the European Space Agency (ESA) Environmental Satellite (Envisat) in March
2002, C-band Advanced Synthetic Aperture Radar (ASAR) data. available at horizontal-horizontal



(HH). vertical-vertical (VV), and hor izontal-vcrtical (l lV) polarizations and at different incidence
angles. are expected to increase the possibility to retrieve biophysical parameters. Previous
simulation studies conducted in Europe 11 ith ground based C-band scaueromctcr systems have
shown a good potential of ASAR data to retrieve biophysical parameters over vegetated and bare
fields. In particular. over wheat fields. the H llVV backscatter ratio at 4W 11 as found strongly
related to abov c-ground biomass during the crop growing season and the HH backscatter at 23
showed good scnsiti, ity to soil moisture changes. However, these studies were carried out on a
limited number of fields and need to be confirmed by ASAR data at larger scale.In this context, an
experimental study on the Matera (Italy) site has been initiated in 2003. Over this area multi
temporal ASAR data have been acquired since February 2003. The acquisitions have been carried
out in alternating polarization mode at different polarization and incidence angles. Coincidentally.
ground data such as soil moisture content. soil roughness, wheat biomass. LAI ctc., have been
collectcd.ln this paper results of this experimental campaign arc reported and implications for
dcv elopmcnt of rctriev al algorithms based on ASAR data 11 ill be discussed.

Abstract \lo. 283

The Internet Rice Information System - an EOMD Initiative

F. Holecz1, E. Van Valkengoed", M. Salopek', P. Bolton~
1 Sarmap. Switzerland
-'Svnptics, Netherlands

3 Radarsat International, Canada
~Bolton Associates, Malaysia

Rice is the most important food crop in dcv eloping countries. which still produce 1.6 times as much
rice as 11 heat, the second most important staple. Rice now provides 29 percent of the total caloric
intake of dex eloping countries. down from 31 percent in the 1970s. Ninety-one percent of the
world's rice is produced in Asia and Pacific. Recent projections made hy the International Food
Policy Research Institute show that the demand for rice wil! increase by about 1.8% per year over
the I990-2020 period. This means that mer the next 30 years, rice consumption 11 ill increase by
nearly 70'/o. and Asian rice production must increase to about 840 million tons by the year 2025,
from the present level of about 490 million tons. if rice prices arc to be maintained at current
levels.The goal behind IR IS is to contribute to the transparency of the production. management and
distribution of rice in the world. 11 ith emphasis on Asia as a first step. in order to help the
rationalization of the agricultural and insurance-related policies. This rationalization leads to a better
Ihm of information. enabling nations to better manage the main staple food of the planet - and
transfer the risks associated 11 ith price volatility from the farmers to the traders and financial
institutions.The Internet Rice Information Sen ice (IRIS). developed 11 ith financial support from the
European Space Agency (Earth Ob sen at ion Marketing Development Program). prov ides an
operational rice information sen ice suitable for government and nun-government users requiring
timely and reliable information on i) acreage, ii) transplanting/emergence moment. iii) growth
status. iv) damages. v) yield. production and harvest time in the rice growing regions of Asia. While



rice transplanting/emergence moment, acreage, growth status and damages are determined by using
Synthetic Aperture Radar data such as Envisat ASAR and Radarsat-1, rice yield, production and
harvest time are estimated in a predictive way using an Agro-Meteorological Model. Clients can
access the IRIS information service through the Internet. An easy-to-use web-application provides
them with predictive statistics in the form of tables. graphs and/or maps for any sub-district and any
rice season in Asia.
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Abstract No. 32 l

Oil Spills Automatic Detection from SAR Images

F. Nirchiu', P. Trivero", W. Biarnino", M. Sorgente",
A. Giancaspro", E. Parisato", R. Ravera2

1 Italian Space Agency, Italv
2 UN/PO, Italv
3 CNR, ltalv.

4 Telespazio, Italy

A probabilistic method has been developed that distinguishes oil spills from other similar sea
surface features in Synthetic Aperture Radar (SAR) images. It considers both the radiometric and
the geometric characteristics of the areas under test. In order to minimize the operator intervention,
it adopts automatic selection criteria to extract the potentially polluted areas from the images.The
method has an a priori percentage of correct classification higher than 90'Yo on the training dataset;
the performance is confirmed on a different dataset of verified slicks. The system and its ability to
detect and classify oil and non-oil surface features are described. The ERS probability to detect a oil
pollution event is estimated using a set of verified oil spills and analysing the wind intensity.
deduced from the image itself. The present performances of a off line processing data centre are also
analysed, in term of throughput and response time, in order to verify them against the user
requirements.

Abstract No. IO

Automatic Oil Spill Detection Based on Envisat, RADARSA T
and ERS Images

A. Solberg
University of' Oslo, Norway

Many studies have attempted to do automatic detection of oil spills in SAR images, but most studies
have involved a small number of images and no comparison with aircraft verifications. In this study,
we evaluate the performance of our advanced automatic oil spill detection system on more than I00
Radarsat and Envisat SAR images. We also compare the results for our automatic detection
algorithms to manual inspection with benchmark data sets established in the EU project
Oceanides.The potential for oil spill detection in SAR images was demonstrated on ERS images in
the early 90-ies. We started to work with automatic oil spill detection in ERS image in 1993, and
developed an advanced algorithm for oil spill detection, which performed well on a large-scale
study. The algorithm consists of three main parts - dark spot detection, spot feature extraction, and
spot classification. Detection of dark spots is done by adaptive thresholding. For each detected spot



a number of features arc computed in order to classify the slick as either an oil slick or a "lookalike'
(other oceanographic phenomena which resemble oil slicks). ;\ supervised classilication scheme is
then utilized based on statistical modeling 11ith a rule-based approach. The approach embraces
know ledge about the probability or oil presence (c.g. occurrences in 1 icinity of ships. oil platforms.
etc). Incorporated in the model is also know ledge about external atmospheric. oceanographic and
gcograph ic conditions (c.g. 11ind speed. etc). and scnsor-spcci lie imagc mode parameters. The
framework can be applied lo Radarsat, Fnvisar. and ERS images. Sensor-specific modules have
been built by training: the system on about I 00 images !i-0111 each sensor. The dark spot detection
step is tailored to each sensor. and for Radarsat and Env isat a pyramid approach is used lo detect
dark spots on multiple scales. The three modules use 1cry similar features. but the classification step
has a sensor-specific sci of rules. By training: on I00 images from each sensor, 11care able lo build a
system that finds all suspect dark spots in an image. and classifies them as oil or look-alike with
1ery high accuracy.In some cases. a manual operator can not be sure ifa slick is oil or algae or some
other kind of look-alike. Operational oil spill monitoring is therefore based on using both satellite
and aircraft sensors, and Jct the aircraft inspect and 1cr ify all slicks reported from satellite, In two
benchmark studies (Radarsat and Emisat) in the 'forth Sea and the Baltic sea. 11c have compared
the automatic algorithm to manual inspection and semi-manual inspection. These studies arc done
without the operators or algorithms kuow ing: the aircraft vcri Iications. so 11c gel an objective
comparison of the detection capabilities of different human operators and the automatic algorithm.
Results on the Radarsat data set showed that the automatic algorithm performs close lo manual
inspection both in terms or detection verified oil spills and in terms or the number or false alarms.
The Envisat benchmark are delayed due to 1cry late deli. cry of Ln1 isat /\0 data. l.rr, isat results
will be available in May 2004.

Abstract xo. 388

An Experience of Using ERS-1 /2, Envisat and RADA RSAT SAR
Images for Oil Spills Mapping in the Waters of the Caspian, Yellow

and East China Seas

I 2 2A. Ivanov , M. Fang , M. He
1 P.P. Shirshov Institute ofOceanologv RAS. Russian Federation

-'Ocean Remote Sensing Institute. OUC. China

This paper summarizes our experience in application of different swath and resolution synthetic
aperture radar (SAR) images to regional oil spill monitoring. The main objective of this study is to
work out an optimal approach lo the problem. On the Isl step the method of mapping of oil spills
using a sci or wide-swath ScanS/\R imag cs acquired by Radarsat over the Yc llow and Last China
Sea in the end of2000 has been developed. The finding of this study is that a SAR. in its wide-swath
mode. is a very valuable tool for oil spill detection/localization. and an oil spill distribution map can
be easily created on that basis. On the 1nd step this approach has been further dcv eloped on the basis
of cotlcction. processing: and analysis of all available S/\R imagc« and applied to mapping of oil
slicks in the Caspian Sea. Low-resolution ERS-J;ERS-2 S/\R images. so-called quick-looks.



available at the ESA web-based catalogue, have been used. The oil slicks/spills distribution map has
been prepared for May 1996 and then integrated into the GIS. In the Caspian Sea they were mainly
associated with crude oil production/transportation, river runoff and oil seeps. It's shown that
analysis of GIS-integrated oil spill distribution map allows doing a number of important conclusions
concerning intensity of oil pollution, risk areas and their link with possible land and sea sources.On
the 3rd step, a routine oil spill monitoring in the Yellow and East China Sea using different swath
and resolution ERS-2 and Envisat SAR imagery, started from October 2003, has been performed (in
the frameworks of the Envisat AO project #226 ). Results of this study indicate that the marine areas
in the China Seas are most polluted along the main ship routes and river mouths. A sequence of
SAR images allowed retrieving oil spill drift characteristics. Detection and classification of oil spills
among other look-alikes is still one of unsolved problems in spite of development of a number of
automatic/semiautomatic detection methods.Moreover, acquired experience shows that:- regional oil
spill monitoring does require a large amount of wide-swath SAR images,- this imagery shouldn't
have a very high resolution, 200 mis quite enough,- and, finally ESA should consider a making of a
special (low-cost and middle resolution) Oil Spill SAR Product for this purpose.

Abstract No. 488

Polarisation-Dependent Signatures of Ships

I I 2 IR. Olsen, T. Arnesen , P. Vachon , R. Olsen
1 FFJ, Norway

2 DRDC Ottawa, Canada

Vessel detection with spacebome SAR has been an interesting research topic and operational
application for several years. Considerable research and development has been carried out to
develop algorithms and establish the actual capabilities of single channel SAR on ERS-1 & 2 and
RADARSAT-1. The Envisat ASAR AP mode presents a new capability for spacebome SAR, and
has the potential to provide increased detection capabilities in high sea states and for a larger range
of incidence angles, compared to previous SAR systems. It is therefore of particular interest to
explore the performance of the ASAR in AP mode in imaging ships, and where possible, also their
wakes.For both VY and HH polarisation, ship to sea contrast improves with increasing incidence
angle, and decreases with increasing wind speed and sea state. The cross-pol contrast and its
dependence on imaging geometry, sea state and vessel characteristics, however, is much less well
documented. We have therefore initiated a study to assess the AP mode imaging capabilities for ship
detection. Some of the issues we aim to address are:: What are the polarisation ratios (VV/VH,
HH/HV abd VV/HH) for ships of known design, and how do these ratios depend on imaging
geometry?· What are the ship to sea contrast ratios for different polarisations, imaging geometries
and sea states?ln this paper we present results from analyses of AP mode data acquired in Canadian
and Norwegian waters. Images have been collected over areas where known vessels have been
present, and polarisation ratios have been determined. Part of the data set was acquired over a
moored ship at the Nome oil field off central Norway, using different beams and polarisations to
determine which combinations of these parameters and sea state provide the best ship to sea
contrast.



Abstract No. 665

An Open Source Framework for Integration of Vessel Positions
Detected in Spaceborne SAR Imagery in Operational Fisheries

Monitoring and Control

G. Lemoine, G. Schwartz-Juste, N. Kourti, I. Shepherd, C. Cesena
European Commission, ltaly

The European IM PAST project has implemented a vessel detection system (VDS) based on the near
real time use of synthetic aperture radar (SAR) imagery from operational orhiting satellites. Both
RADARSAR and Envisat ASAR data use is implemented. The modular system consists ofa numher
of distinct processing steps that arc combined in an automated work flow capable of providing
detected target positions within 45 minutes after at-sensor image acquisition.The main purpose of
the VDS is to support verification actions of timely position reports which arc collected as part of
the regulatory vessel monitoring system (VMS) in place at the European fisheries monitoring
centres (FMCs). VMS systems on-hoard Community fishing vessels report positions at hourly, or
t\\ o-hourly, in ten als in real time. The O\ era II goal of the combined use of VMS and VDS. together
with other fisheries information collections. is to enable the European Commission to helter manage
and control fish stocks in European and international \\ atcrs where the European lishing fleet is
active. The spcci lie objective of the VDS system is to support the analysis of possible anomalies in
VMS position reports and estimate presence of non-VMS carrying fishing vessels in international
waters. The VDS implementation at the European Commission's Joint Research Centre (EU-JRC)
w ill he discussed in detail. In particular. the system components set up to integrate the VDS
positions directly into the FM C's analysis env ironmcnt an: detailed. This err, iron men t is bused
around a set of wch services that combine \ arious mapping outputs as transformahlc XML streams.
Apart from basic map layers. dynamically generated higher order analysis results. such as positional
correlation results. can he assessed in this way. Graphical output is presented as a merged set of
XML streams transformed to Scalable Vector Graphics (SVG) that arc "wrapped" in an elaborate
G IS interface.The EU-JRC VDS is implemented \\ ith Open Source components and extended with
Java-based APls. Organisational and operational considerations will he highlighted and
demonstrated \\ ith cxtcnsiv e experimental data obtained during monitoring pilot campaigns in 2003
and planned experiments in 2004.
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Abstract No. 113

Problems in Detecting Oil Pollution in Black Sea Coastal Zone
by Satellite Radar Means

M. Mityagina
Space Research Institute of Russian Academy of Science, Russian Federation

The shore zone of the northeastern Black Sea is a unique environmental complex and the only
Russia's recreation area on the Black Sea. At the same time, the region with its large ports, vast
cultivated terrains and growing residential construction is subject to an appalling anthropogenic
pressure. Monitoring of oil pollution in the region of Novorossiisk Bay is of prime importance,
because satellite observations during the last four years have revealed frequent discharges of oil
products into the sea in the immediate vicinity of residential and tourist sites. The basis of our study
is a series of ERS-2 SAR images of the eastern part of the Black Sea obtained over the period from
October 1999 to October 2003 in different seasons and under various weather conditions. Available
extensive all-year sea state monitoring data, including NOAA data and hydrometeorological contact
measurements, help to adequately interpret SAR signatures. Possibilities to explain some
backscattering features due to oil slicks are discussed. Automatic detection of oil signatures in radar
images is not a simple task because they are hardly distinguishable, especially at low wind, from
signatures of other phenomena and objects called "oil-likenesses". The paper discusses possibilities
to detect radar signatures of oil pollution and separate them from areas of decreased scattering due
to various phenomena, such as so-called "wind shadows", rain cells or upwelling.Determination of
the time when oil was spilt is also an important task. A method to solve this problem is presented
based on data on three consequent oil spill events.

Abstract No. 293

Multiscale Segmentation of Oil Slick in SAR Images Based on
Morphological Pyramid

T. Kanaa', G. Mercier", E. Tonye", V. Oriana", J. Rudant"
1 Ecole National e Superieure des Telecommunications, France

2 Ecole Nationale Superieure Polytechnique, Cameroon
3 Jnstitut Universitaire de Technologie, Cameroon

4 Universite de Marne-la-vallee, France

ERS images had proved their interest in a large scale detection and monitoring of pollution on ocean
surface. The improvement of the technology leads to the arrival of Envisat sensors for which the
exploitation of such images offers new possibilities. Up until now, several methods based on
intensity images have been used to measure signatures of oil slick by a spaceborne mono-frequency



Synthetic Aperture Radar (SAR) [I] [2]. Among these methods. the Multiscale Oil Slick
Segmentation (MOSS) with Markov Chain Model (MCM) [3] is based on the Marangoni theory [4]
which proposes models to explain the effects of slick on sea surface, particularly a dampening of the
energy of the wave spectra .We propose an approach in this paper to detect oil slick in
oceanographic SAR intensity images by taking the same properties into account. Then. to improve
the detection of local variations of the wave spectrum, the image is first decomposed into multiscalc
analysis based on the morphological pyramid [5]. In this step, the morphological gradient as a high
pass filtering. and the residue (calculation of the information lost) as a low-pass filtering, with an
\ arying structuring clement, arc performed. In this way. the rnultiscalc analysis considers together.
the structural characteristics, and the local trcqucntiul description of the oceanic waves on sea
surface. lligh-pass images and the final low-pass image are extracted during the decomposition as
complementaries information. These new channels an: then merged with the help of information
fusion [6 ], to achieve the segmentation process.The method is tested on Env isat ASAR Precision
Images. The obtained results arc promising and improve performance of oil slick detection in
oceanographic SAR images. References] I J Kanaa T. F. N., E. Tonye, G. Mercier. Y. P. Onana, .I.
Mvogo Ngono. P. L. Frison . .I. P. Rudant, R. Garcllo. (2003)- "Detection of Oil Slick Signatures in
SAR Images by Fusion of Hysteresis Thresholding Responses", IELE International Gcoscicncc and
Remote Sensing Symposium, IG/\RSS '03 Proceedings.[2] Kanan T. F. N., I'.. Tonye, Ci. Mercier,
V. P. Onana, A. Akono et .J. P. Rudant, (2004) "Tclcdctcction RSO pour la Detection des
Signatures de Pollution par Hydrocarburcs au large du Littoral Carncrounais", acccptc aux Journccs
Scicntifiqucs du Roseau de Telcderection. Agence Univcrsitairc de Ja Francophonie, mai 2004.[3]
Mercier G .. S. Derrode, W. Pieczynski, .I. M. Le Caillcc, and R. Garcllo, (2003) - "Muliiscale Oil
Slick Segmentation with Markov Chain Model", IEEE International Gcoscicnce and Remote
Sensing Symposium. ICiARSS '03 Pmcecdings.[4] Franceschetti Ci.. A. Iodice. D. Riccio, Ci.
Ruelle. and R. Siviero. (2002) - "SAR raw signal simulation of oil slicks in ocean environments."
IEEE transactions 011 gcosciencc and remote sensing, vol. 40, no. 9. pp. 1935 1949.[5 [ Laportcric
Florence. (2002) - "Representations Hierarchiqucs dlmagcs avec des Pyramidcs Morphologiques.
Application it lAnalyse et a la Fusion Spatio-tcmporcllc de Donnccs en Observation de la Terre",
These de Doctoral, EN SAE, mai 2002.[ 6 J Bloch I.. ( 1996) - "Information combination operators for
data fusion A comparative review with classification", IEEE Transactions on Systems, Man and
Cybernetics. 26( I ):52-67.

Abstract 1\o. 308

Ship Detection with Envisat's Alternating Polarisation Mode

A. Smith', Y. Chesworth", H. Grcidanus2
1 TNO Phvsics and Electronics Laboratorv. Netherlands

- ~EC Joint Research Centre, l;azi·

Maritime traffic and fisheries have to abide hy international conventions and agreements. In coastal
waters, information on maritime traffic and fisheries is gathered hy various means: /\IS (Automatic
Identification System) for traffic control. VMS (Vessel Monitoring System) for fisheries control.
port and coastal radar stations, from inspection ships, and by sensors on airborne and spaccbornc



platforms. Although these surveillance systems are in many ways complementary, their data arc
mostly still treated separately, leading to partial views as opposed to a more complete picture.The
DECLIMS project (DEtection, Classification and Identification of Marine traffic from Space) aims
to establish the state of the art in vessel detection from space, and further to stimulate developments
by exchanging information between parties active in this field. Over twenty companies, institutes
and businesses participate in this multinational research project led by the European Commission's
Joint Research Centre (JRC).Within DECLIMS, TNO Physics and Electronics Laboratory are
investigating the possibilities for an integrated network of AIS, coastal radar stations and spaceborne
Synthetic Aperture Radar (SAR) for monitoring the North Sea off the Dutch coast. A key element is
the development of an algorithm for the detection of vessels in SAR images. Of special interest is
the Envisat imagery recorded in Alternating Polarisation (AP) mode. Because of the different
interaction of the HH and HY polarisation channels with the sea clutter on the one hand and with the
target on the other, it is anticipated that dual polarisation HH/HV images will give a better detection
result than can be obtained from HH imagery alone. From a few AP images taken in 2003 over the
Channel and the North Atlantic, it is found that although many targets are detected both in H H and
HY, quite a few are detected only in HH, and very few only in HY. On the other hand, HY seems to
produce less false alarms than HH. So it would seem there is a complementarity between the two
channels, with HH giving most information on the targets, and HY providing a check for false
alarms. To prepare for a measurement campaign to be held in late 2004 in which data of AIS, a
coastal radar station and Envisat imagery are simultaneously collected, acquisition and analysis of
HH/HV images with concurrent ground truth data from VMS is presently continuing. Detection
statistics obtained with features developed from HH/HV images are compared with those obtained
from HH imagery. Based on these statistics, a strategy is developed to optimise the use of the HH
and HY polarisations for ship detection.

Abstract No. 438

A Novel Algorithm for Ship Detection in ERS and Envisat SAR
Imagery Based on the Wavelet Transform

J. Mallorqui', M. Tello1, C. Lopez-Martinez", J. Mallorqui', H. Greidanus3
1 UPC, Spain

:! Universite de Rennes, France
3 JRC, Italy

Carrying out an effective control of fishing acuviucs is essential to guarantee a sustainable
exploitation of sea resources. While traditional reconnaissance methods, such as planes and patrol
vessels are indispensable, their operation is quite time consuming and costly over the extended
regulated areas. On the contrary, satellite-based Synthetic Aperture Radar (SAR) provides a
powerful surveillance capability already confirmed by a large amount of investigations and
experiments all over the world. In particular, in Europe, the project IMPAST (Improving Fisheries
Monitoring by Integrating Passive and Active Satellite Technologies) aims at developing a fully
automated process combining information for satellite imagery and VMS (Vessel Monitoring



Systems). IIhilc the DECLIMS project compares the performance or existing tools of ship detection
and classification from space.Nevertheless, algorithms conceived for automated ship detection in
SAR imagery. usually hased on the application of thresholds. often encounter difficulties. not yet
solv ed. More specifically. the adjustment or thresholds is complicated and it relics on the ex istcncc
of a considerable contrast between 1csscls to be detected and the sea clutter. 11hich is not always
reached. This contrast is affected hy speckle and clutter. hoth directly associated 11ith the intrinsic
nature or SAR oceanic imagery and thus unavoidable. Firstly. the coherent processing produces
speckle which is undoubtedly the major disturbance in the exploitation of SAR images. Then. ocean
surface processes such as 11·a1cs. current gradients and 11ind fields produce random clutter and
texture. All those heterogeneity sources can yield to the failure or ship detection algorithms. hiding
some of the vessels or generating false alarms. In some awkward situations. the detection success is
for lower than expected even ii". surprisingly. undetected vessels arc sometimes visible hy eye.
Attending to these particular circumstances. a novel approach for ship detection purposes is
proposed based on the analysis or SAR images hy means of the wavelet transform. In fact, in a
similar way as the human visual system. multi-resolution analysis 11ith 11avclcts performs
simultaneously mer the observed scene a selective filtering in both frequency and orientation and it
is also able to focus on different clements at different scales. On the one hand. this zooming
potential will allow an intelligent management of different kind or heterogeneities. On the other
hand. the exposed procedure takes advantage or the difference or statistical behaviour of the ships
on the sea and of its interpretation through the 11a1clct coefficients in order to prov idc a more
reliable detection. The performance of the algorithm based on the correlation of the sub-bands at
each wavelet scale has been tested over a set of simulated and real ERS and l.nvisat data. The results
from the new algorithm are compared to the outcomes of a conventional ship detection algorithm
based on local background estimation and thresholding and to available ground-truth based on VMS
transponder ship positions. This correlation confirms its robustness: some targets. undetectable with
other conventional techniques arc noticeably enhanced. whereas background noise is drastically
reduced.
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Abstract No. 241

Global Observations of UV-absorbing Aerosols
from ERS-2/GOME Data

M. De Graaf", P. Starnmes', R. Koelemeijer2
1 KNMI, Netherlands
2 RIVM, Netherlands

GOME Absorbing Aerosol Index (AA!) from July I995 - December 2000 is presented. The AA!
indicates the presence of UV absorbing aerosols in theatmosphere, using the difference between the
retlectances at two UV wavelengths, 335 nm and 380 nm, compared to that in a pure Rayleigh
atmosphere. In the UV the contribution of the surface to the retlectances is minimal over most
surface types allowing retrieval of aerosol information over both land and ocean. The AA! separates
scattering from absorbing effects in the atmosphere, and is therefore capable of distinguishing
between absorbing aerosols and clouds, which is a huge advantage for space-borne instruments with
large footprints, like GOME and TOMS. The AA! from NASA's TOMS instruments is the longest
global aerosol record available, from 1978 to present. It is used extensively for investigation of long
term global aerosol trends and variations, and to study heavy dust, biomass burning and vulcanic
eruption events.However, from 1993 to 1996 no TOMS observations were available. The GOME
AA! can be used to supplement a part of the missing data. There is a very strong correlation between
the GOME AA! and the TOMS AA!. The GOME AA! corresponds very well to known desert dust
events and biomass burning events. It is a very useful independent data source for aerosol validation
and detection of aerosol events. As a side-effect it can be used as an independent calibration tool, as
the AA! is very sensitive to calibration errors.

Abstract No. 67

Aerosol Optical Thickness Retrieval over Land and Water
Using SCIAMACHY /GOME Data

V. Kusmierczyk-Michulec, G. De Leeuw
TNO Physics and Electronics Laboratory, Netherlands

An algorithm for the retrieval of the aerosol optical thickness over land and over water from
SCIAMACHY (SCanning Imaging Absorption SpectroMeter for Atmospheric ChartographY) is
presented. Because calibrated data are not yet available for the SCIAMACHY channels used by the
algorithm. the concepts were tested with GOME (Global Ozone Monitoring Experiment) data. The
cloud fraction in the GOME pixels has been determined using the FRESCO (Fast Retrieval Scheme
for Clouds from the Oxygen A Band) algorithm. Surface contributions to the TOA reflectance are
determined from the GOME surface reflectance database. The aerosol retrieval algorithm uses Look
Up Tables (LUT) that were created using the radiative transfer model 6S. The algorithm allows for



the retrieval or aerosol types characterized by Angstrom coefficients in the range from -0. l to 2.8.
Comparison or the results with Al'RONET sun photometer data for 12 sites in Europe and Africa
show» very good agreement.

Abstract No. 119

Retrieval of Cloud Phase from Earth Spectra around 1.6 Microns
as Measured by SCIAMACHY

J. Acarrcta, P. Stammes, W. Knap
Rora/ Netherlands Meteorological Institute. Netherlands

The SCIAMACllY instrument is a space-based spectrometer on boardthc Em isat platform. It has a
spectral range of 240-2380 nm with a spectral resolution between 0.24 nm in the LV and 1.56 nm in
the NIR. The pixel size for the SC'IAMACHY wavelengths used in this workis 60.dO km2.An index
for fast thermodynamic cloud phase (waler or ice clouds lrctricvals (or CPI) is presented. The CPI is
calculated finingthc spectral slope around 1.6 microns tw avelength cluster 43 ). Itis normalized with
the reflectance al 1.64 microns lo avoidcalibraiion offsets. A comparison \\ ith :V10DIS is performed.
We alsopresent a preliminary new calculation or the CPI combining thcspectral information or the
wa. clcngth clusters 43 and 45.

Abstract '.'lo. 13

Determination of Cloud Parameters from Satellite Instruments
for the Correction of Tropospheric Trace Gases

'.\1. Grzegorski, C. Von Friedcburg, U. Platt, T. Wagner
University of Heidelberg. Gcrmanv

The Scanning Imaging Absorption spectrometer for Atmospheric ChartographY (SCIAMACHY)
on Envisat-I allows measurement or different tropospheric trace gases (e.g. NOS 2S. S0$_2$,
Cl IS_4S) using the DOAS technique. Cloud detection algorithms arc essential for calculating the
\ crticai column density.A widely used method dctcnnines cloud fraction using broad band
spectrometers. the Polarization Monitoring Dev ices (I'M Ds ). A prcci SC calculation or thresholds
representing cloud free and completely cloudy scenario- is essential for the computation or cloud
fractions. Image sequence analysis is suited to determine the lower threshold. whi ch depends on
region and time. The upper threshold is independent from earth albedo. hut have lo he calculated
with depend to di tfcrcnt physical, geometrical and instrumental properties. The nc1\ algorithm
developed for SCIAMACHY is based on the experience \\ ith the Heidelberg ltcr.ui, c Cloud
Rctricv al Utilities ( 11ICRU) designed for GOME.\\ hi ch is already well 1alidated. The algorithm can
also apply ncv, instruments on SCIAMACHY. especially spectrometer in lk-wavclcngth-bands.



Abstract No. 51

Improved Cloud Detection for Upper Tropospheric Clouds Using
Spectrally Resolved Infra-red Limb Sounding Instruments

J. Greenhough', J. Remedios', R. Spang'
1 Universityof Leicester, UnitedKingdom

"!CG I Research Centre, Germany

Over the past decade, limb sounding instruments have increasingly been able to sound the upper
troposphere where clouds become an important issue both for retrievalsensitivity and for
investigations of atmospheric composition. The Michelson Interferometer for Passive Atmosphere
Sounding (MIPAS) is providing unprecedented, high spectral resolution measurements of clouds in
the upper troposphere. These measurements will be presented and discussed in terms of the
sensitivity of infra-red spectra to cloud extinction, and the frequency of occurrence of clouds which
are expected to be mainly sub-visible cirrus. It will also be shown that the concentration of water
vapour is critical to the detection of clouds in the MIPAS data. Combination of a water index with
the currently operational cloud index method is shown to deliver improved results below I0 km in
the tropical atmosphere where water vapour mixing ratios exceed 2000 ppmv. This strengthens the
possibility to retrieve water vapour at low altitudes and has implications for the design of new infra
red instruments which aim to measure profiles of clouds with high vertical resolution.
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Abstract No. 491

ASAR Multitemporal and Dual Polarization Observations
of Wetland Marshes

H. Karszenbaum', F. Grlngs', J. Jacobo:', J. Tiffenberg", P. Kandus'',
P. Pratolongo3, G. Parrnuchi'', P. Ferrazzolf

1 CONICET-IAFE, Argentina
3 Univ. de Buenos Aires - FCEyN, Argentina

4 Univ. de Roma "Tor Vergata", Italy

The Delta of the Parana river is one of the most important wetland systems of South America.
covering 17000 km2. Natural habitats coexist with large forest plantations and recreational areas. It
is subject to a complex flooding regime due mainly to the Parana, Uruguay and De la Plata rivers. In
addition, Buenos Aires city expands along one of its sides. The principal aim of the Envisat A0-667
project currently in progress is to use the alternating polarisation modes of ASAR to develop
procedures for: a) mapping the regular flooded area, and its fluctuations (baseline map). b)
identifying which land-cover/land-use units are completely covered and/or partially covered by
water, c) determining the extent of unusual flooding events. d) identifying, and quantifying the
affected land-use/land-cover units. The development effort is concentrated in maximising the
capabilities of ASAR data. The product is thought as an assessment tool for identifying land cover
clements under different degrees of flooding and for evaluating risk and damage.Within this frame,
the current research efforts are directed toward: a) to demonstrate the capabilities of Envisat SAR
alternative polarization mode for monitoring weland ecosystem characteristics, b) to use this mode
to map spatial patterns of wetland communities and to determine spatial and temporal patterns of
inundation. c) to explain the beahviour of SAR response for different polarizations HH, VY and HY
using radar data and EM modeling, d) to assess the sensitivity of polarization and incidence angles
to ecosystem characteristics such as density, height. and environmental conditions, e) to show the
increase in information content in the case of dual polarization radars in comparison with single
polarization systems.This paper presents: I) a summary of the previous work done using
multitemporal ERS 2 (A0-232) and Radarsat data (GlobeSAR II program) and the questions that
this data arose regarding the cause of the strong differences observed in the SAR response for HH
and VY from marshes (junco and cortadera), 2) an explanation of these differences using
electromagnetic models, 3) a set of SI Envisat ASAR images collected under different hydrologic
conditions showing: a) the strong changes that the soil condition produces in the SAR response of
wetland vegetation. b) how differently HH and VY are being affected by changes in environmetal
conditions. c) the information gain due to dual polarization.The Envisat ASAR data confirm the
observations acquired by two different systems such as ERS 2 and Radarsat in this area with the
great advantage, for a consistent interpretation. of obtaining simultaneous HH-VV data (same
environmental conditions). Also, this set, consisting of several dual polarization images, shows how
the soil conditions (due to hydrologic conditions) modify the dominant soil-vegetation-radar
interactions and how the magnitude of this change depends on vegetation structure and polarization.
Interpretation of observations is supported by electromagnetic modeling.



Abstract No. 49

InSAR-based Hydrology of South Florida

S. Wdowinski', F. Amelung', T. Dixon', F. Miralles-Wilhelm1, R. Carande2
1 Universitv of Miami, United States
l Vexcel C~>r1;orntio11.United States

NC\\ space-based observations of South Florida involv ing interferometric SAR (lnSARJ reveal
spatially detailed. quantitative images of water levels in the Everglades. The new data capture
dynamic water lcv cl topography. providing the first detailed picture of wetland sheet flow. We
observe localized radial sheet Ihm in addition to well-known southward unidirectional sheet flow,
modelled as a linear diffusive flow. \Ve obtain quantitative estimates or transmissivity (40-180
m2\) and Manning", friction (0.3-1.0). the first space-based estimates of such hydrolcgic
parameters. Space-based hydrologic observations can provide critical in formation for monitoring.
understanding and managing wetland sheet flow. and thus contribute signilicantly to wetland
restoration.

Abstract i'io. 248

Assimilation of Snow Properties Derived from ASAR Wide Swath
Data in a Hydrological Model of the Neckar Catchment for Improved

Flood Forecast

H. Bach1, F. Appel", A. Loew', R. Ludwig:', W. Mauser:'. B. Waske3, U.
Merkel~, W. Schuli

1 VISTA Geowissenschaftliche Fernerk1111d1111gGmhH. Germanv
-' VISTA GmbH, Gcrmanv

3 LHU Miinchen. Germa;l\'
~LfU Baden Witrttemberg I I I VZ, .Germom·

Methods to accurately assess and forecast flood discharge arc mandatory to reduce the impact of
hydrological ha/ards, However, c.\isting rainfall-runoff models rarely consider the spatial
characteristics of the \\ atcrshcd accurately. \\ hich is essential for a suitable and physics-based
description of processes relevant for runoff formation. Land surface parameters of high temporal
variability, like soil moisture and snow properties arc as yet hardly available and used in operational
forecasts.Remote sensing methods can improve flood forecast by providing information on the
actual water retention capacities in the watershed and facilitate the rcgionalisauon of hydrological
models due to synoptic coverage and homogeneous data prov is ion. To prov c and demonstrate this.
the project "ln+crno" (Integration of remote sensing data in operational \\ atcr balance and flood
forecast modelling) \\as started in 200 I. \Vi thin lnlcrno ( funded by the German Aerospace Center



DLR), optical and microwave remote sensing data are thoroughly processed to deliver spatially
distributed parameters of snow properties and soil moisture. For the generation of products, previous
algorithms for calibration, geocoding and analysis were adapted to the new data sets. These tools
make it possible to derive radiometric and geometric high-precision products from ERS and Envisat
ASAR scenes. Melting snow (wet snow) is detected using an algorithm based on the image ratio
technique. For the assimilation of remote sensing data in hydrologic models the methods of wet
snow classification and snow line delineation were adapted for large areas. First products of wet
snow distribution during the snow melt season in spring 2003 were delivered. Products from ASAR
together with daily snow cover maps (presently from NOAA AVHRR) are to be integrated in the
hydrological model LARSIM, which enables continuous spatially distributed simulations of (all)
water balance terms in meso-scale catchments. Currently LARSIM is operationally applied for the
flood forecast and the water balance simulation for the Neckar and (soon) the Mosel catchment
(Southwest Germany). It is intended to use the information from the satellite imagery for an
optimisation of substantial parameters of LARS IM. Within our work, the Envisat ASAR sensor
proved its high potential. The WSM datasets allow (for) the acquisition of surface parameters
covering the entire area of the investigated Neckar catchment with sufficient spatial and fair
temporal resolution.

Abstract No. 108

Towards Operational Flood Mapping with Satellite SAR

S. Sotho, I. Solheim
Norut Information Technology, Norway

The ability to map flood extent is important in applications like flood management, area planning.
insurance risk assessment andhydrological modelling. Remotely sensed data arc a well
suitedinformation source for large-scale flood mapping, especially forregions where hydrological
information is difficult to obtain due to inaccessibility. sparse distribution of gauge stations or
slowassimilation of data. Satellite-borne synthetic aperture radars(SARs) are sensors of special
interest. since they can acquire images independently of daylight and practically in all weather
conditions.One of the main objectives of the Flood Man (AOE CI P.2364) projet is to develop and
demonstrate an operational flood monitoring service based on EO data. Thus, within the framework
of the FloodMan project is the development methods for unsupervised near-real time detection of
flooded areas in all types of terrain and land-cover.Different strategies has to be applied for
detecting floods with SAR in non-forested/open, forested/vegetated and urban areas. In this work we
present the principles of detecting flood with SAR in the different land cover classes, and we review
algorithms, both classical and newly developed, suitable for an operational flood mapping service.
We demonstrate these on data from various SAR sensors covering recent flood incidents in different
land-cover types. We also discuss the limitations of flood mapping with SAR and how to remedy
these. ERS has limited performance for mapping flood in non-forested areas, due to its low
incidence angle and VY polarisation. We show some examples where water bodies are invisible
with VY polarisation. and discuss the gain we get by using the two polarisations in Envisat
alternating polarisation data.Further, we present our considerations for an operational processing
chain. and discuss the auxiliary data needed for a well performing operational service.



Abstract No. 472

Evaluation of a Remote Sensing Based Regional Flood/Waterlog
and Drought Monitoring Model Utilising Multi-source

Satellite Data Set Including Envisat Data

G. Csornai', Z. Suba', G. Nader", I. Laszlo", A. Cseko", C.Wirnhardt",
L. Tikasz", L. Martinovich2

1 Institute ofGeodasv.Cartography mu/Remote Sensing. H1111gm:r
c FOM! RSC. Hungary

Series of severe flood. watcrlog and drought events hit Hungary recently. thus the provision of
quick. objective and homogcnous information about the development and impact of these disasters
is very imperative. FOMI Remote Sensing Centre started to develop a cost-effective satellite based
model to monitor these natural disasters at regional level. In the frame of the ESA Scicnti fie
Experiment Development Programme (Prodex ), the F()MI-ESA Prodcx-Envisat R&D project (ESA
Contract no. 14525100/NL/SFe( IC). ESA EO CAT- I I 139) was launched in 2000. The main
objectives of the project were to extend the already de' eloped methodologies to rapid. regional
monitoring of flood.watertog and drought affected areas by increasing the quality (temporal, spatial
and spectral) of the applied satellite data set and with the possible involvement of the new
generation ESA l.nvisat data. The effectiveness of remote sensing based techniques has been proved
hy the implementation of the operational Crop Monitoring and Production Forecast Program
(CROPMON 1997-) at F()MI RSC. CROPMON provides country and county (19) Incl crop
production forecast to Ministry of Agriculture and Rural Development (MARO) hy a strict calendar
across the season based entirely on remote sensing. measuring the areas and expected yields of the 8
main crops in Hungary. This program also gives technology and know ledge basis for other
additional applications such as satellite based watering assessment and impact monitoring ( 1998-),
tlood and drought monitoring (2000-).The further extension of the applied methodologies was based
on the comparative analysis of different low- and medium resolution operational satellite data
(NOAA AVHRR. SPOT VEGETATION. IRS-I C1 ID WiFS). The activ itics included the monitoring
and mapping of the development, area extension and "intensity" of Ilood.watcrlog or drought events
at regional scale on agricultural cultivated areas using large satellite data set (from 1998 and from
2000-2003 j.The first stage of the project focused on the setup, extension and testing of the model
(data from 1998 and 2000) utilising archive data of various satellite sources for the regional
monitoring. The second stage contained further testing procedures \\ ith semi-operational phase
using additional optical and radar data (from 200 I). The third stage of the project included real-time
monitoring phase and the experimental utilisation of integrated radar (ERS )1optical (Landsat, IRS
WiFS) and Envisat data (from 2002-2003). Time series of Envisat MERIS full and reduced
resolution data obtained in 2003 were also processed and evaluated taking into account its utilization
for regional drought monitoring. According to the Ell\ isat MERIS sensor's enhanced capabilities the
first experiences showed very promising result in applying MERIS data for land surface observation
in the field of regional vegetation and crop monitoring.
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Abstract No. 1

Usage of Satellite Information for Analysis of the Hydrological
Processes

V. Chub, S. Myagkov, M. Torskiy
Glavgidromet of the Republic of Uzbekistan, Uzbekistan

The Amudarya river is one of the largest in the world. The mean volume of the annual run-off is
73.5 km3. The length of the river is 2600 km; the area of catchment is 465000 knr'. The river flows
through the territory of Tadjikistan, Turkmenistan, Afganistan, and Uzbekistan into the Aral Sea.
The unexplainable discrepancies of the channel balance are observed in the middle part of the
Amudarya river. The satellite image analysis of the middle part of the Amudarya river has been
carried out. For this analysis, the representation of an image as a three-dimensional surface of
brightness approach was used. The depression stretched out to the north of the riverbed having an
extension of more than 200 km and a width of more than I0 km has been found in the narrow range
of brightness. When analyzing the image series for different periods, it was revealed that the
depression width alters in the course of time. The preliminary comparison of the difference in water
discharge between hydraulic sections and the depression width has shown that there is an inverse
dependence in the form ofY=-0.0014X+5.7645, with a reliability of value R2= 0.587, where: Y-the
width of brightness zones, X- the difference in water discharge between upper and lower hydraulic
sections. The distance between hydraulic sections is 434 km and the time of flood wave passing
alters from 3 to 5 days depending on water discharge. The more water discharge in the upper
hydraulic section the faster flood wave approach. That is why, the modeling of the 6 days flood
wave passing process was carried out before the time when the image was obtained and the water
balance value was used for comparison with the depression width. In this case, the reliability of
value has increased up to R2= 0.8273 having dependence of Y=-0.0018X+5.5927. Conclusions:
Based on the conducted analysis of the satellite images has been revealed, that there is a flow of
ground waters directed towards the Kyzylkum desert. Most likely, this anomaly is not large in
comparison with the neighboring parts and therefore, it was not detected by ground-based
observation facilities, since the difference in brightness of the image is not more than three units
which is not noticeable on the tonal image, although the area of the depression is quite large. Such
distribution of brightness in the image is caused by the difference in reflectance of the earth surface,
which can be subject to both the thickness of vegetation and the depth of ground waters occurrence.
The more river water loss the closer ground water to the surface and the wider "depression" zone of
brightness in the satellite images.



Abstract '.'lo. 88

InFerno+ - a Project for the Integration of Remote Sensing
Information in Operational Water Balance and Flood Forecasting

Models

R. Ludwig', W. Schulz", U. Merkel2, N. Demuth", H. Bach4,
F. Appel", A. Low', B. Waske1, W. Mauser'

1 Universitv of' Munich. Germanv
l Flood Fore~·a.;·tingCenter, Ger111~111y

3 Landesamtfiir Wasserwirtschaft Rhcinland-Pfalz, Germany
~ VISTA Remote Sensing in Geosciences GmhH, Germany

Methods to accurately assess and forecast tlood discharge arc a fundamental requirement in practical
hydrology. However. existing rainfall-runoff models. seldom consider the spatial characterisation of
the land surface. \\ hich is essential for an accurate description of processes rein ant for runoff
formation. Especially land surface conditions of high temporal var iahility. like soil moisture and
xnow properties. influence the extent of a flood event and arc hence prerequisite boundary
conditions and state variables prior to and during a storm. The DLR-funded project lnFcrno
(Integration of remote sensing data in operational water balance and llood prediction modelling) has
been established in 200 I to demonstrate the potential and applicability of remote sensing data from
l.nvisat imagery for improving operational flood forecasting by retrieving information for model
parameterization and data assimilation. The Envisat sensors firstly provide the opportunity to
synergcucallv use muhiscnsoral imagery at a sufficient spatial and temporal resolution for
mcsoscale catchment applications. Existing algorithms. based on former satellite data arc currently
adapted and extended. The focus has been given to the quantitative retrieval of near surface soil
moisture. spatial snow distribution and sno« properties. all being major flood supporting factors in
the test areas of the Ncckar (-14.000km') and the Mosel (~28.000km') river basins. The project
consortio comprises a collaboration between end user (1.2). science (4) and a value adding
company (3) to prov idc sustainable and transferable techniques settled close to the actual needs of
llood warn ing services. The common effort of the project partners is to investigate, how these
products can he suitably assimilated in the Large Arca Runoff Simulation Model (LARSIM ). which
operates on a I km' resolution. Algorithms and methods for a multiscale retrieval of SllO\\ covered
area and its liquid water content from combined optical (NOAA. MERIS) and microwave (ERS.
RADARSAT. ASAR) image interpretation and advanced rationing techniques arc shown. Besides
the retrieval of sno« covered area. Envisat imagery is syncrgctical ly employed to assess the spatial
distribution of phase transition temperatures during the accumulation of a sno« pack as well as for
the estimation of critical snow densities initializing melting periods. The water content of the top
soil layer. being a crucial indicator for flood risk. is determined from a semi-empirical model. which
compensates topographical and vegetation effects (biomass, incidence angle) from the radar
backscatter signal. The model is applied on ASAR-WSM imagery. The derived soil moisture
products arc validated against field measurements with an RMSE well below 6 Vol.?». Results of
the concept realization. the imagery processing chain, the parameter retrieval and the scaling
techniques arc demonstrated for the Neckar river basin in Badcn-Wucrttembcrg.



Abstract No. 92

Mapping and Monitoring of Wetlands in the Lake Chad Basin Using
Envisat ASAR Wide Swath and Envisat ASAR Alternating

Polarization Data

T. Westra, R. De Wulf
Ghent University, Belgium

The wetlands in the Lake Chad Basin are both economically and ecologically of exceptional
importance. Their extent and inaccessibility render remote sensing the only feasible method for
monitoring flooding and vegetation cover. For large scale monitoring, a fusion method based on the
wavelet transform is used to combine Envisat ASAR Wide Swath data and SPOT-VEG ETATlON
optical data. The proposed method outperforms classical fusion methods, such as those based on
intensity hue saturation (!HS) transformation and principal component (PC) transformation, in terms
of feature enhancement and classification accuracy. For more detailed mapping, Envisat ASAR
Alternating Polarization images are used. It is examined which combination of polarization modes is
best suited to separate wetland from dry land and to differentiate between wetland classes.
Performance ofa neural network (NN) classifier is compared to a simple maximum likelihood (ML)
classi tier. Furthermore, it is investigated how different texture measures can improve classi tication
accuracy.

Abstract No. 229

SAR Derived Flood Maps for Flood Propagation Model Calibration

J. Henry', P. Matgen", F. Pappenberger ', L. Pfister", P. De Fraipont'
1 SERTIT, France, Metropolitan
2 CREBS-CRPGL, Luxemburg

3 Dept of Environmental Science, United Kingdom

During flood events Earth observation (EO) synthetic aperture radar (SAR) is able to provide
valuable information on the spatial extent of an inundation. The use of different polarisations and
polarisation combinations enable a quite accurate mapping of the overall flood extent. With its
multi-polarisation capacity, the Envisat ASAR instrument is now able to propose reliable data for
maximum flood extent retrieval. These extents can be useful in calibrating and/or evaluating flood
propagation models and their uncertainties.Hydraulic models allow the anticipation of hazardous
situations and thus potentially constitute a key application of remotely sensed information. Models
are currently calibrated with in situ measurements such as high water marks and flow velocities.
Since these measures are punctual, it may sometimes be difficult to relate this information to a
highly spatial dependent phenomenon: flooding. Earth observation derived information, such as



flood extent maps. provides a highly valuable calibration data source. Systems like ASAR provide a
synoptic and synchronic \ iew (thousands of square kilometres observed in a few seconds). Thus. the
proposed method compares the EO-dcrived instantaneous observation of the flood extent with the
results from flood simulation models. A fuzzy rule based calibration approach allows evaluating
uncertainties and inconsistencies in both model parameterization and llood extent extraction. The
results show that LO derived in formation can greatly hem: lit llood propagation model calibration.
Moreover. these data can he usefully combined with ground surveys to improve llood extent
modelling.

Abstract xe. 261

Multisource SAR Data for Flood Monitoring in 2003 in China

J. Liao, S. Wang
!RSA. China

Flood is a major natural hazard in China. and it is the costliest natural hazard in the world and
accounts for :l 1'X, of the economic losses resulting from natural catastrophes. Synthetic aperture
radar (SAR) play a very important role in monitoring hazards. especially llood. In fact. because of
the presence of clouds and had weather conditions in almost all llood e\ en ts. SAR is often the only
available tool lo monitor such events \I hen they occur and also to contribute in post-event damage
assessment analyses. Since SAR can acquire images independently daylight and in all weather
conditions. SAR data arc often thought to he optimal for mapping flood inundation. The accurate
delineation of inundation extend provides important in formation that can help guide management
decisions and prov idc necessary data for application in hazards. hydrology. geomorphology and
landscape ecology research.In the summer of 20<U. the most serious llood since 1991 occurred in
the catchments of I luai River in central of China. Many of areas wen: inundated. The Chinese Ku
hand airborne radar system, developed hy the Institute of Electronics, Chinese Academy of
Sciences. wa-, used for llood monitoring and damage assessment. At the same time. RADARSAT
data was also acquired for providing the extent and development of flood inundation in middle
reaches of lluai Ri1 er. The Ku-hand system acquired more than 20000 km2 real-time. high
resolutions of 1m data for these areas. including Wangjiaha. l long,«, Lake and Lixia River areas.
Firstly. The raw airborne SAR signal data of each !light line were converted to image data through
imaging processing. Image data of all !light lines registered together to make the final mosaic image.
Then the airborne radar mosaic image and RADARSAT images were registered to existing National
Em ironmcnt and Resources Data base or Landsat TM image collected in dry season to idcnti Iy the
normal 11ater bodies. Finally. delineate the inundated areas in the radar image \I ith the in formation
of normal \I arer bodies from database or Landsat TM image to produce the llood distribution
map.Based on the analysis of the SAR data and related database. the area of flood inundation is
more than 3XOO km I. The land types of llood inundation includes in larmland. residential site and
industrial area. Further. the extent, distribution and dcv clopmcnt of llood and damage assessment
were indicated. and the suggestions on llood prevention and control were prov idcd.



Abstract No. 342

Hydrological Modelling in a Subtropical Catchment Area - Use of
Remote Sensing Techniques for its Parametrisation

T. Harum', P. Saccon', N. Calasans Rego2
1 JOANNEUM RESEARCH, Austria

1Universidade Estadual de Santa Cruz, Brazil

The catchment area of Rio Cachoeira is located in Bahia (Brazil) and covers an area of 4500 km2. It
is one of the pilot areas in the ongoing project ECO MAN (Decision Support System for Sustainable
Ecosystem Management in Atlantic Rain Forest Rural Areas), \\ hich is financed by the European
Union (!NCO-DEV, ICA4-CT-2001-10096). The main objective of the project is the simulation of
scenarios concerning the impact of land use changes on water resources as input for an integrated
decision support system (DSS). For the calibration and validation a physically based, dynamic, fully
distributed hydrological model has been used, which simulates all major hydrological processes
occurring in the land phase of the hydrological cycle. Remotely sensed data has been processed to
support the parametrisation of the hydrological model regarding land use, land use changes and the
estimation of the aerial distribution of the leaf area index (LAI). This index has been calibrated
using data measured in the field. It has been combined with meteorological data for the estimation of
the actual evapotranspiration and its distribution in space and time. The results have been validated
by the model calibration and simulation of the water balance. The results show that the combination
of remote sensing techniques with field data and hydrological methods represents an important input
for decision support systems especially as tool for an improved management of land use and water
resources and on the other side to reduce flood risks.

Abstract No. 381

Assessment of the Synergistic Exploitation of Envisat ASAR
and MERIS Data for Plain Flood Rapid Mapping:

a Part of the Dragon Flood Project

H. Yesou', J. Li2, J. Li3, X. Wang4, F. Yida4, Y. Wang", S. Huang",
J. Xin2, P. De Fraipont'

1 SERTJT, France
J Remote Sensing Technology Application Center, Mini, China
3 Geoinformation Center, Beijing Normal University, China

4 Chinese National Center for Disaster Reduction, China
5 Institute of Meteorological Sciences, China



Within. the framework of the MOST-ESA Dragon project, a proposal on the "Assessment of the
synergistic exploitation of Envisat ASAR and MERIS data for Plain Flood Rapid Mapping and for
Flood Support Risk Management", has been accepted and started in May 2004 after the Xiamen kick
off meeting.This Flood Dragon project will enhance the Envisat objective to monitor natural disaster
such as flooding. An other aspect of the proposal deals with the exploitation of Envisat data as input
for monitoring tools at catchments scale are necessary for improving flood prediction and water
resources management.The rapid mapping part of the project is focussed on the assessment of the
Envisat ASAR and MERIS, spatial and temporal resolution potential for flood mapping; ic ASAR
spatial resolution ranging from Precision to Global modes in order to maximize the revisit and
coverage, as well as polarization mode for thematic accuracy will he assessed. One of the major
final goals is gi\ e the guidelines/recommendations for a Real Near Time exploitation of ASAR data
for flood monitoring.Two major test sites. known as highly risky area have being selected in China.
The first one. the Dongting-Poyang lakes sector. covering 300*600 km2 and located in Central
China. is a major part of the Yangtze watershed. The Dragon test second test site. the Songhua Jiang
flood prone. a 200*450 Km2 area located in the lleilongjiang province (North Eastern part of China,
ex_Manchouria) consists in a very flat zone where very huge marshlands. internationally renowned
for their biodiversity interest, coexist with wide agricultural plain, plus a very sensitive area from an
economic point of view. as the oil field of Daqing or the industrial city of Harbin. Over these test
sites, reference data such as ERS. Landsat SPOT data are already collected and integrated in
database. Plus over. three small sensitive areas. sensitive in term of economy/human impact as well
as in term of sensitive ecosystem, Cris Proba data. and equivalent to a four images mosaic, have
been required. The Envisat data collection has began in spring 2004 and will continue durng the
flooding period in 2005 and 2006. The first proceed images wand derived results will be presented
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Abstract No. 460

SAR and InSAR Studies on Selected Tidewater Glaciers in
Spitsbergen

Z. Perskl', J. Jania', M. Sober'
1 University of Silesia, Poland

2 University of Applied Sciences, Germany

This study is part of the international GECAL VEX project and interferometric analysis have been
performed thanhs to ESA project CP 1-1076. This paper presents some results of flow velocity
studies of two large tidewater glaciers in NW Svalbard, Aavatsmarkbreen and Comfortlessbreen and
some preliminary results from Homsund area (S Svalbard). During the field campaigns of July 2000
and April 2001 the GPS data of flow velocities and elevation have been registered, using static and
kinematic methods. Also the flow velocity for the glaciers have been calculated from SAR
interferometric satellite measurements using both ascending and descending satellite passes.
Assuming that the glacier flow is superficial, the flow velocity was calculated using satellite passes
(both ascending and descending). Three ERS SAR data sets have been used in this study: (a) scenes
acquired during 2nd ice mission ofERS-1 (ascending) (b) scenes acquireduring a tandem mission by
ERS-1 and ERS-2 (descending)and (c) new ERS-2 scenes acquired simultaneously during field
campaign. To calculate flow velocity field from from ascending and descending observations, a
precise topographic information is required. As input data, the glacier slope and flow direction (this
only in a case of calculations with single pass) must be known to a high level of accuracy. To
prepare such data the 20-m DEM provided by Cartographic Branch of the Norwegian Polar Institute
(NP) have been applied. Additional problem have been identified in as much as the DEM presents
very detailed and accurate height information for the ground but its accuracy for the glacier surfaces
leaves much to be desired. Elevation data for glaciers was collected mostly in 1936 from
photogrammetric surveys. Additionally, owning the interpolation errors of up to 50 m in respect of
the sparse data elevation points, the quality of DEM on glaciers has been degraded. To try to avoid
this problem, the NP DEM have been updated for Aavatsmarkbreen and Comfortlessbreen areas
using field GPS elevation data acquired in 2001. The front position was also updated using optical
satellite ASTER image acquired in 200 I.

Abstract No. 117

Recent Fluctuations and Damming of Glaciar Perito Moreno,
Patagonia, Observed by Means of ERS and Envisat SAR Imagery

I S 2 3 C · IH. Rott , M. tuefer , T. Nagler , . Riedl
1 University of Innsbruck, Austria



1 Universitv ofAlaska, United States
3 ENVEO, Austria

Glaciar Peri to Moreno. one of the main outlet glaciers of the Southern Patagonian lee field. has been
remarkably stable during the last 80 years. \I ith typical fluctuations of the frontal position by a few
hundred metres only. The front terminates with a calving cliff in the southern arm (Brazo Sur) and
Canal de los Tcrnpanos of Lago Argentine. Since 1917 the glacier dammed up Brazo Sur about 20
times by reaching the opposite bank of the lake. The most recent damming cv cnt started in mid
October 2003 alter a minor frontal advance, and ended with a collapse of the ice dam in March
2004. Due to the rise of the \I atcr level by more than 8 metres, about 20 km2 of pasture land wen:
flooded. as obscrv ed in an ASAR image of 29 February 2004. We studied frontal fluctuations
preceding this damming event, based on ERS SAR data since 1992. made available by ESA for the
project A02.A I0 I. and on l.nvisat ASAR data (project A0308 ). The SAR data were terrain
corrected and gcocodcd using precise orbit data (as far as availublc) and a digital elevation model
(DEM) acquired by the Shuttle Radar Topography Mission (SRTM) of NASA and DLR.
Comparison 11 ith geodetic points and lines measured in the field by means of Ci PS confirms good
quality of the SRTM elevation model. In addition, we studied fluctuations of the snowline on the
glacier with the SAR data, revealing little intcrannual variations of the snowline position at the end
of summer and a comparatively high accumulation to ablation area ratio. This agrees with field
studies of mass fluxes which suggest that Moreno glacier is approximately in equilibrium. Among
the reasons for this behaviour, which is in contrast to the pronounced retreat of the majority of
Patagonian glaciers. are the comparatively high elevation of the accumulation area. the particular
orographic constraints at the terminus and the topography of lake bottom at the calving front.

Abstract No. 244

Flow Evolution through the 1993-5 Surge of Bering Glacier Alaska
Measured by ERS SAR Feature-tracking

A. Luckman', T. Murray", A. Luckman'
1 Swansea University, United Kingdom
1 University of Leeds, United Kingdom

The 1993-5 surge of Bering Glacier. Alaska. is as well-documented as any such event. Yet attempts
to understand the evolution of surface flow have been hampered by velocities up to two orders of
magnitude greater than can he resolved by ERS interferometry. Manual feature-tracking has
provided some analysis of flow patterns, but the spatial and temporal extent of these measurements
so far is very limited.In this paper. feature-tracking based on optimising correlation between patches
of 35-day-repeal intensity-detected ERS SAR images is used to measure the flow evolution through
the 1993-5 Bering surge. This technique is entirely automatic and is ahle to match features not
readily visible to the naked eye. This has allowed more extensive measurements of velocity fields
over Bering and the ability to efficiently quantify the patterns of velocity over many more time



periods than has been attempted before.Analysis of 40 ERS I and ERS2 images has provided 32
maps of surface velocity in 1993 as the surge was starting, and 1995 as it was ending. Once the
surge had started and features began to appear, surface velocities could be mapped over large areas
of the glacier. The evolution of flow velocities has been revealed and will lead to a better
understanding of the little-understood mechanisms behind glacier surging.

Abstract No. 378

Using ERS and Envisat Data to Study the Glacier Changes in Tibet,
the Nianqingtanggulashanmai Example

(ESA Project no 2401)

J. Deroin', M. Dai\ L. Chuang", W. Zhijurr', L. Humbert', L. Barusseau',
A. Gironde', M. Lagarrigue", M. Long2, C. Wengbo2

1 Universite Bordeaux 3, France
2 GCIRC. IGSNR, China
3 CAREER!, CAS, China

The sensitivity of mountain areas to global change has gradually emerged over the past few decades.
Mountain areas are the source of water for more than half the word's population. Moreover,
mountain ecosystems are particularly vulnerable to a number of natural hazards, such as avalanches.
floods, volcanic emptions, and earthquakes. In the Himalayas. more than 40 glacier lakes have been
tilling so rapidly that they could bring about famous 'glacial lake outburst floods' (GLOFs) in the
next years.Scientific teams from France and China have launched a joined project entitled 'Survey
of the snow and ice seasonal changes. Application to the Tibetan plateau using Envisat and MODIS
data'. Whereas optical methods and lnSAR data have been frequently used for monitoring glaciers,
the use of radar SAR amplitude data is poorly illustrated. The difficulty to link the backscattering
and surface parameters is probably the main encountered problem. Nevertheless, the different states
of water from snow and fim to ice could be recognised using radar data. Our study is based on a
multitemporal approach using ERS-EMI and Envisat-ASAR data. A Landsat TM scene from 1991
has been also used to calibrate the image interpretation. A field trip is scheduled for the next
summer. Nianqingtanggulashanmai is a 600km-long belt (shanmai in Chinese) culminating at the
Nyenchentangiha (7088m), about 1OOkm as the crow flies from Lhasa in Tibet (Xizang Zizhiqu).
These mountains have been chosen as preliminary test-site, on the one hand because this place
corresponds to the largest glacier area of the Tibetan plateau in front of the Himalayas and, on the
other hand. because the glaciers arc accessible using the main track linking Xining to Lhasa.First
results have shown the potential for using radar data. in particular for the detection of seasonal
changes. Yearly variations have been studied owing to four Envisat-ASAR scenes from April, May.
July. and September 2003 respectively. ERS data from 1998 and 1999 have been also processed to
detect changes in a multiyear basis. Geomorphologic features of the Tibetan glaciers have been
emphasised. Further studies would be carried out when detailed field data will be obtained.



Abstract xo, 192

Recent Variations of Larsen Ice Shelf, Antarctic Peninsula,
Observed by Envisat

C. Riedl, H. Rott, W. Rack
Universitv oflnnsbruck, Austria

The Larsen Ice Shelf on the eastern side or the Antarctic Peninsula has been subject to rapid retreat
due to climate warming during the last decades. \\ hich culminated in the collapse or Larsen-A Ice
Shelf in January 1995 and of northern Larsen-B in March 2002. These events were documented in
detail by means or ERS SAR images. The sensor ASAR on hoard of Env isat, complemented hy
MERIS. enabled us to study the most recent developments at Larsen Ice Shell: starting with the first
ASAR image acquired in March 2002. Time sequences or ASAR and MLRIS images were made
available by ESA for the Envisat project A030X. Further retreat or the remnant section or l.arscn-B
started soon after the collapse. whereas the adjoining ice shelf section l.arscn-C so far has ken
rather stable. though major changes can he expected if the climate signal spreads further south.
ASAR data arc also used to study the surface melt on the ice shelf and the sea ice extent in front.
The time sequence or LRS and l.n. isat data sho« s remark ah le interannual \ ariability or surface
melt and sen ice concentration in summer. \\ ith the major calving events taking place in summers
with long melt periods. Of particular interest for understanding the role of ice shcl, cs on stability of
grounded ice is the obscrv ation of outlet glaciers from the peninsula a lier disintegration of Larsen-A
and B \\ hich no« calv c directly into the sea. On these glaciers the retreat proceeded rapidly to
grounded ice and the glacier llnw accelerated. confirming the importance of ice shelves for the
stability of glaciers up-streams.
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Retrieving Wheat Biomass from ASAR Data

T. Le Toan1, M. Gonzalez-Sampedro", J. Moreno'
1 Centre D 'Etudes Spatiales de la Biosphere (CESBIO), France

2 University of' Valencia, Spain

Previous studies using C-Band ground-based scatterometer data and theoretical modelling
demonstrated the possibilities to monitor wheat biomass during the growth season, in particular by
using the polarisation ratio between HH and VY [Le Toan ct al., 1984, Mattia et al., 2003, Picard et
al., 2003]. However demonstrations with satellite SAR data have not been possible until Envisat
ASAR data become available. To assess the capabilities of ASAR data to monitor wheat biomass,
experiments have been conducted in the region of Toulouse (France) and in the Barrax area
(Spain).Temporal series from March to June, 2003 of ASAR multiangular data in HH and VY
polarisations have been acquired in Toulouse (AO 662). Biomass and soil moisture were measured
on a wheat field simultaneously to the image acquisitions.ASAR data have been acquired in the
Barrax area (Spain) during April, 2003 (EO 726), where plant biomass and soil moisture were
measured for different agricultural fields (including wheat and barley).ASAR data (HH, VY,
HH/VV at different incidence angles) have been analysed as a function of biomass and soil
moisture. In order to make use of all the ASAR data available at different incidence angles during
the 2003 season, angular variations of backscatter from wheat fields at different phcnological stages
observed in past experiments and in theoretical modelling have been used to account for the angular
effects. The analysis results confirm that the temporal change of HH/VV at high incidence angle
over wheat fields follows their biomass variations ; this leads to an algorithm using ASAR APP data
to map wheat fields and to estimate wheat biomass.The experiments are extended in 2004 in order to
assess the generality and robustness of the methods. References: Le Toan, T., Lopes, A. and Huet,
M., "On the relationships between radar backscattering coefficient and vegetation canopy
characteristics". Proc. IGARSS, Strasbourg, France, pp 155-160, August 1984.F. Mattia , T. Le
Toan , G. Picard , F. Posa, A. D'alessio , C. Notarnicola, A.M. Gatti , M. Rinaldi, G. Satalino , G.
Pasquariello, "Multitemporal C-band radar measurements on wheat fields", Transactions on
Geoscience and Remote Sensing, Vol. 41, No 7, pp.1551-1560, July 2003Picard G ., T. Le Toan and
F. Mattia, "Understanding C-band radar backscatter from wheat canopy using a multiple coherent
model" Transactions on Geoscience and Remote Sensing, Vol 41, No. 7, pp 1583-1591, July 2003.

AbstrAbstract No. 133

The Role of Envisat ASAR in Agriculture

F. Holecz, P. Pasquali, M. Barbieri, S. Monaco, C. Heimo
sarmap, Switzerland



In agriculture. cropped areas figures (or acreage) - i.c. the actual cultivated area during the crop
season -- are often unknown or roughly estimated. thus making questionable the reliability of
production figures. Consequently. 11ithout reliable data. the productiv ity gro« th and the 11cl tare of
the agricultural sector is hindered due to the lack of insurance products and.or to unbalanced
governmental subsidies. while. in the food security sector. actions in terms oftime and donations -
taken by international transnational or non-governmental organisations often do not correspond to
the actual food crisis needs.While for the assessment of crop parameters in some services high
spatial resolution multi-spectral data arc Iragmcntally used (whenever images arc available). the
utilisation of Synthetic Aperture Radar (SAR) data. which offer a valid alternative, is still unknown
or very marginal. The primary - hut not cxclusi. cly - reason is the lack of tools. 11hi ch support the
generation of tailored made products.scrv ices. The purpose of this paper is to illustrate a range of
applications and products for different crop types and conditions in South-East Asia. Africa and
Europe. These tailored made products have been generated using Si\Rscape I{. an operational SAR
processing chain embedded in the Geographic Information System environments Arc Vicwu and
Cic0Maniar1/ and in the image processing tool FNYI R. The proposed strategy is based on the use of
times-series - driv en by the specific crop calendars and land practices and multi-sensor data
(Envisat ASAR Alternating Polarization and Radarsat-1 ). enabling in this 11ay to take advantage at
the best of the synergy between the t110 SAR systems. The implications. in terms of products and
spatial/temporal resolution. with the event of the forthcoming SAR sensors TcrraSAR-X-1 (planned
for late 2005) and Radarsat-2 (planned for early 2006) will he finally discussed.

Abstract !\o. 95

Agricultural Monitoring in Finland Using Envisat Alternating
Polarization SAR Images

M. Karjalainen, H. Kaartinen, .J. Hyyppa, R. Kuittinen
Finnish Geodetic Institute, Finland

An agricultural monitoring project has been carried out in Finland in the framework of ES;\ ·s
Env isat Announcement of Opportunity (Ei\0--lXX ). The project started in spring 200] 11hen 11c
selected a test area near the city of Sciniijok i in South Ostrohothnia, 11hich is located in the western
Finland at the latitude of 63" North. South Ostrohothnia is one of the northernmost consistent
agricultural areas in the world. The main crops. approximately 50% of all parcels. are barley and
oats. which arc sown in springtime. but there arc also small areas of wheat and rye in cultivation.
Altogether 16 altcrnating polarization SAR images (VY /VII) 11ere requested from the growing
season in ]003. from which 12 images 11ere acquired. Simultaneously 11ith image acquisition. 11e
collected field measurements of grov ing stage. crop height and soil surface moisture. Soil surface
roughness 11as measured in the beginning of the gnl\\ing season before the emerging of the crops.
The topography of the area is flat. thus. the effect of land slope is negligible. Information about test
parcels. such as crop species and parcel boundaries. 11ere acquired from the Ministry of Agriculture
and Forestry maintaining the Land parcel identification system in Finland. A Finnish company
Kcrnira Agro Ov provided us test parcels for more detailed research from their Kemira LORIS
precision farming system. All SAR images were orthorectificd into the Finnish uniform coordinate



system and time series of average backscattering were calculated for each of the test parcels. The
results of the multiple linear regression modeling for estimating the crop growth from backscattering
are presented in this paper.

Abstract No. 605

Estimation of Crop Parameters from Multiyear
ERS - Envisat SAR Data Set

C. Lucau, P. Defourny
UCL, Belgium

In this paper the SAR time series for crop parameters estimation is evaluated. The study is based on
six ERS time series acquired in 1995 ( 14 images from April to October), 1996 (I I images from
March to August), 1997 (9 images from May to August), 1998 ( 13 images from May to August),
2000 ( 15 images from February to August) and 2003 (17 ERS2 and 4 Envisat ASAR images from
February to September) complemented by extensive field campaigns. Since 1995 six field
measurement campaigns has been carried out during the crop growth season. The test sites arc
situated in Belgium (Loamy region) and the monitored crops are: maize. winter wheat, winter barley
and sugar beet. Soil moisture. row orientation, plant density, plant height, canopy cover, LAI and
biomass were measured several times during each crop growth season, simultaneously with SAR
data acquisition.The semi-empirical Water Cloud model was used for the parameters retrieval. Its
advantages are the simplicity and manageability. Only few variables and some coefficients are
included to a simple function. The model coefficients were first fitted against backscattering
signatures collected over several fields. The model inversion allowed than to estimate the
parameters such as the LAI and the plant height. The detailed results of model inversion are
discussed and compared to the field measurement.For the 2003 campaign, the 4 Envisat ASAR NS
images have been acquired in VY polarisation S2 mode to be compatible with the multiyear ERS
data set. Three of them were acquired on the same dates than the ERS images. Therefore ASAR and
SAR backscattered signals were compared for the different crops in order to asses the impact of the
frequency shift between the sensors. These results are discussed in the perspective of combining
Envisat and ERS data in the same time series in order to take advantage of the already multiyear
dataset for the Envisat data processing.The obtained accuracy is analysed in the framework of the
information requirement for different applications.

Abstract No. 619

Rice Monitoring Using Envisat ASAR Data in China

P. Yong', Z. Li1, G. Sun", Y. Pang', M. Wooding3, E. Chen1, B. Tan1
1 Chinese Academy of Forestry, China



-'2. Department of Geography, University of Marvlan, United States
3 Remote Sensing Applications Consultants, United Kingdom

Rice is one of the major crops in China. To control and maintain a close balance between rice
production and food need. there is a requirement for effective rice mapping and yield estimation.
During previous studies, two ERS SAR images acquired at the transplanting stage and the ripening
stage \I ere used to generate accurate rice maps in Guangdong Province. Em isat ASAR with
multiple incidence angles and multiple polarisations provides more imaging configurations for rice
mapping and rice biomass monitoring during the rice growing cycle.Based on field measured rice
biophysical parameters, rice paddy backscatter has been simulated by a continuous canopy
microwave backscatter model. The model shows that it is possible to use several different ASAR
data combinations to map rice: I )one image before field flooding. with another at the flooding/
transplanting stage; 2) one image at the flooding/transplanting stage, together with another image at
the ripening stage: 3) one image at the booting stage, \I ith another at the ripening stage: 4) one dual
polarisation image on a single date; 5) 111o dual polarisation images obtained \\ ithin one week (one
with hh/hv, the other with vv/vh). or these alternative approaches, the last t\10 use the polarisation
capability of ASAR data. while the first three methods can benefit from more timely data acquisition
using the multi-angular imaging capability. All of these selections have been evaluated in the North
and South of China. Rice biomass has been estimated by inversion of the multi-temporal backscatter
coefficient from ASAR data. According to the relationship between rice biomass and yield of certain
rice varieties, the rice yield can be estimated.
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Abstract No. 165

Crop Classification Based on Microwave Images Acquired from
Envisat and ERS

K. Stankiewicz
Institute of Geodesy and Cartography, Poland

The aim of the presented project was to assess the efficiency of crop classification which was based
mainly on microwave images from Envisat-1 satellite. Seven Envisat images acquired with
alternating polarization at the consecutive crop growths stages constituted the main set of data in the
project. Three images from ERS-2 satellite were included in the analysis in order to supplement
Envisat data with additional polarization configuration. As a result of preliminary processing pixels
of images were represented by a values. The field observations made in Wielkopolska region in
Poland during the growing season of 2003 supplied ground truth data which were needed for both:
training the classifier and assessment of classification accuracy. Data were collected for 700 plots
covered by homogeneous crops. The following crops are dominant in the test site: wheat, rye,
triticale, barley, sugar beet, rape, maize and grass.Ancillary data referring to the selected test site
were also taken into account. Land use maps, digital elevation model and soil maps contain
important information which were used in the classification process. The following set of attributes
was specified for each plot: land use type, slope, slope direction, soil type, average a coefficient for
each image of the analyzed set. Other group of plot attributes originated from ground observations.
That group contained type of crop and various plant characteristics referring to different stages of
crop growth. Analysis of variance proved that differences among mean values of a coefficient
calculated for various crops are statistically meaningful. Neural network classifier was applied to
segmented microwave images in order to create map of crops in the test area. It was possible to
differentiate the following crops: rape, sugar beets, maize, alfalfa and cereals. Rape was
distinguished from the other crops as early as at the end of April or at the beginning of May by
investigation of at least two Envisat images with differing polarization. Differentiation of cereals on
microwave images was possible but signatures of cereals reveal close similarity. Cereals recognition
depends strongly on the date of image acquisition and also on the soil moisture level and water
content in plants at the moment of image acquisition.

Abstract No. 227

Ecological Agricultural Crops Classification Using Envisat-ASAR
in Oases of Taklamakan Desert

Q. Dong, H. Guo, Z. Li
Institute of Remote Sensing Applications, China



The present paper gives a method using Envisat-ASAR imagery to survey the agricultural planting
texture in Hetian area, Xinjiang Vygur Autonomous Region, China. where the agriculture in oases
Agriculture is a mainstay of the social economy. The ecological balance is very weak ecotypically in
Hetian area because of the fact that I letian locates southern skirt of Taklamakan Desert. The glacial
melt-water from Kunlun Moutain feeds a string of oases in the area. We take utility of ASAR
imagery of 2003 to analyze the agrotype, economic forestry, water system and agricultural drainage.
Also, the Global Positioning System (GPS ). and Geographical Information System (GIS) were used
as an aid for understanding the change of the natural oases and development of man-made oases
while many towns and villages around the oases are developed at the cost of ecological balance and
natural oases areas, which are the main source of food and the unique pocketbook of local people.
The research concludes that the ecological agriculture planning and dvclopmcnt should be based on
conservation of natural oases and reclamation of the desert edges where the glacial melt-water from
Kunlun Moutain is very limited.
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Abstract No. 317

Suspended Matter Dynamics in Lake Constance in 2003
Derived from MERIS and MODIS Satellite Data

J. Huth, P. Gege
DLR, Germany

Lake Constance is the second largest freshwater lake in Central Europe. The river Rhine, which
passes the lake, imports significant amount of mineralic particles. Their transport and sedimentation
within the lake is of importance for a number of applications, for example ship traffic, pumping
stations for extraction of drinking water, hydraulic engineering, fishery, and ecology. Only satellites
offer a cost-effective way for obtaining time series of the spatial distribution of suspended matter in
such a large lake. The potential of satellite-based monitoring of suspended matter is investigated
using MERIS and MODIS time series from 2003, addressing two specific questions: (I) Are these
sensors suited to derive useful time series of medium- and large-scale patterns of suspended matter
in Lake Constance? (2) Are the quantitative results from the two sensors comparable?

Abstract No. 186

Mapping of Photosynthetic Pigments in Spanish Inland Waters
Using MERIS Imagery

R. Pena-Martinez, A. Ruiz-Verdu, J. Dominguez-Gomez
CEDEX Spain

The first stage of the project A0-594 comprised the development of algorithms for photosynthetic
pigment mapping with MERIS, obtained from an extensive field campaign carried on 36 inland
water bodies throughout the years 2001-2002. The ratio of simulated bands 9 and 7 showed a good
correlation (R2 = 0.919) with HPLC-measured chlorophyll-a concentration, whilst the ratio of9 and
6 showed an R2 of 0.723 with phycocyanin in-situ fluorescence.The objectives of the second stage
of our project are the calibration and validation of the developed models using MERIS imagery and
field data, and the set up of a web-based operational system for pigment mapping and water quality
monitoring of the main Spanish reservoirs. For that purpose, an accurate atmospheric correction of
L 1b imagery is needed, since the reflectance values of L2 are not yet useful for inland waters. The
available MERIS tools show also some problems of underestimation of atmospheric transmittance,
which leads to negative values of reflectance in red and infrared bands. To overcome those
difficulties, several band indexes have been tested, instead of simple band ratios, in order to estimate
the pigment concentrations. Based in this approach, thematic maps of photosynthetic pigments are
already in process, calculated from the reflectance-corrected LI b imagery. The models calibration
and validation field campaigns are also under way this year.



Abstract :\lo. 207

Retrieval of Limnological Parameters of Perialpine Lakes by Means of
MERIS Data

D. Floricioiu 1, H. Rott'. E. Rott'. M. Dokulil2• C. Defrancesco:'
1 Universitv ofInnsbruck, Austria
2 !11stit11tefi!/: Li111110/ogy.Austria

3 Laboratorio di ldrohiologia APPA. Italv

The capabilities of MERIS for monitoring Iimnological parameters of pcrialpine lakes arc
investigated in the Envisat project i\0-164. The data base includes about 15 full resolution images
of MERIS acquired over the Eastern Alps from March to September 2003. Further investigations are
planned for spring and summer 2004. Study sites arc several lakes located with in the northern slopes
of the Austrian Alps and the Italian Lake Garda. Field data, acquired parallel to several satellite
overflights. include reflectivity spectra abov c the wat er surface measured \\ ith a spcctrorad iornctcr
and iimnological parameters extracted from \I atcr samples. Aerosol properties \I ere derived from
atmospheric transmittance measurements at four \I a\ clcngths \I ith a Precision Filter Radiometer
deployed at the shore of the lakes.The dcriv at ion of the surface reflectance from the measured
spectral radiance hy means of radiativ c transfer calculations is a critical issue in the development of
algorithms for water quality. The field measurements revealed high variahility of aerosol optical
thickness. Because the aerosol load and properties arc usually unknow n it is necessary to derive
them directly from MERIS data if the data shall he used for monitoring purposes.;\ viable solution
for this problem is the Dark Dense Vegetation (DDV) approach.The surface reflectance data derived
from MERIS \I ere analysed in relation to the limnological field data in order to study possibilities
for rctricv al of limnological parameters. This analysis. as well as prcv ious invcstig ations with
MERIS data simulated from an hypcrspcctral airborne survey and field spcctroradiomctry on the
Austrian oligotrophic lakes revealed the Chi-a concentration as the water quality parameter which is
best correlated \\ ith the spectral reflectance. For other optically active substances (c.g. gelbsto lf
suspended sediments) the algorithms arc based on spectral hands in the blue region \I hich is critical
in respect to sensor radiometry and aerosol modelling \I ithin the atmospheric correction. The
investigations confirm the feasibility of MLRIS to estimate the Chi-a concentration also for
perialpinc lakes. which arc characterized h~ comparatively llrn concentrations of optically active
substances.

Abstract No. 621

Amazon Floodplain Water Quality Monitoring
using MERIS and MODIS Data

J. Martinez'. L. Maurice-Bourgoin", P. Moreira-Turcq", F. Seyler:', J. Guyot"



1 Institut de Recherchepour le Developpement (!RD), Brazil
:! !RD, Brazil
3 !RD, France
4 !RD, Peru

Until now, few works dealt with the use of satellite data to monitor water quality in the Amazon
basin, in particular because of the unavailability of appropriated remote sensing sensors and of the
dramatic lack of in situ measurements to validate the analysis. The Amazonian floodplain
constitutes one of the major freshwater wetland system. It is compounded of several thousands
lakes, showing strong spatial and temporal heterogeneities caused by the large water level
fluctuations, reaching up to 20 meters. These lakes act like natural reservoirs during high water
stage, stocking large amount of water and sediments. In such heterogeneous and fast-changing
environment. the challenge is to retrieve the parameters of interest when the water optical properties
are affected at the same time by the presence of phytoplancton, dissolved organic components and
the suspended matter. Sensors such as MODIS and MERIS, by joining fine spectral resolution ( 15
bands for MERIS between 400 and 900 nm), high temporal resolution (2 images a day for MODIS)
and medium spatial resolution (250 to 500 meters), appear promising. In this study, we assess the
use of MODIS and MERIS data for the monitoring of the Amazonian floodplain lakes. MERIS data
were acquired trough a ESA Category-I user project. The floodplain studied is the "Lago Grande de
Curuai", located on the right bank ofthc Amazon R.. across from the city ofObidos. This floodplain
is a complex system of more than 30 interconnected lakes. with a maximum inundated area of 2,300
km2. A very high temporal variability of the monitored TSS in various lakes and channels has been
observed. The TSS concentrations at the surface of white water lakes are ranging from 4 mg/I during
the flood peak to extreme values, of about 1600 mg/I. during the low water stage, when annual TSS
concentrations in the Amazon mainstream range from I to 256 mg/I in the same period. Making use
of a large dataset of water quality measurements we analyzed the spatial and temporal variations of
the water signatures. Measurements come from several field campaigns during which a large
number of points arc visited and from a long-term monitoring network on a limited set of stations.
Measurements include : TSS, DOC, POC, chlorophyll. granulometry of sediments and heavy metals
concentrations. The fine spectral resolution of MERIS allows to identidy finely main water
constituents and to understand the biophysical processes taking place in the lakes. MERIS makes it
possible to monitor the extension and duration of phytoplanctonic blooms and to retrieve the
chlorophyll-a and TSS concentrations during the main lake stages. Comparisons of MODIS data
with TSS measurements collected every I0 days proves that such sensor allows to finely monitor the
surface sediment fluxes. Accuracy of the TSS retrieval using semi-analytical techniques ranges
between 5 and I7 mg/I. Complementarity of both MERIS and MO DIS sensors is discussed.

Abstract No. 257

Water Quality and Algae Bloom Mapping in the CASE 2 Waters
of the Baltic Sea and Finnish Lakes Using Envisat MERIS Data

. p 11· . I J v ··1··. z s K I s K lt I 3J. u iamen , . epsa amen , . oponen , . a1 a a ,
K. Kallio2, T. Pyhalahtr'
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Water quality and algae bloom mapping in the CASE 2 waters of the Baltic Seaand Finnish lakes
using Envisat MERIS data.louni Pulliaincn. Jenni Vcpsalaincri". Sampsa Koponcn, Scppo Kaitala**,
Kari Kallio* and Timo Pyhiilahti* Helsinki University of Technology. Laboratory of Space
Technology. P.O. Box 3000. FIN-02015 llUT. Finlandc-mail: jouni.pulliaincn«. hut.fi* Finnish
l.n , ironmcnt Institute (SYKE)** Finnish Institute of Marine Research Water quality and
algaccyanobactcria bloom mapping in the Baltic Sea and lake regions of Finland is an important
national and intcruational cnvironmcntul assessment isvuc, For example. the Gulf Finland in the
Baltic S..:a is considered to have serious human impacts. In Finland. the total number of lakes to be
monitored according to EC regulations is 5Ci.OOO (surface area > 0.0 I km2 ). Their monitoring is a
difficult task in practice through conventional monitoring programmes. The use of l.arth observation
data may soil c part of these problems. In the Baltic Sea. unattended llo\\ -ihrough tluoromctcrs arc
currently operatively employed to prov ide information on chlorophyll a (chi-a) concentration and
distribution. The information is collected on a daily basis at merchant and passenger vessels
operating in the region (automated Algra line sampling system). These ship-of-opportunity
observations arc used for the general assessment of the status of the Baltic Sea. Since chi-a is a
measure of phytoplankton biomass. spatially distributed information on cutrophication is obtained.
However, the spatial coverage of data is restricted to transects cruised hy vcsscl«. In lakes. the
classi ti cation system based on \\ atcr sample collection has scv era I limitations. In Finland.
monitoring stations only cov er a small portion of the lakes. Furthermore. in many lakes there is only
one monitoring station. Hence. the variability otw atcr quality within those lakes is not known. Also.
some monitoring stations arc visited only once during the open water season so the temporal
CO\ cragc of the monitoring is not very good.Space-borne optical spcctroradiomctcrs. such as
MERIS and \10DIS. provide daily remote s..:nsing reflectance observations correlated to chi-a
concentration of surface water layer. These data arc av ailahlc whenever cloud conditions permit for
a moderate spatial resolution of 250 to JOO metres. Spcctroradiomctcrs can he used for the mapping
of chi-a using empirical or semi-empirical algorithms. However, their accuracy is limited in the
CASF 2 watcr« due to the relatively high yellow substance (CDOM) and total suspended particle
concentrations. Due to the high concentrations. the atmospheric correction of satellite observed
radiance data to water leaving reflectance \ alucs is also a cumbersome task. As an outcome. if
satellite data rctricv al algorithms do not apply nearly concurrent in situ reference information for the
algorithm calibration. these factors result to systematic errors in estimated \\ atcr quality
characteristics. In practice. the chi-a concentration is occasionally seriously under- or overestimated
even though the correlation of observed rcflcctunccs \\ ith the chi-a values may be high. This
handicap seriously reduces the feasibility of satellite observations for the operational monitoring of
the Baltic Sea and Finnish lakes. unless satellite data arc used togcthcr w ith in situ obscrv at ions.In
this ill\ estigation. ;\1ERIS data and Algra line-ship of opportunity data \\WC used to dcriv c empirical
chi-a maps for the Baltic Sea. Additionally. the obtained results showed that during highly dynamic
cyanobactcria blooms. the combined use of Algru line and MERIS observations prov ides good
results. The comparison of MODIS and MLRIS data also yielded information on optimal
wave length bands and channel indices tor the assessment of the Baltic Sea. The results indicate that
both instruments can be used for the water quality mapping with about the same accuracy. However.
MERIS has the advantage of better spatial resolution. Spatial resolution 1\as found to be crucial
performance characteristic during surface lloating cyanobactcria blooms.The quality of water in
Finnish lakes is monitored at about 5.000 monitoring stations. The monitoring is based on traditional
ground truth measurements. From time to time. the collected data are used for classifying lakes into



five quality classes ranging from excellent to poor. The latest classification was completed in 1999
and it used data collected during 1994-1997. The analysis for the classification took about two years
to complete and it included over 2.5 million measurement results. The only cost efficient way to
improve the spatial and temporal coverage of lake monitoring is remote sensing. With remote
sensing techniques it is possible to first retrieve the values of some water quality parameters (e.g.
chi-a, turbidity, suspended solids) and then use those values to classify lakes. In this paper a more
direct approach is used: The quality class of a lake is assumed to be directly proportional to the
radiance values detected over the lake with MERIS and MODIS sensors. The results indicate that
these sensors can be used for operational water quality mapping in Finnish lakes, together with in
situ observations. For example, the results obtained using MODIS data show an overall
classification accuracy is 80 % (of 19,208 data points).
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Abstract No. 225

Large European Lakes Vanern and Vattern in MERIS Images

A. Reinart, D. Pierson, N. Strombeck
Uppsala University, Sweden

In order to complement present water qua! ity monitoring of large lakes. we have attempted to make
use of satellite imagery. In addition to ocean color sensors SeaWiFS and MOD IS, lately also MERIS
images became available. By bio-optical simulations we haw shown that MERIS bands are more
suitable to estimate chlorophyll concentrations than SeaWiFS and MODIS in these lakes, which
contain also significant amount of dissolved organic matter. We have also shown that SeaWiFS and
MODIS standard atmospheric correction often fails over these lakes. Here we compare 20 almost
cloud free full resolution atmospherically corrected MERIS images with SeaWiFS and MODIS
images from the same day. Water leaving reflectance spectra arc compared with results of bio
optical model simulations, in situ chlorophyll and absorption by dissolved organic matter.
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Abstract No. 309

MIP AS/Envisat Observations of PSCs
in the Artie and Antarctic Winters 2002 to 2004:

a Comprehensive Dataset for Polar Process Studies

R. Spang', J. Remedios", L. Kramer", G. Guenther", J. Grooss", M. Riese1
1 Research Center Juelich, Germany

:! EOSISRC, University of Leicester, United Kingdom
4 Research Center Jiilich, Germany

Monitoring of Polar Stratospheric Cloud (PSC) coverage and type differentiation by remote sensors
on a vortex-wide basis are essential for better understanding and quantification of the denitrification
in both polar vortices and effects on ozone recovery. The spectrally highly resolved limb emission
spectra measured by the Michelson Interferometer for Passive Atmospheric Sounding (MIPAS) are
providing an excellent opportunity for this detection and differentiation of PSC cloud types.
Furthermore, the MlPAS is currently the only instrument in space delivering observations close to
the pole (-90,+90 deg latitude) of PSC distributions over complete winters. These types of
measurements, i.e. vortex-wide and spectrally resolved data, are becoming more and more important
for the validation of PSC formation mechanisms of microphysical model on a statistical basis.In th is
study MIPAS level 1b spectra have been analysed. Derived PSC quantities (e.g. cloud top heights
and PSC occurrence frequencies) for the Arctic winter 2002/3 and 2003/4 as well as Antarctic
winter 2002 and 2003 will be presented in comparison with meteorological analyses, coincident
trace gas measurements (Level 2) from MIPAS and results by the Chemical Lagrangian Model of
the Stratosphere (CLaMS). Characteristics of specific winters will be highlighted.

Abstract No. 65

Aerosol Optical Depth over Europe - Retrieval from ATSR-2 Data for
the Year 2000

R. Schoemaker, G. De Leeuw, R. Schoemaker
TNO-FEL, Netherlands

At TNO Physics and Electronics Laboratory aerosol properties are retrieved from ATSR-2 data
(ERS-2 satellite) by means of scientific algorithms. The dual view algorithm for application over
land and the single view algorithm for application over ocean have been merged into a fast and
efficient algorithm that allows for near real-time processing and which is suitable for operational
usc. It includes all necessary corrections for surface and atmospheric effects including fully
automated cloud screening procedures. The algorithm can be applied to retrieve aerosol optical
depth (AOD), Angstrom parameter and aerosol types. An analysis with newly obtained data for the



year :woo over Europe is presented here. It is shown that the retricv ed AOD compares favorably
\\ ith collocated sun-photometer data from the Aerosol Rohotic Netw ork (AERON ET).

Abstract No. 246

Retrieving Aerosol Properties and Land Surface Reflectance
from Multi-angle AATSR Measurements

W. Grey. P. North, S. Los
University of Wales Swansea, United Kingdom

Atmospheric aerosol particles significantly affect the Earth's radiation budget. yet aerosols are one
of the largest uncertainties within climate modelling and the lack of measurements on a global scale
is one reason for this. However, satellite remote sensing offers a viable means of monitoring
aerosols over large areas and on a timely-basis. Aerosol measurements can also he used for
atmospheric correction of remotely-sensed data allowing land surface reflectance to he compared
over time so that vegetation state can he monitored.In this paper, dual-angle AATSR measurements
arc used for retrieving hoth atmospheric aerosol properties and hi-directional reflectance over land.
Previous research has shown that it is possible to separate the atmospheric and surface components
from multi-angle measurements. To achicv c this. angular variation due to both atmospheric effects
and surface scattering need to he taken into account. This paper demonstrates how the inversion of a
physical model of light scattering can he used for quantitative mapping of aerosols O\ er different
land surfaces types. Testing is performed mer a representative set of land cov cr types and aerosol
sources. and at a range of latitudes. Nearly four-hundred AATSR scenes tor more than 20 sites
around the world have been acquired. These test sites have been selected to correspond 11 ith the sites
of permanent AERONET sun-photometer instruments. In addition to the ground-based sun
photometer datasets. MISR, MODlS and TOMS aerosol data products were acquired from NASA
for a fe\\ of these sites for inter-sensor validation. MODIS ground reflectance products were also
acquired so that comparison with AATSR derived ground reflectance could he made. For nearly all
of the sites there is a good correlation hctw ccn sun-photometer measurements of aerosol optical
depth and the AATSR derived measurements. In addition. there is a high correlation between the
AATSR aerosol measurements of aerosol opacity and the other satellite aerosol products.
demonstrating that the AATSR method of aerosol opacity retrieval works cffcctiv cly. ()I er all sites
the RMSE is approximately 10 percent of the aerosol optical depth. The method is also developed to
examine the potential determination of aerosol type based on best lit over a range of aerosol
scattering models in the inversion procedure. Validation is performed qualitauvcly hy a priori
knowledge of the aerosol sources over spatially extensive land covers. For many of the sites realistic
parameters an: obtained for a given land surface and likely aerosol source. Furthermore. the
retrieved AATSR ground reflectance is comparcd w ith the MODIS BRDF product and initial results
indicate close correlation between the two instruments' estimate ofsurface reflectance.



Abstract No. 383

CONTRAIL: Monitoring Aircraft Condensation Trails (DUP/DUE)

F.Jelinek
EUROCONTROL, France

Exhaust emissions from Jet aeroplanes contain large amounts ofw ater vapour which, under certain
atmospheric states, will condense to form elongated cloud-like condensation trails in the sky. The
ice particles so formed then act as cloud condensation nuclei. and provoke the condensation of yet
more moisture from the surrounding atmosphere. The "contrails" formed in this way could have a
significant environmental impact by modifying the radiative balance of the Earth-atmosphere
system. This perturbation is caused both by the contrails themselves, and possibly also by the
formation of persistent cirrus clouds which might not otherwise have existed. The focus of this DUE
project is to develop and demonstrate an EO-based service in support to the continuous assessment
of the environmental effects of increasing volumes of air traffic, by monitoring the daily contrail and
cirrus cloud coverage over Europe and the North Atlantic. EUROCONTROL is interested for two
reasons: (i ) in order to reduce the uncertainties on the assessment of the greenhouse impact of
contrails. and (ii) in order to validate a contrail formation model. The model will be used to explore
scenarios for mitigation strategies, if the environmental impact is found to be severe. This paper
examines EUROCONTROL's requirements, the current status of the project, and the services to be
dcliv ered.

Abstract No. 538

Detection of Condensation Trails, Cirrus Clouds
and Retrieval of their Properties with AATSR

H. Mannstein, K. Dammann, W. Krebs, L. Bugliaro, B. Mayer
DLR Oberpfaffenhofen, Germany

To investigate a possible impact of air traffic and its emissions on cirrus clouds, differences in the
properties of cirrus clouds will be compared between areas of high air traffic density in the Northern
and areas of low air traffic density in the Southern Hemisphere.Within the Envisat-AO project
"NOSOKO" (North-south contrast near the midlatitude tropopause as an indicator for the impact of
aircraft emissions) these differences are investigated by retrieving the optical thickness and effective
ice particle size of cirrus clouds from AATSR/Envisat over these areas.Additionally maps of cirrus
cloudiness and aircraft producedcondensation trails will be derived from AATSR over Europe and
the North Atlantic within the ESA Project "CONTRAILS". These maps are used to investigate the
occurence of condensation trails compared to natural cirrus clouds for the year 2004 and to identify
areas with high air traffic density in the Northern Hemisphere for NOSOKO.First results will be
presented.
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Abstract No. 76

Has SAR Failed in Soil Moisture Retrieval?

W. Wagner, C. Pathe
Vienna University of Technology,Austria

Soil moisture plays an important role in a variety of environmental processes. It controls the
partitioning of precipitation into runoff and infiltration, determines the separation of incoming
available energy into sensible and latent heat fluxes to the atmosphere and limits evaporation and
transpiration.In-situ measurements of soil moisture yield precise values, admittedly representing
only point measurements. Remote sensing methods provide indirect areal estimates of soil moisture.
Microwaves show a unique sensitivity to dielectric properties of natural media, thus radar remote
sensing is in principle regarded a well suited tool for retrieving soil moisture information. Although
numerous studies and experiments have been conducted in the last three decades, there still exists no
operational method for easily extracting soil moisture information from Synthetic Aperture Radar
(SAR) imagery. The problem is that radar backscatter also strongly depends on the geometrical
properties of the imaged terrain. The influence of soil surface roughness on the backscattered signals
is as distinct or even greater than the soil moisture information itself, making surface roughness a
major limiting factor in radar remote sensing of soil moisture. Surface roughness found in the field
often do not fall in the validity range of existing theoretical bare soil backscatter models, nor give
current roughness measurement methods satisfying and representative descriptions of natural
roughness conditions. This makes soil moisture retrieval from SAR data still a problematic task,
often leading to poor modeling results and making most of the soil moisture retrieval algorithms
proposed in the literature simply not applicable.This study reviews the experiences made in various
experiments that aimed at extracting soil moisture from SAR data, trying to answer the question
why they failed. One of our observations is that new techniques for measuring surface roughness are
urgently needed, since most campaigns failed to collect representative surface roughness data.
Another observation is that change detection approaches using long SAR time series and
scatterometer data have in general been very successful. With change detection only the changes in
the backscatter signals in comparison to a known reference are interpreted, which allows to
circumvent the problem of surface roughness characterization.As an outlook to the future, this study
proposes an new approach to extract soil moisture from ScanSAR data at a scale of 1 km.
Unfortunately, Envisat ASAR has many competing modes and power supply restrictions, which
limits the availability of ASAR ScanSAR data. However, even with currently available technology it
would be feasible to build an advances ScanSAR system which could be operated continuously, thus
providing measurements every 3-4 days with a high spatial resolution. The major challenge using
ScanSAR data is that the local incidence angle changes from acquisition to acquisition, thus
requiring a retrieval model that is applicable over a wide range of incidence angles (20° - 60°). On
the other hand, the information obtained about the incidence angle dependency of the backscattering
coefficient may tum out to be very useful for characterizing surface roughness and vegetation.



Abstract No. 662

Use ERS-2 SAR Data for Estimating Soil Moisture
and Vegetation Water Content Variations in Boreal Forests

j. Pullialnen', P. Hari", M. Hallikainen', N. Patrikainen'. M. Peramaki", P.
Kolari2

1 Helsinki University of Technology, Finland
c University ofHelsinki, Finland

The response of C-hand SAR data to \ ariations in soil and vegetation water content is investigated
hy applying a one-year time-series of I~ ERS-2 SAR observations from the HyytiiiW forest research
station. Finland. The reference data include daily avcragc soil moisture obscrv ations from a TDR
measurement network as well as daily maximum and minimum pine trunk diameter observations.
Additionally. high-resolution soil type and forest cover (species and stem volume levels)
information were available for a large surrounding forest region. The actual derivation of SAR
based rnoisturc.« ater content estimates was carried out for different land and forest types of this
region. The in situ soil moisture values \I ere separately measured for the top humus layer and for the
top mineral soil layer. The available trunk diameter data arc directly related to the total water
content of tree canopy. l lencc, the data set enabled the investigation of the influence of soil moisture
and vegetation \I atcr content to hack scatter from horcal forest. Additionally. the data set was used
for studying the quantitative performance of soil moisture estimation. This was carried out by
inverting a semi-empirical borcal forest backscattering model.The results indicate that during the
snow-free period the C-band SAR observations detect well the extreme volumetric water contents of
forest canopy and those of underlying mineral soil. The minimum backscattering coefficient was
observed for dry summer conditions with minimum water content levels. During autumn. in situ
water contents for soil and trees lay in their maximum saturated values, and thereby, the
backscattering coefficient also shows the highest level. The employed inversion approach estimates
forest canopy water content as well as soil moisture from the SAR data when '1 priori forest biomass
(stem volume) information is available. The inversion method prov ides an estimate for the soil
moisture of forested terrain, which is here directly compared with in situ values. The other SAR
based quantities used for comparisons include the observed mean backscattering coefficient for the
densest forest and the estimated water content of forest canopy.The results obtained for pine
dominated borcal forests show a moderate correlation coefficient r of0.66 and a RMSE of 5.7%-unit
between the SAR-derived soil moisture values and in situ data. The total variation in the TDR
observed reference soil moisture of mineral soil was from I3'Yo to 331Yc1. Generally. the seasonal
behavior pattern of soil moisture was well observed in SAR-based estimates. The results also
indicate that the in situ daily minimum pine trunk diameter correlates well with (a) the level of
backscatter observed for dense forests and (b) the estimated water content of tree canopy. The
obtained correlation coefficients (r ) exhibit values of 0.78 and 0.73, respectively. This suggests that
tree 11atcr content variations can he detected by using C-band SAR data in case of pine-dominated
borcal forests. The observed seasonal behavior of C-band backscatter for spruce-dominated forests
appears to be more complicated than that of pine-dominated forests. This may he a consequence
from the fact that spruce forests represent more wcttish land types (typically mires) than pine
forests.



Abstract No. 161

Retrieval of Soil Moisture from Envisat ASAR Images: a Comparison
of Inversion Algorithms

P. Pampaloni, E. Santi, S. Paloscia, P. Pampaloni, S. Pettinato, P. Poggi
CNR-IFAC, Italy

Soil moisture (SMC) plays a critical role in the surface energy balance at the soil-atmosphere
interface and can be considered a key state variable that influences the redistribution of the radiant
energy and the runoff generation and percolation of water in soil. We know that local SMC
measurements are strongly affected by spatial variability. besides being time-consuming and
expensive. Moreover. the use of hydrological models for extending the forecast of soil moisture mer
larger areas is not easy, and depends on the homogeneity of the selected areas and on the
information available on them (soil properties, i.e. hydraulic characteristics, and permeability,
together with meteorological and climatological data. etc.). The possibility of measuring soil
moisture on a large scale from satellites, with complete and frequent coverage of the Earth's surface.
is, therefore. extremely attractive. The sensitivity to soil moisture of the backscattering coefficient
measured at low microwave frequencies is a well-known phenomenon already investigated by many
scientists. Indeed, research activities carried out worldwide in the past have demonstrated that
sensors operating in the low frequency portion of the microwave spectrum (P- to L-band) are able to
measure the moisture of a soil layer, the depth of which depends on soil characteristics and moisture
profile. The most significant information was obtained by combining different frequencies,
polarizations, and incidence angles. Unfortunately. L-band is not available from current satellite
sensors. which moreover operate in a single-frequency band. Thus. research for the retrieval of soil
moisture has been focused on the potential of existing sensor frequency. i.e. the C-band, which is
operational on ERS-2, RADARSAT, and Envisat. C-band backscattering is still sensitive to SMC,
but it is significantly influenced by vegetation and surface roughness too, so that the estimation of
spatial variations of moisture with the accuracy requested in many applications is rather still
problematic, and needs the use of correcting procedures.In this paper we present a comparison of
algorithms for retrieving SMC from Envisat ASAR images collected on two agricultural areas in
Italy: Alessandria, in the Northern part. and Montespertoli, in Central Italy. SAR images were
collected in summer and fall 2003 and in springtime 2004 together with ground data. The algorithms
taken into consideration were: a FF Neural Network with two hidden layers. a statistical approach
based on Bayes theorem, and an iterative algorithm based on Nelder direct search method. The
training of the NN and the generation of reference values for both the Bayes and Nelder approaches
were performed by simulating radar backscattering through the Integral Equation Model. Per pixel
maps of soil moisture were generated from SAR images on the basis of these algorithms, and the
obtained values were compared with ground data. The comparison showed that all the tested
algorithms produced satisfactory results, but the predictions of the NN were slightly more accurate
than the other approaches.



Abstract No. I IO

Multiscale Soil Moisture Retrieval to Monitor the Global Change of
the Water Cycle - Perspectives from the GLOW A-Danube Project

W. Mauser, A. Low, R. Ludwig
University of AI1111ich, Germanv

The Gl.OWA-initiativc, funded hy the German Ministry of Research and Education (BMBF), has
been established to address the consequences or Cilobal Change on regional water resources. The
CiLOW A-Danuhe project is dealing 11ith the Upper Danube watershed as a representative mcsoscalc
lest site (- 75.000 km') for mouniain-forcland regions in the temperate mid-latitudes. The principle
objcctiv e is lo identity. examine and develop llC\\ techniques of coupled distributed modelling for
the integration of natural and socio-economic sciences. The transdiscipliuury research in CiLOW;\
Danube has dcx eloped an integrated Decision Support System, called DA NUBIA. lo invcstigutc the
sustainability of future water use. In order lo synthcsi,«, a common understanding between the
project partners, a standardized notation or parameters and functions and a platfonn-indepcndent
structure of computational methods and interfaces has been established, by making use of the
Unified Modeling Language (UML). DANLBIA is object-oriented. spatially distributed and raster
based on a I km' grid spacing. The study outlines the CiI.OW A-Danube approach of nct« ork-bascd.
object-oriented model coupling to communicate data and model parameters across the typical
discipline borders. Encouraging results of the DA\IUBIA prototype arc shown. for both simulated
physical and socio-economic processes in the Upper Danube watershed. Remote Sensing is the key
to an intcgrariv c monitoring-concept for CiLOWA-Danube. Mulutcmporal and multiscnsoral (and
hence multisculcj remote sensing information is used as a source of input- and \ alidation data for
\ anous modeling approaches. I Iydrolouic processes. such as runoff production or
cv apotranspirauon. largely depend on the \ ariauon of soil moisture and its spatial pattern. While
standard image products usually lack sufficient spatial extent and frequent availability. Envisuts
ASAR-WidcS11athMode imagery synoprically covers mcsosculc areas in medium spatial resolution
and high temporal repetition. This study presents a semi-empirical model for the retrieval of near
surface soil moisture from ASAR-WSM imagery. The procedure compensates for the different
topographic and \ cgctation effects on the backscatter signal. Small scale \ ariations in vegetation.
especially in agricultural areas, arc crucial for the accuracy or soil moisture rctricv al. Since
Cil.O\VA-Danuhe operates on a l krn ' grid. a scaling procedure \1as developed which lakes into
account subscalc land CO\ er datasets derived from ;\ VllRR and MERIS imagery. Ouuntitativc
comparisons or dcri, ed near-surface soi I moisture products lo lie Id measurements and mcsoscalc
hydro logic model results show a remarkable irnprov cmcnt and overall good agreement, \I hen the
vegetation effect on the radar backscaucr signal is accounted for on a subscalc basis. Based on the
mcsoscale results or the soil moisture rctricv al for the Upper Danube watershed. an attempt \las
made lo utilize this information for developing a bi-directional scaling procedure for global scale
applications. The lack of global soil moisture obscrv at ions is a major obstacle tor \ arious research
activ itics ranging from climate monitoring lo the quantification of hioucophysical fluxes. and hence
tor a reliable estimation of processes related to Cilohal Change. In order lo potentially bridge the gap
hctw ccn mesoscale and global scale applications and vice-versa. the validated soil moisture data
dcriv ed from ASAR is aggregated lo create \ irtual footprints of the highly anticipated SMOS (Soil
Moisture and Ocean Salinity) sensor. \\ hich is lo he launched by LS;\ in 2006. The payload or
SMOS is a !.-band radiometer (I ..+ CiHz) based on a two-dimensional aperture synthesis concept.



with new and significant capabilities, especially in terms of it's multi-angular viewing configuration.
SMOS will provide soil moisture products for the root-zone with a spatial resolution in the range of
20 km and in high temporal frequency, and must therefore be considered a valuable monitoring
system for large scale applications in hydrology and related sciences. Simulated SMOS footprints
for the Upper Danube watershed are shown and discussed. Upon availability of SMOS imagery, the
developed scaling procedure will in return be utilized to disaggregate soil moisture information for
the mesoscale.

Abstract No. 102

Soil Moisture Mapping with C-band Multi-polarization
SAR Imagery

Z. Li, X. Ren, X. Li, L. Wang
Institute of Remote Sensing Applications, CAS, China

Soil moisture is a variable that plays a leading role in surface water and energy balances, especially
in arid continent of western China. Periodic and distributed observations of this key variable allow
to improve surface water and energy balances. High resolution data of C band ASAR (Advanced
Synthetic Aperture Radar) sensor aboard ESA's satellite offers the opportunity for monitoring
surface soil moisture at high spatial resolution with mutil-polarization and multi-incidence
capabilities, which is suitable for distributed mapping at the small scales area.This paper reports
results of research into C band SAR from ERS-1/2 and Envisat for soil moisture mapping. Using
Integral Equation Model (!EM), we simulated the backscattering coefficients of C band SAR
backscatter at different incidence angles and the alternating polarisation mode, and analysed the
sensitivity to soil moisture. The algorithm of infering surface soil moisture from radar backscatter is
developed according to semi-empirical model from the results of simulation and sensitivity analysis.
Using ERS-1/2 SAR imagery on May 27, May 28, Jun. 26, Jun. 3 L Sep.04. 2001, and ASAR APS
l P data with HH and HY polarisations on Jun. 27, Jul. 13 and Aug. 12, 2003, the soil moisture map
of temporal period are retrieved in Tuotuohe, Tibet plateau(34°13~N. 92°25¢E). Additionally, field
soil moisture measured on the day of acquisition at several sites through the TOR and gravimetric
methods, and are used to assess the SAR imagery soil moisture estimations. The soil moisture map
retrieving from SAR backscatter measurements compared to the spatially distributed ground truth.
Accuracy in the retrieval of the surface moisture content from the radar measurements follows the
accuracy in the field measurement. The results demonstrate the effects of soil moisture monitoring
using temporal and mutil-polarisation SAR data.
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Abstract No. 25

The Retrieval of Soil Moisture Using Medium Resolution Envisat
ASAR Wide Swath Data

X. Kong', S. Dorling", R. Smith2
1 University of East Anglia, United Kingdom

l Met Office, UK, United Kingdom

The aim of this study is to estimate soil moisture using Envisat Advanced Synthetic Aperture Radar
(ASAR) medium resolution data and to compare with field measurements and with a hydrological
model. MOSES 2.2, developed by the UK Met Office and the UK Centre for Ecology and
Hydrology. Envisat ASAR Wide Swath Mode offers a reasonable compromise for soil moisture
monitoring due to the increased temporal resolution (3-5 days) and area coverage (400km) with
medium resolution (I 50m), thus providing data for larger scale soil moisture monitoring with an
appropriate temporal repetition. During 2004, fieldwork is being carried out in Norfolk, UK on the
days of image acquis.tion. The soil moisture and vegetation data are collected at three sites with
different vegetation types: winter wheat, sugar beet and grass. Empirical regression and neural
network approaches arc used to retrieve soil moisture from the ASAR images. The retrieval is
validated against ground truth soil moisture and also compared with MOSES model estimates.
Results from this analysis will be presented at the symposium.

Abstract No. 63

Coupled Modelling of Microwave Landsurface Interactions Using
Envisat ASAR APS Data

A. Loew', W. Mauser2
University of Munich, Germany

:' University ofMunich, Section Geography, Germany

Spatially distributed information about the current state of the land surface can be obtained from
remote sensing measurements. These may be used with great benefit for the understanding of
hydrological processes on the landscape level, where in situ measurements must fail due to lacking
spatial coverage.The potential to quantity soil moisture conditions of the top soil layer by means of
active microwave imagery has been successfully demonstrated in numerous studies. Contrasting
earlier and rather experimental research efforts, the Alternating Polarization (AP) data acquired from
the Envisat ASAR sensor firstly enables to continuously monitor areas with high temporal
frequency, high spatial resolution and different polarizations.The paper presents a semi empirical
modelling approach for multipolarized microwave data and strategies for the derivation of soil
moisture and vegetation parameters from AP datasets. Due to the changing imaging geometry
between different ASAR swathes, a rigorous correction of the local terrain effects has to be applied



to eliminate the terrain induced geometric and radiometric distortions. This is crucial for the
rctricv al of landsurfacc parameters. Based upon the experience gained from ERS data an algorithm
was dcv eloped for ASAR to correct the backscattering coefficient in that \\ ay. Based on a time
series of [11\ isat AP datasets a semi empirical backscattering model \\as calibrated for all ASAR
S\\ athcs. Therefore extensive field campaigns were carried out to measure soil and plant parameters.
The hare soil backscatter contributions arc obtained using a two parameter theoretical model based
on the Integral Equation model (I EM). This is crucial to overcome the problem of accurate surface
roughness paramctcrisation for bare soils.Using the measured ground truth database. significant
relationships between plant parameters and the polarization signatures could be observed. This can
he used for the estimation of the vegetation contributions lo the signal and thus to its compensation.
Different compensation strategics arc presented in this context.The obtained results arc promising.
The backscattering coefficient can be modelled \\ ith an RMSI: less than I dB and the in , cried soil
moisture of the upper soil layer is reproduced with an accuracy comparable to the variance of the
parameter 011 the ground.

Abstract No. 80

Soil Moisture Experiments in 2003 (SMEX03) ASAR Studies

T. Jackson', R. Van der Velde1, R. Bindlish1, J. Shi2
1 USDA ARS, United States

-' Univ. of California Santa Barham. United States

Soil moisture rctricv al and mapping using satellite synthetic aperture radar (SAR) has had limited
success. A reason for this is that roughness and \ cgetation scattering arc also important components
of the radar measurement. Using a single channel SAR it has been difficult to develop robust
algorithms. Success has been achieved in specific studies by limiting the impact of roughness and
vegetation. The Enx isat ASAR offers a dual polarization mode. With two radar measurements it
may be possible to make the retrieval algorithms more robust. The use of dual polarization /\SAR
data in soil moisture retrieval was explored using data collected by in situ stations and field
experiments conducted in Oklahoma during 2003. ( iround ohscrv ations consisted of thirteen
permanent surface soil moisture points in the Little Washita Watershed. OK and 15 fields that were
intensiv cly sampled during the Soi I Moisture Experiments 2003 (SM EXOJ ). Each field \I as
appruximate ly XOOm by XOOm and 1-1points were sampled. Each of the permanent stations provided
a single point 011 an hourly basis and was typically located on the edge of a pasture lie Id./\ total of
SC\ en ASAR alternating polarized gcocudcd (Al'Ci-VV1Yll) images were obtained. These included
acquisitions made during SMLX03 and acquisitions made outside the field campaign. The longer
term ucquisitions v ere collected at the same incidence angle range ( IS2) and included a range of soi I
moisture conditions. The radar images obtained during the intensive field campaign were acquired at
different incidence angles: however. the obscr, ed soil moisture rangc w as small. These soil moisture
data sets were used to evaluate the hack scatter coefficient scnsiri. ity to soil moisture. The
correlation bct« cen backscatter coefficient and soi I moisture was poor (R2 < 0.22 ). Somewhat better
results were obtained for the YH hack scatter coefficient \ alucs than for the VY backscatter
coefficient measurements. With a limited range of soil moisture during S\.1EX03 it wa-, difficult to
demonstrate soil moisture retrieval. We used the Dubois model with ground observations to
reproduce the measured backscatter coefficient \ alucs. The obscrv ed soil moisture and backscatter



coefficient for one date were used with the model to estimate the surface roughness parameter (root
mean square, rrns, height) for individual fields. The ASAR observations and Dubois modeled
backscatter coefficient values were well correlated for the validation data sets (R2 - 0.80). However
there are systematic errors between the modeled and observed backscatter observations, resulting in
root mean square errors of approximately 2.3 dB.

Abstract No. 155

Estimation of the Rain Moisture of Soils from Envisat ASAR

I. Kalmykov', A. Boyev", V. Yefimov3
1 Center/or radiophysical sensing of the Earth NASU, Ukraine

2 RAJ NASU, Ukraine
3 Center.for radiophysical sensing ofthe EARTH, Ukraine

The present paper demonstrates the possibility of using the Envisat ASAR data to obtain the freshly
precipitated rains on the test sites in the southern region of Europe. The terrain areas in which the
above test sites are located is basically a plain surface. In most, cases the soils are loamy. The
analysis is performed using the radar surveying data acquired in 2003 year. By utilizing the
dependencies of complex dielectric permittivity upon the moisture. a relationship has been obtained
between the relative moisture and the magnitude of radar contrast. For the contrast of 5 to 7 dB the
\ alue of relative moisture is I0 to 14 %, which corresponds to the rainfall of average intensity. The
obtained results are consistent with the data of field measurements.

Abstract No. 247

Methodology for the Processing of ASAR Wide Swath Data for the
Derivation of Land Surface Properties of the Mosel Catchment

N. Demuth', F. Appel", H. Bach2, A. Loew', R. Ludwig",
W. Mauser", B. Waske3

1 Landesamt fiir Wasserwirtschaft Rheinland-Pfalz, Germany
2 Vista GmbH, Germanv

3 LMU Miinchen, Germ;ny

An operational application of remote sensing data for hydrologic tasks in meso- to large scale
watersheds requires frequent observations with wide swath imagery. Thus, in order to allow for a
sufficient temporal and spatial coverage of the area of interest, datasets from ascending and
descending paths and various orbits need to be allocated and processed. The challenge for the
derivation of operational products from the heterogeneous image geometries is founded in the large
spatial extent of WideSwath data and the related diversity of incidence angles. The derivation of



land surface properties from /\SAR imagery for large scale areas. firstly necessitates practicable and
automated methods for data homogenisation.The study describes the geometric and radiometric
methods and techniques that were developed and applied to process the Em isat-Wide swath data for
the Mosel watershed (28.000km2). For an intended operational application of Envisat data in
hydrological modelling. instant and accurate processing of the data is essential. Relevant parts of the
developed and adapted methodology arc the geocoding of the WSM_ l P datasets using orhit
information. automatic line correction based on ground control areas and the correction of incidence
angle influences. Details of the advanced procedure comprise the application of a synthetic /\SAR
wide swath scene used as reference for the co-registration and the development of an empirical
based model to correct the land use dependant influence on the backscatter signal in consequence of
\ ariable incidence angles. Geometric processing consists of parametric geometric and detailed
radiometric correction of the WSM data based on orhit and DEM information. /\II parts of the
process arc enhanced for operational processing \\ ith regard to the announced near-real-time
availability of the Envisat data. A soft« are for automatic product generation is currently under
development.The processed ASAR-WSM data will he used to derive information on snow
properties and soil moisture. First results of deriv ed products from the Mosel catchment will he
presented. This information will he assimilated in the water balance model LARSlM in order to
improve flood forecast.The developments presented in this paper were achieved in the context of the
Inferno project. funded hy the German Aerospace Center DLR.

Abstract l\o. 273

Retrieving of Surface Moisture and Roughness for Agricultural Soil
Surfaces with ASAR-Envisat Data

M. Zribi1, N. Holah2, N. Baghdadi
1 CETPICNRS. France

c BRCM. France. Metropolitan

In the last years. the importance of soil surface conditions. particularly characterized by moisture
and roughness in hydrology and climatic studies, has been shown. In fact. soil moisture plays a
critical role in the surface energy balance at the soil-atmosphere interface and can he considered as a
key state v ariable that influence the distribution of the radiant energy and the runoff generation and
percolation of \I atcr in the soil, whereas the surface roughness is involved in the separation of the
water llm1 into infiltration and runoff.Many studies and methods have been developed in radar
remote sensing research in order to understand the backscattering response from natural surfaces and
to retrieve surface parameters. Nevertheless. In spite of the improvement in hackscattering
simulation hy means of analytic and empirical models, a discrepancy \\ ith many experimental radar
measurements in agricultural watersheds still remains. In this study. our objective is to understand
the behav ior of different ASAR-Ern isat radar configurations (incidence angles. polarization. phase .
. . . ) function of moisture and roughness parameters.A large experimental radar measurements have
hem made in the Beauce agricultural region in France at 15 dates. For each date. ASAR data arc
taken in complex configuration in the alternating polarization mode (I IH and VV or HH and HV)
with one incidence angle. Simultaneously to radar measurements, soil surface moisture and
roughness have been measured for more than 15 hare soil test fields. Therefore. a large data base



with different radar configurations, different roughness and moisture parameters is developed. The
statistical study of radar data has shown the beha. ior of different configurations (polarization,
incidence angle, phase .... ) function of surface parameters. The relationship between backscattering
signal and surface moisture and roughness has been inv estigated as a function of incidence angle
and polarization. Radar data have been compared with different backscattering models (theoretical
models like IEM or empirical models). The potential of ASAR data has been studied for all swaths
(incidence angles) in the alternating polarization mode.

Abstract No. 453

Subsurface Microwave Remote Sensing of Soil Water Content: Field
Studies in the Negev Desert and Optical Modeling

D. Blumberg', J. Daniels', J. Ben-Asher ', V. Freilikher",
Y. Kaganovskli", A. Maradudin3

1 Ben-Gurion Universuty ofthe Negev, Israel
l Bar Ilan Universitv, Israel

3 University o/California: United States

The population's increase in the Middle East and respective decrease of water resources requires
innovative methods for utilization and monitoring of water resources. The development of remote
sensing tools can pave the way for remote. rapid mapping of soil-\\ atcr content. control of excessive
irrigation. and prevention of water waste.This paper describes a series of experiments conducted in
the Negev Desert that were aimed at developing such tools for monitoring soil water content. The
use of visible near infrared and microwave techniques seems plausible. All provide good correlation
with soil water content measured on the ground. However. the microwave techniques presented here
using a P-band scatterorncter and ERS-2 SAR seems the most promising. Finally the possibility of
optical simulation of the microwave processes is presented in an effort to improve the physical basis
for empirical studies. A method of fabrication of optical samples that model soils with different
water content and di ffcrent surface roughness is dcv eloped. and a system for measuring
backscattered signals is designed. It is shown that the reflectivity of a layered medium is a non
monotonic function of the water content. The effect of the surface roughness on the reflection from a
strong buried reflector was and is being studied

Abstract No. 487

Analysis of ASAR Imagery for Hydrological Applications
in Sardinia, Italy

C. Paniconi", K. Guillotte", I. Gherboudj", C. Paniconi",
M. Bernier", M. Marrocu'', A. Caschili", N. Montaldo", M. Mancini",



M. Dessena", P. Botti'
Universite du Quebec, Canada

-' INRS-ETE. Univ. Quebec, Canada
3 C 'RS4. ltalv

~Politecnico di Mi/~1110.Italy
5 Ente A11tono1110de/ Flinnendosa. Italv

The AO project is concerned with assessing the potential of ASAR imagery for hydrological
applications in Sardinia. Italy. This island faces acute water management problems due to its semi
arid climate exacerbated by possible global warrning impacts and to losses (from theft, leakage, etc)
along the 11atcr distribution and irrigation nctw ork s. There is thus a strong interest in assessing the
potential of space-based monitoring. mapping. and modeling techniques tor hydrological and
agricultural applications. Results from analyses of a firs: set of images acquired in 2003 and early
2004 will be presented for t\10 regions. a small (65 km· 2) hilly catchment and a larger agriculturally
important flatter region. Various image configurations (polarization and incidence angle) arc being
explored \ ia multi-temporal and other mapping methods. and the limitations and potential of current
retrieval algorithms for near-surface soil moisture retrieval arc also being examined. The mapping
efforts arc being evaluated with licit! data collected at both sites (meteorological. soil moisture. and
irrigation and other agricultural data). The rctriev al efforts tic in with ongoing research on adapting
data assimilation techniques for various hydrological models so as to make possible the joint and
optimal use of simulation and ohserv at ion data. Periodic ohscrv at ions of surface soil moisture can he
used to update model boundary conditions that drive surface and subsurface partitioning of water
and energy fluxes. These efforts will also be briefly described.

Abstract :\o. 627

Estimating the Soil Moisture from ERS-2/SAR Data in the Kurukavak
Basin, Turkey

Z. Akyurek, A. Sorman
Middle East Technical University, Turkev

Practical applications in recent years hav c sho« n that remotely sensed model 1 ariablcs arc an
important source of information for hydrolouic models in order to make them operational.
Estimating the runoff exactly as an output from the hydrological models depend on the physical
parameter description of the hydrological models. In order to develop and run phsically based
hydrological models and management scenarios. detailed spatial and temporal in formation on a \I idc
range of land surface parameters is required. Moisture content. vcgctution and roughness are the
main parameters in defining the soil properties. The licit! study is limited to point representation.
Therefore satellite images arc used to obtain soil properties. The SAR signal is a fraction of the
geometric and dielectric surface properties over hare soil. The problem to estimate soil moisture is
to free from the effects of the space and time fluctuations of soil rougncs-, and from the vegetation
CO\U attenuation and scattering. This paper describes the first lindings of ho« synthetic aperture



radar (SAR) data from the ERS-2 satellite series were used to derive the estimates of near-surface
soil moisture for non-irrigated aggricultural area and bare soil surfaces in Kurukavak Basin, Turkey.
This basin is located in the north-west part of Turkey, near Eskisehir province and it was chosen as
an experimental and representative basin for hydrological research. Data were acquired between
August 200 l and February 2002, covering both wet and dry seasons. Landsat TM image was also
used as optical data source to obtain vegetation density distribution in the area. The volumetric soil
moisture values were obtained from the gravimetric soil moisture values measured at 44 locations in
the basin during the field measurements. The methodology presented in this paper is based on the
selection of land cover and soil types for which the SAR signal is mainly sensitive to soil water
content variations, and for which the vegetation and the rougness effects can be estimated and
removed if needed. The difference between dry- and wet-season SAR backscatter was used to
normalize roughness effects, and surface reflectance in optical wavelengths to account for
differences in vegetation density were utilized. For a data set of three dates for three soil types, we
confirmed that the relation between ERS-2 C-band SAR backscatter and volumetric soil moisture
was weak(r2=0.023 ); for the same data set the relation between the difference of dry backscatter
values from the backscatter values and volumetric soil moisture for soil type SCL was
comparatively strong (r2 = 0.57). The positive results from this study encourage the use of a multi
temporal SAR for estimating soil moisture in a semiarid region.
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Abstract No. 194

Use of Envisat Dual-frequency Radar Altimeter Data
over Continental Surfaces

F. Papa', B. Legresy', F. Remy', 0. Zanife2, J. Benveniste '
1 LEGGS, France

:! CLS. France
3 ESAIESRIN. Italy

Initially developed to operate over ocean surfaces and make precise measurements of the sea
surfaces topography, the satellite-altimeter radars, which are nadir-pointing active microwave
sensors. rapidly exhibited on strong capabilities to provide information over continental surfaces.At
this time, radar altimetry mainly shows its capabilities over ice caps with the construction of precise
topography or the characterisation of the snow surface roughness and snowpack structure. In
parallel. the development of altimetry to monitor continental water surfaces and measure their stage
elevation makes this sensor a powerful tool to study regional hydrological systems. However, many
other particularities of radar altimeter over continents are still not exploited. like the opportunities to
use all retracked waveform parameters. to use the dual-frequency measurements or to develop a
synergy with passive microwave data obtained by the radiometer that operated simultaneously on
the altimeter platform.The aim of this paper is so to show the new potentials of radar altimetry data
for hydrology and cryosphere studies.Recently, the capabilities ofTopex-Poseidon (Ku and C band)
radar altimeter data for land surface studies have been investigated at global and regional scales. It
first shows. at a global scale, the capabilities of dual-frequency altimeter to monitor forests, deserts,
borcal regions ... and their seasonal variations. At the regional scale, radar altimeter backscatters \YaS
successfully used to recover snow depth evolution through winter over the snow covered areas of
the Northern Hemisphere. It also enables to determine the duration of the snow period, within the
beginning and the end of the winter snow pack. Topex-Poseidon data are also used to develop a
synergetic method using active and passive microwave measurements to study the sea ice variability
of the Caspian and Aral Sea. These works were also used for the calibration/validation phase of the
new dual-frequency radar altimeter on board Envisat (Ku and S bands) over land surfaces and ice
sheets. First Envisat dual frequency radar altimeter data over continents will be so presented and
new opportunities to retrieve parameters, such as soil moisture over continents or accumulation rates
over ice sheets will be discuss.

Abstract No. 94

Dual-Frequency Radar Altimeter above the Antarctic Ice Sheet

F. Remy', A. Levasseur", B. Legresy', B. Legresy'
1 CNRS. France
:! Legos, France



For the firs: time. the Envisat Ri\-2 altimeter prm ides dual-frequency obscrv at ion of the ice sheets.
Moreover. the Envisat ground segment provides waveform parameters related to these observations
to users. This double information strongly enhances the capacities or radar altimeter to fulfil its goal.
First. the major interest of radar altimetry abov c ice sheet. the restitution or a precise topography. is
limited by the penetration of the radar 11a1e within the snowpack. leading to error that can he
prohibitive for ice sheet mass balance study. The difference or penetration measured from the
comparison betw ecn both bands is a tool to estimate the ku penetration and the induced error.
Second. the backscattering and 11a1 dorm shape deduced from radar altimctry is also a powerful tool
to observ c the surface and snuwpack characteristics. It is a mean to dcriv c surface roughness. ice
grain size, internal stratification. and others parameters related to geophysical ice sheet
characteristics. The dual-frequency obscrv at ion allo« s to better constraint the inversion or such
parameters.We built maps or each parameter using the level 2 data and 11an: form parameter
deduced from the ice2 rctrackcr. We describe these maps and comment on the reliability and usage
or each parameter. We present a statistical analysis or this dataset for the first cycles or Elli isat data
and discuss on the possibilities to invert snowpack related parameters. We developed and applied an
inversion with a devoted waveform model and g11e unprecedented figure of the altimctric
capabilities 01 er ice sheets.

Abstract '.'lo. 622

Comparisons of Envisat and ERS Radar Altimctry and ICESat Laser
Altimetry for Ice-sheet Elevation Change Studies

J. Dirnarzio ', H. Zwallv2, A. Brenner3
1 Ravthcon. Unit~'dStates

-'NASA/GSFC. United States
3 SSA!. United States

1:m isat continues the long time line of satellite radar altimctry 01 er the continental ice sheets that
commenced 11ith the Scasat mission. This span or data is illl aluablc for studying more than 25 years
or ice sheet elevation and mass balance changes. The coincidence or Elli isat and ERS-2 allows a
unique opportunity to examine differences in the measurement characteristics or the t110 altimeters.
The measurement di Ifcrcnccs can then be rcmov ed from the time series to cmphaxi,«: the signal that
comes from real changes in the surface propcrt icx. The more accurate Laser ahirnctry measurements
from the Ice Cloud and land l.lcvation Satellite (ICESat)/Cieosciencc Laser Altimeter System
(GLAS) mission. 11hi ch arc time-coincident with Elli isat. offer a unique opportunity to validate the
less accurate radar alrimctry. Cross-mission crosso , er analysis between ERS-2. Elli isat. and ICE Sat
is used to quantify the differences between LRS-2 and l.nvisat. the differences between the laser and
radar measurements. and to quantify the error budget of the radar measurements as a function or
slope and surface characteristics. The laser precision as a function of slope 1arics from less than 20
cm in the lo« slope regions up to 50cm lll er 2 deg slopes. T110 sets of E111isat. ICE Sat crossov crs
\I ill he calculated: one with the E111isat nadir position applying the NASA slope correction that
alters the elev at ions. and the other one using the slope-corrected gcolocation from the ES;\ Envisat



data records. These will be used to quantitatively validate the different slope-induced error
corrections. The crossover data set with the "best" slope correction will then be used to characterize
the backscatter dependent error in the radar altimetry.

Abstract No. 17

Rheological Models of European Ice Coasts
from SAR Interferometry and Altimetry

A. Sharov, S. Etzold
Joanneum Research. Austria

In the European Arctic sector, ice coasts formed by glaciers extending into the sea stretch for
approx. 3600 km and arc among the most varied clements of the coastline. Studying the dynamics of
ice coasts presents a special problem since their changes are controlled to a very great extent by
variable glacier motion, marine abrasion and calving of icebergs. Seaward ice cliffs rising 5 to 80 m
above sea level advance and retreat in their own cycle. and the mechanism of their reaction to
environmental forcing is still poorly understood. Daily, seasonal and interannual variability of ice
flow at the largest European tidewater glaciers has scarcely been studied. and the total ice discharge
through maritime glacier fronts on a continental scale remains largely uncertain. The detailed and
equivalent rheological models derived from remote sensing data that reliably describe frontal glacier
velocities and ice deformation arc thus essential for better understanding the evolution of ice coasts.
estimating the main causes of ice flux instability. measuring ice-mass balance and monitoring
glacio-marine interactions.The present paper discusses the use of spaceborne ERS-1 /2-SAR
interferograms and ICESat laser altimctry data for dependable topokinetic reconstruction, change
detection and precise rheological modelling over frontal parts of the largest European tidewater
glaciers belonging to:· the central part of Franz Josef Land representing the largest (> 1100 km)
cluster of European ice coasts;· Main Ice Sheet (23,800 km2) at North Island ofNovaya Zemlya, the
largest mass of land ice in Eurasia; · Austfonna Ice Dome (8.120 km') in the Svalbard archipelago,
the 2nd largest ice cap in the "Old World".An original transferential (from Lat. trans - change +
ferre - carry) approach based on the analysis of fast sea-ice displacement away from the shore as a
result of glacier flow was successfully applied to measuring frontal velocities of tidewater glaciers
and interpreting glacio-marine interactions along "active" ice coasts from single SAR interferograms
taken during the cold seasons (February - March) 1994/95/96. In winter interfcrograms, the effect of
a small lateral displacement of fast ice manifests itself as a zone of concentric hemi-elliptical fringes
converging at the tips of the glacier front. The orientation of such interferential features called
"outflows" mostly coincides with the cross-track direction, and their origin is believed to be related
primarily to the horizontal displacement of coastal ice. In the tide-coordinated INSAR data without
significant tidal effects. the frontal (horizontal) glacier velocity was simply determined by counting
the number of interferential fringes within corresponding outflow s. The ICESat-GLAS LIB & L2
data taken over the study areas in March 2003 were used for measuring the heights of precipitous ice
coasts above the current sea level, mitigating local problems related to the operation of
interferometric phase unwrapping, compensating "radar penetration" effects, and enhanced
geocoding of glacier interferometric models. Careful analysis of the tide-coordinated GLA06 and
GLA I2 through GLA 15 altimetry products showed that. within outflows, the sea ice surface was
usually 0.5 - 0.7 m lower than the mean level outside. The ice surface roughness in outflow areas



was mostly greater than in the surroundings. A simplified analytical expression for the combined
impact of glacier motion. wind and tidal effects on fast ice compression was represented in the form
of a differential equation relating the sea ice strain rate with the quantities observed in INSAR
(extent and shape of outflows. total number and rate of interferometric fringes within the outflow.
coherence) and GLA (surface roughness and Irceboard) products using the quasi-static
approximation and the ancillary equations known from solid mechanics.The numerical model
proved to be useful for the proxy evaluation of the specific throughput of ice at glacier fronts. The
involvement of the concurrent NOAA and A TSR-2 infrared images improved the ncphanalysis and
coastal hydrographic interpretation of INSAR and GLAS data. Several technical questions
concerning the co-registration of ICESA T-GLAS pro tiles with ERS-INSAR products were analysed
and briefly discussed. The impact of different survey dates and seasonal! diurnal changes in glacier
activity on the modelling results was appraised. and an integral estimation of the ice-coast regime
and glacier changes in the Barents Sea region was performed. The results were verified during
several field campaigns and represented in the form of satellite image maps sho« ing the rheology
and structural morphology of the test glaciers at medium scales.

Abstract l\o. 519

Surface Wind Field and Snow Grain Size over Antarctica Derived
from ATSR Data

N. Young', G. Hyland", .J. Anderson 1, M. Fily3
1 Australian Antarctic Division & ACE CRC, Australia

l Australian Antarctic Division, Australia
3 LGGE-CNRS, France

The physical properties of the snow cover of Antarctica arc influenced by prev ailing meteorological
conditions. The surface snow layer accumulates with fresh line-grained snow precipitated from
clouds as well as by clear-sky precipitation (diamond dust). This upper-most snow layer is
redistributed under the action of the surface wind. Material may he added or eroded from the
surface. generating a certain roughness. This roughness can occur on a range of scales from
centimetres to kilometres. Air temperature and solar radiation also influence the development of the
snow structure. Once precipitated. SllO\\ undergoes metamorphism. with snow grain size growing
with time. The rate of grain growth is strongly influenced by temperature. and vapour diffusion in
the snow pack. ATSR data are analysed to extract information on the spatial pattern of the snow
grain size and the surface wind-field and their temporal variahility.Scattcring from a snov, surface in
the short wave infrared part of the spectrum (0.9 to 3.5 micron) is strongly dependent on grain size
and to a lesser extent on grain shape. This dependence together with measurements of the SllO\\

surface reflectance obtained with the ATSR-2 instrument is used to map the spatial distribution of
grain size over the Antarctic snow cover. The ratio of reflectance measurements at two different
wavelengths. 0.87 and 1.6 micron. is used to account for local slope effects on the reflectance of the
snow surface. A relation between grain size. solar incidence angle. and this ratio of reflectance was
established from theoretical work. and model calculations. as well as laboratory obscrv ations of
reflectance from snow surfaces. The deriv eel grain size exhibits a large and systematic variation
across Antarctica. In addition. there is considerable temporal variation by as much as a factor of 2 or



3 as a result of grain growth over time and accumulation of fresh snow .In images generated from the
thermal infrared channels of the ATSR data, a subtle filament like structure can be detected over the
snow surface under clear sky conditions. The filament structure is related to the thermal structure
observed in the atmospheric boundary layer and is aligned in the direction of the surface wind field.
Thus it gives the ATSR data give an instantaneous view of the surface wind field at the time of
satellite overpass. These derived wind directions compare well with wind directions observed at the
few automatic weather stations [A WS] that operated within the area. The variation in direction with
season also compares well with changes in wind direction observed at the AWS. Data arc
accumulated from many images to build a mean surface wind field over the Antarctic ice sheet
where there are no direct observations.
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Abstract No. 66

Melting of Seasonal Snow in Dronning Maud Land,
East Antarctica Derived from Envisat ASAR Imagery

0. Mattila
-, Finland

European Space Agency's Envisat ASAR, C-band synthetic aperture radar, data is used to follow the
development of the melting front in a coastal area in western Dronning Maud Land during austral
summer 03/04. Measurements of physical properties, subsurface structure and surface roughness
observations from two field seasons 00/01 and 03/04 are used as reference and ground truth.
Backscatter values together with the in situ data display the changes in the seasonal snowpack. This
information is used to evaluate melting in larger scale.

Abstract No. 191

Envisat Radar Altimetry over the Vostok Lake Area, Antarctica

B. Legresy', S. Roemer", F. Remy'
1 LEGGS, France
2 !PG, Germany

The Envisat radar altimeter allows for the first time to observe high latitude glacial surfaces with a
dual S and Ku band. We observed the surface and snow pack in the vostok area using this
opportunity. This area has the advantage of being relatively homogeneous, with a very smooth
topography and a very weak slope over a scale large enough to establish very reliable analysis of the
data. We built a reference topography as well as maps of the various altimetric parameters as output
of the Ice2 retracking using the ERS I and ERS2 12 years of data. We used these reference maps to
compare the observations of Envisat as to height recovery bias, and all altimetric parameters both
following a statistic analysis. We also used an altimeter simulator to compare the actual
measurement to what it would be from the topography and snow characteristics we know.
Differences between S and Ku band observations and the simulations were then be interpreted in
terms of snowpack charcteristics. The snowpack is dry, stratified and homogeneous in this area and
the interpretation allowed us to in fer dielectric characteristics.

Abstract No. 193

Envisat Radar Altimetry over the Amery Ice Shelf

B. Legresy', R. Coleman", F. Remy'



1 LEGGS, France
: UTAS, Australia

The E111isat radar altimeter allows us for the first time to observe high latitude glacial surfaces at
both S and Ku hand. We have validated the altimeter observations over a region of the Amery ice
shelf and also observed the in-situ surface and snow pack conditions in the area during our field
season. In December 2004 we measured the surface topography at small scale mer the Amery ice
shelf in a 35km diameter area around an E111isat crossover point using differential roving GPS. The
vertical time variable component (mostly from tides and atmospheric pressure) is mostly controlled
by using a nearby reference GPS station established in the same period. The resulting high
resolution topography allows us to simulate the radar altimeter echoes. and compare them to and
validate \\ ith the actual E111isat measurements in both S and Ku hand. An analysis has also been
made by comparing the observations to the LRS-1 ;2 time series and a simulator to control the effect
of the summer melting. We arc then able to determine the impact of radar penetration in snow and
discuss the impact on the temporal ice thickness variations survey.

Abstract No. 213

Glacier Velocity Measurements Using Differential Interferometric
SAR in Antarctic Grove Mountain

C. Xiao1, L. Zhcn1, Z. Yanrnei", C. Xiao'
1 Institute ofRemote Sensing Applications, CAS, China

2 Wuhan Universitv, China

SAR interferometry proves to he the most effective method to measure the glacier velocity.
However till now. most of the D-INSAR ice [low research activities are in Arctic and Antarctic
costal ice shelf. where the ice flow concentrate between ridges and the pattern of fringe is simple
and transparent. Grove Mountain is a ne« ly-Iound meteorites trap where more than 4.000 meteorites
were round. Large area of blue ice lie Ids and many nunataks and outcrops spread the kernel region
of Grove Mountain. Ice flo« in Grove Mountain is quite complicated for the presence of outcrops
and suhglacial peaks. According to the data a\ ailahility and 0-INSAR methodology. tin: ERS and
two JERS-1 synthetic aperture radar(SAR) interferometric data from two adjacent orbits acquired in
1996 arc used. For one orbit. an ERS-112 tandem image pair and a subsequent LRS-1 image with
35-day interval are processed using 3-pass differential INSAR to get the ice flo« fringe. In the other
orbit. an ERS-1 2 tandem image pair is used to generate the DEM. while a .IERS-1 pair w ith 44 days
apart were combined for j04-pass differential INSAR i± to get the ice Ilow information.The overall
visibility and continuity of the fringe from the .IERS-1 pair is much helter than that from ERS pair
for L-band SAR interferometry allows longer temporal baseline and greater displacement in glacier
velocity measurements. The research gives the ice flo« result in Grove Mountain.



Abstract No. 396

SAR Firn Line Detection and Glacial Climate Response;
Svartisen Glacier, Northern Norway

R. Storvold, K. Hogda, E. Maines
Norut IT, Norway

The glacial firn line of the Svartiscn Glacier has been detected using ERS II SAR and Envisat
ASAR data from 1995 and up to today. The firn line is detected by first correcting the image
backscatter intensity for topographic and geometric contributions using the Muhlmann
backscattering model. Then we discriminate between firn and ice facies based on the hackscattcr
intensity since frozen firn has a much higher hackscatter than ice. Transects across different areas of
the glucier w ere chosen based on requirements of smoothness of topography. precipitation zones, as
well as the availability of field data for validation and comparison.From having quite stable
conditions during the nineties we have observed a suhstantial retreat of the fim line over the last few
years. The equilibrium line derived from field measurements show a similar trend as the firn line
changes but has a much larger year to year variability. This indicates that the firnlinc may he a better
indicator of climate change than the equilibrium line due to the smaller variance. We have also
found correlation between the shape of the backscatter intensity distrihution along the transect and
positive or negative mass balance years. This is due to the slight Increase in backscatter by a
relatively thin layer of last year snow covering the glacial ice in years of positive mass balance.
However it is difficult to determine the snowline accurately using SAR images as the snow layer
tapers off relatively smoothly. The retreat of the firn line altitude is more rapid on Austbrcen than on
Storglombreen which is located further to the 11est. A large change is observed on Engabreen which
is located furthest to the west of the Svartisen Glacier system, though this change may have been
amplified by the local topography. These findings indicate that SAR is a well suited tool for
monitoring glacial response to climate change.

Abstract No. 458

Synergy of Active and Passive Satellite Microwave Data
for Cryospheric Studies

l l 2 2 c 2A. Kouraev, E.A. Zakharova, N.M. Mognard, F. Papa, A. azenave,
2 2J.-F. Cretaux, F. Remy

1State Oceanography Institute, Russian Federation
cLEGOS, France

Studies of continental snow cover, sea, lake and river ice. require continuous weather-independent
observations. covering large and often remote areas. Satellite microwave observations very well suit



these requirements. Additional improvement lies in the complementing passive microwave
obscrv at ions by activ e ones, thus enhancing the radiometric resolution or studies and providing new
insights for cryosphcric studies.Our main source of information is data from the TOPEX/Poseidon
satellite. operating since 1992 and followed hy Jason-I in 2002. These platforms have two nadir
looking instruments - a dual-frequency radar altimeter and a passive microwave radiometer. This
information is further complemented by long series of passive microwave data from the SMMR
(Scanning Multichannel Microwave Radiometer) instrument onboard the satellite NIMBUS-7 (since
1979) and the SSMI (Special Sensor Microwave lmager) instrument on hoard the DMSP (Defense
Meteorological Satellite Program) series (since 1987).We demonstrate benefits, drawbacks and
potential for application of use or the TOP EX/Poseidon simultaneous aciiv c (backscatter coefficient
at 13 GHz) and passive (brightness temperature at IX and 37 CiHI') microwave measurements
together \\ ith SMMR and SSM/I data to estimate sea. lake and riv er ice extent and roughness. as
well as extent and depth of snow cover. Various factors. such as differences in the footprint size for
\ arious sensors and changes in radiometric properties or sea ice and Slllll\ at di Ilcrcnt stages of their
temporal cv olution arc considered. This approach for combination or activ c (radar altimeter) and
passiv c (radiometers) microwave data may he successfully used for new satellite missions. such as
Jason-I and l.nvisat.Wc present results of studies ofsea ice conditions in the Caspiun and Aral seas,
Baikal lake and Oh' river. The Caspian and Aral seas, located on the far southern boundary of sea
ice cover dcv clopmcnt in the Northern Hemisphere. are characterised by significant variability of ice
extent and duration of ice season. with strong warming signal in recent time ( 1998-2002). We
discuss the reasons for these changes and their impact on industrial aciiv ity. nav igation and marine
environment. For Oh' river. for w hich hydrological regime is closely related 11 ith ice and snow cover
conditions. radar altimctry permit to estimate river discharge and microwav c signatures - to clearly
determine the dates of river freezing and opening. as 11 ell as duration of ice-free period. The time
series or these parameters for various sub-regions of Ob' river arc established and analysis of their
variability is performed. We discuss their relation with various meteorological parameters, such as
temperature and precipitation regime. as well as large-scale climatic indexes, Baikal lake. a
UNESCO World Heritage site. also has significant variability of ice cover in relation with large
scale climate changes. We show the potential of satellite data for studies of ice cover extent and
phcnology. as well as snow extent and depth.
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Abstract No. 290

The Watermed Field Experiment:
Validation of the AATSR-LST Product with In-situ Measurements

E. Noyes', G. Soria", J. Sobrino", J. Remedios',
D. Llewellyn-Jones', G. Corlett'

1 University of Leicester, United Kingdom
2 University of Valencia, Spain

The Advanced Along-Track Scanning Radiometer (AATSR) onboard ESA 's Envisat Satellite, is the
third in a series of a precision radiometers designed to measure Sea Surface Temperature (SST) with
accuracies of better than ± 0.3 K (I-sigma). The (A)A TSR instrument design is unique in that it has
both a nadir- and a forward-view. allowing the Earth's surface to be viewed through two different
atmospheric path lengths, thus enabling an improved atmospheric correction to be made when
retrieving surface parameters such as temperature. It also uses an innovative and exceptionally
stable on-board calibration system for its infrared channels. which. together with actively cooled
detectors. gives extremely high radiometric sensitivity and precision. For the first time since the
ATSR project began in 1991, an operational Land Surface Temperature (LST) product. which uses
nadir-only data from the AATSR, will be available from mid-2004. The prototype version of this
product has been distributed for validation purposes only. since the AATSR instrument was
launched in March 2002. In this presentation. results from a comparison of the prototype LST
product with in situ measurements obtained at the WATERMED (WA Ter use Efficiency in natural
vegetation and agricultural areas by Remote sensing in the MEDiterranean basin) field site near
Marrakech. Morocco. are presented. The comparison indicates that the product is performing to
within the target specification (± 2.5 K) over the WATERMED field site. although the AATSR is
measuring slightly warm with a bias of+ 1.5 K (standard deviation 0.7 K). We also present the
results of investigations into several anomalous validation points that have been observed during the
analysis.

Abstract No. 2

Validation of Envisat AATSR Data Derived Land Surface
Temperature - a Case Study over Indian Region

K. Badarinath
National Remote Sensing Agency, India

In the studies related to surface energy balance. satellite data provides important inputs for
estimating regional surface albedo and evapotranspiration. The paper describes the analysis of
AATSR satellite data in determining the surface emissivity over heterogeneous areas by taking



Normalized Difference Vegetation Index (NDVI) as modulating parameter at pixe l resolution. The
estimated cmissiv ity values have been used to estimate the surface temperature at the pixel scale.
lic Id campaigns hav c been conducted in synchronous 11ith the sate Ilite data 01 er pass. Sate IIitc
deriv ed surface temperature values art: 11ithin =I 0 C from ground measured 1alues.

Abstract No. 30

Evaluation of the Envisat-AA TSR Land Surface Temperature
Algorithm with Ground Measurements in the Valencia Test Site

C. Coll, E. Valor, V. Caselles, R. Niclos, R. Rivas, J. Sanchez
University ol Valencia, Spain

The Advanced Along-Track Scanning Radiometer (AATSR) on board Envisat wa-, primarily
designed to obtain accurate measurements of sea surface temperature (SST) on a global basis.
Additionally. one of the proposed products from AATSR is the land surface temperature (LST)
prototype product. which is based on the split-« indow technique using channels at 11 and I::?.micron
11ith land cov er classification. fractional 1cgctation and precipitable 11atcr data (Prata. ::?.000). In this
work 11c describe the activities carried out for the validation of the LST product in a test site close to
Valencia. Spain. The experimental area is a large (4 krn x 4 km). tlat and homogeneous area of rice
crops. Coincidentally to the l.nvisat morning overpasses. radiometric temperatures were measured
along transects covering the area of an AATSR pixel (I km x I km) in a field campaign during the
summer of ::?.00::?.and ::?.003. Three thermal radiometers were used. which 11ere calibrated and inter
compared through the campaign. Radiometric temperatures were corrected for cmissiv ity effects
using field cmissi, ity and do111rnelling sky radiance measurements. Coincident AATSR data (LI h
and LST product) were acquired for five days in ::?.00::?..For these scenes. a comparison was made
bct« cen the ground measurements and the col located I.ST data retrieved by the prototype and other
split-11 indow algorithms as well. Results sho« a good agreement bct« ccn ground-measured and
satellite derived l.STs. with maximum differences of: I .'.i K. and a standard deviation of: I K.

Abstract '.\lo. 646

Large-scale Forest Fires in Siberia Analysed by MODIS, MERIS
and ASTER Multi-resolution Satellite Imagery

F. Siegert, S. Huang
RSS Gmhlf, Germany

l.xceptionally large fires 11ere obscr. ed in Southern Siberia in ::?.00-1.\Ve i111cstiuatcd the spatial
extent and impact 11ithin area of I .-'00.000 km:?. Persistent cloud cov er and orbit parameters did not
allo« observ at ion of large areas with high resolution unagcry shortly a lier the tires. Therefore 11c



used a combination of high, medium and low resolution satellite imagery in which MOD IS was used
to record fire occurrence each day over large areas, while multispectral MERIS and ASTER imagery
were used to determine the burnt area in cloud-free subsets of our study site. We then extrapolated
the detailed results on burnt areas obtained from ASTER and MERIS to the full range covered by
MODIS HTEs data. A regression analysis showed that there were linear correlations between burnt
areas derived from ASTER and MERIS imagery as well as between MERIS imagery and MODIS
hotspot data. The analysis showed that the burnt area derived from MODIS hotspots resulted in an
underestimate of approximately 40%. In total 202,000 km2 burnt in 2003. which is more than the
total area burnt between 1996-2002 in this region. To determine the land cover types affected by fire
we intersected the burnt area with the GLC2000 land cover map. 71.4% of the burnt area was forest,
10% was humid grasslands and 4% were affected a second time by fire. Recurrent large scale
wildfires like the one observed in 2003 amplified by climate extremes will diminish the carbon
sequestration potential of this largest resource of boreal forest worldwide and thus to a net carbon
release to the atmosphere.

Abstract No. 681

GLOBFIRE: ATSR-2 and AATSR World Fire Atlas Products,
Validation, Consistency and Relationship with Climate Variables

0. Arino", S. Plummer", D. Defrenne '
1 ESAIESRIN. Italy

2 IGBP Office, Sweden
3 SERCO, Italy

'Greenhouse gases', especially carbon dioxide, are intimately connected to climate change. To
predict future climate change accurately and find ways to manage the concentration of atmospheric
carbon dioxide. the processes and feedbacks that drive the carbon cycle must first be understood.
Understanding the spatial and temporal patterns of carbon fluxes and other trace gases is essential to
inform the policy process. However, our current knowledge of spatial and temporal patterns is
uncertain, particularly over land and particularly for what regard disturbance phenomena such as
fire. The European Space Agency GLOBFIRE project has been established to extend the unique
eight-year World Fire Atlas (WF A) fire archive, already generated with the second Along-Track
Scanning Radiometer (ATSR-2) using the advanced ATSR (AATSR) sensor on board Envisat. It is
anticipated that this will continue the archive at least the next 7 years. This paper presents the
current status of the GLOBFIRE project. It underlines the type of products and their limitation. It
recaps the validation of these products. It shows the consistency of data collected from ATSR-2 on
board ERS-2 with the one of AATSR on board Envisat. It provides a first analysis of a significant
time series of quasi 10 years of data and makes the first attempt to link these global and regional
trends with climate variables such as precipitation and temperature. Finally the paper presents
upcoming efforts to inter-compare and harmonise ATSR World Fire Atlas with other observations
of active fire from satellites and a non-exhaustive synopsis of ATSR World Fire Atlas uses in the
world.
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Abstract No. 709

Surface Temperature Estimation from AATSR Data

J. Sobrino, J. Cuenca, G. Soria
Universitat de Valencia, Spain

In this paper we present a series of dual angle- and split-window algorithms for estimating ses (SST)
and land surface temperature (LST) from the Advances Along-Track Scanning Rediometer
(AA TSR) on board ESA's Envisat Satellite. The numerical values of the coefficients have been
obtained from statistical regression method using synthetic data. The new SST and LST algorithms
have been tested with simulated and real AATSR data in wide range of atmospheric and surface
conditions. Comprehensive sensitivity and error analysis has been made to evaluate the performance
of the proposed algorithsm and its dependence on surface properties, the range of atmospheric
conditions and surface temperatures and on noise equivalent temperature difference. The results
shown in general that the dual-angle algorithms provide smaller errors in the estimation of surface
temperature than the split-widow algorithms and that the algorithms with water vapour dependence
give an improvement of the accuracy of the results. However one of the conditions from precise
dual-angle algorithms is an accurate knowledge of the angular variation of surface emissivity in the
thermal infrared region. Today, there are very few measurements of this variation. In the present
work we provide angular emissivity measurements for representative samples (water, bare soil,
wheat, sugar, beet, green grass and alfalfa). The measurements have been made in one thermal
infrared broad band (8-13 µm) and three narrower bands (8.2-9.2 urn, 10.3-11.3 µm and 11.5-12.5
um) at angles of0"-60° (at 5° increments) to the surface normal. The results show a general decrease
of the emissivity with increasing viewing angles.

Abstract No. 144

Retrieval of Surface Temperatures from ATSR Thermal Images
Through a Monowindow Algorithm

A. Perez Burgos, J. Casanova Roque, A. Calle Montes
University of Valladolid, Spain

ATSR images are used to derive surface temperatures through a monowindow algorithm applied to
channels 11 and 12 µm separately. Simple equations relating brigthness temperature and surface
temperature, including several aproximations. are shown; between these aproximations, the
definition of an effective transmitance to be applied to the whole infrared band (I I or 12 µm) will
lead to a simple inversion of the radiative transfer equation. In order to obtain this parameter, a
previous calculation of the spectral transmittances from an atmospheric radiation model is carried
out. The spectral response function of the channel is also considered. Standard atmospheric profiles
are used in order to calculate numerical values for the algorithm coefficients; resultant equations are
finally applied to ATSR images to obtain the corresponding surface temperature maps.
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Abstract No. 498

REV AMP: the Latest North Sea Chlorophyll Atlas Results

S. Peters', H. Van der Woerd1, R. Pasterkarnp', M. Eleveld1, K. Ruddick2,

VP 2M 2C 3 3 4. ark , . Devolder , . Brockmann , T. Block , R. Doerffer ,
H. Krasernann'', P. Jorgenson", G. Tilstone", G. Moore", V. Martinez",

K. Soerensen", J. Hokedai7, E. Aas8
1 JVM/VU, Netherlands

2 MUMA!, Belgium
3 BC, Germanv

4 GKSS, Germ;ny
5 DMI, Denmark

6 PML, United Kingdom
7 NIVA, Norwav
8 UiO, Norwa.;:

The objective of the EC-funded project REV AMP is to produce an atlas of validated Chlorophyll-a
maps of the North Sea in 2003, based on MERIS high-resolution observations. The project has
produced a new robust algorithm for CHL retrieval (based on a fitting of MERIS observed spectra to
Hydrolight simulations at all possible viewing geometries) that is now being validated and applied
to approximately 300 MERIS images. From an inventory of user requirements a specification was
made of desired Value Added Products such as multi-temporal aggregates, full resolution time series
and derived products such as a trophic-state index. During a workshop with an end-user panel a
series of prototype products was demonstrated and evaluated and the requirements for the final atlas
were formulated. This presentation will show the prototype atlas products, some results of the
validation and will discuss the applicability of this type of information for North Sea management
authorities.

Abstract No. 500

Ocean Colour Multi-sensor Analysis During a Phytoplankton Spring
Bloom in the North Sea Region

A. Folkestad", L. Pettersson", D. Durand3
1NERSC, Norway

2 Nansen Environmental and Remote Sensing Center, Norway
3 Norwegian Institutefor Water Research, Norway



Several satellite-home ocean colour Earth Observation (EO) sensors are presently collecting data on
an operational basis. including the Env isat MERIS sensor. By merging information from these
sensors. improved temporal resolution and spatial coverage can be obtained. 11 hi le an extensive time
series of ocean colour EO data is gathered. This study aims at detecting differences in ocean colour
EO sensor performances for ocean monitoring and in particular the study of algal bloom situations.
The paper identities the differences in future applications where data from three sensors (MERIS.
ScaWiFS. MODIS) arc merged or compared. A crucial step for merging data from different sensors
is to analyse. quality check and compare output products available in order to ensure consistency of
data products. In this respect coinciding images taken by the ocean colour sensors MERIS. SeaWiFS
and MODIS have been collected. processed to level 2. and analysed for the North Sea region. An
inter-comparison of output ocean products (Water-leaving radiance. concentrations of chlorophyll.
sediments. and disso lvcd organic matter) from the three sensors with in situ measurements of
relcv ant parameters has been performed for data acquired during the development of an early spring
algal bloom in 2004 along the Southern 1\Jorncgian coasts. Images from non-bloom situations have
also been analysed for comparison purpose. The study assesses the different capabilities of these OC
sensors in the cases of bloom and non-bloom situations with respect to both quality and availability
of data.

Abstract No. 707

Application of MERIS Data to Assess C02 Upper Ocean Fluxes:
Development and Validation of a Satellite-model Approach

F. D'Ortenzio, D. Antoine
Laboratoire d'Oceanographie de Villefranche. France

The recent requirements of an assessment of the carbon fluxes at global and local scales need an
accurate estimate of the contribution of the marine compartment to the total carbon budget and to
the regulation of atmospheric C02 concentration [Falkmt".1ki ct al., 1998]. In situ estimates of carbon
fluxes arc generally sparse and irregularly sampled. and arc then incffcct ivc 11 hen global and basin
scales arc considered. MERIS data offer 1rn11 the opportunity to exploit high quality and increased
resolution obscrv at ions to investigate the role of the upper ocean dynamics in the general carbon
cycle. A l-d model. dev eloped and tested by Antoine and Morel [I 995a: !995b I and specifically
realized to operate with satellite data. is used to evaluate the upper ocean C02 fluxes on the
DYF AM ED station (Mediterranean Sea ). l.ong time series of biological and physical in .1i111

obscrv at ions arc available at this station. 11 hich represents an ideal site for the implementation and
tuning of the simulations. MERIS chlorophyll-a data coupled with the 1-d model arc then used to
reproduce the observ ed dynamics of the DYFAMED station. Future developments will consider an
application of the approach to the whole Mediterranean basin. fully exploiting the MERIS capability
in the ocean observation.



Abstract No. 601

An Ocean Color Inversion Algorithm for Chlorophyll, Backscatter
Coefficient and Coloured Dissolved Organic Matter

Y. Park, K. Ruddick
MUMM, Belgium

An algorithm for simultaneous retrieval of chlorophyll a (Chi), backscatter coefficient (bb) and
coloured dissolved organic matter (CDOM) from '' ater-lcaving reflectance spectra is described.
While this algorithm, in principal, can account for the effect of each other. it may be sensitive to the
errors from atmospheric correction or modeling of inherent optical properties. This sensitivity is
studied using water-leaving reflectance spectra simulated in case I and case 2 waters. The algorithm
is applied to both of seaborne measurements and the MERIS images to see the quality of the
retrieved Chi, bb and CDOM.

Abstract No. 361

Optical Observations of Marine Film Slicks

I. Sergievskaya', J. Da Silva", S. Ermakov', S. Correia2
1 Institute ofApplied Physics, Russian Federation

2 University of Lisbon, Portugal

Optical small-scale signatures - slick patterns and periodic bands due to internal waves were
identified on a series of MERIS Full Resolution images off the Iberian Peninsula. It is well known
that organic slicks and internal wave trains are frequently observed in high-resolution Synthetic
Aperture Radar (SAR), but until now satellite sensors with high temporal resolution (wide field-of
view and near-daily global coverage) such as SeaWiFS, were unable to observe small scale ocean
processes such as these. Remote sensing of organic films on the sea surface, in particular, is a high
priority field in modern oceanography because of pollution monitoring and detection of biologically
productive zones in the ocean.Mechanisms of optical imaging of internal waves and film slicks are
discussed. The sensor measures optical radiance formed by light reflected from the surface and from
underwater layers. The two components give different contributions depending on optical
characteristics of sea water, optical wavelength, geometry of observation and the spectrum of wind
waves. Relations between the light reflected from underwater layers and the wind wave spectrum
are analysed. Possibilities of slick/internal wave detection and film characterization at different
geometry of observation is examined.It is shown that for typical optical characteristics of the studied
area and for a given geometry of observation internal waves are mostly seen due to variations of the
depth of a thermocline in the blue band and due to variations of the wind wave spectrum cased by
internal waves in the red/infrared band. The film slicks are easily seen mostly due to damping of
wind waves in film slicks in red band. These results are used for the interpretation of MERIS image
signatures of slicks and internal waves at visible and near infrared wavelengths.
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Abstract No. 60

A Comparative Analysis of Simple Radiative Transfer Approaches for
Aquatic Environments

L. Sokoletsky, Y. Yacobi
Israel Oceanographic and Limnological Research, Israel

Upwelling water-leaving radiance transmitted through the atmosphere and received by satellite
sensors carries information on color-imparting water components, either naturally occurring or man
induced. Therefore, our understanding of optical processes operating on the air-water surface and
within the water column has an utmost importance. However, rigorous theory of underwater light
field based on solution of radiative transfer equation (RTE) is very complicated and cannot be used
in routine remote sensing practice. On the other hand, it appears that simple approaches for radiative
transfer in plane-parallel layers, such as the self-consistent Haltrinj.s RTE solution, Chandrasekhar
Klier exact solution for isotropic scatters, an extended version of two-flux radiative Kubeika-Munk
theory, neutron diffuse Gate-Brinkworth theory and different versions of JO-Eddington radiative
transfer model, may be the key to a practical solution of various optical and bio-optical problems.
We made a comparison of several of those approaches and evaluated their usefulness, and conclude
that Haltrin.ls theory is the most expedient for the goal of characterization of the natural underwater
light field using reflectance data recorded by remotely operated sensors, and other variables
measured in the field. In addition, we consider the surface effects, using the assumption of plane
parallel flat surface, and discuss the benefits and limitations of such an assumption.

Abstract No. 103

Results of MERIS Level-2 Validation in Namibian Coastal Area and
Atlantic Ocean

T. Ohde, H. Siegel, M. Gerth
Baltic Sea Research Institute, Germany

The application of MERIS geophysical data requires the validation of Levcl-2 products using in-situ
data. In-situ measurements of optically active water constituents and their inherent optical properties
were collected during a four-week field cruise with RV Meteor from 13 March to 15 April 2003 in
Namibian coastal waters and Atlantic Ocean. The Namibian coastal waters are of special interest
due to its high biological productivity caused by upwelling processes. The recommended validation
method is based on comparison of in-situ measurements with MERIS Level-2 products of
simultaneous Envisat overpasses. Ten cloud-free in-situ stations are usable for such match-up
analysis. Unfortunately no MERIS Level-2 data are available from the ESA EOLI-SA archive
during the time period of in-situ field campaign. Therefore, another validation method based on
comparison of derived variation ranges and mean values of in-situ data and MERIS Level-2
products was used. The best available MERIS scenes were evaluated for this purpose.The in-situ



data set covered a wide range of different water masses from very productive coastal upwelling
waters to clear open ocean waters whereas the water color varied from green-yellow to blue. Very
high productive \I atcr with HPLC chlorophyll-a concentration up to 18 mg m-3. yellow substance
absorption up to 0.17 m-1 and total suspended matter concentration up to 4.4 g m-3 \I ere found near
the Namibian coast due to upwelling processes caused by south-easterly winds. The measured
\I atcr-leav ing reflectance curves in the open Atlantic Ocean show the typical optical behaviour of
blue ocean water. The concentrations of water constituents an: very low. The HPLC chlorophyll-a
concentration is lower than ().()7 mg m-3. ycllo« substance absorption is up to 0.05 m-1 and total
suspended matter concentration is lower than 0.8 g m-J. The comparison showed that the MERIS
A !gal_ I and A lgal , 2 indices arc underestimated in ( 'asc 2 \1 atcr of Namibian coastal \\ atcrs and arc
overestimated in Case I water of open Atlantic Ocean. The MERIS TSM concentration is to low in
Case 2 and Case I waters and the MERIS YSBPA product is only in Case I water in the range ofin
situ values. These preliminary results have to be validated by additionally investigations in the
future.

Abstract xo. 154

Detection of Pseudo-Nitzchia SPP Toxic Blooms Using MERIS Images
on the Galician Coast

J. Torres Palenzuela, L. Gonzalez Vilas, A. Mosquera Gimenez
University of Vigo, Spain

Pscudo-nitzschia spp. is a diatom that may produce domoic acid. the toxin responsible for amnesic
shellfish poisoning (ASP). Periodic blooms in Galician coastal areas have causcd v irtual collapse of
ecosystems with accompanying serious economic impacts. Harmful Algal Blooms (llABs) result in
mass ecosystem dysfunction. risks to public health. and enormous economic losses. Ocean color
measurements from space has been proved to be very useful to obtain information about the
abundance of phytoplankton. including some toxic species. This paper presents results of a study of
detection of Pscudo-nitzschia spp. toxic blooms in Galicia using MERIS images and field data
obtained from the monitoring program of the Cialician Centre for Quality Control of Marine
Em ironment (CCMM) in May 2003. Since MERIS has a high spectral and radiometric resolution.
the utilization of super, iscd classification techniques allow to monitor the toxic blooms in spite of
using reduced resolution (RR) products. This work has been done in the Iramew Ork or ESA Envisat
AO 623 project.

Abstract ~o. 218

Identification of Hydrogen Sulphide Eruptions at the Namibian Coast
Using MERIS Sensor

T. Ohde
Baltic Sea Research Institute, Germanv



The research activities in relation to the toxic hydrogen sulphide eruptions at the Namibian coast are
increased in the scientific community because of their major influence on the marine ecosystem. The
registration of the eruptions is the basis for the investigation but is not always possible by in-situ
measurements during field campaigns because of the uninhabited desert landscape and the limited
number of ship research cruises. The eruptions discolour the water surface whitely turquoise and
therefore the method of remote sensing by ocean colour sensors is a powerful tool for registration.
MERIS Level-2 data arc used to identify hydrogen sulphide eruptions in the Namibian coastal area.
The spectral characteristic of the milky eruptions is investigated and different water masses arc
distinguished using the wavelengths dependent water-leaving reflectance. The dates, the spatial
expansions and the influenced areas are determined for the eruptions of year 2004. There are blooms
of coccolithophores in the Namibian upwelling system discoloured the water also milky turquoise
by their calcite production. The spectral curves are studied and it is tried to differentiate the blooms
from the eruptions in MERIS scenes.

Abstract No. 447

A Review of Chlorophyll Concentration in the Gulf of Eilat (Aqaba)
Open Waters by In-situ Monitoring and Remote-Sensing Derived Data

from the Past Two Decades

D. Alexander', A. Dadashev', D. Blumberg', D. Iluz", L. Sokoletsky",
Y. Yacobi3, Z. Dubinsky'

1 Ben-Gurion Universuty of the Negev, Israel
l Bar flan Universitv, Israel

3 Yigal Allon Kinneret Limnologi~·al Laboratory, Israel

The Gulf of Eilat is an environmentally unique area, with highly oligotrophic warm clear waters and
a complex reef ecosystem. This unique entity is impacted by natural and anthropogenic effects. The
long-term monthly means of hydro-meteorological parameters and Chi concentration provide valid
tools for em ironmental monitoring of such effects. Using satellite-carried optical sensors, one can
estimate phytoplankton spatial distribution, synoptically, rapidly and on a large scale, and thus
provide a useful tool for monitoring aquatic environments. This paper presents a review of the
measurements of Chi concentration, temperature profiles and bio-optical parameters collected
during the period 1979-2002 in the Gulfof Eilat (Aqaba). We are using images acquired by a variety
of sensors that span this time frame including CZCS, Landsat, SeaWiFS, etc. Our aim is to compare
historical archival imagery with ground truth data and study the seasonal geographical variability of
Chi and sea surface temperature in the context of the spatial and temporal characteristics of
anthropogenic and natural eutrophication of the northern part of Gulf.



Abstract No. 504

Study of the Surface Kuroshio Bifurcations around Taiwan by MERIS
Data

M. Fang
ORSl,Ocecm University ofChina, China

Although ho« the Kuroshio brunches around Taiwan and where these branches are heading has
been studied by many rcseachcrs using 1arious data sets.these problems still remain unclear. Our
recent study shows that Meris data might hear significant information that may help helter
understanding the mechanisms or the Kuroshio hifurcations. Our study sho« that: I) there exists a
branch in the Tai11 an Strait and this branch can arriv c at north or Tai11 an and sometimes 11ill join
the main branch to east to Taiwan and 2) the surface main branch east to Taiwan can extend as far as
near to the mouth or Changjiang River instead or being locked in the Okinawa Trough as previous
studies indicated.
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Abstract No. 249

Retrieval of Ozone Profiles from GOME and SCIAMACHY
(GOME 03 Profiling WG)

R. Van Oss, R. Van der A
KNMI, Netherlands

We present algorithm details and results from GOME and SCIAMACHY nadir ozone profile
retrieval. The algorithm (Opera) is based on the efficient LIDORT radiative transfer model for the
reflectance simulation and uses optimal estimation for the inversion. LIDORT is used with minimal
number of streams and vertical layers to achieve the largest possible computational speed, still
meeting the required accuracy. lntercomparisons with ground based ozone profiles will be shown to
assess the accuracy. Opera is one of the algorithms that has joined the GOME Ozone Profiling
Working Group. An operational and open-source version of Opera for GOME is being developed in
the framework of the ESA CHEOPS project. Opera has also been selected for operational ozone
profile retrieval for OMI on EOS-AURA and GOME-2 on the METOP series.

Abstract No. 310

Ozone Profile Retrieval from GOME Radiance Measurements: the
Inversion Problem Solved by Regularization

(GOME 03 Profiling WG)

J. Landgraf, 0. Hasekamp
SRON, National lnstitutefor Space Research. Netherlands

The Global Ozone Monitoring Experiment (GOME) on board of ESA's ERS-2 satellite measures the
backscattered solar radiation from the Earth atmosphere in the ultraviolet and visible of the
solarspectrum. Because of the strong wavelength dependence of the ozone absorption in the
ultraviolet the measurements contain information about the vertical distribution of ozone in the
probed atmosphere. For the retrieval of ozone profiles a new algorithm is presented, which consists
of two major modules: (i) A vector radiative transfer model. which simulates the polarization
sensitive measurements of GOME. Due to this approach problems are avoided concerning the
polarization correction of GOME measurements, which uses broadband PMD measurements. (ii) An
inversion model employing the Phillips-Tikhonov regularization. Because the retrieval of ozone
profiles from GOME measurements is an under-determined problem, that means within the bounds
of the measurement error the measured spectrum is insensitive to fine structures in the unknown
ozone distribution, the inversionhas to be regularized. Phillips-Tikhonov regularization, in
itsstandard form, minimizes next to the Least squares condition the norm of of the profile, where a
regularization parameter determines the balance between the Least Squares norm and the additional
side constraint. The regularization parameter allows to choose the balance such that the solution
contains all components of the profile about which information is present in the measurement.



Pro tile components about which no information is present arc not retrieved. Thus. for the first time
the presented algorithm allows to retrieve ozone profiles from GOME measurements without any
use of climatological ozone information. The algorithm is extensively validated with ozouesondc
measurements at 38 gee-locations.

Abstract :\'o. 319

Recalibrated Ozone Profiles from GOME-UVNIS-1\adir-Spectra

S. Tellmann, M. Weber, S. Tellmann, V. Rozanov, J. Burrows
Institute o{E111•im11me11ta/Phvsics, Germanv

Ozone profiles from CiOME (Global Ozone \fonitoring Experiment) from 1995-2003 arc a valuable
dataset for in , cstigating longterm ozone trends and also allow us to make comparisons with
subsequent satellite instruments like SCIAMACHY.An accurate analysis of these data requires an
adequate calibration correction with regard to the increasing degradation of the instrument in time.
Especially the stratospheric ozone profile retrieval \\as complicated up to no« by calibration
deficiencies in the short \I avelcngth range below 300 nm. A modification of the retrieval algorithm
FURM (FU!l Retrieval Method) is presented 11hich uses the adv anced optimal estimation scheme
including the eigenvector method from Kozlov. Our new approach enables us to extend the
11av clcngth range to shorter 11·a1elcngths below 290 nm a lier a calibration correction scheme was
developed by long term comparisons bct« ccn CiOM E sunnormalizcd spectra and SCIA TRAN
model spectra calculated using llALOI'. (HALogen Occultation l-xpcrirncnt ) ozone profiles included
in the littings ... v longtcrm comparison between CiO:VlF and SACiE II (Stratospheric Aerosol and Gas
Experiment II) data 11ill he presented to demonstrate the 11orkings of the nc« calibration scheme.

Abstract '\'o. 560

Ozone Profile Retrieval from Global Ozone Monitoring Experiment
(GOME) (GOME 03 Profiling WG)

K. Chance', X. Liu', R. Spurr", T. Kurosu', C. Slnris'. R. Martin", M.
Newchurch", P. Bhartia4

1 Harvard-Smithsonian Center for Astrophysics, United States
-'Dalhousie Univcrsitv. United States

3 Universitv ofAlaboma in H1111/.\'\'i//e.United States
~NASA Godclcml Space and Flight Center, United States

Ozone profiles are deriv ed from backscattered radiances in the ultraviolct.v isiblc spectra (i.c .. 290-
340 nm. 530-h50 nm) measured by the nadir-v ic« ing Cilobal Ozone Monitoring l.xpcrimcnt, 11ith
particular emphasis on improv ing tropospheric ozone retrieval using optimal estimation. To improx c



the fitting precision needed for tropospheric ozone retrieval, we improve wavelength and
radiometric calibration by performing detailed treatments of (a) variable slit width in the instrument
transfer function, (b) variable wavelength shift between radiances and irradiances, (c) real-time first
order Ring effect correction, (d) undersampling correction, (e) wavelength shift between
measurements and spectroscopic data, (f) polarization correction, and (e) wavelength-dependent
degradation correction. We also improve the characterization of the atmosphere by using (a)
monthly mean stratospheric aerosol data from SAGE and tropospheric aerosol model fields from
Goddard Earth Observing System CHEM model (GEOS-CHEM), (b) cloud data from GOME Cloud
Retrieval Algorithm (GOMECAT), (c) Daily ECMWF temperature profiles and NCAR-NCEP
surface and tropopause pressure, and (4) NCAR-NCEP monthly mean water vapor profiles for
modeling the pressure- and temperature-dependence of water vapor absorption in the Chappuis
band. The TOMS Verison-8 ozone climatology with Earth-Probe TOMS monthly mean total ozone
is used to initialize a priori ozone profiles. Retrieved height-resolved ozone profiles compare very
well with coincident ozonesonde measurements at Hohenpeisenberg, Lauder, Java, and Samoa.
Comparisons with retrievals using Phillips-Tikhonov regularization are also presented.

Abstract No. 673

Global Height-Resolved Ozone Distributions Spanning the
Troposphere and Stratosphere from Eight Years of GOME

Observations

R. Siddans, B. Latter, B. Kerridge, Y. Reburn, V. Jay
Rutherford Appleton Laboratory, United Kingdom

The first scheme to retrieve from a single satellite observation the vertical distribution of ozone in
the troposphere as well as the stratosphere has been developed, implemented and extensively
validated at RAL. Sub-sets of data have already been produced from this scheme for a variety of
applications at the request of(> 30) individual users. The GOME mission ( 1995-2003) is now being
processed in full in order to produce a unique, global data set with which to examine seasonal and
interannual variability in both the troposphere and stratosphere. In parallel, cloud and surface
parameters associated with each GOME ground pixel arc being generated from co-located ATSR-2
images at much higher spatial resolution (Jkm x lkm). The processed GOME and ATSR-2 data sets
arc available to the wider community via the British Atmospheric Data Centre (BADC). In this
paper. key features of the RAL processing scheme and the extensive validation of the 8 year data-set
against ozone-sondes will be reported.
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Abstract No. 251

Feasibility of Envisat Data for the Estimation of Snow Pack
Characteristics and Areal Fraction of Snow Cover in Boreal Forests

j. Pulliainen'; S. Metsamaki", K. Luojus', M. Hallikainen', S. Anttila", J.
Karna', M. Huttunen'

1Helsinki University of Technology, Finland
2 Finnish Environment Institute, Finland

Feasibility of Envisat data for the estimation of snow pack characteristicsand areal fraction of snow
cover in boreal forestsJouni Pulliainen, Sari Metsamaki". Kari Luojus, Martti Hallikainen, Saku
Anttila", Juha-Petri Karna and Markus Huttunen* Helsinki University of Technology, Laboratory of
Space Technology, P.O. Box 3000, FIN-02015 HUT. Finlande-mail: jouni.pulliainenrehut.fi"
Finnish Environment Institute (SYKE)Hydrological processes in boreal forest zone are highly
affected by the seasonal snow cover. Thus, hydrological models operationally used for run-off and
river discharge forecasting employ spatially distributed information on physical snow pack
characteristics, and on the extent of snow. In Finland. the most important period is the spring melt
season and the snow parameters essential for forecasts include the fraction of snow-covered area
(SCA) and snow liquid water content (snow wetness). This information is required in a spatial scale
from a few to several kilometers corresponding to sizes of sub-basins. The Finnish forecasting
system applies snow information interpolated from weather stations and snow gauging network.
However. its spatial accuracy is relatively poor. Moreover. measurements on some important
parameters, such as snow liquid water content, are not carried out operationally. Space-borne
observations can he used to overcome these problems.The areal fraction of snow cover during the
melting season is already operatively monitored in Finland by the Finnish Environment Institute
(SYKE). This is carried out for all drainage basins of Finland using NOAA AVHRR data. In this
investigation, a reflectance model-based method will be now demonstrated for MERIS full
resolution data. A comparison between MERIS-derived and AVHRR-derived SCA is
performed.The operational hydrological forecasting system already applies SCA-estimates derived
from optical satellite images during the spring melt period. but they are only available under non
cloudy conditions. Space-borne SAR provides information that can be used for the mapping of SCA
regardless of cloud cover. SAR measurements can be also used to retrieve information on snow
wetness. These aspects are investigated here using both ERS-2 and Envisat ASAR data.The
performance of SAR-based SCA estimation in forested areas is analyzed by comparing the obtained
estimates with independent SCA reference data sources: (a) hydrological model predictions, (b)
observations at weather stations and (c) high-resolution aerial photography and (d) optical satellite
images. An inversion method for deriving snow liquid \\ ater content information from C-band radar
images is also introduced. The performance of this approach is assessed here by comparing the
SAR-derived estimates with hydrological model predictions. The applied estimation methods for
SCA and snow wetness are based on the semi-empirical modeling of C-band backscattering
coefficient as a function of forest cover (biomass level). soil properties and snow pack
characteristics. All investigations are carried out using time-series of ERS-2 SAR images from years
1997. I998, 2000, 200 I. 2002, and a time-series of Envisat ASAR images from the year 2003.The
liquid water content of snow pack (snow wetness) was estimated for SAR images acquired for
conditions with a full snow cover. The comparison of results with hydrological model predictions



indicates that the liquid water content of snow pack can be mapped in a regional scale both for open
and forested areas even using a single channel system (for forested areas reference information on
biomass is required). The C-band SAR-based snow liquid water content estimates coincided well
11ith the six-year hydrological model predictions in case of all nine applied test areas. each sized 15
km by 15 km. The obtained rcsu Its also indicate that the SCA mapping accuracy of C-band SAR is
poorer than that of optical satellite images. However, as optical images arc not alway» available due
to cloud cover. SAR data can be applied for those cases. MoreO\'CL the semi-empirical
backscattering model-based compensation of forest canopy backscatter can cffectix cly reduce the
disturbances caused by the forest cov er.

Abstract No. 169

Snow Classification Algorithm for Envisat ASAR

T. Nagler", H. Rott2
Universitv of Innsbruck, Austria

: ENVEO. Austria

An algorithm for snow mapping has been dcv eloped. using images of the Adv anccd Synthetic
Aperture Radar (ASAR) on board of l.nv isat. For algorithm dcv elopmcnt the backscattering
signatures of sno« cov ered and sno« free surfaces in A Ipine 1alleys and on mountain slopes were
studied with ASAR data of different look angles and polarizations in connection with field
measurements of snov, properties and meteorological data. The procedure for automatic generation
of sno« maps during the melting period 11ith ASAR data is based on the same principle as the
method developed tor ERS SAR. The algorithm for wet snow mapping applies change detection of
the backscattering coefficient bctw ccn repeat pass images of sno« cov ercd scenes and reference
images. which are acquired during snow-free or dry snow conditions. Of particular importance for
the use of ASAR time series is the impact of various look angles (swathes) and polarizations for
snow classification. Whereas the combination of VY and HI I polarized repeat pass data is well
suitable for snow classification. cross-polarized data sho« different incidence angle behaviour and
need to be combined with the same products. Effects of the imaging geometry for sno\1 mapping in
steep terrain have been evaluated by comparing 1arious ASAR s11athcs and modes. At the high look
angles of ASAR (IS6. IS7) the loss of information due to layover and foreshortening is strongly
reduced compared to ERS SAR. making these swathes particular attractive for applications in
mountain areas. The ASAR based snow maps have been verified in various test sites by means of
optical satellite imagery and field obscrv anons. conforming the good quality of the sno« cover
product.

Abstract !'lo. 306

Multi-sensor/Multi-temporal Analysis of Envisat Data
for Snow Monitoring



R. Solberg', J. Amlien', H. Koren', E. Malnes2, R. Storvold'
1 Norwegian Computing Center, Norway

2 NORUT IT, Norway

The Envisat satellite with its many sensors opens for new interesting approaches of combined multi
sensor, multi-temporal monitoring. In this study, we have focused on monitoring of snow
parameters in the snowmelt seasons of 2003 and 2004 (April-June) in South Norway. The sensors
used in this study are Envisat MERIS, ASAR and AATSR and Terra MODIS. The study is
motivated by operational prospects for snow hydrology. meteorology and climate monitoring.We
have developed a generic multi-sensor/multi-temporal approach for monitoring of snow cover area
(SCA), snow surface wetness (SSW) and snowmelt onset time (SOT). The objective is to analyse on
a daily basis a time series of optical and SAR data together producing sensor-independent products.
We have defined raster products for each variable and developed a prototype production line. The
production line automatically performs data retrieval, pre-processing, parameter retrieval, data
aggregation and product generation. A few algorithms for multi-sensor/time-series processing have
been developed and are compared. A typical approach is to analyse each image individually and
combine them into a day product. How each image contributes to the day products is controlled by a
pixel-by-pixel confidence value that is computed for each image analysed. The confidence algorithm
is able to take into account information about the local observ at ion angle/IFOV size, probability of
clouds, prior information about snow state, etc. The time series of day products are then combined
into a multi-sensor/multi-temporal product. The combination of products is done on a pixel-by-pixel
basis and controlled by each individual pixel's confidence and a decay function of time for the
product. The "multi product" should then represent the most likely status of the monitored variable.

Abstract No. 468

Near Real Time Snow Covered Area Mapping with Envisat ASAR
Wide Swath in Norwegian Mountaineous Areas

E. Maines, I. Lauknes, R. Storvold
Norut IT, Norway

A near-real time GM ES-relevant monitoring system for semi-operational retrieval of snow covered
area for hydrological and climatological applications have been developed in the Envisnow EC
EESD FP 5 project. The system, using Envisat ASAR wide swath data from ESA AOE 785 and
from the Kongsberg satellite station, geocodes and classifies Envisat ASAR data automatically, and
produces SCA maps with confidence flags. The snow covered area maps are used in hydrological
models in Norway to improve run-off forecasting and flood warnings.We show that Envisat ASAR
wide swath data can be used to produce snow cover maps with I00 m resolution and 500 km by 500
km coverage. This allows semi-operational use of SAR data for regional snow mapping. The applied
wet snow detection algorithm (Nagler and Rott, 2000) has been complimented with a dry snow
algorithm, predicting dry snow above medium wet snow line. Results from campaigns in southern
Norway in 2003 and 2004 will be shown. Results from a near-real time demonstration of the system
in 2004 will also be shown.A multisensor and multitemporal algorithm for combining SAR and
optical SCA data has been developed. The method is based on re-sampling of all single sensor data



to the same geographical grid. In addition to the SCA map each single-sensor algorithm also
produces a confidence map, which is subsequently used in the multiscnsor algorithm. Confidences
are degraded mer time to facilitate multitcmporal accumulation. Results from 20<U 11ill he shown.
The results demonstrate that integration of sno« parameter data from several sensors (bnth radar and
optical) may he used to improve temporal resolution and coverage. av oid problems 11ith clouds and
improves the overall classification accuracy.

Abstract No. 349

Mapping Snow Cover in Alpine Areas with Envisat/ SAR Images

P. Pampaloni', S. Pettinato", P. Poggi", G. Macelloni ',
S. Paloscia 1, P. Parnpaloni", A. Crepaz

1 Institute ofApplied Phvsics (CNR-IFAc). Italv
:cARPA V-Arahha avalanche centre, ltalv

The possibility of obtaining information about the seasonal variations of snov, cov er in alpine areas
is very important for hydrology. water management and climatology. It has been well established
that optical and near-infrared sensors can monitor sno« cover in cloud free conditions and several
systems ha1 c been developed for operational monitoring of snow parameters from remote sensing
data. However, microwave sensors only arc able to acquire data independently of day light and in
adverse 11cathcr conditions. The effects of dry snow on C- hand backscattering an: rather small and
difficult to detect. On the contrary. sci cral experiments have documented the ahility of SAR
instruments for mapping the extent of 11ct s1w11 using both ERS and RADA RSA T data. Compared
to the ERS SAR. the Envisat ASAR (Adv anccd Synthetic Aperture Radar) provides enhanced
capabilities in terms of the imaging geometry. swath width, polarization and rev isit time. In 2002-
2004 a series of ERS SAR and Envisat ASAR images were collected in the Italian Alps in the
framework of the EC ENVISNOW Project. The experiments, which also included ground
measurements and a !light with the DLR E-SAR system at C and X hand aimed at further evaluate
the potential ofC-hand SAR data in remote sensing of snow and. in particular. in detecting temporal
evolution of the snow cover. All the SAR images acquired at different dates over the Cordcvolc test
site in Italy 11ere gcocoded by using a DEM of the area and the orbital parameters. The calibration,
carried out in accordance 11ith the ESA backscattering calibration documents. took into account the
local topography. A change detection approach 11as used to monitor the extent of wut snow and
showed the possihility of separating wet snm1 from hare soils. Moreov er. the temporal sequence of
SAR images 11as analysed hy comparing the backscattering of specific sub-areas of interest with in
situ snow and mctco data, and with simulations performed \I ith a model based on the Strong
Fluctuation Theory. A very good agreement 11as found between ASAR and !·:-SAR backscattering
data at C-hand. Both experimental data and model simulations shov, ed a clear decrease of
backscattering as snow melted.
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Abstract No. 551

Snow Water Equivalent Retrieval Using Delta-K InSAR Repeat Pass
Processing of Envisat ASAR Data

Y. Larsen, G. Engen, E. Maines, K. Hegda', R. Storvold
NORUT Information Technology, Norway

Snow Water Equivalent (SWE) is the key snow parameter of interest forhydro power production,
flood management, and climate studies.Recently, a novel methology for SWE retreival from SAR
data wasproposed. The method is based on measuring the interferometric phaseof two SAR images
taken approximately from the same position atdifferent times, i.e., repeat pass interferometry. The
images arerecorded in periods with no snow and dry snow cover, respectively.The interferometric
phase is caused by different optical path lengthdue to refraction of the radar signal at the air-snow
interface,assuming that the dominant backscattering to occur at the snow-groundinterface, and it
contains information on the SWE. However,conventional interferometric SAR (InSAR) processing
is difficult;phase wrapping occurs when the snow layer variation exceeds some tensof cm due to the
high lnSAR phase sensitivity to snow depth. Byperforming a delta-K processing of the two SAR
scenes, followed byaveraging, an SWE estimate can be achieved for the averaged area withgood
accuracy .The delta-K processing is performed by splitting the radar band of each ofthc summer and
winter images into two subbands in the spatial Fourierdomain. The effect of this is to give the two
subband images two newcenter wavenumbers separated by small difference wavenumber (delta
K).The two subband images are multiplied to obtain the delta-K images.one for summer and one for
winter. Finally the delta-K interferometricSAR image is generated multiplying the two resulting
dclta-K imagesfrom summer and winter together.The contribution from topography to the
interferometric phase is takeninto account by using a high-precision digital elevation model
andperforming a backward solution of the range-doppler equations. By usingboth summer/winter
and winter/winter pair combinations, as well asauxiliary data such as vegetation maps, we may be
able to separate outnoise contributors, such that the SWE estimate is further improved.Preliminary
results using ERS-1 data show promising potential for themethod. SWE estimates were obtained
with an accuracy of about I00 mm.In this paper we will demonstrate the technique on Envisat data
from amountainous area in northern Norway. To validate the technique, acontrollcd experiment is
being conducted. Corner reflectors(trihedrals of side length 1.8 m) are deployed in the test area
Iorcalibration purposes, and in-situ measurements ofSWE has been collected.



Abstract No. 682

Comparison of ASAR Data and RADARSAT-1 Data
for Cryospheric Applications in Canada

Y. Gauthier', M. Bernier', S. Hardy", F. Weber3, M. Jasek'',
K. Chokmani 1, M. Philipp in 1, M. Ca rignan2

1 INRS, Canada
~ Viasat Geo Technologies Inc., Canada

3 BCH\'dro, Canada

For Canadian SAR data users, the availability or Envisat-1\SAR data represents both continuity and
opportunity. It provides us with another reliable source of C-Band single polarization data and ii
opens the door to new or enhanced applications through dual polarization data. In that sense, we
have decided to explore Envisat-ASJ\R data within two cryosphcreric application development
projects that primarily relied on RADARSAT-1 data. The first one tests the feasibility or integrating
ASAR images into the FQrn11 model for improvement or snow water equivalent estimations over
the La Grande River basin (hydroelectric complex. taiga environment. northern Quebec, Canada).
From November 2003 to March 2004. we have acquired a series of RADARSAT ScanSAR Narrow
(HH ). ASAR Wide S11ath Mode (HH) and ASAR Alternate Polarization Mode (I l l l-Hv ) images,
simultaneously to field measurements of the sno« profile. The image processing procedure has been
harmonized for the three sets of data, in order to compare backscattering coefficients on an optimal
375m by 375m unit. The accuracy ofthe estimated snow water equivalents from each set of data is
discussed. The second project concerns the monitoring or river ice from SAR data for flood
prevention and dam management in 11inter. In this case. an increased av ailability of SAR data is
essential to eventually design an operational and near real time river ice monitoring system.
RADARSAT Fine mode images (HH. 8m resolution) and ASAR Alternate Polarization Mode
images (HH-HY. 30m resolution) arc used to validate a relationship between backscattering
coefficients and the ice cover thickness of the Peace River (Northern Alberta. Canada). Using a
contextual approach. a compared classification ofthe ice types in February 2004 is also presented.
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Abstract No. 181

Demonstration of Envisat Data for Sea Ice Monitoring in the Northern
Sea Route

V. Alexandrov', 0. Johannessen", S.Sandven", V. Alexandrov', L. Bobylev',
N. Babich4, I. Frolov", K. Kloster", Y. Shcherbakov", V. Bessonov5

1 Nansen International Environmental and Remote Sens, Russian Federation
2 Nansen Center (NERSC), Norwav

3 NIERSC, Russian Federation .
4 MSC, Russian Federation
5 AAR/, Russian Federation

6 NERSC, Norway

Several previous demonstration campaigns have proved the usefulness of SAR images from ERS-
112 and RADARSAT satellites for sea ice monitoring and support of navigation in the Northern Sea
Route. Based on this experience, a first demonstration of Envisat ASAR Wide Swath images for
navigation support was started in summer 2003. In June - July several ASAR images were
transmitted in near real time to the Murmansk Shipping Company and onboard the icebreaker
"Sovetskiy Soyuz", which operated in the Barents and Kara seas. After data readdown at KSAT in
Tromso and image post-processing at NERSC, the ASAR images were sent to Murmansk as
300m/pixel jpg and tiff files in a pre-defined projection. In cases of good weather AVHRR NOAA
images, acquired at AARI for the southern part of the Kara Sea, were also transmitted to the
icebreaker. Sub-satellite sea ice observations were made onboard, aimed at improving the current
image interpretation techniques. The ASAR images proved to be quite useful for estimating sea ice
parameters in summer and selecting the icebreaker route in sea ice. However, ordering of ASAR
images two weeks in advance, as it is required by ESA, limits their use because detailed icebreaker
operations are planned for the nearest two-three days. The NOAA images were successfully used for
navigation purpose in good weather conditions. It was found that both the satellite images and the
ice charts composed from them were very useful for the ship navigation. The satellite images
provided the details of the sea ice, which were necessary for operational route selection. The ice
maps were useful when the onboard navigator met difficulties in image interpretation. This
experiment demonstrated that availability of both satellite images and ice maps in near-real-time on
the icebreaker bridge significantly simplified its navigation in the sea ice.The second demonstration
was started in February 2004, when ASAR Wide Swath images were transmitted to the Marine
Operations Headquarters of Murmansk Shipping Company. This winter convoys between
Murmansk and Dikson navigated mainly through the Kara Gate Strait, and south of 74o30'N -
75oN between Belyi Island and Dixon. It was decided to alternate the image coverage between the
southwestern and central parts of the Kara Sea. ASAR imagery were transmitted to Murmansk in
near-real time and used by several nuclear icebreakers for convoy routing. E.g. from an analysis of
the ASAR image for February 18 it was found that strongly deformed first-year ice almost blocked
the southern route through the Kara Gate Strait, \\ hereas much easier ice conditions were found for
the northern part ofNovaya Zemlya. Therefore the route to the north of the island was selected for
the icebreaker convoys. Here also Envisat ASAR images proved to be very useful for supporting the



navigation in winter ice conditions. The easily navigable polynyas and leads can he well detected in
the images. and also the difficult arcas w ith heavy ice deformation.

Abstract No. 114

Arctic Sea Ice Thickness from Envisat Altimetry Data

A. Ridout', S. Laxon2
1 University College London, United Kingdom

:'Centrefor Polar Observation and Modelling, United Kingdom

Radar altimeter data from the ERS-1 and ERS-2 satellites has been used to ohtain a continuous time
series of Arctic sea ice thickness to X 1.5 degrees North going back lo 1993. With only sparse in-situ
measurements of sea ice thicknesses a\ ailablc, such large scale obscrv at ions prov idc important
know ledge about the natural variability of sea ice thickness for its representation in global climate
models and for understanding the role of sea ice in climate.Since its launch in March 2002. the radar
altimeter on board the l.nvisat satellite has continued the observation of Arctic sea ice from space.
Here \\C show ho« the ERS method of extracting ice thicknesses from altimctry data has been
extended to Em isat. We will sho« some initial comparisons of Arctic sea surface height anomalies
and lrecboard from ERS-2 and Envisat for the winter of 2002/2003. Although then: are some
differences between the two satellites. the general pattern of lrccboard and sea surface height
anomaly is similar.

Abstract No. 626

Comparison of Single and Dual Polarised Envisat ASAR Data
with Laser Scanner Data of Sea Ice Thickness in Fram Strait

L. Toudal1, K. Kloster", S. Hvidegaard'', F. Rene3
1 DCRSIDTU. Denmark

:-NERSC. Norway
3 KMS, Denmark

The CRYOSAT CAL/VAL activities include a series of pre-launch lick! experiments. One of these
was the CRYOVEX experiment conducted in Fram Strait between Svalbard and Grccnlund during 2
weeks in April 2003. As part of the CRYOVEX experiment a set of wide swath Envisat ASAR data
were acquired in order to asses the ability of the SAR data for monitoring near real time ice drill
within the experiment region. The wide swath data were supplemented by a set of high resolution
Alternate Polarization data from the expected study area. The main activ ity of the experiment wa«
testing various in-situ and airborne instruments for measuring ice thickness. Amongst these" ere the
KMS laser scanner operated from a Twin Otter aircraft.In this project we have produced co
registered datasets of laser scanner and Envisat ASAR data (AP and WS). A comparison of Envisat



ASAR ice pixel values and polarization differences with ice freeboard height measured with the
KMS laser scanner is made. The CRYOVEX-2003 dataset of l 5.April 2003 was found to contain
too few lead features to adjust the SAR image coordinates for a matching with the lidar. Therefore,
the dataset of 11 April is used here. The laser scanner data and the ASAR AP data were collected
with a time difference of less than I hour whereas the time difference between the laser and the WS
flights is as long as 8 hours. This dataset contains many wide and clear ice leads between large ice
floes.The main result of the comparison is that a rough relation between the ASAR signal and the
laser freeboard measurements is found. The accuracy in pixel location is also addressed.

Abstract No. 469

Lincoln Sea and Nares Strait

P. Gudmandsen
Technical Universitv of Denmark, Denmark

In Lincoln Sea, north of Ellesmere Island, the almost perennial sea-ice cover breaks up every winter
with ice being advected into Nares Strait between Ellesemere Island and northwest Greenland. The
break-up was first described by Kozo ( 1991) who classified the phenomenon as a hybrid polynya
with the characteristics of a latent as well as a sensible heat polynya (Smith et al., 1990). His studies
were based on occasional observations with the NOAA AVHRR. Later studies of the winter 1992-
1993 based on ERS-1 SAR data were presented at the ERS/Envisat Symposium in Gothenburg
(Gudrnandsen, 2000). They demonstrated that the break-up begins by the end of September/early
October and terminates by the end of April/beginning of May and that the drift is controlled by wind
in addition to the ocean current. This paper presents additional studies of the area that exploit ERS
SAR and RADARSA T data of Lincoln Sea and Nares Strait. Three buoys of the International Arctic
Ocean Buoy Program that happened to drift through Lincoln Sea and Nares Strait in 1990, 1991 and
2000 give detailed information about the drift conditions at different times of the year. It is found
that the phenomenon varies a great deal from year to year although following a general scheme.
There are strong indications that the phenomenon is associated with the formation of an ice bridge in
the southern part of Kane Basin that generally forms in early spring. It causes a stop of the ice drift
southwards and with the collapse of the bridge by the end of the summer the ice drift is resumed and
the break-up of ice in Lincoln Sea - about 500 km to the north - begins. The link between ice in the
Arctic Ocean and Lincoln Sea appears to be controlled by winds with a slight effect on the drift that
takes place along the north coast of Greenland towards Fram Strait.Part of this work is carried out in
connection within the Green!CE project, an integrated study of ice drift and sediment sampling
funded by the EC Framework Programme.Gudrnandsen, P.. 2000. A remote sensing study of
Lincoln Sea. Proc. the ERS-Envisat Symposium, Gothenburg, October 2000, Paper 409, (CD-ROM).
ESA Publication Division, SP-461, 8 pp.Kozo, T.L., 1991. The hybrid polynya at the northern end
of Nares Strait. Geophys. Res. Letters, Vol. 18, pp. 2059-2062.Smith, S.D .. R.D. Munch and C.H.
Pease, 1990. Polynyas and leads. An overview of physical processes and environment.J. Geophys.
Res. Vol.95.pp.9461-9479.



Abstract No. 259

Remote Sensing of Freshwater Ice Cover
Using Satellite Synthetic Aperture Radar (SAR) Data

G. Leshkevich', S. Nghiem2
1 NOAAIGLERL. United States
-'JPLICALTech. United States

This paper presents remote sensing of Great Lakes and (heat Bear Lake (freshwater) ice cover using
Synthetic Aperture Radar (SAR) data from ERS-2. RADARSAT. and L111 isat. Applications of radar
mapping of Great Lakes ice CO\ er includes marine resource management. lake fisheries and
ecosystem studies. natural hazards such as ice jams and llooding. shipping and hydropowcr
industries. and Great Lakes climatology. The approach is to use in-situ backscatter measurements
and ground truth measurements from our 1997 Great Lakes \I inter experiment (GLA WEX 1997) in
conjunction \\ ith concurrent satellite SAR data from LRS-2 and RADARSAT-1. and more recently
acquired SAR data from Envisat. The polarimctric C-hand backscatter signatures an: used as a
library to dcx clop an ice classification and mapping algorithm. Verification of the ice mapping
results arc carried out \\ ith in-situ observ ations from US Coast Guard (USCG) icebreaker vessels
operating on the Great Lakes under the jurisdiction of the Ninth Coast Guard District. In addition.
we installed a w cb camera to monitor the seasonal ice cover over an area in Lake Superior. The
polarimetric radar backscatter measurements made from a USC(i icebreaker during CI.A WEX 1997
reveal that multi-polarization hack scatter data for the typical snow -covcrcd sno« ice on lake ice in
the Great Lakes can he used to map ice and open \\ atcr \\ ithout the ambiguity encountered in single
polarization data due to \ ariations in wind speed mer water. Polarimctric C-hand SAR data
collected by JPL AIRSAR over the Great Lakes during CJLAWl·X 2002 together with field
observations and measurements will he useful tor understanding and interpretation of multi
polarization SAR data such as l.nvisat ASAR data for lake ice applications. During our 2003 winter
experiment (GLA WEX 2003) l.nvisat ASAR \\ idc swath and alternating polarization data were
collected over Lake Superior and Great Hear Lake (Canada) togcther « ith in-situ field observations.
Polarimetric C-hand SAR signatures obtained from CiLA WEX 1997 (shipborne radar) and Envisat
SAR data collected during GLA WLX 2003 w ill he used to develop multi-polarization algorithms.
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Abstract No. 172

How Space Can Better Support Emergency Management
and Critical Infrastructure Protection

I. Becking
Operations, Canada

The paper will outline the current use of Space, in Canada by the disaster management community
at the national level as represented by Public Safety and Emergency Preparedness Canada. The
paper is based primarily on the author's experience as an Operations Officer and Geomatics
Manager for the former Emergency Preparedness Canada (EPC). the former Office of Critical
Infrastructure Protection and Emergency Preparedness (OCIPEP) and as the Authorized User for
Canada under the International Charter: Space and Major Disasters. The disaster management
community has a variety of general and specific information requirements which will be discussed
in the paper which change depending on a number of factors. The paper will argue that, while space
is meeting some of the needs of the community at the national level, it clearly can do more and must
be available at all times for disaster management officials; not just during responses to disasters.
Some recent examples of the use of space in Canada will be discussed and some observations made
regarding its use. The paper will also contain a discussion regarding the barriers to the effective use
of space and make some recommendations on how to correct, and improve the use of space. These
are made purely from a disaster management point of view and from the perspective of an end-user.
The paper will then discuss the area of critical infrastructure (Cl) protection and how space can
support this area. Canada's critical infrastructure consists of those physical and information
technology facilities. networks and assets, which if disrupted or destroyed would have a serious
impact on the health, safety, security or economic well-being of Canadians or the effective
functioning of governments in Canada. The paper will illustrate how disaster management and
critical infrastructure protection are linked and are complimentary. This area of study is becoming
increasing more important for world governments and citizens are depending more and more on
information technology as part of their daily lives. The paper will argue that this area requires
continuous access to space as part of a coordinated planning and threat monitoring effort. As well,
with continuous access to space, the response to critical infrastructure failures from physical threats
will be improved. Finally, the paper will highlight some of the efforts on going to try to coordinate
the world's satellite operators and create a global system to support disaster management. The paper
will conclude with a reminder that the information requirements of the disaster management
community must be included in any such effort.

Abstract No. 636

Use of SAR Data for Natural Disaster Mitigation
in the Mobile Environment

M. Louhisuo", T. Harne', K. Andersson', Y. Rauste', T. Morohoshi'



1 VTT Technical Research Centre ofFinland. Finland
:;National Research Institutefor Ec~rthScience. Japan

Natural disasters have no border. lvcry country suffers trorn all types of natural disasters such as
earthquakes. volcanic eruptions. floods. and landslides. claiming many human lives and damag ing a
great deal of property. Especially, the dev eloping regions arc hard-hit by such disasters due to their
lack of infrastructure and emergency services. In order to develop infrastructure for natural disaster
management. the joint research project was initiated. leaded by VTT Technical Research Centre of
Finland as the principal inv estigator. and the National Research Institute for Earth Science and
Disaster Prevention of Japan (NILi)) NIED and other organizations and universities from China and
Malaysia as wcl l as Japan as co-investigators.The objective of the project is to make use of Remote
Sensing data in the early warning. mitigation. and management of natural disasters. More
concretely. the goal is to construct a pilot system and use it to demonstrate the value of the RS data
(especially space-borne radar) as a source of relevant and up-to-date information for the rescue and
early mitigation rehabilitation phases of natural disasters. The most uppropriatc sensor systems for
this purpose arc the satellite SAR systems such as the lnv isat of ES/\ and the /\LOS of JAXA (in
tuturej.Thc work consists oftwo parts: Demonstration of the SAR data usage in the disasters using a
pilot system. and specifying requirements for and designing the prospective environmental
management system. The purpose of the piloting and demonstration part of the project is lo
construct a SAR-based pilot system for disaster applications and . verity its feasibility in real
disaster cases. The flooding in China and landslides in Japan and Philippine have been analyzed
using Em isat ASAR data within this project.The main issues to he considered arc the time-critical
requirements. data acquisition, processing. analysis. and distribution. The level 0 SAR data are
processed to SLC imag cs using the SAR processor running on the NIED computer facilities
(including a Fujitsu VPP5000 supercomputer). The resulting multi-temporal data sets arc registered
into a geometrically consistent data set. \I hi ch is rccti lied to 111ap co-ordinates. The largest scale
cartographic material is used in the rec ti fication. Fast interactive image analysis techniques arc then
utilised to deriv c a map of areas affected hy the disaster. The resulting maps arc prepared into
standard RCJB imag cs suitable for Ww w-publ ication. Finally. the image products arc distributed on
the Internet. i.c .. published on the project \I ch site. where they can he \ iev, ed using any standard
browser running on both mobile and fixed devices.The data acquisition is organized in an efficient
way, so for disaster cases taking plan: in Europe. VTT orders and inputs SAR data provided by ESA
(LRS-1/2 A'vll SAR. l.nvisat ASAR) to the project database. Similarly. concerning the cases in
South-East Asia. NIL[) supplies the database \I ith the corresponding data prov idcd hy JAX/\
(.ILRS-1 SAR. ALOS l'ALSAR). Fast Internet connection. using APA!\ (Asian-Pacific Advanced
Nctwork ). is used tor transferring the data between VTT and NIED. A distributed data processing
scheme is used for producing the output images. Finally, the lntcr/intranet distribution enables a
\I idc access through diverse fixed and mobile devices, to the image products.

Abstract No. 448

Flood Risks Management and Prevention-WARM

C. King', M. Costes", J. Prof U'
1 BRGM. France



2 CNES, France
3 Geoinformatics Center. Beijing Normal University, China

Within. the framework of the MOST-ESA Dragon project, a proposal on the "Assessment of the
synergistic exploitation of Envisat ASAR and MERIS data for Plain Flood Rapid Mapping and for
Flood Support Risk Management'', has been accepted and started in May 2004 after the Xiamen kick
off meeting.This Flood Dragon project will enhance the Envisat objective to monitor natural disaster
such as flooding. An aspect of the proposal is supported by the France-China network of research
called WARM. It deals with the exploitation of Envisat data as input for monitoring tools at
catchment's scale are necessary for improving flood prediction and water resources
management.The potential of runoff and flooding is focussed on the assessment of the Envisat
ASAR, spatial and temporal resolution potential for flood risk assessment and prevention; ie urban
land use monitoring and potential assessment of roughness through ASAR data are examined in
order to optimise the parameters describing the state of surface of catchment basin and depending on
incidence and polarization mode for thematic accuracy will be assessed. One of the major final goals
is give input for describing the geophysic and physiographic parameters of the catchment basins and
propose environmental effect simulation. ASAR Envisat data will he used to map and monitor both
the wide floods affecting China and Mediterranean watershed representative of the flash flood,
"CEVENOL" phenomenon The tests sites well representative of Asian major flood plains and
French fast floodOver these test sites, reference data such as ERS, Landsat SPOT data arc already
collected and integrated in database. The Envisat data collection has began in spring 2004 and will
continue during the period 2005 and 2006. The tools of simulation able to use input data and the first
proceed images wand derived results will be presented.

Abstract No. 714

Towards a European Rapid Mapping Service for Disasters Monitoring

K. Fellah, B. Allenbach, S. Battiston, C. Bestault, S. Clandillon,
J. Henry, C. Meyer, H. Scius, N. Tholey, H. Yesou, P. De Fraipont

SERTIT, France

Space techniques such as positioning, telecommunications, and especially earth observation can
contribute to improving natural disaster management. Space-derived information can be a valuable
source of up-to-date geo-information for risk mapping (prevention), forecasting (preparedness
phase) and for the crisis and post-crisis phases dealing with damage assessment. Current EO
missions have demonstrated their benefits in risk management. This is especially the case for the all
weather and spacebome SAR missions and highly reactive optical satellite which allow the
provision of timely information on regions affected by natural disasters. A new generation of high
resolution space borne radar and optical sensors (RADARSAT 2, Terra-Sar, ALOS, Pleaides,
Cornos-Skymed ... ) are being developed which will ensure quality enhancement of the derived
information as well as the continuity of EO data provision. The overall objective of this activity is to
set-up an operational EO rapid mapping service providing assistance worldwide in the management
of natural disasters. With a 24 hours a day EO based on-call service, the service is prepared for any
request, providing relevant information for disaster mapping during the crucial phases of crises and



post-crisis management. This EO rapid mapping service can also contribute to the International
Charter "Space and Major Disasters". It has operated successfully in generating EO added value
products during flooding in France (Gard September 2002. South France December 2003 ).
Dominican Republic flood event in December 2003. Namibia in April 2004. Haiti in May 2004 and
for other natural disasters, including the Salv ador earthquake in February 200 I. the Nyiragongo
Volcano lav a flow in January 2002 and more recently the Stromboli \ olcanic explosion in April
2003, earthquakes in Turkey. May 2003. in Algeria. May 2003. in Iran. December 2003, and
Morocco. February 2004. This EO rapid mapping service is used by the French Space Agency
(CNES) when the International Charter "Space and Major Disasters" is triggered. The development
of such a sen ice could also serve the initiative for the provision and use of operational information
for Cilobal Monitoring of Environment and Security (CiMES ).

Abstract No. 327

Building Damage Detection Using Satellite SAR Intensity Images for
Recent Earthquakes

M. Matsuoka', F. Yamazaki2
1 Nat. Res. Inst. for Earth Sci. Disaster Prevention, Japan

: Chiba University; Japan

The recent earthquakes such as the 1994 Northridgc and the 1995 Kobe earthquakes. realized us the
importance of grasping damage in formation of built-up areas at an early stage for rccov cry activities
and restoration planning. Synthetic aperture radar (SAR) is remarkable for its capability to record
the backscattering coctficicnt. the physical \ aluc of the earth's surface. regardless of weather
condition or sun illumination. Therefore. SAR is a powerful tool which can he utilized to dcv clop a
universal method to comprehend damaged areas in disasters such as earthquakes. forest tires and
floods. Detailed ground truth data for building damage due to the 1995 Kobe earthquake provided us
the opportunity to investigate the relationship between the backscattering property from SAR
images and the degree of damage. From the above analysis \\C have already developed a method to
detect areas of building damage. In this paper. \\C applied this method to the satellite SAR. including
LRS and Envisut. images taken mer the area hit hy the 1999 Kocacli, Turkey. the 2001 Gujarat.
India. the 2003 Boumerdes. Algeria. and the 2003 Barn. Iran earthquakes. and then the accuracy of
the proposed method was examined by mm paring the results of the analyses with those from the
damage sun eys.
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Abstract No. 4

Improving the Accessibility to Russian Satellite Data for Mitigating
Natural Disaster

E. Kudashev
Space Research Institute of Russian Academy of Science, Russian Federation

For many years Russia has been carrying out an intensive program of Earth observation using a
range of satellite remote sensing instruments. Relevant missions include PRIRODA-MIR, RES URS
and METEOR. Each one of these systems generated a large amount of data that were not exploited
as much as they could be especially outside Russia. However, it is important to utilize fully the
information provided by these data sets in order to achieve maximum cost effectiveness from these
investments in the space program to justify future expenditures on new and continuing programs. In
order to be fully exploited, Russian data and information systems need to be easily accessible and
linked to and interoperable with other national and international information systems. An example
of an important and complementary Earth Observation Information system is EOSDIS Project. To
encourage the wider use of information generated by remote sensing/Earth observation satellites and
to allow U.S. industrial users and academic researchers to locate more easily data and information
services, NASA funded the development of the EOS Data and Information System (EODSDIS).
Users interact with EOSDIS through the Internet using their WWW browsers. The EOSDIS Search
Server is based on Catalogue Interoperability Protocol (CIP) standard and will allow simultaneous
searching many remote data catalogues. In addition, EOSDIS includes an Advert and
Announcement Server, a Data Dictionary service and a Metadata User Guide. Improving the
accessibility to Russian satellite data could make substantial contribution to mitigate natural disaster.
Integration of distributed data archives use satellite data flows to deal with various problems of
Remote Sensing posed by joint programs for forecasting and mitigating natural disaster. Our paper
is directed on complex development of distributed information system of satellite data for the Earth
Observation as an estimation of environmental condition, resource studies and damage from natural
and technogeneous disasters. Our project units a ground network of reception of satellite data on the
territory of Russia. It is supposed to modernize and to integrate into the ramified infrastructure the
regional databases of satellite data, receiving from the polar-orbital satellites during the ecological
monitoring. The basic segment of developed information system is the Web-Server of the satellite
data, which is developed in the Space Research Institute. As a basis of the ramified infrastructure the
ground stations of reception in Krasnoyarsk and Salekhard and in Vladivostok arc used, and they
will be incorporated through Internet with the data archive. This distributed information system
integrates in uniform system regional databases, that opens an opportunity of realization operative
monitoring of environmental condition and estimation of danger of natural disasters on the whole
territory of Russia. It is essential to work out its adequate structure necessary for efficient data
retrieval from the archive. The archive structure is elaborated based on the understanding of typical
requests of potential archive users. The experience of functioning space archives shows that user
requests primarily focus on data representation levels, the name of the project under which the data
is obtained and the name of the sensor that provided the data. The archive should be divided into
segments corresponding to different data representation (process) levels with each segment
subdivided into data sets related to a certain project and instrument (sensor). Efficient organization
of information resources and open access to spatially distributed experiment data are founded on the
Web technology (access to data including data search and request).The development of satellite



natural-resource information software targets the following problems: real time Earth Observation,
thematic processing of Remote Sensing Data and tilling in of the Digital Archive, gcoccological
monitoring of the cnv ironrncnt, ecosystem condition evaluation through space techniques, access to
hydro meteorological information from around the globe. Appropriate mctadaia management
systems an: huilt to provide for the collection and distrihution or experiment data and thematic
processing results: \\ hilc the archive is linked to the regional centers of gcoccological monitoring
via Internet. An important clement is the elaboration of interface. archiving and network data
exchange structures. This calls for the development of search engines and a remote interactive
access regime for external uscrs v ia Internet to catalogues of experiment data and processing results
and the realization of the on-line access mode. Our Digital archive \\as devised and is tunctioning in
on-line mode as fully interoperable system. INl·TO users have no pruhlcms in the access to data
archive as well as the latter easily exchanges data with the INFEO system. The principle of
distributed data processing gains an ever-grow ing importance for satellite monitoring. Stage-by
stagc dcv elopmcnt of data archive making possible efficient functioning of a sysiem « ith only a few
units assembled prm cs to he promising. Thus. the building of an access system to satellite data
received and processed at different ground stations begins by setting up of a main server at a
network location hav ing developed telecommunications. The information of the 111ai11server is
updated by the regional centers C\ en \ ia lo« -spccd S\\ itching channels. The tasks arc included the
dcv clopmeru of MySQL-PHP bundle for support of the electronic catalogues. the application of the
Oracle DBMS tor central dcpositarium. the creation of ecological Databases of satellite monitoring.
interfaces to separate databases and remote creation of resources. It is planned to ensure the
coordination or the standards and interfaces. integrating regional databases and ecological
in formation resources. In comparison \\ ith the dcv eloped systems this system of opened access to
the regional ecological information has the follo« ing advantages and features: - System allows to
carry out the collection and distribution of experimental monitoring data on regions of territory of
Russia in the most complete form. to increase volume or the processed information, to ensure with
the information a significant circle of the users. - System prov ides high-speed input and
dccornmutation of the monitoring data. and also long-term archiving of data sets (not less than 15-20
years): the standardization of formats and carriers of the satellite data.- In \ iew of large speeds and
\ olumes of the in formation, transmitted from a hoard of the satellite. System prov ides information
support to ground structure of ecological monitoring and early detection of natural disasters. -
System prov ides opened access to the regional ecological information and to mctadata structures on
line, transfer of the data, ordered by the users, under the coordinated order of transfer with the help
of telecommunication means or in a mode off-line on magnetic carriers

Abstract l\o. 70

Integration of Envisat ASAR Data in a Hazard Monitoring -GIS -
Envisat Project [If) gJ

U. Munzer", K. Scharrer', K. Weber-Diefenbach', A. Gudmundsson2
1 Ludwig-Maximi/ians-Universitiif, Germany

c Fjarko11111111 eh]. Iceland

A substantial collection of achieved multi-sensor SAR data sets produced in the course of research
on disaster monitoring in Iceland, carried out under the auspices of LSA. NASDA and CSA since



1992, is now at the disposal of the ongoing ESA project "Hazard Assessment and Prediction -
Long-term Observation of Icelandic Volcanoes and Glaciers Using Envisat-ASAR and Other Radar
Data" (ID 142). This valuable material allows the long-term assessment and analysis of the surface
changes observed in the highly active Neovolcanic Zone of Southern Iceland. Combined with other
geoscientific information (air-based, space-based or ground-truth data) it plays an important role in
devising early-warning methods.Recent efforts have been directed towards the Myrdalsjokull
testsite (596 km') and the central volcano Katia in particular. In view of the eruption cycle of this
subglacial volcano (dormant phase maxima 80 years, minima 13 years) and the marked increase in
seismic activity since 2000, a fresh outbreak releasing huge glacial torrents is expected to happen in
the near future. At the peak of the last major event in 1918 the glacier· s discharge reached a volume
of 300,000 mvs, To fully use all the space-related information at hand, the Department of Earth and
Environmental Sciences, Section Geology at Ludwig-Maximilians-University Munich has
developed a multi-source GJS. Various layers supply data on the geology, the hydrology and the ice
morphology of the volcanic zone. Lineaments and a precision DEM are provided, facts and figures
of past seismic and volcanic events are given, such as locations of epicentres and eruption sites or
details of meltwater discharges. Processed Emisat-ASAR data are continuously fed into the
GIS.The present investigations revealed, 20 possibly latent eruption sites so far. The potential runoff
paths of meltwater floods triggered in these high-risk areas were derived by GlS based estimation.
With the knowledge gained from roughly 12 years of research and the GIS, specially developed to
meet the conditions of the southern regions of Iceland, surface changes now should be detected very
quickly and dynamic processes monitored almost in real time. Risk assessment and prediction
models will be made available when ever needed.

Abstract No. 494

CSTARS, a New State-of-the-Art Satellite Receiving Facility:
Operational and Research Capabilities

H. Graber
CSTARS/University alMiami, United States

CSTARS (Center for Southeastern Tropical Advanced Remote Sensing) is the University of Miami's
newest facility conducting research with remotely sensed data received from earth-orbiting satellite
systems. CST ARS is a new state-of-the-art real-time satellite tracking facility located at the former
U.S. Naval Observatory/Alternate Time Tracking Station site at Richmond, in southern Miami-Dade
County, Florida. CSTARS was designed and developed as a highly automated, near real-time, multi
satellite reception and processing facility that provides data for environmental monitoring of the
Equatorial Atlantic region; northern South America, Central America, the Caribbean Basin, Gulf of
Mexico and the Southeastern US. The facility is based on two antennas for redundancy and conflict
resolution and includes dual units of all key components of capture and processing systems for
redundancy and backup. This approach permits highly automated operation and seamless transition
to backup units in case of sudden component failure. Satellite data reception and tracking is
accomplished with two ViaSat I I .28m X-band antennas with characteristics: GIT= 37dB (iL 5 deg
elevation: half-power beamwidth = 0.24 deg. TheCST ARS coverage map or visibility for a typical
low-Earth orbiting satellite in an 800 km orbit is about 2° minimum elevation and covers all of



Florida and the eastern half of the USA cv en into northern part of Canada. all of the Caribbean
Basin including the Lesser Antilles. Central America. Mexico. and the northern part of South
America. The expanded coverage of satellite tracking permits to provide rapid data access for many
time sensitive applications such as environmental monitoring (c.g. the Fvcrgtadcs). storm prediction
(e.g. hurricanes and tropical storms). volcanic eruptions (e.g. numerous \ olcanoes are active in
Mexico and Central America), pollution (c.g .. oil spills). natural hazards (e.g .. flooding and mud
slides). change detection (e.g. beach erosion. agricultural land uses. vegetation monitoring).The
present satellite operation schedules and capabilities include: RADARSAT-1. SPOT-2/4. Envisat
ASAR. ERS-2 SAR and WindScat and MODIS on Terra and Aqua for reception. telemetry.
processing and analysis. This paper will pnn ide an overview of the operational capabilities and the
on-going research applications of CST ARS whi ch include extraction of marine parameters from
synthetic aperture radar (SAR) and optical SPOT data. Special emphasis will he placed 011:0 Marine
parameters from SAR for the derivation of wind lie Ids and sea state under tropical storm and
hurricane conditions for studying and quantifying mcsoscalc flo« patterns in synoptic and tropical
lo« s.• The use of SAR interferometry to monitor water level changes in the L\ erg lades for
improved estimates of flow properties and tracing of pollution> Detection of subsidence in urban
areas due to cxccs-.i. c ground \I atcr \I ithdraw al.• Monitoring of hazardous \ olcanocs in Mcx ico.
Central America and the Caribbean to determine pre-cursor activ itics leading to eruption>
Monitoring of changes in spatial CO\ crag c of coral reefs and water properties impacting coral reefs
as well as cnv iron mental conditions that may stress coral rccfs.« Development of algorithms of
water constituents and ocean color w ith applications in the Gulf of Mexico> l.stablishmcnt of long
term validation sites (tropical to extra-tropical latitudes) using in-situ measurements to validate
continuously model functions for missions and sensors (c.g. Envisat. Ql!ICKSCAT. WindSat, etc).

Abstract ,o, 710

The Geohazards Integrated Global Observing Strategy

M. Paganini'. F. Palazzo", S. Marsh", R. Missotten~
1 ES!l/ESR!N, ltalv
_,SERCO. !tali·.

3 British Geological S111Tey..United Kingdom
~UN/:SCO, France

Worldw idc, the impact of earthquakes. \ olcanic eruptions. landslides and subsidence on the
population and property is enormous. Population increase in hazardous areas makes the effects of
these natural hazards from year to year even more dramatic. All such hazards. driven directly hy
geological processes. involve ground deformation and. to he better understood. may require similar
observations even ifat different scales. The ambitious objective to better exploit existing know ledge
and information so as to identify gaps c.g. in organisation. observations or systems that need to he
lilied (in a decade) in order to reach a better understanding of the hazard -enabling hence its
management (c.g. prevention and prediction)- has led to the creation of the Gcohazarcls IGOS
theme. chaired by B(iS. !'SA and UNESCO. Such theme has been adopted hy the Integrated Global
Obscrv ing Strategy ( ICiOS ). a partnership of international organisations concerned \\ ith global
cnv ironrncntal change issues. The goal of the Geohazards !GOS theme is to integrate disparate.
multidisciplinary. applied research into global. operational systems by tilling gaps in organisation.



observation and knowledge. Four strategic objectives have been set: building global capacity to
mitigate geohazards; improving mapping, monitoring and forecasting. based on satellite and ground
based observations; increasing preparedness. using integrated geohazards information products and
improved geohazards models; and promoting global take-up of local best practice in geohazards
management. Common observational requirements have been identified for the geohazards
concerning with baseline topographic and geoscience mapping and for crustal deformation and
seismic monitoring. Systems that meet these requirements include stereo optical and radar
interferometry satellites plus ground-based GPS and seismic networks. Specific hazards like
volcanoes require additional observations like temperature and gas emissions. Observations must he
stored in well-managed and accessible databases. Tools to produce information products through
integration. modelling and assimilation must be well documented. Networking, education, training
and skills transfer must be undertaken to build the capacity to use them. Critical gaps still exist in:
provision of detailed, global topographic data, hazard inventories and geoscience maps; continuity
of the C- and especially L-Band radar interferometry that is needed to observe crustal deformation
below vegetation; density of local GPS and seismic networks; accessibility of relevant databases;
adequacy of models and data integration; and the integration of the geohazards community. The
Geohazards theme report has been approved for implementation in November 2003 by the !GOS
Partners and includes an action plan with objectives set on the 3. 6 and 9 years period. The report
identifies priority actions such as: begin networking within the geohazards community; improve
topographic data provision using existing observations and secure continuity of C and L-Band radar
interferometry with the space agencies; assess the potential for existing data to be integrated into
geohazard products and services; evaluate ways to improve databases with their managing agencies;
and initiate research that increases gcohazards knowledge. The implementation of the Geohazards
!GOS, supported by an ESA-funded Executive Bureau and the UNESCO-IUGS's Geological
Applications of Remote Sensing (GARS) Programme, is being set-up; links with relevant sub
groups under the new Group for Earth Observation have been already established.
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Abstract No. 128

Synergetic Aerosol Retrieval from Envisat

T. Holzer-Popp, M. Schroedter-Homscheidt
DLR, Germany

Within ERS-AO projects PAGODA and PAGODA-2 a new synergeticaerosol retrieval method to
exploit ATSR-2 and GOME wasdeveloped, valdiated, and published. This method
SYNAERretrieves aerosol optical thickness and type over land andocean by combining the
complementary high spatial (radiometer)and high spectral (spectrometer) simultaneous
observations.Within the Envisat-AO project SENECA this method is transferredto the similar sensor
pair AATSR+SCIAMACHY. Furthermore afirst 14 month ATSR-2 + GOME dataset over Europe
and Africa was processed (3 days each month with GOME small swath width)to retrieve a first
climatological aerosol component dataset.This presentation will show first Envisat SYNAER results
anddiscuss relevant issues encountered during the ERS-2 toEnvisat transfer. Furthermore, the ERS-2
I-year aerosolcornponent climatology will be presented.SYNAER dclivcres relevant information
which is required foraerosol data assimilation (national DFG project AERO-SAM) inair quality
forecasting and for monitoring the differentcomponents of the atmospheric aerosol loading (ESA
DUE projectGlobAER).

Abstract No. 188

A Surface Reflectance Model for MERIS Aerosol Remote Sensing
over Land
R. Sauter

Universite du littoral Cote d'Opale, France

Aerosol remote sensing over land is based on the use of pixels covered by vegetation. Because of
the absorption of the photosynthesis pigments, these pixels are quite dark in the blue and in the red.
This consideration led to introduce the concept of DOV pixels. Initially, 11 DOV models have been
selected from the POLDER I imagery. ARVI, atmospheric resistant vegetation index, has been used
to detect these pixels. A clear limitation to the initial process was the limited spatial coverage of
DOV pixels. That the reason why, the DOV concept has been extended to include less dark pixels
for the aerosol remote sensing. First, an extensive archive of MERIS images has been fully corrected
from the atmosphere, including the aerosols. Second, a simple linear regression can be applied to the
surface reflectance versus the ARVI in the MERIS band used for aerosol remote sensing. We
answer to the question: how far we can go using less dense vegetation? A validation of this concept
is reported. This work is the fundamental basis for the last MERIS reprocessing on the aerosol
product over land.The pixel identification is based on the use of the ARV!. Alternative vegetation
indices are used to identify the best way to select pixels over which the surface reflectance is the
better known in the blue and in the red.



Abstract No. 699

MERIS Water Vapour Retrieval and its Validation by means of
Ground-Based Measurements

J. Fischer, P. Albert, R. Bennartz, R. Preusker
Freie Univcrsitat Berlin, Germany

The MERIS water vapour algorithm has been applied lo MERIS data above different targets and has
been validated using measurements of the microwave water radiometer al the ARM-S<iP site in
Oklahoma. USA. ground-based GPS stations in Germany and radio soundings in central Europe.
All three were used for the validation of dcriv ed total columnar integrated water vapour above cloud
free land pixels. how ever. the radio soundings were also used for the \ alidation of MER IS rctriev a Is
of the integrated water vapour above cloud tops. The root mean square deviation between the
satellite retrievals and the validation measurements is in the order or 0.2 g.cm'. The quality of the
MERIS\\ atcr \ apour retrieval with respect lo applications will be discussed.

Abstract No. 151

Remote Sensing of Particle Matter Using MERIS

J. Vidot', R. Sauter", D. RamonJ
1 Universite du Littoral Cot« d'Opule. France

_,ULCO-AfREN. France
3 HYGEOS, France

(her land. the Dense Dark Vegetation is used to derive in a first stage the aerosol path radiance and
in a second stage lo propose an aerosol product whi ch consists or the aerosol optical thickness at 865
nm and the Angstrocm coefficient. Air quality monitoring of the particles is based on measurements
of PM I0 and PM2.5 whi ch arc respectively the density of particles or diameter lesser than I0 pm.
lesser than 2.5 pm. at the surface. The satellite aerosol product can be com cried into PM I0 and
l'M2.5. based on different assumptions: particle density and vertical distribution mainly. This first
attempt lo monitor I'M from space can bc validatcd \\ ith in-situ data. Another approach \\ill simply
consist in using the in-situ PM measurements to calibrate the satellite imagery. With the frame or a
European project. w c generated. O\Cr an area centered on Lille (50'3(1' N. 3'08 L. "forth or France).
a data basc « ith MLRIS. and the PM data collected by the regional air quality network. The above
tcchniquc w ill be applied and validate using this data base. Applications in air quality monitoring
will be presented.



Abstract No. 698

Comparison of MERIS; MO DIS and MSG Cloud Top Pressure

R. Preusker ', J. Fischer1, S. Tjernkes", A. De Smet2
1 Freie UniversitatBerlin, Germanv' ,- Eumetsat, Germany

We present results of comparisons of cloud top pressure products. derived from MERIS, MSG and
MODIS. The individual satellite algorithms are impaired by ambiguities especially due to multi
layer cloud systems with thin top layers. The C02 slicing method used in MODIS algorithm is
working day and night and is accurate for single layer high and mid-level clouds. The MERIS
algorithm based on a differential absorption technique using the 02A band at 0.76 µm is accurate
for single layer clouds in all heights, but there are weaknesses in the detection of very thin clouds.
The individual characteristics of the retrieval algorithms allow a breakdown of the cloud top
pressure comparisons with respect to cloud types (low. middle and high level clouds, thin and thick
clouds. multilayer clouds, water and ice clouds). to day and night. to surface types, to the viewing
geometry. The MSG-SEVIRI cloud top pressure products are finally compared with MERIS and
MODIS cloud top pressures.
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Abstract No. 62

Development of a Full Radiative Transfer Model
in the Oxygen A-band for Satellite Retrieval of Cloud Pressure

N. Fournier", P. Stammes 1, M. Eisinger
1 KNMl, Netherlands

c ESAIESTEC. Netherlands

As clouds strongly influence retrievals of tropospheric gases and aerosols from GOME.
SCIAMACHY and GOME-2, accurate co-located cloud information is required. The 02 A-band is
well suited to provide this information. Since oxygen is a well-mixed gas. the measured column
amount of oxygen yields the cloud pressure.The Doubling-Adding KNMI (OAK) radiative transfer
model is designed for line-by-line calculations of radiance. polarisation. and irradiance inside and at
the top of the atmosphere. It consists of an atmospheric shell around a monochromatic multiple
scattering kernel, based on the polarised doubling-adding method. The atmosphere consists of an
arbitrary number of plane-parallel layers, each of 11hich can have Rayleigh scattering, gas
absorption, aerosol and cloud particle scattering and absorption. The atmospheric shell describes the
optical parameters of each layer: optical thickness. single scattering albedo and scattering matrix.
For aerosols and cloud particles the entire 4x4 scattering matrix can be included, as coefficients of
generalised spherical functions. OAK was currently used in the UV-visible spectrum with trace
gases absorption.This paper describes the extension of the OAK model with oxygen absorption in
the 02 A-band. To achieve this, the latest HITRAN database is used to evaluate the oxygen
absorption cross-sections. OAK is applied in the 755- 775 nm window for several cloud types and
geometries. The results are then, firstly, compared with in-flight observed reflectance at scenes from
the GOME and SCIAMACHY instruments. Secondly, the calculated radiances are used as input of
the FRESCO algorithm (Fast Retrieval Scheme for Clouds from the Oxygen A-band) to assess
instrumental polarisation sensitivity in retrieving cloud fraction and cloud pressure.

Abstract No. 75

MIP AS/Envisat Observations of Polar Stratospheric Clouds during
the Antarctic Winter 2003 in Comparison with Lidar Measurements

M. Hopfner", T. Von Clarmann ', H. Fischer1, N. Glatthor", U. Grabowski",
S. Kellmann 1, M. Kiefer", A. Linden 1, G. Mengistu Tsidu 1, M. Milz1,
T. Steck', G. Stiller", D. Wang', P. Massoli2, F. Cairo", A. Adriani'

1 Forschungszentrum Karlsruhe. Germany
J Consiglio Nazionale Delle Ricerche, Italy



The mid-IR limb emission sounder MIPAS/Envisat has the capability to detect polar
stratosphcricclouds (PSCs) even during polar night. Thus. compared ioothcr satellite instruments
which measure only during sunlight.Mll'A'S delivers a continuous temporal and spatial covcragcof
the existence of PSCs. In addition to the altitude region of cloud occurancc. it ispossible to identify
different PSC types Irornthe infrared spectral signatures. Different types of PSC spectra can he
distinguishcdin MIPAS measurements. In this paperwc will show how well these spectra canbc
simulated by use of radiative transfcrmodclling under application ofscts of refractive indc .x data tor
different chemical composition and from scverullaboratory measurements.Further. 11c 11ill shov,
rctricv als of altitude pro Ii Jes ofm icrophysical parameters describing thePSC size d istrihution.
Comparisons with Lidar measurements from McMurdo will he used to validate MIPAS PSC
obscr, ations.

Abstract No. 98

Coincident Cloud Observations by Altimetry and Radiometry

G. Quartly', C. Poulsen2
1 Southampton Oceanography Centre, United Kingdom
-'Rutherford Appleton Laboratorv, United Kingdom

Over the preceding decades, a number of different satellite techniques hav c been dev eloped to allow
the observations of clouds and rain. l lowcver. it is only with Envisat that a dual-frequency altimeter
has been co-manifested with microw ave and infra-red radiometers to nllow simultaneous
obscr. aiions of rain systems across a 11idc range of electromagnetic frequencies. and using both
active and passi1 c techniques. The simultaneous nature of these observations is important because
rain systems can cvol. e markedly in a short span of time.The RA-2 is a dual-frequency altimeter.
recording nadir reflections of radio pulses from the Earth's surface. (her the ocean. there is a well
established relationship between the surface scattering measurement at the instruments Ku-band and
S-hand. De1 iation from this bchav iour tends to he associated with attenuation by raindrops in the
atmospheric column traversed by the electromagnetic pulses. The Microwave Radiometer (MWR)
measures the emissions at 23.8 & 36.5 Cillz. It is a nadir-pointing instrument with a ground footprint
of -20km. 11hich gives a broad indication of the location of rain-hearing systems. but is unable to
resolve the liner scales associated with cloud dynamics.The AATSR is a high-resolution infra-red
radiometer operating at 0.55, 0.67, 0.87. 3.7. 11 and 12 microns. Each of these channels responds to
a greater or lesser extant to changes in cloud properties. such as cloud optical depth. cloud effective
radius and cloud top pressure. An optimal estimation technique has been dcv eloped to derive these
cloud properties. taking adv antagc of any prior know ledge of the system. such as surface reflectance
and information on the atmosphere using ECMWF profiles. The optimal estimation method also
allow s us to characterise the error in each parameter for each obscrv at ion under the assumption that
the cloud observed is consistent with the modelled cloud (i.c. reasonably plane-parallel in nature). In
this paper 11c bring together the multi-frequency data from these three instruments (RA-2, MWR
and AATSR) to sho« how these simultaneous measurements give us complementary infonuation on
clouds and their associated rainfall.



Abstract No. 107

Validation of MERIS Atmospheric Corrections: Towards a New
Aerosol Climatology

N. Martiny, R. Sauter, I. Smolskaia
ULCO, France

We propose to validate the MERIS atmospheric correction scheme by evaluating both the aerosol
models presently used and the consistency of the water leaving reflectance product. We selected six
sites: Venice and Larnpedusa (Italy), El Arcnosillo (Spain), CalCOFl/San Nicolas (United States),
Helgeland (Germany) and Gotland (Sweden), all equipped with a CIMEL station that forms part of
the AERONET network. Firstly. the idea is to associate C!MEL extinction data to an aerosol model
from the MERIS list. This model is used as an input into a radiative transfer code to simulate
downward radiances. The comparison between these radiances and the CIMEL measurements gives
an estimate of the MERIS aerosol models. Secondly, we aim at retrieving the water leaving
reflectance provided by MERIS. For this purpose. we derive the aerosol phase function using
CIMEL radiance measurements as an input into a radiative transfer code from which we obtain the
atmospheric path radiance and transmission in the visible part of the spectrum. Using a linearization
of the top of the atmosphere signal we obtain the water leaving reflectance that we directly compare
to the MERIS product. The evaluation of the MERIS aerosol models as well as the water leaving
reflectance allows the validation of the MERIS atmospheric corrections in diverse coastal situations.
Depending on the results of validation we will provide an improved list of aerosol models by
developing a new climatology based on optical properties of aerosols rather than on their
microphysical characteristics.

Abstract No. 130

Optimal Combination of Polarization and Spectral Information for the
Retrieval of GOME/ERS-2 Cloud Parameters

D. Loyola, Y. Livschitz, T. Ruppert
DLR, Germany

Accurate cloud information is required for the trace gases retrieval, especially for the determination
of tropospheric contents and aerosols.This paper presents the retrieval of cloud information
combining two algorithms that fully exploit the polarization and spectral measurements of
GOME/ERS-2. The first algorithm OCRA is a well established cloud recognition algorithm that
uses the PMD information for computing the cloud-fraction. The second algorithm ROC!NN uses
the spectral information in the Oxygen A-band around 760nm to determine cloud-top-height and
cloud-top-albedo.The combination of the two algorithms provides a unique set of very accurate
GOME cloud parameters: cloud-fraction, cloud-top-height and cloud-top-albedo.The GOME cloud



parameters obtained with this novel combined algorithm compare very well with cloud parameters
provided by other sensors like ATSR-2/ERS-2, MOD IS and MSG.

Abstract No. 185

Coupling Oxygen Absorption at 762 NM with Scattering

R. Santer ', K. Zagolskt'
1 Universite du Littoral. France

"PRIVATEERS N. V.. Netherlands Antilles

The MERIS 02 absorption is used to determine the barometric pressure. A two bands ratio between
761.875 and 753.75 nm is used to derive the oxygen transmittance. Over medium bright targets, this
transmittance has to be corrected from the coupling between absorption and scattering. This
coupling correction is derived from radiation transfer codes which appear to be time consuming.The
atmospheric scattering in the near-infrared is enough reduced to use the primary scattering
assumption. Based on that, a simple formulation is proposed in the oxygen band. to express the
signal. This formulation is developed both for land and ocean observ ations.This simple formulation
first allows to conduct sensitivity study of the two bands ratio to various atmospheric conditions
over ocean, including with the presence of sunglint. The objective is lo use the two bands ratio in the
pixel identification in order to identify cirrus clouds and or high transportation of dust.

Abstract No. 382

Validation of a Regional Model of Dust Aerosols Cycle

C. Schmechtig
LISA, France, Metropolitan

Desert dust represent 40% of the annual emissions of aerosols in the troposphere.the half of this
amount being commonly attributed to the Sahara desert (Coudc-Gausscn, 1991 ).During their
transport in the atmosphere, these particles strongly affect the radiative budget.tby way of
consequence the climate evolution) mainly by back scattering the incoming solarradiations and the
longv ave radiations rcernittcd by the Earth surfaces (Jankoviak and Tanrc.1992; Zhou et al. 1994 ).
Then, a good understanding of main processes governing their emission,transport and deposition is
required. We lead a climatological study O\Cr an area including the Sahara and the Sahel as sources
regionsand the North Tropical Atlantic Ocean and the Mediterranean sea as transports arcas.i.e. SW
corner 50°W- I2°N NE Corner 40°E-44°N. For this purpose, we dcvclopa modelisation tool which is
used to simulate the emission and the transport of dcscrticAcrosol from the Sahara-Sahel area,
towards the Atlantic Ocean and the meditcrranean sea.Concretely, this tool is based on the
Chemistry Transport Model (CTM) CHIM ERE.This CTM is used as a transport model of passive
tracers. The granulomctric distribution ofthc aerosols is discretized in several classes of size. Each
class of size is considered asan independant tracer. The transport model is constraint with



Meteorological Data (ECMWF)and the spatial resolution (horizontal and vertical) is adapted to the
transport of desert dust.Specific parametrizations of the different parts of the cycle of desertic
aerosols: emissions.transports, dry and wet depositions) are included in CHIMERE. The desertic
aerosol emission is basedon a physical dust emission scheme. representing the influence of both the
\I ind velocity and thesurface features on the dust emissions (Marticorena and Bergametti, l 995).
Including the emissionmodel allows to directly simulate the emission fluxes and the aerosol
granulometry.The developed tool provides us with maps of both "an atmospheric content" and
asimulated size distribution. In order to validate our model.we propose to compare our mapswith
Envisat data: over land. we focus on SCHIAMACHY Level2 products and particularlyon the
aerosol absorption indicator and over ocean, on the MERIS level2 product.corresponding to the
aerosol optical depth* Epsilon factor.As several methods using satellite brightness temperature in
thermal infrared were developpedfor detecting desertic aerosols (Legrand et al, 200! ), we also
foresee to use AATSR level Ibbrightness temperature as validation data.

Abstract No. 425

Sensitivity of the MI PAS on Envisat to the Detection of Polar
Stratospheric Clouds and their Composition

L. Kramer", R. Spang", J. Remedios3
1 Earth Observation Science, United Kingdom

l Research Centre Julich, Germanv
3 University of Leicester, United Kingdom

Polar stratospheric clouds (PSCs) play an important role in the process of denitrification and
associated ozone loss in the polar regions. Remote sensing from satellite instruments provide a
means of monitoring PSCs in these areas which are not suitable for numerous ground-based
instruments. One such instrument, providing pole to pole coverage, is the Michelson Interferometer
for Passive Atmospheric Sounding (MlPAS). This spectrometer measures limb emission spectra in
the mid-infrared. The high spectral resolution of the MIPAS has allowed analysis methods to be
developed to detect and differentiate PSCs based on their spectral features. A cloud detection
method developed at the University of Leicester enables the approximation of the cloud top height
(CTH) of the PSC. In addition a spectral feature centred at 820 cm-I, most likely related to particles
of solid nitric acid trihydrate (NAT), has allowed us to distinguish between PSC types. This study
involves the comparison of our own analyses of MI PAS data for the Arctic winter/spring 2002/03,
with other satellite and ground based measurements (e.g. POAM !IL SAGE Ill and Lidars) to
determine the scnsitiv ity of MIPAS to the detection of PSCs and to PSC composition.

Abstract No. 428

Integrated Air Quality Monitoring Service Using Ground Networks
Measurements and EO Products



D. Ramon', R. Sauter", J. Vidot2
1 HYGEOS, France

-' Universite du Littoral, France

The project EXPER-PF provides a Web based tool for a better management of air pollution by
particulate matter at the regional scale (North of France including Belgium and South-East
England). It combines air quality networks regular measurements and EO derived PM maps from
MERIS and SeaWiFS in a GIS environment. such a tool should be useful to: Validation of air
quality model ouputs Long-term pollution-health correlation studies Air quality network
management and planning

Abstract No, 490

Aerosol Simulation in Monte Carlo Based Radiative
Transfer Modeling

S. Sanghavi, C. Von Friedeburg, C. Frankenberg, S. Beirle,
M. Grzegorski, S. Kuehl, U. Platt, T. Wagner

Universitv ofHeidelberg, Germanv

Aerosols. through their different direct and indirect effects, play an important role in atmospheric
radiative transfer. They display a marked degree of inhomogeneity in their occurcncc and properties,
making it important to classify them in detail for modelling purposes. The different scenarios chosen
to represent various aerosol species occurring in the atmosphere \\ ithin the framew ork of a three
dimensional Monte Carlo radiative transfer model arc presented. The scnsiti, ity of the modelled
retrievals on thcsize distribution and vertical profile of the aerosols and on their single scattering
properties is discussed. The single scattering properties of a given species arc calculated using the
Mic theory whose approximation to nonspherical particles is discussed. Futurcpossihilies of
expanding the existing model to include nonspherical particles, to simulate 3D clouds. etc. are
investigated.
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Abstract No. 455

Estimating Ozone Vertical Distributions with GOME Data and Neural
Network Techniques (GOME 03 Profiling WG)

F. Del Frate', S. Casadio", F. Del Frate1, M. Iapaolo'
1 Tor Vergata University, Italy

1 Karl Franzens University of Graz, Italy

Neural networks are already proven to be a useful tool to solve non-linear inversion problems. An
artificial neural network can be viewed as a mathematical model composed of many computational
elements, named neurons, operating in parallel and massively connected by links characterized by
different weights. A single neuron computes the sum of its inputs, adds a bias term, and drives the
result through a generally non-linear activation function to produce a single output. Such a structure
is able to establish the inverse mapping on the base of examples presented to it during a training
phase, which consists in finding the weights and biases minimizing the cost function that
characterize the training process. Once trained, the net is able to give real time estimations, without
any particular rule or statistical a priori information on the data to be processed. Depending on the
choice of the spectral interval used for the inversion, two neural algorithms have been designed for
the retrieval of vertical ozone profiles from GOME data. In the first one, GOME_ UTV I, a narrow
continuous spectral range (321-325 nm) has been selected on the base of physical considerations; in
the second one, GOME_ UTV2, wavelengths belong to a wider spectral range (290-335 nm) and
have been selected by means of an extended pruning procedure. The two neural networks have been
trained having in input the selected radiance values measured by the sensor during 22 orbits of ERS-
2 from March 1998 to March 1999, and in output the corresponding ozone profiles provided by the
Rutherford Appleton Laboratory (RAL). Once trained, the retrieval performance of the two neural
schemes has been tested on a validation dataset which either includes GOME measurements from
the same period but not belonging to the training set or measurements taken by means of other
instruments such as !LAS, boarded on the Japanese satellite ADEOS. The profiles estimation is
generally satisfactory, with GOME_UTV2 algorithm showing in several cases better properties of
robustness. The results of the neural inversion of the algorithm GOME_UTVI have been also
validated using lidar profiles in the framework of the GOME Ozone Profiles Retrieval Working
Group. Also in this case a good performance has been observed, especially in the stratosphere,
where the ozone peak is situated.It has to be reminded that the results obtained in this study can be
easily extended to the measurements provided by SCIAMACHY, the instrument successor of
GOME boarded on Envisat.

Abstract No. 590

New 8 year NNORSY-GOME Ozone Profile Retrieval Data Set
("GOME 03 Profiling WG")

A. Kaife11, M. Miiller2, J. Kaptur '



1 Centerfor Solar Energy and Hydrogen Research, Germanv
-'NASA GSFC. United States

The Neural Nct« ork Ozone Retrieval System (NNORSY) for GOME 11as dcv eloped during the last
years for total ozone and ozone profile retrieval from GOME UV/VIS spectra. NNORSY-GOME
ozone profile retrieval was implemented lor real-time processing or CiOMI-. data at the DLR-DFD
(http:/1auc.dl<l.dlr.de/11gong/profilc.html). With an extended and improved collocation data set based
on ozoncsondc-, !!ALOE. SACjE II and POAM Ill measurements neural networks were trained and
the 11!10lc Ci0\11. Level I data 11as reprocessed with full spatial resolution. These yields to a
consistent X year ozone profile data base, Validation 11ith independent ozoncsondc s profile
rncusurcmcms arc shown as well as comparisons 11ith other satellite data. Time series analyses have
shown that the 'J'JORSY pro tile retricv al scheme is capable to implicitly correct Iur instrument
degradation effects of the GOMF instrument and is able to deal 11ith cloudiness pixels and scan
angle effects. Furthermore. rctricv al error statistics on global scale and for di Ifcrcnt latitude regions
arc shown.

Abstract No. 581

Information Aspects of Height-resolved Atmospheric Ozone Derived
by Optimal Estimation from GOME Satellite Measurements

(GOME 03 Profiling WG)

J. Lambert'. C. De Clercq ', B. Kerridge2• R. Siddans", S. Tellmann ',
R. Van der A~. R. Van Oss", M. Weber3

1 Belgian lnstitutefor SJJllC<'Aerononty, Bdgi11111
-'Rutherford Appleton Laboratorv; United Kingdom

3 Institute ofE111·im11111e11talPhvsics. Germany
-1 Koninklijk Nederlands Meteorologisch /11stit11111.Netherlands

Global Ozone vlonitoring Experiment (GOME) 11as launched in April 1995 on board of ESA's
ERS-2 polar satellite. Since. the nadir-looking UV-1isihlc spectrometers of the instrument have
acquired nearly one decade of atmospheric spectra from which hcight-rcsolv ed information can be
inferred. CiOML has become a key instrument for ozone profile monitoring. bridging the data
records acquired by the LS SBUV-J/2 series since the 1970s and by l.nvisat SCIAMACHY since
summer 2002. 11ith the data records to he acquired in a near future hy OM I on hoard of NASA's
EOS-Aura and by the three GOME-2 planned for the EUMETSAT series or operational satellites
METOP.Se1eral retrieval techniques have been applied successfully to derive the ozone vertical
distribution from the CiOME spectra. among them the classical Optimal Estimation Method (OEM)
formalised by C.D. Rodgers for the remote: sounding of atmospheric temperature. I Icight-rcsolved
ozone informarion derived by OEM from a nadir radiance measurement is a filtered (smoothed)
perception of the actual ozone vertical profile. Vertical smoothing is inherent to the measurement
technique. the instrument performance and the retrieval method. The retrieved profile is furthermore
a mixture of information coming from the measurement itself and from a priori constraints used in



the retrieval. If ignored, smoothing and a priori contribution can alter significantly the interpretation
of the retrieved profile. Their knowledge is of prime importance for validation and geophysical
studies. Therefore, we have investigated major information aspects of GOME ozone profile data
generated by different OEM algorithms. Starting from the averaging kernel and error covariance
matrixes associated to the retrieval, we address the physical resolution of the retrieved profile, the
number of independent quantities that can be retrieved, the altitude where the information is coming
from, and the sensitivity to the measurement as a function of the altitude, latitude and season.

Abstract No. 501

Objective Evaluation of the Impact of RAL GOME Ozone Profiles on
the UK Met Office 3D-VAR Analyses (GOME 03 Profiling WG)

R. Dragani', S. Migliorlni', A. O'Neill1, W. Lahoz1, B. Kerridge", R. Siddans'
1 DARC, United Kingdom
2 RAL, United Kingdom

A new retrieval scheme has been developed to produce height-resolved ozone profiles spanning the
troposphere and stratosphere from measurements made by the Global Ozone Monitoring Experiment
(GOME).Comparison of those profiles with ozone sonde data reveals goodagreement throughout the
troposphere and stratosphere, with significant improvement over climatological information in the
lower stratosphere.The present paper determines whether the new information contained in the
GOME ozone profiles can improve global analyses of ozone produced by a data assimilation system
when they are used in combination with ozone profiles derived from the Michelson Interferometer
for Passive Atmospheric Sounding (MIPAS) measurements. The data assimilation system is the 30-
VAR system used by the UK Met Office.Two classes of experiment were run for the period
September 2002, when there was an exceptional split of the ozone hole over Antarctica. A control
experiment included ozone data from MIPAS only; the second experiment included, in addition,
GOME ozone profiles. A statistical analyses is used to determine the impact of adding the GOME
data. An objective comparision of the results of these experiments is also made with independent
(unassimilated) data from ozonesondes.

Abstract No. 354

Characterization of Eight Different GOME Ozone Profile Algorithms
(GOME 03 Profiling WG)
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In this paper we characterize ozone profiles retrieved from measurements of the Global Ozone
Monitoring Experiment (GOME) instrument. For the characterization we use tools that interpret data
that include averag ing kernel and possibly a priori information, and we use lidar measurements for
comparison. Currently four different approaches arc used to retrieve ozone profile information from
GOME data. and they mainly differ in the allow ance and extent of using external information and
prior constraints. In total eight different algorithms will he characterized, exploiting the Philips
Tikhonov Regularization (Space Research Organization Netherlands), Optimal Estimation (Royal
Netherlands Meteorological Institute, Rutherford Appleton Laboratory, University of Bremen,
National Oceanic and Atmospheric Adminstration), Neural Network (Center for Solar Energy and
Hydrogen Research. University of Torvcrgata), or Data Assimilation (German Aerospace Center)
approach. In the interpretation we focus on the aspects of vertical resolution, the altitude of the
retrieved value, and the contribution of a priori information. For the comparison we use lidar data
from the NDSC (Net\\ ork for Detection of Stratospheric Change) stations in Lauder (New Zealand).
Mauna Loa (USA). Obscrvatoirc Haute Provence (France) and Andoya (Norway) for the years
1997-1999. In total the comparison involves over I000 ozone profiles, and allows the analysis of
GOME data measured in different global regions.
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Abstract No. 430

Monitoring of Lake and River Systems
using Retracked Satellite Altimeter Data

E. Mathers, P. Berry, J. Garlick
De Montfort University, United Kingdom

Prior work has recently shown that a huge amount of data over river and lake targets can be
successfully acquired using radar altimetry. The key to retrieving these data is to retrack the
individual echoes. By combining data from several missions, and utilising the ability of ERS and
Envisat to maintain lock, even in complex terrain, it is now possible to combine measurements made
over entire lake and river systems in order to derive information on the spatial distribution and
temporal change of inland water.This paper presents results obtained over selected lake and river
systems, and shows how the greatly increased availability of satellite derived heights, especially
from targets within complex terrain, enables modelling and monitoring of entire large-scale
hydrological systems.

Abstract No. 431

The Envisat/ERS River and Lake Retracking System

J. Garlick', P. Berry', E. Mathers', J. Benveniste2
1 De Montfort University, United Kingdom

2 ESA/ESRJN, Italy

A system has been designed and implemented for automated retrieval of river and lake heights from
ERS and Envisat altimeter echoes. This system is now being used to retrieve hydrological data on a
global scale. This paper presents an overview of the river and lake system, discusses instrument
speei fie issues, and illustrates the system operation with a range of examples addressing different
hydrological applications. The exciting new opportunity for near-real-time acquisition of
hydrological data from Envisat is illustrated, and the possibility of retrieval of addition parameters
such as lake volume change and river width is discussed.

Abstract No. 434

Global Inland Water Monitoring with Multi-mission Satellite
Altimetry: Current Status and Future Prospects



P. Berry, J. Garlick, E. Mathers
De Montfort University, United Kingdom

Satellite altimetry provides the capability for a unique measurement of the Earth's inland water
resources. Results obtained using pre-processed data an: severely constrained by the ocean-oriented
processing used: this has historically caused the potential of this technique to he severely under
estimated. with data retrieved over a relatively limited number of inland water targets. However, the
ability to retrieve meaningful information over rivers and lakes can he greatly enhanced by
rctracking the indiv idual echoes to ohtain precise range to surface information. This paper presents a
quantitutivc analysis of current capabilities \\ ith rctracked data arc given. including glohal estimates
of lake volume change. The contribution of Em isat multi-mode altimctry. with the ability to retrieve
inland water heights over mountainous terrain, is illustrated and the future potential of radar
altimctry for glohal inland water monitoring is discussed.

Abstract No. 435

Comparison of the Envisat Waveform Retrackers over Inland Waters

F. Frapparr', A. Cazenave", F. Seyler", S. Calmanr'
1 LEGOS-GRGS/CNES. France

c Li\i!TG, Fronce

Since its launch in 200 I. the Envisat Radar Ali imctry Mission provides systematic al timetric
observ ations of the Earth surface. The Envisat Geophysical Data Records products contain, over all
type of surfaces. altimetric ranges derived from tour specialized rctrackcrs: Ocean. Ice-I. lcc-? and
Sea-Ice rctrackcr. Among the different goals of the Em isat Mission, om: directly concerns land
hydrology: the monitoring of lakes, wetlands and river levels. In the present study. we compare the
performances of these rctracking algorithms for hydrology. in particular the ability to provide
reliable water lcv els during high-water as \I ell as lo« -water season. Four test-zones have been
chosen over the Amazon hasin: the Rio Negro basin, the confluence between Rio Negro and Rio
Solimocs. the Tahatinga region and the confluence between Rio Tapajos and Amazon river. Envisat
water le\ els are further validated with in-situ gauge measurements.

Abstract No. 28

Floods and Droughts in Africa:
Relation to Short-term Climate Variability

C. Birkett
University ofMarvland, United States



The overall goal of this project is to utilize predicted sea surface temperature (SST) together with
near-real time remote sensing tools, to aid in the forecast of regional drought and flood. The focus of
the study is centered on the African continent for the time period -1900-2002. There are several
objectives, i)To utilize the surface status of water as a proxy indicator of precipitation and as a direct
measure of hydrological drought and flood, ii) To derive this surface water status, using historical
records and recent remote sensing data, for a selection of geographically distributed target sites, and
to seek correlations between the data and known drought/flood episodes, iii) To examine the
relationships between drought/flood episodes and short-term climate events, and iv) To deduce the
vulnerability of these regions to short-term climatic events and to determine the future role of
combined satellite data and predictive SST forecasts. Surface water is that defined by the level or
areal status of lakes, rivers and wetlands. Here, we present results from a remote sensing survey of
the continent, revealing time series of water-level variations over the l 990's decade. This has been
undertaken by the application of satellite radar altimetry using the TOP EX/POSEIDON and ERS
mission data. This survey contains validation results for ERS-derived elevations and a study of ERS
instrument performance. Inter-comparison of these ERS and TIP results with preliminary elevation
data from the Envisat mission is also shown. In addition, a survey of the decade's outbreaks of
floods and droughts is reported and correlations between these conditions and the remote sensing
observations are presented as the second stage of this multi-year project.



Thursday 9 September Wolf-Dietrich 1-2 1•
Poster Session 4P12:

Lake Levels



Abstract No. 303

River and Lake from Radar Altimetry, Sample Products for
Hydrologists

J. Benveniste', P. Berry", D. Defrenne'', D. Di Cola3, L. Mathers", J. Garlick'
1 ESA/ESRIN, Italv

c E.A.P.R.S. Laboratory - De Montfort Un,iversity, United Kingdom
3 SERCO ""GESA/ESRIN, Italy

Recent research in the application of altimetry for monitoring river and lake level showed the
advantage of using data derived from satellite with a global coverage and repeated sampling in
addition to ground data. The European Space Agency has initiated a "River and Lake" project to
provide the scientific community with easy-to-use effective and accurate river and Lake height from
both ERS and Envisat data. De Montfort University (DMU, UK) has developed a system to obtain
an estimation of the River and the Lake height from both ERS and Envisat data. The ambition is to
obtain 10 years of data of worldwide coverage of large rivers and lakes and to make available to
Hydrologists River and Lake height products in near real time, i.e., in less than 3 hours after the
measurement. Sample data will be distributed on CD-ROM at the conference as well as tools to
visualize them.

Abstract No. 671

Amazon River Stages by Envisat vs Other Satellite Altimeters

S. Calmant', F. Seyler", A. Cazenave", F. Frappart2
1 !RD, France

c CNES, France

The ability to measure river stages by satellite is a major goal in hydrology for the coming decades
given the dramatic decrease in in-situ gauges observed in the recent years. As previous satellites
with a radar altimeter on-board, Envisat is able to provide altimetric measurements of the height of
continental waters. In addition, 4 height values arc provided resulting to 4 tracking algorithms. We
present a comparative study of the Envisat results for the different tracking algorithms. Comparisons
are made with: - ERS data retracked with the ICE-2 algorithm, - Topex/Poscidon and GFO for the
nominal tracker - ICEsat measurements.The study is conducted over the Amazon basin.
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Abstract No. 672

On the Use of Envisat ASAR for Remote Sensing of Sea Ice

S. Nghiem
Jet Propulsion Laboratory, United States

To investigate the use of Envisat ASAR for sea ice remote sensing, we carry out a study of multiple
polarization C-band SAR signatures of various sea ice types. We present polarimetric SAR data
acquired over sea ice acquired by the Jet Propulsion Laboratory (JPL) polarimetric AIRSAR system
on the NASA DC-8 aircraft over sea ice regions in the Beaufort Sea and the Bering Sea. We use a
physical sea ice model to obtain and study polarimetric scattering signatures of sea ice under various
conditions. We also compare sea ice signatures with backscatter of ocean surface at different wind
speeds using an empirical C-band ocean wind geophysical model function. We present backscatter
signatures for Envisat ASAR single polarization modes and alternating polarization modes over all
swaths. We find that different polarization combinations in various Envisat ASAR image modes at
different incidence angle ranges need to be selected to obtain more accurate or more robust results
for sea ice mapping. In the wide swath mode, Envisat ASAR polarization can be chosen to measure
either horizontal or vertical backscatter exclusively. For light wind conditions near a sea ice edge,
horizontal backscatter is better to distinguish between first-year ice (excluding young ice) and open
ocean surface at large incidence angles. For high winds, vertical backscatter is better in identifying
most sea ice types (except multi-year ice at large incidence angles) from open water over a large
range of incidence angles. We also investigate diurnal effects to determine the impact on sea ice
backscatter acquired at different times of the day. Results show that diurnal effects on first-year ice
are significant so that SAR data collected over sun-synchronous ascending orbits and descending
orbits in daytimes and nighttimes need to be analyzed separately to obtain consistent sea ice
mapping results. This study also provides useful information for the application of the future
RADARSAT-2 multi-polarization SAR to sea ice mapping.

Abstract No. 109

Comparison of Helicopter-borne Measurements of Sea Ice Thickness
and Surface Roughness with SAR Signatures

T. Busche', C. Von Saldern", C. Haas2, W. Dierking2
1 Alfred Wegener Institute.for Polar and Marine Rese, Germany

1Alfred Wegener Institute, Germany

Although sea ice thickness is not directly measured by means of radar sensors, its magnitude and
variations are to a certain degree reflected by the sea ice surface characteristics. Establishing simple
but robust empirical relationships between sea ice properties and SAR signatures is an alternative to
a much more complex theoretical microwave modelling approach for sea ice mapping. In this study
correlations between helicopter-borne sea ice thickness and roughness measurements and SAR



signatures are investigated. Sea ice thickness profiling with an electromagnetic induction sounding
device mounted on a helicopter has been carried out during different field campaigns coincident
wi th satellite O\ crpasscs in the Artie and Baltic Sea. In addition surface roughness profiles were
taken simultaneously by means of a laser altimeter. The SAR dataset includes C-hand SAR imagery
from Envisat ASAR and Radarsat-1. g iving the opportunity of an intcrcornparison between both
sensors with their different spatial resolutions and polarisation. Image postproccssing options which
might improve the correlation between the ice surface properties and ice thickness variations, on the
one hand. and SAR signatures. on the other hand. arc also discussed.

Abstract No. 493

The Potential of Cross-Polarization Information for Operational Sea
Ice Monitoring

B. Scheuchl'. R. Caves", D. Flett3, R. De Abreu", M. Arketr', I. Cumming'
1 Universitv of British Co/11111bia.Canada

A1acDonald Dcttwiler and Associates. Canada
3 Canadian Ice Service. Canada

Between April and November 2003 Lil\ isat ASAR was used to collect alternating polarization (co
pol ' cross-pol) data o\ er Resolute Bay in Arctic Canada. NL'\ er he fore have cross-polarization
signatures of sea ice been collected mer an entire ice season. As part of their operations, the
Canadian Ice Sen ice pnn idcd regular ice analysis charts based on RADA RSAT-1 acquisitions and
other remote sensing information. Em ironmcnial records (temperature.\\ ind. and s11011) for the area
of interest arc also available.This paper inv cstigatcs the information content of alternating
polarization data for sea ice monitoring. Cross polarization signatures of. arious sea ice types arc
evaluated and challenges for data analysis arc discussed. System noise In cl. polarization
combination. incidence angle range as well as environmental conditions arc taken into
consideration.Current practices at the Canadian Ju: Service include thc v isual interpretation of single
channel spaccborne SAR data by expert analysts. Alternating polarization pnn ides enhanced
visualization options, recommendations 11ill arc and potential problems arc outlined. A modi lied
version of the Wishart classifier is evaluated for its potential to separate sea ice and open water.
Applications and limitations for automated classification arc discussed. Cross-polarization data arc a
valuable additional resource tor operational sea ice monitoring. Data v isualization and classification
largely benefit from the availability of the additional information provided by the second channel.
Coverage prov idcd by dual pol modes and system noise lcv els pose challenges tor the use of cross
pol data.

Abstract '.\o. 363
Operational Experience with Envisat ASAR Wide Swath Data at the

Canadian Ice Service



D. Flett, R. De Abreu, J. Falkingham
Canadian Ice Service, Canada

The Canadian Ice Service (CIS ), a branch of the Meteorological Service of Canada, is one of the
largest single organisation users of SAR data in the world, and relies critically on satellite SAR data
to carry out its mandate. In mid-2003, the CIS began to receive Envisat ASAR data received in
Canada in near real-time via the Canada Centre for Remote Sensing Niche agreement. ASAR Wide
Swath Mode images have been and are being used as a complementary data source to RADA RSA T
l data for the routine daily production of ice charts, bulletins, and forecasts in support of ship
operations and navigation in ice. Envisat ASAR is also considered as a "hot backup" data source in
the event of a RADARSAT- l outage. In this paper. we describe the infrastructure and procedures
developed to receive ASAR data through the Canadian ground segment in near real-time including,
data ordering, reception, processing, delivery, and post-processing of imagery products. We also
discuss our experience using ASAR data in an operational environment, including issues related to
choice of polarization, timeliness, image quality, and use of ASAR data in the CIS daily operational
analysis and production work flow. The CIS infrastructure has also been used to acquire Envisat
ASAR data in support of both the Floe Edge and the Iceberg Detection services offered under the
ESA-sponsored GMES project, The Northern View. CIS involvement in these two services with
also be touched upon briefly.

Abstract No. 84

What do We Gain by Using an L-band SAR for Sea Ice Mapping?

W. Dierking', H. Skriver", J. Dall2
1 Alfred Wegener Institute, Germany

l Technical University of Denmark, Denmark

Until the beginning of the 90s, C-band and X-band SAR imagery was regarded as the optimum
choice for sea ice type classification. In a number of studies that have been published since the early
90s it was found, however, that the classification performance is better at L-band than at C-band.
This discrepancy is caused by the use of different radar-specific definitions of the ice types. L-band
is superior compared to C-band when the ice surface topography is used as one criterion for the
separation of different ice classes. Since the ice surface topography reflects deformationen processes
as a result of ice dynamics, it is an important parameter in studies of the sea ice mass balance and
the momentum transfer between the atmopshere and the ice-covered ocean. The utilization of L
band SAR imagery from PALSAR and from a potential TERRASAR-L mission is hence an
interesting complement to C-band imagery. Because in operational sea ice mapping the SAR images
predominantly in use are from C-band sensors, the full potential of L-band imagery has not been
assessed in detail yet. In the presentation, examples from the literature and from measurement
campaigns of the Danish EMISAR system over the Baltic Sea and around Svalbard will be used to
demonstrate the pros and cons of L- and C-band SAR systems in sea ice mapping, respectively.
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Abstract No. 12

A First Experiment of Near Real Time (NRT) Processing
of Envisat/ ASAR Images to Assist Ship Routing in Antarctica

F. Parmiggiani
CNR, Italy

The italian Base at Terra Nova Bay, Antarctica (74S l 65E) is a summer Base: it opens for scientific
activities when the ship of the Antarctic Project, having left New Zealand at the beginning of
December, arrives there.Usually, at the onset of the melting season. the ship encounters icefields
around 68S. Depending on ice condition, the duration of the trip from New Zealand can last from 12
to 25 days. After the arrival at the Base, the ship becomes an oceanographic research vessel which
operates for more than one month in the Ross Sea. In order to assist ship routing in ice, a proposal
was submitted to ESA to use NRT ASAR Wide Swath (WS) images. The set-up procedure consisted
of the following steps: I. acquisition planning over the area of interest by DESCW, with 2 weeks of
advance notice (compulsory request by ESA);2. ASAR WS data acquisition over Antarctica and
download at Kiruna Station (Sweden);3. six hours after acquisition. data are available for tip on
Kiruna server and transferred to ISAC;4. data are processed as geo-codcd jpeg images at 1SAC;5.
processed images arc delivered by e-mail to the ship within 6.5 hours from acquisition.Some
examples of NRT processed ASAR images will he presented.

Abstract No. 77

Analysis of Sea Ice Roughness and Thickness Variation
for Improvement of SAR Ice Type Classification

C. Von Saldern, T. Busche, C. Haas, W. Dierking
Alfred Wegener Institute, Germany

Sea ice thickness and surface morphology have been investigated in order to improve ice type
classification by means of SAR imagery. Since ice thickness measurements are considerably more
difficult to accomplish than surface measurements. it is important to improve techniques for
estimating thickness classes from surface charcteristics. The data were acquired during field
campaigns in the Arctic and Baltic Sea. The thickness measurements were carried out by means of
helicopter-borne electromagnetic induction sounding, the surface roughness measurements by
means of a laser altimeter mounted on the same sensor platform. Simultaneously acquired SAR
images are available for many of the tracks flown during the field campaigns. Ice thickness
measurements contain information about the typical level ice thickness as well as the stage of
deformation. Surface topography profiles contain similar information, since growth and deformation
processes such as ridging, railing etc. manifest themselves in the surface roughness. Radar
signatures are dependent on ice surface topography, but ice thickness cannot be measured directly
by means of radar. To describe surface roughness. the stochastic properties of the measured



roughness and thickness profiles have been analyzed using parameters such as mean elevation, rms
height, skc« ncs-. and fractal dimension. A cluster analysis has been applied to the parameters thus
obtained in order to extract criteria for separating different ice types. Implications on ice type
classification h~ means of SAR imagery an: discussed.

Abstract No. 135

The Distribution of Sea Ice in Storf]orden

R.Hall
Norsk Poiarinstiuuttt, NorH'O\'

Stortjordcn. lying bet« ccn the islands of Spitsbergcn and Edgcoya in the S1 albard archipelago is of
scientific interest to 1arious inter-related disciplines. The formation and cv olution of the Stortjordcn
polynya. 11hich forms regularly during the 11inter months is of particular interest. The pnlynya leads
to the formation of new ice and brine enriched she If 11atcr.12 J-:111isat 11idc s11ath scenes over
Storljorden 11ere obtained during /\ pril 2004 in conjunction 11ith co-incident ground truth
obscrv ations collected using the lcctarn system. The scenes were analysed and clnssiticd to show
the spatial distribution of the various ice classes 01 er time.

Abstract '.'lo. 137

Monitoring Polynya Processes and Sea Ice Production
in the Laptev Sea

C. Haas1, W. Dierking", T. Busche", J. Hoelemann", C. Wegener:'
1 Alfred Wegener Institutefor Polar and Mar. Res., Gernianv

-'Alfred Wegener Institute. Germanv
3 Geomar. Gerntanv

The Laptcx Sea is a Siberian Shelf sea and one of the main source regions of ice in the Arctic
Transpolar Drift. Most ice forms in a prominent llaw lead or polynya which extends north of and
along the fast ice edge. and is then advccted northward and incorporated into the Transpolar Drili. In
the region of the polynya major modifications of different water masses take place with
consequences for the A retie Ocean 's oceanography. Convection in the polynya on the shallo«
shell cs also leads to redistribution and modification of sea floor and riverine sediments. In order to
i111estigatc these processes during the complete 11inter season 200.1/2004 in more detail, two
scafloor obscrv atories 11ere moored in the region of the polynya in September 2003. These are
equipped to measure vertical profiles of salinity. temperature, turbidity and currents in the water
column. as well as ice thickness and ice drift speed and direction. In parallel. the region of the
polynya 11as monitored continuously by means of 11idc and narrow s11ath VY and A I' [111 isat-SA R
imagery one to t11o times per 11eek. While comparison of processes in the 11atcr column with ice



formation and ice types at the surface will only be possible after recovery of the observatories in
September 2004, we will demonstrate the observation of polynya processes with Envisat SAR, and
will relate typical surface conditions and processes visible in the SAR data to the driving
meteorological boundary conditions.

Abstract No. 157

Envisat and the Ice Conditions in the Baltic Sea

M. Simila', J. Karvonen', R. Berglund", M. Makynen ',
M. Halllkainerr', K. Andersson'

1 Finnish Institute of Marine Research, Finland
2 VTT. Finland

3 Helsinki University of Technology, Finland

In this paper an overview about the Finnish Envisat CAL/VAL-project as well as some detailed
results obtained in the project will be presented. The project has three major objectives. One
objectiv e is to implement an operational data processing chain.the other is to analyse the effect of
different ice properties on the SAR signature and its statistics through theoretical and empirical
backscatter studies, and the third is to develop an automatic, hierarchical image interpretation
system. which utilizes the backscatter modelling results.The operative data processing chain consists
of the rectificationof a SAR image. its use at the Finnish Ice Sen ice. and its transmission to users at
sea. This transmission system facilitates the use of Envisat near-real time products as supporting
information for planning of the icebreaker fleet operations in the Bay of Bothnia. Due to the
dynamic nature of ice fields the value of the image product is highly dependent on the time gap
between image acquisition and the delivery dateto an end-user on board. The end-users are well
trained to evaluate the usefulness of the Envisat ASAR products, as they have used RADARSA T
products operationally. To enable the validation of ASAR data a field campaign was organized in
February 2003. Backscatter measurements of level ice and deformed ice were conducted with a
helicopter-borne C- and X-band scatterometer. Additionally. ASAR IMP and APP images were
acquired during the field campaign. Some ground truth measurements were also conducted. The ice
field was photographed using a helicopter-mounted digital camera. The position and direction of the
images were recorded using GPS and position sensors. For higher contrast the images were taken
using a forward looking camera. These digital images are rccti tied and assembled into larger
mosaics for further statistical processing like ice roughness. density and direction of ridges etc. to be
used in backscatter modelling and image analysis studies.Theoretical modeling of backscattering
signatures are conducted to: (I) estimate dominant scattering mechanism in different ice types, (2)
dependence of backscattering coefficient on various sea ice and snow cover parameters. Empirical
modeling study is concentrated on studying the dependence between spatial statistics (e.g.
correlation length, standard deviation) and distance. The results show clearly that the variation of
backscattering coefficient is fractal-like. These studies are aimed to develop a semi-empirical model
for estimating the degree of ice deformation in SAR images.The work in the automatic image
interpretation has addressed so far several different problems. As well-known, these kind of
algorithms are sensitive to speckle. A contourlet based translation-invariant dcnoising scheme has
been developed. The algorithm utilizes multiscalc representation of a SAR image as well as a



directional filter bank. It is also designed to deal \I ith correlated speckle. This case arises. c.g .. when
ASAR IMP and APP images are sampled to resolution of 12.5 m. Results for sea ice ASAR images
as well as comparisons to some other dcspcckling methods will he given. During the project the
applicability of the Independent Component Analys (!CA) to retrieve and quantify the textural
\ ariation has also been analysed. IC/\ produces a set of basis 1cctors, 11ith a maximum statistical
independence (as measured by ncgentropy). The set is extended by also including rotations of the
basis vectors. \Ve then group the extended set of IC/\ basis vectors to sets consisting of in some
sense similar basis vectors (c.g. rotated and/or translated versions of each other). and use the
projection coefficients of S/\R data to these sets as feature vectors in classification. Classification
results and their usefulness for scu ice type classification is discussed.One of the main tasks in the
sea ice mapping is the discrimination between open water and sea ice. This discrimination procedure
is refined by using an extensive set of SAR images and digitized ice charts. \Vc hav e also began to
study the possibilities offered by the dual polarized ASAR images. Preliminary results indicate that
to extract highly deformed ice areas from a SAR scene. one can use these t\10 polarizations in a
hicrachical manner (Hll image first. then HV image).

Abstract '.\o. 175

Ice Cover of the Okhotsk Sea: a Study Using Envisat ASAR,
ERS-2 SAR and AQUA AMSR-E Data

D. Dar kin. L. Mitnik, V. Dubina
I'.!. Il'ichev Pacific Oceanological Inst. FEB RAS, Russian Federation

During 2002 ·2003 and 2003-2004. over 50 \I idc swath l.nvisat /\S/\R and LRS-2 S/\R precision
and quick-look images. as well as large quantity of /\QU/\ /\MSR-E and /\DEOS-11 AMSR
microwave radiometric measurements in frequency ranges from 6.7 to 89 Gl L: were obtained over
the Okhotsk Sea. These datasets allowed us to trace ice cover evolution, delineate open water from
ice formations. and reveal fast changes in the marginal ice zone. Variations in radar backscatter and
in brightness temperatures at different frequencies arc t:\ aluatcd and used for classification of sea
ice types. Presented results arc compared against :\0/\/\ AVllRR images, surface analysis maps
and ice condition maps prepared by the Japan Meteorological Agency.SAR and corrected passive
microwave images arc analyzed using wavelet decomposition. Correction is carried out to decrease
the influence ofvariable atmospheric emission. Wavelet domain features otditfcrcnt scales are used
for creation of texture metrics. Feature vector composed of metric values is computed for every
block in the decomposition of the images. Feature vectors an: used in classification process resulting
in discrimination of sea ice types and delineation of open \I atcr.

Abstract :\o. 228

ERS/RADARSAT/Envisat SAR Satellite Studies of the Behavior
Ecology of Ice Form of Seals Affected by Differences of Winter

Severity, Winter Hydrology and Climate Change



V. Melentyev', V. Chernook', M. Sjoberg", S. Sandven"
1 Nansen International Environmental and Remote Sensing, Russian Federation

2 Polar Research Institute of Marine Fisheries and 0, Russian Federation
3 Swedish University of Agricultural Science, Sweden

4 Nansen Environmental and Remote Sensing Center, Norway

Seals in the European Arctic include the different phocid species. Inhabit of harp and grey seal is
ranged from the North Atlantic till-the Western Arctic, from Canada and UK till Kola Peninsula and
White Sea. Grey seals in the Baltic Sea are represented the separate population. Archeological digs
disclosed the extinct species of harp seals in the Baltic: dying out was resulted by post-glacial
isolation and climate change. Ringed seals are stretched very wide in the Arctic as in the Baltic and
contiguous inland fresh-water bodies (Ladoga and Saimaa lakes). Ringed seals are selected water
areas where is the ice is existed although at the wintertime. But unfortunately our knowledge about
distribution and ecological features of the most ice forms of focid arc uncompleted and fragmented.
Even a few behavioral studies have been carried out. Until recently a little was known about a
present-day status, movements and migration features.Introduction of satellite telemetry, as well the
development of technologies of SAR satellite sub-surface sounding of the fresh-water and sea ice
made it possible to study ice as non-biotic factor of marine mammals with lifestyles in difficult
em ironrncntal. These successful ERS SAR satellite investigations were organized initially in frame
of the ESA A03 430 Project "ERS SAR data application use for studying sea ice parameters and
retrieving of Greenland seals migration". It allows establish the connection of the migration features
of harp seals with the specific type of ice that has the specific differences of SAR signatures. Further
development of SAR satellite studies of behavior ecology of different representatives of ice forms
seals in marginal Arctic, Baltic and inland water bodies was provided in frame of the ARCDEV.
ICEW ATCH, lCEMON and other national and international projects. The results of following
research activities will be presented: study of regularities of breeding, whelping, molting and
feeding relating to different winter severity; searching of ice features most convenient for different
stages of living cycle of phocids: using ERS/Radarsat/Envisat satellite sub-surface sounding for
revealing ice features non-convenient and absolutely non-convenient for different form of seals;
revealing a SAR signatures of different water masses and different types of pack and fast ice most
suitable for seals, processing their in contrast with surrounding water and ice areas; sub-satellite
airborne studies of the different ice processes and their tracers and SAR signatures: stable currents
and quasi-stationary spiraling eddies, hummocks and ridged ice zones, different kinds of openings,
fractures, polynyas: assessing of the influence of type of winter severity and climate change on the
migration features of seals; field inspections of the zones of mass accumulation of ice-associated sea
mammals; gathering of the water samples and ice cores with following studies in laboratory.

Abstract No. 256

Remote Sensing of Frost Flowers and Sea Ice

L. Kaleschke
Germany



Frost flo« crs are a common phenomenon in the Arctic and the Antarctic and can be found 011almost
any 11e11ly frozen lead. Frost flowers have a strong impact in the microwave as w e ll as in the optical
region of the electromagnetic spectrum. Therefore, they can cause severe errors in geophysical data
products derived from remote sensing data. Frost flowers affect the ability to distinguish between
different ice type in SAR images. We use a model driven by air temperature and sea ice
concentration from spaccbornc passive microw ave sensors to estimate a theoretical upper limit of
the frost flower coverage. The model results arc compared to 1:Rs and Envisat SAR images of sea
ICC.

Abstract No. 362

Sea Ice Monitoring with ASAR Alternating Polarization Mode:
Results from the Canadian Ice Service Gulf 2003

and 2004 Field Validation Programs

D. Flctt1, M. Arkett', R. De Abreu', S. Prinscnbcrg2
1 Canadian Ice Service. Canada

·' Bedford Institute of Oceanography, Canada

The Canadian Ice Sen ice (CIS l, a branch of the Meteorological Sen ice of Canada. in conjunction
11ith the Bedford Institute of Oceanography (1:310) of the Department of Fisheries and Oceans.
carried out field 1alidation programs in the Gulf of St. Lawrence in March. 2003 and February.
2004. Envisat ASAR Alternating Polarization data 11as cnllectcd as wcl l as RADARSAT-1, SAR-
580 airborne polarimctric data (2003 ), and numerous other remote sensing data sets (e.g. OuikScat.
SSMI. AVHRR. "v10DIS). CIS and BIO personnel field validated various ice conditions via
helicopter targeting specific features selected from analysis of near real-time processed ASAR and
SAR-580 data. Surface sampling, photography. and helicopter-borne EM thickness measurements
11ere collected near-coincident with the SAR data sets. Funding support for these programs was
provided by the Canadian Space Agency (CSA) and ASAR data access 11as 1 ia the CIS At i projccr
approv ed by the l.uropcan Space Agency (LS;\ ).In this paper. 11c prov idc an 01 en ie11 of the 111o
Gulf tic Id 1alidation programs and the data collected, including self-contained l llMl.vbascd
CDs/DVDs encompassing all data collected for each program. intended lo he distributed to
interested researchers lo facilitate exploratory data analysis. In addition. 11c report on our 011n
assessment. c1 aluation. and analysis focusing on the ASAR Alternating Polarivut ion data and 11hat
potential there is for its use in operational sea ice monitoring. Issues related to incidence angle.
polarization choices. cross-polarization sea ice backscatter levels, and noise lloor limitations arc
highlighted.

Abstract '\lo. 509

Near Real Time Use of the Envisat ASAR Images
as an Aid of Winter Navigation in the Baltic Sea



J. Vainio
Finnish Institute of Marine Research, Finland

Ice Service of the Finnish Institute of Marine Research (Finnish lee Service, FIS) has used satellite
images to ice charting since late l 960's. Since the middle l 980's images are forwarded to the
Finnish operating icebreaker fleet.The first ERS-1 SAR-images received in the early l 990's and
since that Finnish Ice Service has used SAR-images in daily ice charting work and forwarded them
to icebreakers.During the spring 2004 Finnish Ice Service received the first ten Envisat ASAR
images as a part of the lCEMON-project in near-real-time and forwarded also them to the Finnish
and Swedish icebreakers.The very first comments from icebreaker's officer indicate that Envisat
ASAR scenes are somehow "sharper" than RadarSat WideScan SAR scenes. On the other hand the
ordering procedure and passing times are more unsuitable for ice charting work than RadarSat ones.

Abstract No. 555

Computer Based Detection and Tracking of Antarctic Icebergs
in SAR Images

T. Silva, G. Bigg
University ofSheffield, United Kingdom

Icebergs play an important role in climate through the transfer of fresh water and energy between ice
sheets and the ocean. Synthetic aperture radar images offer a rare way to observe icebergs in the
often dark and cloud-covered polar areas. Furthermore. there is now 13 years worth of comparable
ERS and Envisat images of the Antarctic coast, making it possible to study the temporal and spatial
variation of iceberg calving and melting. Nevertheless this large dataset is of limited use unless a
time efficient and systematic way exists to analyse the images. Here. a computer based technique is
proposed to detect icebergs at higher resolution than previous efforts, allowing for the shape of
small to medium icebergs to be retained and used for tracking between images acquired at different
moments. The detection consists of i) automatic segmentation followed by ii) classification of these
objects between icebergs and non-icebergs. The icebergs are then matched between images using
geometric and shape distances. The system performance was assessed by applying the technique to
three wintertime ERS-1 PR! images of the East coast of Antarctica. around Kaap Norvegia ( 10°W).
The results show both the segmentation and tracking to be effective. However the classification
stage requires user intervention as the icebergs are not always a separable class from other objects.
most notably from sea ice.

Abstract No. 572



Use of Envisat Data in Sea Ice Modeling

M. Lepparanta, K. Wang
University ofHelsinki, Finland

Satellite remote sensing data have been crucial in the initialization. calibration and validation of sea
ice models. These models simulate or predict the evolution of the velocity. compactness and
thickness distribution of sea ice. The Lil\ isat multi-channel, high resolution data opens new
opportunities in fine grid ( 1-10 km) modelling. The initial fields can be properly constructed, and
the influence of the basin morphology on becomes well mapped. The present study concerns the
basins of the Baltic Sea. principally the Gui f of Finland. C iull of Riga and the Parnu Bay. The size of
the basins is I0-100 km. and the ice thickness is 5-50 cm. Cases are shmrn of using the I.nv isat data
with model simulations to examine the role of the coastline form and islands in sea ice drift and
deformation. The results can be used to improve existing models and to examine the problem of
scaling of sea ice dynamics.

Abstract No. 695

Application of ASAR Coregistration between Multi-temporal WS
Acquisitions for the Purpose of Polynya Monitoring

R. Duca 1, F. Del Frate1, F. Parrnigglan!'
I TI • . f'R nr: 17 II I IOntversuv o onie 1 or r ergata , ta _1·

c CNR-!SAC, ltalv

The new Wide Swath acquisition mode of ES/\ En1 isat satellite is being assessed for the purpose of
monitoring sea-ice evolution and coastal changes for ocean biological activ itics. BEST (Basic
l.nvisat Sar toolbox) provides a useful co-registration tool to elaborate a temporal set of images. It
has been demonstrated that this tool can achieve good results using images from the Western Ross
Sea region (Antarctic) in the presence of a heterogeneous environment and under different
geometric and temporal conditions.
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Abstract No. 86

Using AATSR Data within the GO DAE High Resolution Sea Surface
Temperature Pilot Project (GHRSST-PP)

C. Donlon 1, D. Poulter", I. Robinson'
1 Met Office, United Kingdom

1 Southampton Oceanography Centre, United Kingdom

The primary aim of the Global Ocean Data Assimilation Experiment (GODAE) High Resolution
Sea Surface Temperature Pilot Project (GHRSST-PP) is to develop and operate an operational
demonstration system that will deliver high-resolution (better than I0 km and -6 hours) global
coverage SST data products for use in operational ocean/atmosphere modelling systems and the
wider scientific community. A new generation of SST data products will be derived and served to
the user community by combining complementary satellite and in situ SST observations in near real
time. A full description of the GHRSST-PP project can be obtained from the ESA sponsored
GHRSST-PP International Project Office web server located at http://www.ghrsst-pp.org.The
GHRSST-PP framework is based on an internationally distributed system in which the data
processing operations are shared by Regional Data Assembly Centres (RDAC). RDAC ingest,
quality control and merge existing satellite and in situ SST data sources that are then delivered in
real-time as regional coverage quality controlled SST data products (called L2P products and are
targeted to operational data assimilation systems and analysis systems). In this way, GHRSST-PP
harmonises the data format of diverse SST data products greatly facilitating their application. RDAC
data products are then assembled together at Global Data Analysis Centres (GDAC) where they are
integrated and analysed together to provide L4 global coverage data products. Envisat AATSR data
are currently available to the GHRSST-PP Science team and associated RDAC/GDAC projects via a
dedicated Category-I agreement. These data are fundamental to the GHRSST-PP as they provide
extremely well calibrated SST data products that effectively provide a 'reference' data set. The
AATSR has unique sensing-geometry and on-board calibration that ensure true independence from
other satellite SST data sets. Within GHRSST-PP, AATSR data will also be extracted for 100+
carefully defined locations throughout the world oceans as input into the GHRSST-PP High
Resolution Diagnostic Data set (HR-DDS) system. The HR-DDS provides a powerful means to
operationally compare complementary satellite data sets and identify bias differences between data
sets and for specific regions. In addition, because the HR-DDS is an operational system, sensor
problems or significant events (such as the impact of large volcanic eruptions) may be identified
quickly and appropriate responses implemented rapidly.
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Abstract No. 300

Land Surface Parameters for Atmospheric Modelling Applications

K. Van De Vel, S. Adriaensen, K. De Ridder, F. Lefebre, C. Mensink
VITO, Belgium

Urban air pollution is one of the most stringent environmental problems in Europe today. Urban to
regional scale air quality modelling systems (AQMS) arc considered as the appropriate tools for the
evaluation and prediction of air pollution. The AQMS developed at VITO has a numerical grid
structure and contains sub-models that treat meteorological processes, tropospheric chemistry, and
transport of pollutants. The meteorological model used in the AQMS contains a rather sophisticated
representation of the land surface, including \ egetation effects. An efficient way of obtaining
in formation on the state of the land surface \\ ith sufticient temporal and spatial sampling for large
enough regions resides in measurements from space. The possibilities offered by using MERIS
imagery in conjunction with ancillary data for the specification of lower boundary conditions in
regional atmospheric models will be discussed.

Abstract No. 506

Assimilation of Ozone Profiles from MIPAS in the STRA TAQ CTM

B. Grassi, G. Redaelli, G. Visconti
University ofL'Aquila, Italy

We use a sequential assimilation approach to assimilate ozone MIPAS profiles into the STRATAQ
chemical transport model of the stratosphere. The numerical code uses parameterizations and
simplifications allowing assimilation of sparse observations and the simultaneous evaluation of
analysis errors. The CTM used is a high resolution three dimensional model which includes a
detailed chemical package and is driven by UKMO analysis.Two weeks of MIPAS ozone
measurements are assimilated duringOctober 2002, and results validated using data from APE
Envisat airborne campaign.



Thursday 9 September Wolf-Dietrich 1-2 1•
Poster Session 4P16:

Future Earth Observation Missions



Abstract No. 243

The TerraSAR-X SAR Products

M. Eineder, B. Schattler, H. Breit, T. Fritz, E. Boerner, J. Holzner,
A. Roth, J. Mittermayer

DLR, Germany

TerraSAR-X is a German X-Band SAR satellite to be launched in 2006. Its antenna is electronically
steerable in azimuth and range and offers different polarizations and imaging modes like ScanSAR,
spotlight and stripmap.The paper presents the SAR products offered by the TerraSAR-X payload
ground segment at DLR. Due to the different sensor modes and the optional geocoding the product
palette is quite large compared to current systems. The processing approach and the standard
products derived from each imaging mode are described. Furthermore. an outlook to products from
experimental sensor modes is given.
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Abstract No. 23

Quantitative Remote Sensing:
Horns Rev Wind Farm Case Study

C. Hasager, M. Nielsen, M. Christiansen
Risoe National Laboratory, Denmark

Observations from ERS-2 SAR. Envisat ASAR and scatterometer are used to quantify wind
resources near the Horns Rev wind farm located in the North Sea. Denmark. At this site a large
offshore wind farm (80 2MW-turbines) is in operation. The study includes spatial analysis of wind
climatology maps derived from satellite observations. as well as time series statistics from offshore
meteorological observations collected within the wind farm. Focus of the case study is on the spatial
variations in wind fields within the region. The overall aim is to provide quantitative estimates on
offshore wind resources. and to demonstrate possibilities and limitations on the use of quantitative
remote sensing for wind resource estimation. CMOD4 is used to derive wind speed from SAR. A
footprint methodology for averaging wind speeds in SAR imagery for wind resource estimation is
used (Hasager et al. 2004). The current study is based on 90 ERS-2 SAR scenes, 5 Envisat ASAR
scenes and several years of Quikscat and ERS scatterometer daily observations. Acknowledgements:
ESA E0-1356 Cat. 1 project (Offshore wind resources from ERS SAR wind speed maps) satellite
scenes, STVF SAT-WIND project funding and Eisam Engineering for wind farm meteorological
data. Reference: Hasager, C. 8., Dellwik, E., Nielsen, M. & Furevik, 8. 2004. Validation of ERS-2
SAR offshore wind-speed maps in the North Sea. International Journal of Remote Sensing accepted.

Abstract No. 123

Offshore Wake Effect Study from Earth Observation SAR

M. Christiansen, C. Hasager
Rise National Laboratory, Denmark

Winds are derived from EO SAR scenes in order to determine the wake effect of a large offshore
wind farm (80 2MW wind turbines) located at Horns Rev in the North Sea. Wind wakes are regions
of reduced wind speed and high turbulence intensity found downstream of obstacles (e.g. offshore
wind farms). The aim of the present study is to characterize wind wakes spatially thereby supporting
wake models in the prediction of environmental impacts of large offshore wind farms. The study is
based on 29 ERS-2 SAR scenes, 12 Envisat ASAR scenes and additionally on high resolution
airborne ESAR data. Scenes have been collected continuously since the Horns Rev wind farm
became operative in December 2002. Maps of wind speed are derived from the SAR data through
geophysical model functions (CMOD-4/5 and CMOD-IFR2); a priori knowledge of the wind
direction is required. The wind direction is obtained from streaks in the SAR images (FFT analysis)
or from a meteorological mast at 60 m. The wind speed obtained within a region upstream of the
wind farm is considered the free stream velocity. Wake effects are spatially identified through



comparison o Ithc mean wind speed dow nstrcam of the" ind larrn to free stream conditions. Further,
turbulence intensities arc mapped through the relation or standard deviation to mean "ind speed.
Ackno« lodgements: ESA E0-1356 Cat. I project (Offshore wind resources from ERS SAR wind
speed maps) satellite scenes. STVF SAR-WAKE project funding and Elsam Engineering for wind
farm meteorological data.

Abstract No. 163

Ocean Surface Wave Spectrum from Envisat ASAR Observations,
During the Valpareso Experiment Compared to Airborne Radar

Observations, In-situ Data, and Wave Prediction Models

A. Mouche", D. Hauser", V. Kerbao13, B. Chapron", J. Lefevre5
1 CNRS. France

: CN RS-CETPIJ PSL. France
3 Boost-T echnologies. France

.;IFR/:'MER. France
'METEO-FRANCE. France

The ASAR on hoard the Em isat satellite has ncv, specificity -rnultiplc conligur.uions of polarization
and incidences.' ariahlc horizontal resolution and S\\ ath. flexible processed products - which offers
new potentiality to extract geophysical products. Cher the ocean this concerns in particular the
estimate of the ocean wave spectrum and surface "ind speed. Concerning the estimate of ocean
"a\ c properties. recent progresses have been done in the last years to formulate the direct problem
and its inversion (the retrieval of the wnv c spectrum from the image spectrum). Indeed. a new
method has been developed by NORlJT and IFREMER and implemented by ESA to process the
data or the ASAR Wave mode to l.cvcl? products. This method is derived from the one proposed by
Mastcnbrock and De Valk. (JGR. 2000) and consists in separating the quasi-linear and the non
linear part or the transfer function .. "hi ch arc associated rcspcctiv cly to the long ocean waves
(s\\ ell) and wind-w ave parts of the sea spectrum. This requires to estimate the "ind vector from the
data or to fix it from external information. in order to estimate the non-linear part of the transfer
function. By using cross-spectral estimates bct« ccn successive SAR looks. this method also allo« s
to solv c the ambiguity in the propagation direction of the waves, and to eliminate the speckle noise
In order to contribute to the validation of this nc« algorithm. CETI' has carried nut a validation
experiment (called VALPARESO) by performing airborne radar measurements in coordination with
acquisition of Em isat ASAR data in Image Mode. In addition to the validation of the algorithm
developed for the Level? products of ASAR Wave Mode (imagctts to be acquired in the default
mock in VV and incidence 19°). the objective of VALPARESO for the ocean "a\ c part. was to
develop and assess the method in other cunfigurations of incidence angles and polarization. During
VALPARFSO ( 19 Octobcr-Z! November 2002 ). the airborne C-Band polarimctric radar STORM.
recently de, eloped at CETP. was embarked on-board an aircraft to carry out observations of the sea
surface. off the coasts of France and UK (near-Atlantic and English Channel). The geometry or
obscrv ations or STORM- range of incidence angles from 5 to 35°. antenna scanning in azimuth over
360C-. and the fact that STORM uses the real-aperture technique. allows to estimate the ocean wave
spectrum without the limitation or the SAR (I imitation due to azimuth smearing associated with the



motion of the surface scatters). The analysis of the radar cross-section with incidence and azimuth
angles is also used to estimate the wind vector (see the companion paper by Mouche et al). In this
presentation we will present comparison of the wave spectrum retrieved in different configurations
of incidence angles and polarization from the ASAR Images, and from the STORM radar. We will
also present comparisons with in situ data (wave measurements from buoys) and wave prediction
model outputs. From this study we will discuss the performance of the Level2 algorithm of ESA for
the wave mode of Envisat (in VY polarisation, IS2 incidence mode), and discuss its applicability in
other modes of observations (HH polarization, larger or smaller incidence angle).

Abstract No. 291

Estimation of Wind Speed Frequency Distribution

0. Omidiora
Emmaus Christian School Maenza Italy, Italy

Wind erosion is a particular serious problem on many lands, and human impact on the global
environmental is an issue of International concern. To adequately predict the consequences of
various land management strategies on wind erosion, new technology is needed. Wind transport
moisture and heat in the atmosphere and therefore has some effect on the crop production. It also
influences rates of evapo-transpiration and directly exacts pressure on crops along its path. Wind
may encourage soil erosion when the speed exceeds some critical threshold value for a given soil
environment. Crops may be buried by wind blow or dust while the stems and leaves of the tall crops
surface abrasion by sand particles. This was part of the surface energy balance project over a bare
soil at a humid tropical site at Ile- lfe, Nigeria.

Abstract No. 406

Mechanisms for the SAR Imaging of the Ocean

M. Kanevsky, V. Karaev
Institute of Applied Physics, Russian Federation

The comparative analysis ow two velocity bunching mechanisms of the SAR imaging of the ocean
was performed. It is shown analytically and confirmed by means of numerical modeling that the
mechanism of fluctuations of the effective dencity of scatterers, which is commonly accepted at
present as the physical basis for the SAR diagnostics of ocean roughness, actually works only in the
case of sifficiently flat swell. In the presence of large scale wind waves, the dominant role is played
by another mechanism, namely, fluctuations of the number of surface elements whose images are
randomly shifted and superimposed in the image plane due to orbital velocities. In the case of
developed wind waves propagated in the azimuthal direction, the power contribution of two above
mentioned mechanisms for the SAR imaging of the ocean differ by about two orders of
magnitude.On the basis of numerical modeling, the set of SAR image spectra as a function of the
near surface wind speed was calculated.



Abstract No. 450

Biological and Geophysical Parameters from Envisat
over the Ocean

l s 2 • l J 4W. Rosenthal , . Lehner , R. Doerffer , P. Lemke , R. Bamler
1 GKSS. Germany

:cRSA4AS. United States
3 AWI. Gcrmanv

-1 DLR. United St;rtes

The paper presents an overview of the l.nvisat AO Bf Ci PASO (ID220). In the project new Envisat
algorithms tor the measurement of oceanographic variables. like wind fields. ocean waves.
suspended matter. primary production and sea ice parameters 11en: dcriv ed. Models. for
oceanographic parameters like sea ice and suspended matter. were improved. and data collected in
measurement ship and in situ campaigns were used for validation. The main research tasks
performed and described are:· Global measurements of ocean wave propagation and measurement of
indiv idual ocean wave parameters from radar data:· High resolution measurements of mcsoscale
11ind fields especially for extreme cases like hurricanes and polar !mis:· Development of a live day
sea ice model for the Arctic and assimilation of satellite data to the model; De1 clopment of a
transport model that explains the handed structure of suspended matter in the North Sea· Numerical
model explaining primary production in coastal 11aters by remote sensing data· For 1alidation of the
sensor algorithms and models described abov c: evaluation of continuous time series of 11ind and sea
state parameters from tower based radar data in the German Bight. interferometric airborne radar
data acquisitions using along track antennas for currents and across track for digital elevation of
mud llats at the same time and ship validation campaigns in the North Sea and the Arcticln the
inv estigations parameters derived from these instrument were used in synergy to:· Improve the
analysis of measured wind and ocean wan: fields, and thereby improve weather forecasting at
European weather centres;' Determine the extent and variables of sea ice and develop a live-day sea
ice prediction model. to support maritime shipping and offshore activitics.: Monitor and map
sediment and suspended matter transport in coastal regions. especially in areas 11ith large river
estuaries. 11hich greatly affects shipping lanes. harbour and dredging uctivitics.: Monitor hydro
hiological and hie-geochemical variables related lo water quality in coastal regions and large inland
waters. 11hi ch affects ecology. coastal development. aquaculture. drinking water supplies. and
tourism.' Use the synergy of the derived hydro physical and hydro biological variables for new
models of ocean biomass production. 11hich is a key element in the globa] carbon cycle and. thus. an
essential factor in climate dynamics studies. and the starting point of the marine food web.The work
wa-, performed in the framework of the ENVOC (Envisat Oceanography) Project funded hy the
BMBF.
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C- and Ku-band Ocean Geophysical Model Functions
under High Winds Conditions

D. Esteban Fernandez', E. Kerr", S. Frasier", J. Carswell", P. Chang",
k4 c 4 5 5 6Z. Jelena , L. onnor, P. Black, F. Marks , X. Zhang

1 University of Massachusetts, United States
: Remote Sensing Solutions, United States

3 NOAA/NESDIS, United States
4 NOAAINESD!S/ORA, United States

5 NOAA/AO ML, United States
6 Peking University, China

The University of Massachusetts (UMass), working with the National Oceanic and Atmosphere
Administration (NOAA) Hurricane Research Division (NOAA/HRD), the Oceanic Research and
Applications Division (NOAA/QA), and the Aircraft Operations Center (NOAA/AOC), participated
in the 2002 and 2003 Office Of Naval Research (ONR) CBLAST Hurricane Field Program and the
NOAA Hurricane Ocean Winds and Rain Experiment. UMass installed its Imaging Wind and Rain
Airborne Profiler (!WRAP) and its Simultaneous Frequency Microwave Radiometer (SFMR) on the
NOAA WP-3D hurricane research aircraft. !WRAP is a C- and Ku-band Doppler radar that acquired
high-resolution dual-polarized reflectivity and Doppler velocity profiles of precipitation and ocean
surface backscatter simultaneously at four incidence angles (approximately 30, 35, 40 and 50
degrees). while conically scanning at 60 RPM. SFMR is a C-band nadir viewing radiometer that
measures the emission from the ocean surface and atmosphere simultaneously at six separate
frequencies between 4 Ghz and 7 Ghz. It is used operationally by "\JOAA to provide continuous
estimates of the surface wind speed and the column average rain rate. From the missions flown
through hurricanes Gustav, Isadore and Lili (2002) and Fabian and Isabel (2003), C- and Ku-band
measurements at both HH and VY polarizations of the NRCS of the ocean surface at wind speeds up
to 72 m/s were observed. The Geophysical Model Functions (GMFs) in high winds regime at both
frequencies and polarizations will be presented for rain-free conditions covering incidence angles
from 25 to 55 degrees. These will be compared against the presently used CMOD5 and SeaWinds
GMFs. Concrete saturation effects in the NRCS at vertical and horizontal polarization will be
shown. and the sensitivity in the wind direction at high wind speed will be discussed through the
analysis of the first and second harmonics of the NRCS.



Abstract No. 729

Investigaion of Ocean Surface Streaks with Respect to
SAR Wind Retrieval

.J. Horstmann, W. Koch
GKSS Research Center. Gernuinv

(not available)
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Abstract No. 589

SIBERIA-II - Multi-sensor Concept
for Greenhouse Gas Accounting in Northern Eurasia

C. Schmullius
Friedrich Schiller University, Germany

Objectives The main objectives of the EC-project S IBERIA-1 I are the integration and combination
of multi-sensor remotely sensed data and ecological regional models in order to assess the impact of
terrestrial biota on the budget of major greenhouse gases (GHGs) in Northern Eurasia and the
demonstration of the viability of full carbon accounting (including C02, CO, CH4, N20. NOx)
using Dynamic Vegetation Models (DVMs) and multi-sensor Earth Observation (EO) instruments.
The tools and systems to be employed include a spectrally and temporally diverse set of multi
sensor Earth Observation instruments and detailed existing databases of field information and
vegetation models to account for fluxes between land and atmosphere. The prime use for the EO
products within this project is to drive and to validate models for C and GHG assessment in the
SIBERIA-II test area. Two biosphere process models (Lund-Potsdam-Jena, i.e. LPJ-DVM and
Sheffield-D'VM) and one landscape-based regional model are used in the project. Scientific
achievements Thematic, spatial and temporal requirements for Earth Observation retrieved
greenhouse gas accounting parameters have been determined. Operational processing chains using
individual Earth Observation sensors have been established to allow assimilation of EO data into the
DVMs and the landscape GIS. The SIBERIA-II EO database is installed and is under operational
use. The production of surface parameters from EO data is successfully concluded: the development
of a Siberian post processing chain for products formerly available from MODIS (land cover, LAL
fAPAR): development/adaptation of retrieval methods to the SIBERIA-II region ('vlODIS land
cover. snow, freeze/thaw, phonology): implementation of new processing chains (fire scar, snow,
freeze/thaw, ARD), tests of products and first validation; research for new Envisat products
(biomass, wetlands). ConclusionsA tremendous amount of experience has been gained in what
surface parameters arc crucial for greenhouse gas accounting models and how they can be achieved
he Earth Observation. Consensus was found how SIBERIA-II's results already improve greenhouse
gas accounting.

Abstract No. 565

Relating Earth Observation to Dynamic Vegetation Modelling
in SIBERIA-II

T. Le Toan1, S. Quegan", W. Lucht', M. Grippa', C. Beer",
G. Picard", C. Schmullius"

1 CESBJO, France
c Centre of Terrestrial Carbon Dynamics, United Kingdom



3 Potsdam Institutefor Climate Impact Researc, Gennanv
.J Friedrich-Schiller University. Germany

'Centre ofTerrestrial Carbon Dvnamics (CTCD). United Kingdom

This paper deals w ith the use of Earth Observation (LO) data in biosphere process models (the LP.I
and Sheffield Dynamic Global Vegetation Models) for Carbon assessment in the SIBERIA-II
project. The Dynamic Global Vegetation Models arc designed to model the response of terrestrial
ecosystems to long-term atmospheric changes in temperature. prccipuation and ('02 concentration.
;\ core set of coupled modules represents the interactions of ecosystem carbon and \\ atcr exchanges
with vegetation dynamics, under given soil and atmospheric conditions.The requirements of the
Dynamic Vegetation models were examined in terms of compatibility \\ ith the thematic. spatial and
temporal characteristics of products \\ hich can be dcriv ed from e.\isting EO data. The LO data
sources w cre selected. taking into account the data availability and continuity. the constraint in
spatial and temporal resolution and in the amount of data to be integrated. A large range of EO data
provided by \ isiblc, infrared. passive and acti\ c microw me sensors at \ arious spatial and temporal
resolutions are being used. This papcr w ill deal \\ ith \ cgctation phcnology, biomass. and sno« depth
derived from LO data. l.mphasis will he put on the contribution of ERS-1.2 and Emisat ;\S;\R data
(including InSAR) in providing biomass information.The results show that model calculations
attempting to quantify the role of forests as carbon sources or sinks could potentially he improx ed
bv exploiting EO products. By making use of the radar-retrieved biomass data. significant dcv iations
between model calculations and ground conditions can be identified. This prm ides an indication of
uncertainty in the calculations. and in the longer term. could he exploited to modify the calculations
and reduce this uncertainty.

Abstract '.'lo. 600

SIBERIA-II: Earth Observation in a Landscape-Based
Greenhouse Gas Accounting Approach

A. Shvldcnko", S. Nilsson", I. Mccallum', C. Schmullius", S. Quegan'. T. Le
Toan", W. \Vagner5, M. Santoro", H. Balzter", L. Skinner", A. Luckman7

1 International Institutefor Applied Svstems Analvs. Austria
-'Frtedrich-Schiller-Lnivcrsitv. Gcrntanv

3 Sheffield ( 'entrefor Earth Observation Science. United Kingdom
4 University Paul Sabatier, France

' Vienna University ofTechnologv. Austria
1'Ce111e1jiJrEcologv 0/1(1 Hvdrologv. United Kingdom

Universitv of Wales. United Kingdom

The regional landscape-ecosystem based Siberian hiogcochcmical modeling scheme aims at a
certified terrestrial biota full greenhouse gas account ( FCiCi;\ ). in order to bridge the gaps in
temporal and spatial scales of current modeling of terrestrial ecosystems' biogcochcmistry,



incorporate process knowledge into a common framework and allow for future projections. The
scheme is based on a relevant combination of in situ measurements (production process, major
fluxes, composition and concentration of the atmospheric gases, etc.), parametrization of properties
of individual landscapes and ecosystems in the form of a multi-layer GIS, a multi-sensor remote
sensing concept and regional ecological models. The remotely sensed information is a crucial
component of the scheme due to ( 1) the continental scale of the region, (2) large, remote and
sparsely populated areas lacking any completeness of data in spatial, temporal and process aspects,
(3) the availability of significant areas of rapid changes, and (4) trends and variability of important
indicators. However, there are mutual inconsistencies in the capabilities and accuracy of RS sensors,
and the needs ofbiogeochemical modeling, incompatibility of definitions and classifications used by
different stakeholders, as well as different requirements for information. Based on experiences from
SIBERIA-II, the paper presents a system analysis of requirements to the information used; discusses
possibilities of harmonizing definitions and classification schemes taking into account both the
specifics and capacity of RS data and interests of different stakeholders; availability of existing RS
sensors for parametrising the FGGA; specifics of auxiliary models destined to connect remotely
sensed indicators and "hidden" ecosystem parameters; and discusses the possibility to implement a
multi-sensor RS concept as part of an operational monitoring system.

Abstract No. 286

Processing of Envisat ASAR Wide Swath Imagery for Derivation
of Biophysical Parameters of Siberian Forest -
a Contribution of DLR to the Siberia II Project

S. Voigt, A. Petrocchi, M. Huber, A. Roth
German Aerospace Center, Germany

Wide swath imagery of the Envisat Advanced Synthetic Aperture Radar (ASAR) can effectively
used to study and map biophysical parameters of the Siberian forest. Using the wide swath (WS)
mode ofEnvisat ASAR large areas, such as the boreal forest regions in Siberia can be mapped easily
and repeatedly in comparatively short time. Within this study multi-temporal and multi incidence
angle capacities of the ASAR WS system for deriving forest types and phonological parameters are
assessed. For this purpose a processing chain was set up to manage, orthorectify, calibrate and
analyse large numbers of WS-imagery in an automated way. The geocoding is based on DLRs
EGEO system, deriving highly consistent geometrically corrected imagery as well as incidence
angle matrices. The quality of the geocoding results for the WS imagery is compared to imagery of
the Shuttle Radar Topographic Mission (SRTM) and compared with other geometric correction
schemes. Calibration to backscatter values is implemented according to ESAs standard calibration
procedures published for Envisat and is validated against ESAs - BEST Envisat post-processing
system. After the applying all the required processing and correction procedures the data is analysed
using effects of backscatter changes during multi-temporal observations. These changes result from
seasonal environmental changes such as freezing and thawing or more subtle cyclic phenological
changes within the forest stands. Above the mutli-ternporal studies the capacity of the ASAR system



for multi-incidence angle studies of the backscatter signal over the boreal forest arc assessed. First.
very promising results could be achieved.

Abstract No. 150

Identification of Wetlands in Siberia with Envisat ASAR WS Data

A. Bartsch', C. Pathe", A. Shvidenko ', W. Wagner2
1 Vienna University of Technology, Austria

-'l.P.F., Vienna University of Technology, Austria
3 International lnstitutcf. Appl. Systems Analvsis, Austria

Wetlands present an important land cover class and have multiple functions for greenhouse gas
(GHG) accounting. They arc an important source for methane and some type ofwetlands (peatlands)
feature a considerable C02 sink. Waterlogged conditions and/or seasonal flooding arc prepositions
for their dev clopment, maintenance and determine their regional importance for CiHCi accounting.
The delineation of wetland areas in borcal and subarctic regions is important for the understanding
of C02 and CH4 fluxes. They account for nearly half of global wetland arc a. \1ost of these wetlands
arc related to permafrost conditions not only causing considerable seasonal changes in methane
emission but material might become available for decomposition after permafrost melt. Radar
remote sensing has been identified as a potential technique for delineation of wetlands due to its
capability to monitor changes in water surface area. sensitivity to soil moisture and \\ cathcr.daytimc
indepcndcncy. The Siberia II project area encompasses 3 Mio km I. what shows the need for satellite
data in order to cover such a huge area, Multi-temporal l.nvisat ASAR wide swath data an: available
for most of the region. Inundation is a key indicator for anaerobic conditions. I\ hich arc necessary
for methane production. Within the study area. snow melt is important for seasonal flooding.
Therefore. data from spring (2003 and 2004) arc investigated additional to one full annual cycle. In
a first step permanent open water bodies arc delineated, Further on inundation patterns arc analysed.
This serves as input for a classification scheme for wetlands under the \ icwpoint of seasonal water
coverage changes. The aim is to prov idc database input for CJI ICi accounting in the Siberia II
area.The results from the RS data were compared with extent and distribution of wetlands derived
from the soil and landscape components of the multi-layer GIS available for the region (at scale I: l
million). Different classifications of wetlands used by different stakeholders were discussed. We
attempted to harmonise different definitions; classification schemes of wetlands aiming at an
approach. which would be relevant to both RS sensors capabilities and studying processes of
biogeochcrnistry of high latitude wetlands.
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Abstract No. 209

Comparisons of AATSR-derived Sea Surface Temperature
with Estimates from a Geostationary Satellite

I. Barton
CSIRO, Australia

During May and June 2003 the Australian RV Southern Surveyor was operating in the Gulf of
Carpentaria, Northern Australia. Measurements of sea surface temperature (SST) were made using
the ship's thermosalinograph and a single-channel infrared radiometer. During this period the data
from several space-borne instruments were obtained including those from AATSR, ATSR-2,
MODIS, AVHRR, AMSR-E, and GU. Data from a geostationary satellite were also obtained
through the Australian Bureau of Meteorology and these have been used to study the diurnal
variation of the SST in the uppermost layers of the Gulf. This study gives a valuable insight into the
development of techniques for blending satellite-derived SSTs obtained at different times of the day.
Low wind conditions are shown to be the most difficult and much care will be needed in future
programs (such as GH RSST-PP) in blending satellite and ground-based data into a single SST
product. Although the AATSR provides measurements with a narrower swath and less frequently
than the other satellite instruments it appears that use of AATSR data may be vital in providing the
best near-real-time estimates of global SST fields.

Abstract No. 713

The ATSR/AATSR Data-Set:
A Comprehensive of the Climate System

D. Llewellyn-Junes', G. Corlett', C. Mutlow2
1 University of Leicester, United Kingdom

l Rutherford Appleton Laboratory. United Kingdom

Since the launch of ERS-1 in 1991 the ATSR instruments have been producing high-quality data on
a near-continuous basis. The current sensor, AATSR on Envisat is performing as well, and better in
many ways, than its predecessors on ERS-1 and ERS-2. The resulting data-set comprises near
continuous well-calibrated and stable measurements of Infrared and visible-wavelength radiances.
from which the ATSR SST data-set, already in use to detect global change, is derived. In addition, a
wealth of further information can be obtained from (A)ATSR data, concerning climate-related
processes in the oceans, our land-surfaces, the atmosphere and ice-cover. Examples of some
potential level 3 AATSR products will be shown and their possible application to climate change
studies will be discussed. Examples include the spatial and temporal behaviour of the Gulf Stream
in observations and in models, which is of particular climatic importance to Europe. Some recent
highlights of the scientific achievements which result from the use of (A)ATSR data are briefly



reviewed. together with the potential of the (A);\ TSR data-set for future investigations. The plan for
its future archivingand distribution in 'seamless" form will he described. The prospects for
continuity beyond Envisat. together with some associated issues. wi!l also he discussed.

Abstract l\o. 395

Measuring Climate Change Using ATSR Sea-surface Temperatures

S. Lawrence, D. Llewellyn-Jones
University of Leicester, United Kingdom

Global sea-surface temperature is an important indicator of climate change. \I ith the ability to reflect
warming.cooling climate trends. The detection of such trends requires rigorous measurements that
arc global, accurate and consistent. Sea-surface temperature data from the ATSR series of space
instruments prov idc these required attributes. Analysis of ATSR data during the period 199 I to 2000
reveal trends of increasing glohal temperature \\ ith magnitudes of 0.13°(' per decade. closely
matching that derived from in situ measurements. The methodology By comparing results usin g
ATSR data with those from tch J\VllRR series. 11c arc able to conclude that satellite sea-surface
temperature pnl\ ides an important means to quantify and explore the processes of climate change.

Abstract \'.o. 27

Comparison of ATSR-1 and ATSR-2 Sea Surface Temperatures
During 1995 and Analyses of ATSR-2 SSTs from 1995 to 2000

A. O'Carrol. R. Saunders, J. Watts
Met Office. United Kingdom

Reprocessing of the ATSR-2 Clear-Sea Consolidated ;\ \ cragcd Brightness T cmpcrature (CSCAHT)
dataset to high quality. high spatial resolution Sea Surface Temperatures (SSTs) from the 2nd ATSR
upon the ERS-2 satellite have been completed for the period June 1995 to December 2000.
Validation results of these ATSR-2 SSTs against in-situ SST observations and climate SST analyses
arc presented \I ith additional results from acomparison of i\TSR-1 and i\TSR-2 SSTs from June -
No\ em her 1995.



Abstract No. 549

MEDSPIRA TION:
Delivering a New Generation of High Resolution Sea Surface

Temperature Data Products (DUP/DUE)

C. Donlon 1, I. Robinson'
1 Met Office, United Kingdom

2 Southampton Oceanography Centre, United Kingdom

The purpose of the Medspiration sea surface temperature (SST) processing system is to fulfil the
role of the European regional data assembly centre (RDAC) for the Global Ocean Data Assimilation
Experiment (GODAE) High Resolution Sea Surface Temperature Pilot Project (GHRSST-PP). The
primary aim ofGHRSST-PP is to develop and operate an operational demonstration system that will
deliver global coverage SST data products for the diverse needs of GODAE and the wider scientific
community. at high resolution (better than I0 km and resolving the diurnal cycle) and within a short
interval (-24 hours) from real-time acquisition. In parallel with RDACs serving other parts of the
world, Medspiration will produce in near real time a new generation of SST data products for
Europe. based on the combination of existing SST products from both infrared and microwave
radiometers (nominally level 2 although some are level 3) already being generated and served by
several different agencies. The ingested SST data arc referred to generically as L2 SST inputsThe
function of the Medspiration processing system is threefold: I. To generate specific combined SST
products in near-real time and to serve them to the GDAC and to European operational ocean
models.2. To populate an off-line archive in which to curate them.3. To provide a data product
dissemination service for all types of users.This presentation reviews the progress of the
Medspiration project over the last year.
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Abstract No. 720

ESA Third Party Missions Programme

B. Hoersch
ESAIESRIN. Italy

Most EO data users rely on several EO missions, both to increase sustainability of their service and
to widen the range of observation parameters. In addition to its own missions such as ERS, Envisat
and the Earth Explorers, ESA therefore offers access to the scientific and applications community to
so-called 'Third Party Missions'. Third Party (TP) missions are complementing the observations of
ESA missions, are used to prepare for future ESA missions including cross-calibration and create
synergy to favor a wider use of EO data within ESA Member States. As part of the EARTHNET
Programme ESA regularly investigates the benefits of individual Third Party Missions as part of the
EO data portfolio offered to European Users through the Multi-Mission User Services. The
EARTHNET service offers a single point of access for the European User community and
establishes the international agreements with external Agencies/ Operators. Furthermore ESA aims
to co-ordinate and standardize the generation of products from ESA and TP missions for European
use. this becoming even more important in the context of the Oxygen process on ground segment
harmonization and the GEO initiative. The current selection/de-selection mechanism for TP
missions was established some years ago. Meanwhile, newly evolved user requirements through
programs such as GMES and operational EO based services, together with technological
development and altered data accessibility via ground links, demand for a revision of this selection
procedure. A new selection procedure, new international agreements and the evolution in the
European Ground Segment Infrastructure offer the possibility to widen the data access to new
missions. The paper gives an overview of current and potential future ESA TP Missions and the new
selection procedure and criteria to be applied.

Abstract No. 728

Fluctuations of the Earth's Ice Fields:
the Contribution of the ERS and CryoSat Missions

D. Wingham
University College, UnitedKingdom

Fluctuations in the ice mass of the Northern and Southern Hemispheres may have profound effects
on Earth's climate and on global sea level. The North Atlantic overturning circulation is thought to
be sensitive to the freshwater forcing of the Greenland-Iceland-Norwegian (GIN) seas, and half of
this forcing is provided by the wind-driven transport of fresh sea ice from the Arctic Ocean.
Numerical models predict that warming of the Arctic, amplified by a change in albedo, may lead to
the almost complete destruction of the perennial Arctic ice, with uncertain implications for the North



Atlantic overturning circulation and relatively warm. European winters. In the Southern
Hemisphere. the Antarctic ice sheet contains some 90% of the Earth's freshwater. Fluctuations of
only I% in its mass would alter global sea level by 70 cm. As recently as 1995. detailed knowledge
of the fluctuations in the Earth's ice mass was lacking. It was possible to argue that the Antarctic ice
sheet was anything from a 600 Gt/yr sink to 600 Gt/yr source of ocean mass(+/- 1.6 mm/yr eustatic
sea level). A picture of secular Arctic ice decline could be constructed from sparse submarine
records, hut these could he equally explained hy advcctivc redistribution of ice within the Arctic.
Almost nothing was known of inter-annual Arctic ice variability al the basin scale. In this context, it
is no exaggeration to state that the ERS missions have in one decade advanced our knowledge of the
present-day large-scale fluctuations of Earth's ice mass further than the accumulated ground
observ at ions of the previous 50 years. It is now established. on the one hand. that the East Antarctic
ice sheet is extremely stable. On the other hand. the Pine-Island and Thwaites drainage basins of
West Antarctica are losing mass to the oceans. A combination of the satellite measurements, in-situ
ocean measurements and ice dynamic modelling is making clear that the trigger for this mass loss is
thinning of the ice shelves due to melting at their base. These results have important implications: to
date. the IPCC has not considered the implications for Antarctic ice mass of heat from low latitudes
arriving at depth in the ocean. Jn the Arctic. ERS altimeter observations have revealed that basin
wide. inter-annual fluctuations of sea ice mass may reach 25% of the total mass. Further. they have
shown the dominance of thermodynamics mer dynamics in controlling the fluctuation, with the
important conclusion that global. coupled models of ice evolution must capture the details of the
summer melt-season. Important as these advances arc. there remain significant gaps. Fluctuations al
latitudes higher than ~2 degrees are unknown today.\\ hich includes the dynamically important Ross
Sea let: Shelf ice streams and 17% of the Antarctic ice sheet margins. The region of sea ice
divergence around the North Pole is also unsurveycd. and the present measurements of sea ice
fluctuations an: too coarse for detailed studies of interactions betw een the ice and. for example. the
wind forcing. Filling these gaps is the purpose of the CryoSat mission. which has two advantages
mer its predecessors: it has a 92 degree inclination. providing almost complete coverage of the ice
sheets. and it has a high resolution (I km) altimeter that will provide coverage of the Antarctic ice
sheet margins. and provide a high density of sea ice thickness measurements. In this paper. we will
describe the object iv cs of the CryoSat mission in the context of the achievements of the ERS
mlSSIOnS.

Abstract No. 334

TerraSAR-L Product Philosophy

M.Zink
ESAIESTEC. Netherlands

The TcrraSAR-L system. currently being designed in a Phase B definition study. will provide ESA
with its most powerful radar-imaging programme to date. Specification of the L-SAR has been
guided hy careful analysis of the product requirements resulting in a robust baseline design with
considerable margins. L-band SAR pnl\ ides key contributions to global seismology research and
terrestrial carbon cycle research. Major application areas arc: Kyoto inv cntory and wetland



monitoring, solid earth science including seismic and volcanic activity as well as land slides and
subsidence, land cover classification in different levels of detail and marine applications like
shallow water bathymetry and retrieval of wave spectra. The TerraSAR-L operations strategy is
based on a long-term systematic and repetitive acquisition scenario to ensure consistent data
archives and to maximise the institutional and scientific exploitation. This operations strategy is
complemented by a systematic processing of all acquired data to calibrated Single-look Slant-range
Complex (SSC) products to facilitate higher-level product generation and services based on these
products. A flat basic product tree, containing SSC products only in all modes, enables a modular
SAR processor design using for most processing steps the same complex product generation
algorithms independent of the instrument's operational mode. Such a design simplifies and reduces
the effort for SAR processor development and maintenance. If required for higher-level processing,
detected and/or ground range projected images can be generated from the SSC products using stand
alone tools.This paper describes the TerraSAR-L basic product tree and explains the rationale
behind. The nominal TerraSAR-L imaging modes are introduced and their major performance
characteristics - as far as they influence the complex product performance - are described. The
generation concept for multi-look detected products in various projections based consistently on
complex products - generated either at an intermediate stage during ground segment processing or
serving as input product in a stand-alone tool - is presented.

Abstract No. 721

The Scientific Use of TerraSAR-X

A. Roth
GermanAerospace Centre DLR, Germany

TerraSAR-X is a new German radar satellite that shall be launched in April 2006. It carries a high
frequency X-band SAR sensor that can be operated in three different modes and polarization. The
Spotlight-. Striprnap- and ScanSAR-modes provide high resolution images for detailed analysis as
well as wide swath data whenever a larger coverage is required. Imaging will be possible in single,
dual and quad-polarization. TerraSAR-X will be an operational SAR-system for scientific and
commercial applications. The German Aerospace Center (DLR) will implement a satellite control
system and a payload ground segment for receiving, processing, archiving and distribution of the X
band SAR data. DLR will also be responsible for the scientific use of the TerraSAR-X data, the
instrument calibration and the 5 years of operation. The commercial exploitation will be task of the
lnfoterra GmbH. TerraSAR-X will allow multi-temporal, seasonal and Jong term observations.
Additionally it has a high synergy potential \\ ith the frequency bands of other spacebornc systems
like TerraSAR-L and ALOS-PALSAR (L-band) as well as Envisat-ASAR and Radarsat-1 /2 (C
band). Innovative and unique features with respect to spaceborne systems are the high geometric
(I m-25m) and radiometric resolution together with the single, dual and quad-polarization capability.
Beam steering enables observation in different incidence angles and double side access can be
realized by satellite roll maneuvers. The satellite will be positioned in a 11 days repeat orbit.
Scientists will get access to TerraSAR-X data through an Announcement of Opportunity procedure.
The call will be opened approximately one year before the launch. After the launch further proposals



can he placed at any time via a web interface. A priority scheme 11ill be implemented to reduce
conflicts and to ensure the equal share between the commercial and scientific users or the satellite
tasking time. Focus of the proposed presentation 11ill he the scientific potential of TerraSAR-X and
the procedure on ho« scientists 11ill get access to the data.

Abstract No. 725

ALOS Science and Application Programme

M. Shimada
EORC. Japan

Advanced Land Observing Satellite (ALOS) is the .IAXA's next high-resolution earth observation
satellite which carries PRISM. 2.5 meter three triplet panchromatic optical sensor. AVNIR-2. 10
meter cross track pointing Multispcctral sensors. and PALSAR. L hand synthetic aperture radar.
ALOS 11ill he launched near future and he injected into 695 km-altitude sun-synchronous 46 day
recurrent cycle orbits. Supported hy the data storage of High Storage of Solid State Memory
(llSSM). power allocation by the satellite. and uvailability of the data relay satellite. the PALSAR
can observe the Earth surfaces globally and regionally 11ith higher resolution. higher rev is it cycle.
longer obscrv at ion capability. and multiple polarization. than its mother sensor. the .ILRS-1 SAR.
These enhanced functions may powerfully assist the Earth science and the Earth monitoring.
Calibration of the three sensors is essential to ensure the sensor characteristics and the qualities of
products and the research products that will he generated at the EORC. NASDA/LORC will
generate the research products (including high level products) to demonstrate the ALOS data
utilization activ ity. They arc the digital elev at ion model. Orthographically rectified SAR data. the
global surface deformation map. and global sigma-zero maps for the global forest monitoring.
disaster monitoring. sea-ice distribution. soil moisture map. and so on. Validation of these products
is important for assuring the accuracies. As a scientific demonstration program . .!AXA issued the
research announcement worldwide. 1999. and 11c have selected 167 Pis. In order to strengthen the
scientific activ ity in each continent scale. 11c 11ill issue the NODE oriented AO. This paper
introduces the ALOS science and application program. 11hich 11ill he conducted h~ .!AXA and
collaborativ e agencies.
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Abstract No. 523

A Simplified SAR Ocean Wave Spectrum Inversion

B. Chaprou', F. Collard2, F. Ardhuin3
1 IFREMER, France

c BOOST Technologies, France
3 SHOM, France

In this presentation, we shall discuss a simplified ocean wave spectrum inversion from Envisat
ASAR data. The goal is to extend the present ESA retrieval algorithm developed for Wave Mode
products to others modes, i.e. narrow as well as wide swath ASAR images, as well as to possibly
improve the current scheme. As already demonstrated, the use of single look complex products
enables to retrieve the Doppler information. This helps to partition the along-track coherent slow
time integration to resolve the same spatial ocean scene at different time. This provides an elegant
means to reduce incoherent noise effects and to determine the imaged wavy pattern propagation
direction. However, this does not help to reduce the ocean surface motion impact on the SAR image
formation. Consequently, typical SAR ocean scenes under moderate to high wind conditions
systematically exhibit very large azimuthal correlation lengths. This effect is known and strongly
reduces the SAR imaging mechanism to provide direct valuable spectral information in the along
track direction. In this presentation, we will propose a new approach to minimize such a negative
effect. Tests will be shown using both global Wave Mode products and local SAR image products
over coastal areas.

Abstract No. 495

Mesoscale Flow Variability in Tropical Storms Using SAR Imagery

H. Graber", S.Lehner", M. Donelan", F. Monaldo", D. Thompson"
1 CSTARS/University ofMiami, United States

l JHU/Applied Physics Laboratory, United States

CST ARS is capable of receiving and processing radar data from three different space-home SAR
systems: RadarSat-1, ERS-2 and Envisat ASAR. All three SA Rs operate in C-band, but have
different imaging modes and spatial resolution as well as polarization options. For the last several
years, there has been increasing interest in obtaining high-resolution (sub-kilometer) marine wind
speed measurements from SAR imagery. The need for higher resolution wind fields in frontal
systems and tropical storms cannot be obtained with wind fields measured onboard conventional
space-borne satellites such as scatterometers (e.g., QuikSCAT, WindScat) or passive microwave
radiometers (e.g., SSM/I, WindSat). These sensors are best suited for global measurements, because
with 25-km spatial resolution many important high-resolution spatial phenomena are missed.A
better understanding of hurricane intensities and wind speed variability in the inner core and eye



wall regions arc or great interest to scientists. the weather forecasting agencies and ultimately the
general public. Presently most detailed information about hurricane dynamics and characteristics arc
obtained from dedicated flights by hurricane hunter airplanes. These flight missions cannot always
take place and w hen multiple tropical cyclones arc present. limited resources prevent the acquisition
or adequate measurements to characterize the cyclonic structure. Satellite remote sensing prov ides a
critical alternative approach to acquire data for irnprov ed and timely characterization and forecasting
or surface winds associated with tropical cyclones and hurricanes. Critical for weather forecasters is
lo obtain reliable characterization of the eye wall dimension and the radii of gale. tropical storm and
hurricane force 1\ inds. This information 1\ ii I allov, better understanding or the cv elution and
intensification of hurricanes.This study will use high resolution wind fields from Si\R to study
mcsoscalc and small-scale features in tropical and extra-tropical cyclonic systems. The spatial
variability and asymmetry of wind distribution in tropical cyclones 1\ ill be quantified using recently
acquired and historical data of tropical storms and hurricanes.

Abstract No. 696

Exploiting Envisat-ERS Data for Deriving Air-Sea Fluxes of C02

J. Aiken', N. Hardam-Mountford', S. Uferrnann ', D. Woolf',
P. Challenor ', I. Robinsorr'

1 CASIX. United Kingdom
: Plvmouth Marine Laboratorv, United Kingdom

3 Southampton Oceanographic Laboratory. United Kingdom

EO sensors on Envisat and ERS arc targeted al the air-sea interface. prov iding measurements of sea
surface properties that arc precisely the data needed to derive air-sea interactions and the fluxes of
CO,, '' hich is the major currency in determining the ocean component of the global carbon cycle.
Despite volumes or data obtained over recent decades, LO sensors have not yet fulfilled the needs of
Earth system science. in the context of the carbon cycle and climate change. ;\ ir-sca fluxes of C02
arc driv en hy physical. chemical and biological processes often separated in time and space: the
solubility and ecological conversion of CO, into the ocean is a rapid process (time scale of a fcv,
days) but the re-equilibration (time scale or-100 days) may he displaced several hundred kilometres
from the sink. because or ocean circulation. High resolution, 3-D circulation models 11 ith coupled
biological processes (carbon eye le) are needed to compute CO, 11ux cs mer ocean basins and she! f
seas. The shelf seas arc extremely heterogeneous spatially and seasonally: though only IO'/;, or the
ocean surface may account for about 30'Yr, or ocean productivity. They are the recipient of many Cit
or terrestrial carbon. through riverine sources. yet it is unknown which areas arc sources or sinks or
the net flux. With a severe paucity or pCO, data and no seasonal studies, modelling is currently the
best method to derive air-sea fluxes. A main goal orCi\SIX is to derive CO, fluxes by assimilating
EO data into coupled circulation-ecosystem models: Sea Surface Temperature (SST. from Ai\ TSR)
and Sea Surface Height (SSH from altimctry) as a measurement or sea surface physical structure and
circulation. ocean colour (from MERIS) as a measurement of ocean biology (phytoplankton biomass
and productiv ity) and sea surface roughness (ASAR. Ri\2) as a paramctcrisation of air-sea gas
exchange. The modelling provides simulated fields of phytoplankton biomass and product ii ity from
which CO, concentrations. pCO, and air-sea fluxes or CO, arc derived. Examples and progress arc



shown. In the short term we can produce an improved C02 flux climatology by incorporating EO
data and in situ measurements. Optimal interpolation techniques are used to effectively combine the
various parameters influencing air-sea gas exchange, including wind speed and wind speed
variability, sea surface temperature, sea surface salinity, sea surface roughness and the gradient of
C02 partial pressure across the air-sea interface. We explore how global and regional C02 flux
calculations respond to the use of data from different sources and to different parameterisations of
the gas transfer velocity. We use traditional parameterisations relying solely on wind speed and then
investigate new approaches based on parameters more directly available through remote sensing
such as sea surface roughness. Time series over the last 20 years are used to study inter-annual
variability on global and basin scales.

Abstract No. 330

Impact of Envisat Alternating-polarization Mode Imagery
on Rough-surface Scattering Models and the Generation of

High-resolution Wind Maps

D. Thompson', F. Monaldo", J. Horstmann", W. Koch3, T. Elfouhaily"
1 Johns Hopkins University, United States

2 Johns Hopkins University/APL, United States
3 GKSS Research Center, Germanv

4 CNRS, France ,

During the summer of 2003, we have obtained synthetic aperture (SAR) imagery over the Mid
Atlantic Bight area off the US east coast to complement in situ and airborne measurements collected
as part of an ONR-sponsored directed research initiative known as Coupled Boundary Layer Air-Sea
Transfer (CB LAST). Between 26 July and 3 I August, we have obtained more than 20 Envisat
alternating-polarization (AP) mode SAR images as part of an ESA data grant. These AP images
along with the in situ measurements from CBLAST are extremely useful for examining the
polarization dependence of C-band scattering from the ocean. For the last several years, there has
been increasing interest in obtaining high-resolution wind estimates from SAR imagery. A crucial
element of these SAR wind-mapping techniques is accurate knowledge of the relationship between
normalized radar cross section and wind velocity. In particular, stringent testing of the geophysical
model function (GFD) used for producing wind maps from RadarSat-1, which operates at Cband
HH-pol, has until now not been possible. Using Envisat AP mode imagery and the extensive
availability of ground-truth measurements available from CBLAST, we are presently assessing the
wind-mapping potential of the AP-mode imagery at both HH- and VY-polarization. As part of this
assessment, we hope to determine whether a more robust retrieval technique that utilizes a
combination of polarizations may be possible.In recent years, it has become apparent that as the
incident angle increases from nadir, the ratio of the backscattered power for microwave scattering
from the ocean surface athorizontal to that at vertical polarization (HH/VV) becomes larger than that
predicted by standard rough-surface scattering models. Although predictions by models that include
the effects of long-wave tilt and hydrodynamic modulation yield some improvement, they still
under-predict significantly the polarization ratio. Besides its practical application for high-resolution
wind mapping, we believe that the Envisat AP-mode imagery offers a unique opportunity to



examine in detail the C-band polarization ratio as a function of look geometry and cnv ironmental
conditions, and ultimately to improve our understanding of C-band backscatter from the ocean
surface. Current progress in understanding the polarization ratio tor C-band scattering from the
ocean as « ell as the more practical application of high-resolution wind mapping, both made possible
through the use of Em isat AP-mode data.w ill be reported in this presentation.

Abstract No. 64

Multi-polarisation Ocean Radar Cross-section from Envisat ASAR
Observations, Airborne Polarimetric Radar Measurements and

Empirical or Semi-Empirical Models

A. Mouche1, D. Hauser", V. Kudryavstev', J. Daloze2
1 CVRS, France

-'CNRS-CETPllPSL, France
3 NIERSC, Russian Federation

Wind estimates from SAR ohscrvations of the ocean arc presently based on empirical relationships
between the Normalized Radar Cross-Section (NRCS) and wind. The well-known empirical C
MOD type mode ls hav c been originally established for the ERS xcaucromctcr data analysis, in VY
polarization and for incidence angle range from 18 to 55". C-Mod models arc no« applied for SAR
analysis of ERS. Em isat and RADARSAT. but when used in HI I they need to be corrected for the
ratio bctw ccn HH and VY backscattering. This ratio is still poorly known and this may induce
important errors in the wind estimate. Morcov er. the accuracy of these models at moderate incidence
angles (I 5-20c) has to be assessed.Models based on physical background also exist and rely on the
description of the ocean surface (wind wave spectrum) combined with a model of backscattering.
Different levels of complexity exist in such models and empirical constants in these models have
usually to be titted trough comparison with radar observations .. One of the most recent models of
this kind has been dcv eloped by Kudryastcv ct al (JCiR. 2003 ). Its originality is that it takes into
account the effect of breaking '' a\'CS in the backscattered signal and has been shown to be in
agreement with the observed behavior of the NRCS polarization ratio (VV1HH) as a function of
radar frequency. incidence angles, wind speed and wind direction. The validation has been done
however on a limited data sct.Ncv,: data have been collected in 2002 in the context of the Envisat
ASAR geophysical validation exercise supported by ESA. During the experiment. called
VALPARLSO. data have been acquired by the French airborne polarimctnc C-Band radar STORM,
in coordination \\ ith Envisat data acquisition over the near Atlantic off the coasts of Brittany
(France). In situ measurements of wind and wave« arc also available for comparison. By analyzing
the STOR:\I data set ( 16 different situations) \\C have obtained new information on the behavior of
the polarization ratio between 10 and 50' incidence as a function of wind speed. wave conditions.
incidence and azimuth angles. During this conference. we will present these results. as well as
comparisons with polarization ratio from 2 ;\SAR images. with results existing in the literature. and
'' ith the results of the model of Kudryav stcv ct al (2003 ). An improv ed \ crsion of this model will
also be proposed to better represent the radar cross-section at small and moderate incidence angles
and to take into account the impact ofwave conditions (wave age, swell).
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Abstract No. 585

Development and Validation of a Diurnal Difference Indicator for
Freeze-thaw Monitoring in the Siberia II Project

R. Kidd, A. Bartsch, W. Wagner
ViennaUniversity of Technology.Austria

At high latitudes the length of the growing season is relatively short and is greatly impacted by the
interannual variability of the onset of thawing. This seasonal transition from frozen to non-frozen
conditions is a major factor that coincides with the Siberian regions seasonal switch from a net
source to a net sink of atmospheric carbon.The high temporal dynamics of freeze-thaw events
require that any sensor used to monitor them must operationally provide data with a high temporal
coverage and a reasonable spatial resolution. Research with the ERS-1 /2 Scatterometer (Cvband) and
the NSCAT (Ku-band) has shown that scatterometers are well suited to monitor freeze-thaw events.
Their measurements are sensitive to changes in the state of freezing and the associated changes in
the backscattering mechanisms. Sudden observed changes in backscatter intensity during the spring
thaw period are related to a change of the scattering mechanism from volume to surface scattering
(wet snow, surface water).ln the scope of the SIBERIA II project a processing chain has been
developed and is operationally used for the extraction and re-gridding of backscattered
measurements acquired from SeaWinds Ku band scatterometer. The extracted data is reformed into
time series that are allocated to unique, regular. grid points across the project area. In the
development of the diurnal difference indicator it is important to study and understand the physical
processes involved in the dynamics of backscatter time series. In order to achieve this accurate
information relating to the earth surface and its condition is required.In this paper we present the
diurnal difference indicator derived from QuikSCAT time series and show the role of Envisat and
MODIS data within its development and validation.

Abstract No. 415

SIBERIA-II: Using MERIS to Derive Land-cover Information

L. Skinner, A. Luckman
Swansea University, UnitedKingdom

The IGBP, UMD and GLC2000 products demonstrate the potential land-cover information which
may be derived from medium-resolution optical sensors. These results have allowed an
unprecedented view of the global system and have found use in a variety of applications. However,
the spatial heterogeneity of land-cover types in some regions is significantly smaller than the
kilometer resolution data used by these products. This may lead to a reduction in the thematic
accuracy of the final classification since individual pixels will contain a variety of land-cover types.
Furthermore, interpretation of the 'hard' classification result is complicated in these areas.



Consequently. the spatial resolution of the data used to derive land-cover may limit the results which
are obtained. The MERIS sensor provides the opportunity to derive global land-cover information at
a spatial resolution of .>OOm. The main focus of this paper is upon presenting the methods used to
derive such results over the Siberia region (as part or the Sll3ERIA-ll project). The results presented
indicate the significant role that spatial resolution plays in the overall classification process.
Ht1\\ e\ er. the \1ERIS spectral bands ( 15 bands in the \ isihlc and near-JR spectrum) are not optimal
for land-cov er mapping applications. In particular. the lack or a short-wave IR band may reduce the
ability to discriminate between various vegetation and forest classes. Therefore. any assessment
concerning the adv aniagcs in using the higher resolution data must also account for the possible
di sadv anrages of the spectral hands available.

Abstract xe. 597

SIBERIA-II: Monitoring Forest Cover Changes in Siberia
by Means of Spaceborne Data

M. Santoro", H. Balzter", C. George", F. Gerard", S.Hese',
M. Ruscher", C. Rowland", C. Schmullius1

1 Fricdrich-Schitlcr-Univcrsitv. Gennanv
c :!Centre.fr>r Ecology and Hydrology, United Ki11gdo111

3 Dresden Universitv of Technology, Ger111011y

The borcal forest contains almost half the total carbon pool or world forest ecosystems. and so has a
very significant role in global biogcochcmical cycles. The flux of greenhouse gases in and out of
these forests is influenced strongly by changes in forest cover due to disturbances (c.g. insect
outbreaks. diseases. logging. pollution and lire) and reforestation. In this paper we report on the
monitoring of forest lire disturbances. pollution effects and Al-Re- Deforestation (ARD) activities
by means of spaccbomc optical and SAR data. These activities arc part of the SIBERIA-II project.
Main objectiv c of the lire disturbance and the ARD activ itics is to obtain input layers in biosphere
models for greenhouse gas accounting. The burnt area study quantities the areal extent and temporal
distribution of forest lire disturbances from I9lJ2 to 2003 for different forest types in Central Siberia
over an area of about 3 million km2. The time period investigated is of a particular interest because
of the observed acceleration of tire in borcal Russia from llJ96 through 2003. Fire scars were
mapped usint! satellite imagery from SPOT-VHiET ATION and MODIS acquired in 1999. 2002
and 2003. utilising various vegetation indices. The fire scars were then dated with thermal anomaly
'hotspot' data to pnl\ ide yearly burnt area statistics. The results of some preliminary cross
comparisons of the lire scar map with ASAR data arc also presented.The effects of pollution have
been investig.ucd in the area of Norilsk where vegetation is mainly influenced by severe climate
conditions and enormous emissions from copper and nickel plants. A temporal sequence of ASAR
images from ~003 were used to map pollution damage. and the results compared to prev ious studies
which used Landsat TM images from 1995 and 2002. It was shown that ASAR can detect pollution
damage. and that the extent of the damage had not changed significantly since 1995.ARD
monitoring intends to analyse forest CO\ er changes and create ARD classes for the biosphere
models. Multi-temporal classifications arc performed comparing the I989 Kyoto baseline with the
status in 2000 for test territories with extensive ground truth information from forest inventory. This



is achievable by means of optical data only, as spaceborne SAR data over the project area cover a
shorter temporal interval. ARD monitoring is based on high resolution Landsat TM 5 and ETM data
at four test territories. Pixel based neural network classification strategies are able to detect forest
cover changes but not to differentiate human induced clear cuts from old fire scars. With an object
oriented change detection approach based on a primary segmentation this problem is solved. ERS
SAR data from 2000 is currently being considered as additional layer to the classification scheme.
Further investigations concern classification algorithms based on simple thresholding of multi
temporal ERS and ASAR data.

Abstract No. 571

Assessment of Envisat/ ASAR Data for Forest Observations in Siberia

T. Le Toan1, A. Wiesmann2, J. L'herrnitte', L. Eriksson", M. Grippa',
U. Wegmuller", C. Schmullius''

1 CESBIO, France
2 Gamma Remote Sensing Research and Consulting AG, Switzerland

3 Friedrich Schiller University, Germany

This paper investigates the use of Envisat/ASAR data for deriving forest information over the
Central Siberia region located from 50° to 70°N and 85° to 105°E. The whole coverage of the region
in Image mode for repeat pass interferometry is available in December, January and February 2003-
2004. Longer temporal series of narrow swath alternating polarisation data (HH and HY) at low and
high incidence angles have been acquired in 2003-2004 at a number of test sites in the region. The
multitemporal backscatter intensity at different polarisations and incidences and the 35-day repeat
pass interferometric coherence are analysed using Landsat quicklook and the GIS database available
in the Siberia-II project.The temporal, polarisation and angular behaviours of the backscattering
coefficient of different land cover and forest types suggest that (a) HY is more adapted to forest/non
forest mapping. (b) the temporal variation is indicative of different surface types, (c) the seasonal
effect is significant in this region where winter temperature is very low.Recently published results
show that repeat-pass coherence from the L-band SAR can give forest information if the
acquisitions are made during stable winter conditions. In this project. we investigate the information
content of the C-hand repeat pass interferometric coherence in Siberia. The coherence estimation
was done with an adaptive window size taking into account phase slope. texture of the averaged
backscattering coefficient and the local coherence level. The initially processed repeat-pass
coherence shows relatively high values. Work is underway to analyse the coherence with respect to
land cover types and forest biomass level. The results using ASAR intensity and coherence data arc
evaluated to determine the best ASAR measurement for mapping of the broad surface types (water,
bogs. grasslands, agriculture, forests) and for mapping of low/high forest biomass.



Abstract :\o. 602

SIBERIA-II - Multi-product and Multi-sensor Validation Strategies
in the Context of GLOBCARBON, GLOBCOVER and GOFC-GOLD

C. Schmullius', H. Balzter", S. Plummcr.i
1 Friedrich Schiller Universitv. Germanv

-' CEH, United Ki11gcio111 .
3 !GBP. ltalv

A major task of SIBERIA-II is the accuracy assessment and validation of all algorithms and the
products used for greenhouse gas accounting. The term accuracy assessment is 11idely used with
1al') ing definitions. A rigorous definition is that accuracy quantifies the systematic error (bias)
between a measurement or estimate and the true 1aluc. Precision is defined as a measure that
quantifies the random error of a measurement or estimate, i.e. the random dcv iation of the
measurement from the true mean. Roth error types have effects 011 the full greenhouse gas
accounting (FGA). The SIBERIA-II project agreed on an overall accuracy assessment policy. a set
of statistical techniques to be employed. and the setting up of an extensive test area network. This
presentation describes the spatial, temporal and spectral characteristics of all EO products. and
identifies the main error sources. SIBERIA-ll's results are being validated with one of the largest
and up-to-date ground truth data bases cx istinu. a Ci IS 11hich contains 70 test areas distributed O\CJ' 7
bio-climaiic mncs for a region 11ith mer 3 Mio sq km. Each test area ranges from -Hl.000 to 150.000
ha and includes 700 to 7.000 primary land cover polygons. Therefore. SllH'RIA-ll's validation is of
high rclcv ancc to other large-scale projects and programmes.CiLORCARBON 11ill develop a ser. ice
to generate fully calibrated estimates of at land products quasi-independent of the original Earth
Observation source \I here that source is the data prm idcd by ESA Earth Observation satellites plus
a number of other sensors that arc synergistic 11ith those systems. The sen ice 11ill focus on
development of a system to generate global estimates of the following: Fire - location. timing. area
affected fAl'AR and LAI Vegetation growth cycle - timing. duration. spatial and temporal
variability The system \I ill focus initially 011six complete years. from I '1'18 to 2003. 11hen overlap
exists between the VEGETATION and LRS-2 (ATSR-2) systems (from 1'1'18) and VEGETATION
and l.nvisat (;\i\TSR. MERIS). However because the objective is to develop a flexible service that
is not dependent on any single satellite system. other sensor systems can be introduced e.g. \10DIS.
AVllRR. \1S(j and therefore the processing system can be retrospectively applied to cxisring
archives and used with future satellite systems. The objective of the CiLOBCOVLR initiative is
develop a sen ice that in first instance will produce a global land-cov er map for the year 2005. using
as main source of data the line resolution (300m) mode data from MERIS sensor on-board Envisat
satellite to be acquired over the full year 2005. The service will be developed in a 11ay that any
further update of the global land cover map 11ill be at recurrent cost to run the dcv eloped system.
This 11e11product is intended to update and to complement the other e.\isting comparable global
products. such as the global land cover map at I km resolution for the year 2000 (CiLC- 2000)
produced by the JRC. It is also expected to improve such previous global products. in particular
through a liner resolution (300111). The thematic legend of the linal product is intended to he
compatible 11ith the FAO Land Co1 er Classification System (LCCS ). The initiati. c includes a
validation phase similar to the CiLC-2000 validation exercise.Global Observation for Forest and
Land Cm er Dynamics (CiOFC/CJOLD. 1111\I. Iao.org gots1go!C-gold/nct11 ork s.hun I) is a coordinated



international effort working to provide ongoing space-based and in-situ observations of forests and
other land vegetation cover types, for the sustainable management of terrestrial resources and to
obtain an accurate, reliable, quantitative understanding of the terrestrial carbon budget.
GOFC/GOLD is being implemented through a suite of well-considered pilot projects. Each project
must provide useful information to identified user communities with clearly stated requirements, and
must be achievable using proven technology, even though a fully integrated system may not yet
exist. Through these projects, data providers and users benefit from increased communication, and
the expansion of technological capabilities. GOFC/GOLD has involved the users in the design or
these activities in order to ensure adoption by the operational agencies at the completion or the pilot
phase. Since February 2004, ESA has established a Landcover Project Office at the Friedrich
Schiller University (FSU) Jena.
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Abstract No. 24

Monitoring and Assimilation of Envisat data at ECMWF

A. Dethof
ECMWF, United Kingdom

ECMWF takes part in the Envisat cal/val activities by routinely monitoring near-real retrievals from
MIPAS and SCIAMACHY. While SCIAMACHY total column ozone data, and MIPAS temperature
and water vapour profiles are monitored passively, ozone profiles from M !PAS have been actively
assimilated in the operational ECMWF assimilation system since October 2003.This talk presents
results from the monitoring and assimilation activities of MIPAS and SCIAMACHY data at
ECMWF. We will show that the assimilation of MIPAS ozone profiles has a positive impact on the
ECMWF ozone field, and how the monitoring of MIPAS temperature profiles helped to improve the
assimilation of AIRS radiances.

Abstract No. 58

A New 4-Dimensional Variational Assimilation System Applied to
Envisat MIP AS and SCIAMACHY Observations

J. Schwinger", H. Elbern2
1 University of' Cologne, Germany

2 RJU I University of Cologne, Germany

Satellite data from space borne platforms such as Envisat and others provide unique possibilities of
global measurements of stratospheric trace gases. To make optimal use of this data, that is scattered
in time and space and that originate from different sensors, a data assimiation system with the ability
to produce chemical consistent synoptic charts of stratospheric constituents is needed. Advanced
spatio-temporal data assimilation methods provide a powerful technique to combine observations,
statistical information, and three-dimensional chemistry circulation models delivering a "Best Linear
Unbiased Estimate" (BLUE) of the stratosphere's chemical state.A four-dimensional variational
(40-var) data assimilation system intended for operational application is being developed by the
AF0-2000 project consortium SACADA. Kernel of this new system is a novel stratospheric global
chemistry circulation model (GCCM) and its adjoint version, using the icosahedral discretisation
scheme of the German Weather Service global forcast model (GME). While the GME serves as an
online meteorological driver for the GCCM, the icosahedral grid structure, the horizontal transport
and the parallelisation strategy are adopted from GME. The stratospheric chemistry module
accounts for 148 gas phase and 7 heterogenous reactions between 43 stratospheric constituents. As a
first application of the new system, Envisat M !PAS and SCIAMACHY data have been assimilated
for selected periods. It can be demonstrated that the assimilation procedure gains a considerable
improvement over legacy model runs, as the discrepancies between observations and the model are
significantly reduced, while chemical consistency is maintained by the computationally costly, but



efficient -ID \ ar technique. At the same time it is possible to improve the k11011ledge or species
which arc not directly observed, as can he shown by means of experiments with artificially
generated data sets or by excluding some observational data from the assimilation procedure for
later \ alidation or the analysis. As will he demonstrated the numerical concept of the system -
namely the icosahedral grid and the parallclisation that arc adopted from GME- results in
considerable efficcncy gain compared to systems or cunv cntional design.

Abstract :'\o. 69

Assimilation of Ozone and Water Vapour into the Unified Model

W. Lahoz, A. Geer, R. Bannister, R. Brugge, S. Migliorini, A. O'Neill
DARC. United Kingdom

The Data Assimilation Research Centre (D:\RC) is creating assimilated datasets or ozone and water
vapour in the stratosphere as part or the LU project ASSET (i\SSimilation or E111isat daTa). The
assimilation system is a variant of that used to produce operational Met Office stratospheric
analyses. which uses Jd variational assimilation t3d-1ar) to assimilate data into the Unified Model.
We assimilate temperature. ozone and water \ apour from the M 11'AS instrument. alongside the
operational datasets. Bringing together observ anons and models rev cals the strengths and
weaknesses of both.This talk will focus 011 two aspects: (I) the inclusion of photochemistry in the
Uni tied Model to assimilate ozone. and (2) the challenges in assimilating water \ apour in the upper
troposphere and 1011er stratosphere region. To illustrate these aspects. examples of how the ozone
and waicrv apour analyses and observations arc C\ aluatcd \I ill he presented.

Abstract No. 305

Assimilation of Envisat Products for Continuous Monitoring of
Atmospheric Trace Gases - First Results from EVIV A

T. Erbertseder ', F. Baier', M. Bittner', H. Elbern", J. Schwinger2
1 DLR. Germanv

-'Rhenish Institutefor Dn·iro11111e11tc~IResearch. Germany

EVIVA contributes to the main objectives of the J-:111isat program. since it focuses on exploiting
1ic11capabilities for an enhanced continuous synoptic monitoring system for atmospheric trace gases
and aerosols. EVIVA aims at providing operational and coherent global data sets and analyses of
conservative and reactive species that arc requested hy the scientific community and govcrnmcntai
authorities. Such data is a valuable source for studying atmospheric dynamics. chemistry and trends
as wc!l as vnlidating results of coupled chemistry-climate-models to name a few. Furthermore.
analyses of the stratospheric column arc crucial 11hen dcriv ing tropospheric lei els and emissions
from nadir obserx at ions hy the residual technique.To derive global chemical analyses data



assimilation methods and chemical-transport- modelling are systematically applied to ESA Level 2
products from MIPAS, SCIAMACHY and GOMOS in near-real time and offline. Here two
approaches are pursued: Sequential data assimilation and a 4D-Var system.For all operational
applications currently a sequential assimilation scheme based on the 3D-CTM DLR-ROSE is used.
This results in global 3D analyses of heterogeneously distributed SCIAMACHY and MIPAS
observations with focus on stratospheric ozone and ozone related species (chlorine, bromine,
hydrogenic and nitrogenic components). All relevant dynamical and chemical processes and
retrieval errors are included. In order to gain chemical consistent analyses observations of
conscrvativ e species only are considered. For the assessment of the different chemical dynamical
contributions, in addition, analyses of the reactive species like CIO and the main reservoir gasses
linked to ozone are made. We present results and comparisons with ground based and other satellite
home data.Currently a 4D-Var data assimilation scheme is developed within the German AFO 2000
project SAC ADA. The objective of SACADA is the development of a comprehensive and efficient
chemical data assimilation system for the synoptic analysis of chemical constituents for routine
operation at DLR. All available SClAMACHY, MIPAS and GOMOS observations of reactive and
conservative trace gases will be synergistically assimilated into the 4D-Var system SACADA.All
data is processed and archived within the Data Information and Management System DIMS at DLR
DFD with direct access to D-PAC. All products are provided to the scientific community and public
users via the World Data Center for Remote Sensing of the Atmosphere (http://wdc.dlr.de). A
toolbox is provided for exploiting the EVIV A data products.

Abstract No. 511

Climatology and Case Studies of Ozone for the Year 2003
as Seen by GOMOS and OSIRIS Data Assimilation

S. Hassinen 1, E. Ky rota 1, A. Seppala 1, L. Backman 1, C. Haley3
1 Finnish Meteorological Institute, Finland

2 York University, Canada

The new profiling instruments like GOMOS onboard Envisat and OSIRIS onboard Odin produce
novel datasets for chemical data assimilation. GOMOS is an stellar occultation instrument, whereas
OSIRIS uses scattered solar light. Both work in limb geometry and therefore both of these
instruments have a very good vertical resolution (GO MOS better than 1.7 km and OSIRIS 1-3 km).
GOMOS measures mainly over the night side of the Earth and OSIRIS over the day side. Together.
these two instruments provide good spatial and time coverage. FASP is an assimilation system
developed for OSIRIS and GOMOS data. FASP consists of global chemistry-transport model
FinRose-CTM, assimilation code based on suboptimal Kalman filter and interfaces to OSIRIS and
GOMOS data. The ECMWF analysis fields are used as external dynamics. The aim of FASP is to
obtain the full benefit from the new kind of profiling instruments GOMOS and OSIRIS. The
stratospheric ozone development for the year 2003 based on GOMOS and OSIRIS chemical data
assimilation will be presented. Furthermore. selected dynamical and chemical cases will be studied
more closely to describe the full potential of profile assimilation.



Abstract No. 184

Towards Assimilating Infrared Limb Radiances from MIPAS in the
ECMWF System

N. Bormann, S. Healy, M. Matricardi
ECMWF

EC\l\\T is developing the capability to directly assimilate limb radiances from the Michelson
Interferometer for Passive Infrared Sounding (MIP;\S). The direct assimilation of limb radiances
has been prompted by the success of the direct assimilation of nadir radiances. \\ hich today has
replaced the assimilation of retrieved atmospheric profilc-, from nadir sounders at almost all major
numerical weather prediction centres. The assimilation of MIP/\S limb radiances covers a number
of aspects. for instance: I) Development of an obscrv at ion operator: A new fast radiative transfer
model has been developed for MIP;\S limb radiances. It is based on regression models for the
effective layer optical depths. and follows similar methods currently employed in the assimilation of
nadir radiances. The model has been extensively validated against a line-by-line model. The
validation show« that the fast model can reproduce line-by-line radiances to a level of accuracy
comparable or he low the M IP ;\S instrument noise tor most spectral points. 2) Microwindow
selection and characterisation of MIPAS information content: Subsets of Mll';\S data need tu he
selected for the assimilation to optimise the information that can be extracted within the ITMWF
system gi\ en computing resource restrictions. Such selection is necessary due to the prohibiti. c
number of observations provided hy Mll'i\S. A strategy is employed which takes into account the
error characteristics of the observations. the forward model. and the ECM\VF background. 3)
Development of variational data assimilation algorithms: Before the direct assimilation of MIPAS
radiances within ECMWF's -l-dimcnsional variational assimilation (4-DV i\R) system. MIPAS
radiances can he evaluated using various approximations to the limb geometry. For instance. stand
alone I-DYAR methods can be used. 11 hich neglect horizontal gradients in the atmosphere. or 2-
DVAR methods can he employed for a MIPAS plane-of-sight. The presentation wil] give an
overview of the status in these three areas. Future work and particularly challenging aspects of limb
radiance assimilation will also he discussed.
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Abstract No. 724

RADARSAT-2:
Mission Overview and Applications

G. Staples
RADARSAT International, Canada

RADARSAT-2, planned for a 2005 launch, incorporates a suite of advanced features including
polarimetric modes, a high resolution 3 m mode, and an enhanced ground system providing rapid
satellite tasking and near-real time data processing. RADARSAT-2 offers three polarimetric modes:
( 1) selective polarization (dual pol) providing one co-pol channel (HH or VV) and the
corresponding cross-pol channel (HV); (2) high resolution (3 m) single pol channel (HH or VV or
HV): and (3) a fully polarimetric mode (quad pol) providing both amplitude and phase. The fully
polarimetric mode is significant since RADARSA T-2 is the first commercial satellite to offer this
mode. In conjunction with the Canada Centre for Remote Sensing and MacDonald Dettwiler,
RADARSA T International initiated application development projects to understand the potential
and limitations of the RADARSAT-2 polarimetric modes. An overview of this development work is
presented, including applications for maritime surveillance. defence, agriculture, ice, and mapping.
Results based on CV-580 airborne SAR data and SIR-C are used. Polarimetry, while intrinsically
challenging from a scientific perspective, is daunting to the end user. The commercial focus of the
RADARSAT-2 mission dictates the development of operational applications, and ultimately the
extraction of information from the SAR data. An assessment of operational practicality of the
RADARSAT-2 polarimetric modes is outlined.

Abstract No. 723

COSMO-SkyMed Mission:
Scientific Relevance and Application Potential

G. Rum', L. Candela", S. Zoffoli1
1 AS! Roma, Italv
) ,
- AS! Matera, Italy

The paper will start with a brief description of the key features of the COSMO-Sky Med mission, of
the main performances of the Constellation and of the characteristics of the standard products under
development.The achievements and advancements on the definition of potential areas of application
and the associated scientific research will be highlighted, together with short and medium term
plans for further development. Preliminary results from the on going activities on applications
definition in the domain of risk management (due to be completed by September 2004) will be
presented.



Abstract No. 722

Beyond SPOT 5:
Pleiades, Part of the French-Italian Program Orfeo

B. Boissin
CNES, France

In 2000, two years before the launch of SPOT 5. CNES had identified the user's needs for the 2005-
2015 period and from this survey of the user's needs the highest priority was given to the
development of high resolution systems, either w ith optical sensors or SAR instruments. In 200 I a
cooperativ e program was settled with Italy as main partner, in order to develop ORFEO a Dual U sc
Earth Observ ation System, intended to he used by civilian users and by Defense ones. It will provide
an Optical High resolution component developed by France and a SAR X components developed by
Italy. First the French component Pleiadcs llR is described in this paper. With its two satellites, to
be launched in 200~-2009, Pleiades HR will provide high quality images ((l,7 m resolution with a
20km field of view) well suitable to be used as standard products for integration in Geographical
Information Systems (GIS). The high agility of the platform and sensor will optimize acquisition of
images either in stereoscopic or monoscopic mode on areas of very diversified sizes and shapes.
Then a brief overview of the main applications (cartography, agriculture, forestry, hydrology,
geology, risk management, littoral survey) it will permit to satisfy is given. At last the preparatory
program we are conducting with AS! in order to optimize the product's definition and to favor the
emergence ofnew methods and applications is presented.

Abstract No. 726

Constellations for Operational EO; Development of the DMC and
Follow-on Constellations

P. Stephens, P. Davies
Surrey Space Centre, United Kingdom

The Disaster Monitoring Constellation was designed as a proof of concept constellation designed to
he capable of multispccrral imaging of any part of the world every day. A !though its headline
objective is to support the logistics of disaster relief, its main function is to provide independent
daily imaging capability to the partner nations: Algeria, Nigeria, Turkey, UK and China. The first 4
satellites are now in orbit and the 5th is in construction at Surrey Satellite Technology Ltd., UK.
The availability of medium resolution multispectral imagery at a GSD of 32 metres with the unique
capabilities of 600km wide swath and daily revisit has generated considerable interest in sections of
the remote sensing community. Although the lo« cost DMC satellites were not designed to deliver
highly calibrated images, evaluation of data for appropriate applications has elicited a positive



feedback from end-users. SSTL is now implementing systems to service the commercial demand.
and planning for data continuity. With SSTL"s DMC satellites now providing data. the next
constellation is already under construction for RapidEye. The 5 satellites are designed to provide
8metre 6-band multispectral coverage for precision agriculture applications. A high resolution
constellation is also on the horizon to provide daily 2.5metre imaging. This paper will review the
current status of these EO constellations and discuss the opportunities for applications of high
temporal resolution data.

Abstract No. 727

METOP and EPS, the Next Step in Operational Polar Meteorology

P. Edwards', M. Cohen2
1 ESAIESTEC. Netherlands

1 Eumetsat, Germany

Meteorologists. and Earth scientists generally. have become used to the long-term availability of
visible/IR imagery from AVHRR. and atmospheric soundings from other instruments. provided by
the US NOAA series of meteorological satellites in polar Earth orbit. Such data have been freely
available for several decades. In order to contribute to the US effort. an international system has
been set up. the Initial Joint Polar System. The European contribution to this joint effort with NOAA
is the Eumetsat Polar System (EPS). within which ESA leads the development of the Metop satellite
series. Three such MetOp sate IIites are currently in the final stages of production and the
corresponding ground segment infrastructure is under development by Eumetsat. The first MetOp
satellite is scheduled to be launched in 2005. This paper first identifies the EPS mission to support
operational meteorology with polar orbit satellite data. It summarises the instrument payload of the
three Metop satellites and the commonality with the NOAA satellites to establish a coherent
observation system. and the programmatic aspects leading to launch of the first satellite. Then, the
functions and services provided by the EPS and its role within the Initial Joint Polar System are
presented. The general architecture of the system. identifying the main components is described.
together with key performance figures and dimensioning parameters. Buid-in redundancy and
growth potential capabilities are identified and their effect on the mission availability presented. The
dynamic aspects of the system are addressed. identifying the timeliness for the main services offered
to the users. The paper then examines the payload instruments. in particular those representing
advances with respect to the state of the art NOAA POES sensors. In the atmospheric sounding area.
of primary interest to meteorologists. the IASI (Infrared Atmospheric Sounding Interferometer) is a
Fourier transform interferometer that offers a significant step forward in vertical resolution of
temperature and humidity, while GRAS (GNSS Receiver for Atmospheric Sounding)uses the
principle of occultation of GPS satellites at the Earth's limb to measure atmospheric profiles. Trace
gases. especially ozone, in the atmosphere will be measured by GOME-2 (Global Ozone Monitoring
Experiment), which is a significantly enhanced successor to the GOME-I instrument flying on ERS-
2. For sea-surface wind speed and direction. ASC AT (the Advanced Scatterometer) is able to
provide t\\ ice the spatial coverage of its predecessors on-board ERS together with improved on
board calibration measures.
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Abstract No. 446

Envisat Wind Fields for Offshore Windfarming

S. Lehner', T. Schnelderhan", J. Horstmann", H. Giinther3
1 RSMAS - UM, United States

2 DLR, Germany
3 GKSS, Germany

The paper presents an overview of the Envisat AO WIND FARM ( ID 2343 ).In this project historic
ERS SAR and current Envisat ASAR data acquired over areas of existing or planned wind parks are
analyzed. Main parameters considered are: mean wind field distribution, wind gustiness and wind
turbulence. Wind wakes behind the turbines, one of the major reasons for fatigue of material and
therefore expenses is analyzed using ERS SAR and Envisat ASAR data and newly developed
algorithms based on the CMOD algorithms.From the ERS SAR and Envisat ASAR data high
resolution wind fields are derived using a newly developed Envisat wind field algorithm. Potential
effects of wind parks on the local wind field are investigated. Turbulence in time and space is
investigated using the SAR-derived wind fields as well as in situ data. Historic ERS SAR and new
Envisat data are analyzed for mean and maximum wind speed to produce maps of the observed
region, thus relating different in situ measurements to each other. Statistics of wind fields and sea
state from the Danish wind farm at Horns Rev and the German wind farms Butendiek and FINO arc
given.Envisat MERIS data are used to analyze the change of the distribution of suspended matter as
well as biological parameters in and around offshore wind parks, which will also he supported by
numerical modeling of particular suspended matter. In addition co-located Envisat ASAR and
MERIS data will be analyzed concerning features appearing in both data sets. Data from GKSS ship
cruises will be used to validate the optical results.

Abstract No. 525

An Empirical Imaging Model for SAR Ocean Wave Measurements

A. Niedermeier, J. Schulz-Stellenfleth, J. Nieto-Borge
German Aerospace Center (DLR), Germany

Continuous ocean wave measurements on a global basis are still only possible using spaceborne
synthetic aperture radar. For more than a decade the European satellites ERS-1 and ERS-2 have
acquired about 1500 globally distributed SAR images daily. Envisat is capable of recording some
3000 imagettes. However strong uncertainties in the SAR ocean wave imaging models used so far
are well known. These models are either purely theoretical or semi-empirical. A new empirical
model for the SAR ocean wave imaging process is proposed within this study. It is derived based on
a global data set of ERS-2 wave mode spectra and collocated two-dimensional ocean wave spectra
from the numerical ocean wave model WAM. A least-square minimisation approach is used to fit a
quasi-linear model function calculated as an optimal estimate of the ocean to SAR transfer function.
The empirical transfer function is compared to the theoretical expression used in the literature.



Comparing simulated and observed SAR spectra the quality of the empirical model is tested.
Furthermore the model is used to ev aluatc significant wave heights based on a quasi-linear inversion
approach. Both statistics and global maps of \\ ave parameters arc presented. The study is a
contribution to the optimization of the operational use of global SAR data for the assimilation of
numerical \\a\ c forecast models, especially using Em isat data.

Abstract No. 142

An Operational Algorithm for SAR Wind Field Retrieval

J. Horstmann, W. Koch
GKSS Research Center. Gcrmanv

A fully operational algorithm is introduced.\\ hich enables to retrieve high-resolution ocean surface
wind fields from satellite borne synthetic aperture radars (SA Rs). The algorithm is designed for well
calibrated SAR data, which are acquired in C-band at either vertical (VY) or horizontal (HH)
polarization and has been successfully applied to SAR imagery from the European satellites ERS-
1/2 and l.nvisat as well as the Canadian satellite RADARSAT-1.SAR wind field retrieval is a two
step process. In the first step wind directions are extracted from wind induced streaks that are visible
in the SAR images al scales above 200 111 and that are assumed to be approximately in line with the
mean surface w ind direction. The orientations of these streaks are deriv ed by a method based 011

inv csug.uion of local gradients of the SAR intensity image. The SAR rctricv ed wind directions arc
used in the second step. where wind speeds are derived from the NRCSs of the SAR data under
consideration of the wind direction and local SAR imaging geometry. Therefore. the empirical
models CMOD-1. CMOD5 and CMOD-IFR2 are used. which were developed for the C-band VY
polarized scuucromctcr aboard ERS-112. These models ha Ye been extended to fl fl polarization
considering the polarization and its dependency on the incidence anglc.For validarion. the algorithm
is applied to a large set of Envisat ASAR data from the southern North Sea. The resulting wind
fields are compared to the results of the operational numerical model of the German Weather
Sen ice. This enables to give recommendations considering the best choice of C-band model
function as w cl I as to investigate the dependencies of the polarization ratio on incidence angle and
w ind. Last hut not least the performance of the algorithm with respect to Em isat ASAR data is
investigated and the pros and cons of the system and algorithm are presented.

Abstract 1'\io. 397

Detailed Look at Ocean Surface Features in the Gulf of Tehuantepec
through SAR and ASAR

F. Ocampo-Torres
CIC 'ESE. Mexico



Historic synthetic aperture radar (SAR) images of the ocean surface over the Gulf of Tehuantepec,
Mexico. have revealed dynamic features that can be related to the influence of strong and persistent
offshore winds (tehuano events) ocurring more frequently during the winter season. Eddies and
fronts are commonly present in those SAR images. Recent observations of the wave filed by means
of in situ sensors nearshore have been analyzed to determine the evolution of the directional wave
spectrum. During measurements carried out in February 2004, we detected a few 'tehuano events"
which induced an effect on the wave behaviour. A combination of directional wave spectrum
simulated numerically and wave information from advanced synthetic aperture radar (ASAR)
images from Envisat is being performed to describe the influence of the tehuano wind events onto
the incoming swell. The possible influence of non-linear interactions between wind-sea and
opposing swell on the evolution of the swell itself as seen by the radar is also addressed.

Abstract No. 596

A Parametric Inversion Scheme for
Envisat ASAR Ocean Wave Measurements

J. Schulz-Stellenfleth '. S. Lehner", M. Holt2
1 German Aerospace Center, Germany

c Metereological Office, United Kingdom

A parametric inversion scheme for the retrieval of two-dimensional ocean wave spectra from look
cross spectra (SLCS) acquired by spaceborne synthetic aperture radar (SAR) is presented. The
scheme uses prior information from numerical wave models to deal with the information loss caused
by the nonlinear SAR ocean wave imaging mechanism. The Partition Rescaling and Shift Algorithm
(PARSA) is based on a maximum a posteriori approach in which an optimal estimate of a wave
spectrum for a given measured SLCS and additional prior knowledge is calculated. The method is
based on explicit models for measurement errors, as well as uncertainties in the SAR imaging model
and the model wave spectra used as prior information. The correction parameters for the SAR
imaging model are estimated as part of the retrieval process. The rigorous stochastic approach
enables the estimation of the error covariance matrix of the retrieved parameters. Uncertainties in ,
the prior wave spectrum are expressed in terms of transformation variables, which are defined for
each wave system in the spectrum, describing rotations. rescaling of wavenumbers and energy, as
well as changes of directional spreading. A new partitioning method is used which allows
overlapping partitions and thus avoids discontinuities occurring in algorithms used so far.The
PARSA wave spectra retrieval is equivalent to a minimization problem with regard to the
transformation variables and parameters of the imaging model. A Levenberg Marquard method is
used to find a numerical solution. The inversion is performed on a polar grid with a dimension,
which is an order of magnitude smaller than the typical cartesian grids used so far. The reduced
dimension enables the use of an extended quasi-linear approximation of the imaging model with
non-diagonal Jacobian matrix, leading to a high stability of the algorithm. The scheme is tested
using both ERS-2 SAR and Envisat ASAR data. It is shown that the method is able to extract
information from cross spectra even if there are strong errors in the SAR imaging model. It is
demonstrated that the algorithm makes use of the new phase information contained in cross spectra,
which is of particular importance for multi-modal sea states. Global statistics are presented for a
global data set of reprocessed ERS-2 SAR wave mode SLCS acquired in southern winter 1996.
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