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OPENING SESSION

Welcome and Introduction to CSL Activities
J.-P. Macau, Centre Spatial de Liège

Belgium and Earth Observation
M. Wagner, OSTC-Belgium

ESA Future Earth Observation Programmes
G. Kohlhammer, L. Marelli, ESA/ESRIN

Envisat and ERS Status and Achievements in SAR Interferometry
G. Duchossois, ESA

Keynote on SAR Interferometry*
R. Bamler, German Remote Sensing Centre  (*PowerPoint Presentation 22 MB under Directory: Others)

Special session on the recent Izmit Earthquake
R. Rosich, ESA/ESRIN

R. Guillande, Geoscience Consultants

F. Sarti & K. Feigl, CNES & CNRS

M. Eineder, DLR/DFD

R. Michel, CEA

R. Armijo, IPGP

T. Wright, University of Oxford

POSTER SESSION
Chair: S. Coulson

INSAR Observation from Coast to Dome in Antarctica
B. Legresy (Abstract 166)

Ice Streams of the Antarctic Peninsula at the 65.5 S Region with ERS SAR Data
R. Greku, D.V. Saryan, A.S. Pilipchak

Updating Digital Elevation Data over Ice by Means of ERS SAR Interferometry
H. Rott(Abstract no. 91)

The Loss of Coherence for Short Period SAR Interferometry over Agricultural Crops
S. Hobbs (Abstract no. 151)

Use of SAR Interferograms and Broadband Teleseismic Data for the Inversion of the Slip History
of Large Earthquakes: Application to the 1996 Mw=7.7 Nazca Ridge (Peru) Earthquake
D. Giardini (Abstract 168)

ERS-1/2 Interferometry on Erta Ale Volcano: the Study of a Proto-Ocean Ridge using SAR
G. Puglisi, S. Atzori, M. Coltelli, M. Marsella

Monitoring Urban Areas by Means of Coherence Levels
M. Santoro (Abstract no. 123)



ERS Tandem Data Quality Check for DEM Generation
L. Castellano

Results of Differential SAR Interferometry in the Urban Area of Napoli
P. Berardino, G. Fornaro, G. Franceschetti, R. Lanari, E. Sansosti, M. Tesauro

Observations of a Glacier Surge in Svalbard using ERS SAR Interferometry
A. Luckman

Interpreting the Motion of Ancient Ice Sheets using InSAR
A. Ford (Abstract no. 113)

Étude de l'Évolution des Cultures Industrielles dans la Zone de Kribi (Cameroun) par Analyse
Multitemporelle d'Images Radar ERS-1 et ERS-2 (project AO3-402)
A. Akono, E. Tonye, A. Ndi Nyungui, J.-P. Rudant, R.-J. Assako

Survey of Large Surface Deformation in the Chile-Peru Seismic Gap (South America) using
SAR Interferometry: the Loadin and Triggering of Giant Earthquakes
J.-B. De Chabalier (Abstract no. 167)

New Tectonic Facts over the Rukwa Rift using SAR Interferometry
F. Kervyn (Abstract no. 105)

SNAP: Demonstrating the Utility of Differential SAR Interferometry for the Assessment of
Earthquake Risk
M. Haynes

Tectonics and Topography: Applications of Digital Elevation Models obtained from ERS SAR
Tandem Pairs
E. Fielding (Abstract no. 85)

DEM'S 1 (LARGE SCALE ASPECTS)
Chair: M. van der Kooij

Operational Production of DEMs from ERS Tandem Data
M. van der Kooij

Interferometric Generation of DEM for Mobile Telephone Network Planning
K. Ostir, Z. Stancic

Operational Processing Large Areas of Interferometric SAR Data
M. Eineder,  B. Schättler, M. Hubig, W. Knöpfle, N. Adam, H. Breit

The LANDMAP Project for the Creation of Multi-Sensor Geocoded and Topographic Map
Products for the British Isles Based on ERS Tandem Interferometry
J.-P. Muller J.G. Morley, A.H. Walker, J. Barnes, P.A. Cross, I.J. Dowman, K. Mitchell, A. Smith, K. Chagani, K. Kitmitto

Shuttle Radar Topography Mission (SRTM): DLR's Interferometric SAR Processor for the
Generation of a Global Digital Elevation Model
N. Adam, M. Eineder, H. Breit, S. Suchandt



ICE MOTION 1 (GREENLAND, GLACIERS)
Chair: J. Bamber

Mapping Greenland by ERS-1/2 InSAR for Ice mass balance and dynamics studies
S.N. Madsen, J.J. Mohr, N. Reeh

A comparison of balance velocities, and InSAR-derived velocities for the Greenland Ice Sheet.
J.L. Bamber, I. Joughin, R.J. Hardy

Tidal Flexure along Ice Sheet Boundaries
E. Rignot, D. MacAyeal, L. Jacques (Abstract no. 78)

Ice Motion and Topography in Siachen Glacier Area, Central Kashmir, derived with an
operational processing system for INSAR-DEMs
B. Rabus, O. Lang

Measuring the 3-D Flow of the Lowell Glacier with InSAR
I. Cumming, J. Zhang

LAND MOTION 2 (SUBSIDENCE, SLIDES)
Chair: R. Stow

Geotechnical applications of SAR Interferometry
R. Stow, D. Reddish, P. Wright, S. Peace, G.S. Doyle, A.J. Wilkinson, M.R. Ingg

Three years of mining subsidence monitored by SAR interferometry, near Gardanne, France
C. Carnec, C. Delacourt

ERS InSAR data for Geological Interpretation of Mining Subsidence
Z. Perski

A Method for the Automatic Characterization of Interferometric Fringes free of Armospheric
Artifacts: Application to the Study of the Subsidences on the City of Paris
B. Fruneau, F. Sarti

Monitoring Land Subsidence in the Euganean Geothermal Basin with Differential SAR
Interferometry
T. Strozzi, L. Tosi, L. Carbognin, U. Wegmuller, A. Galgaro

VOLCANOES
Chair: F. Amelung

Prospects of Volcano Geodesy with ERS Radar Interferometry
F. Amelung, S. Jonsson, H. Zebker, P. Segall

Crustal deformation near Hengill volcano, Iceland 1993-1998: coupling between volcanism and
faulting inferred from elastic modeling of satellite radar interferograms
K. L. Feigl, J. Gasperi, F. Sigmundsson, A. Rigo

Long Term Effects in Volcanic Areas  Observed by Differential SAR Interferometry
P. Berardino, G. Fornaro, R. Lanari, E. Sansosti, M. Tesauro



Deformation of Etna Volcano Observed by SAR Interferometry between 1995 –1996 Eruptive
Period
G. Puglisi, M. Coltelli, A. Bonforte M. Tesauro, E. Sansosti, R. Lanari, G. Fornaro,P. Lundgren, P. Rosen, F. Webb(Abstract no.95)

Operational Volcano Monitoring for Decision Support Demonstration
D. Carrasco, J. Fernández, R. Romero, A. Martínez, V. Moreno, V. Araña

Operational Use of InSAR for Volcano Observatories: Experience from Montserrat
G.Wadge, B.Scheuchl, L.Cabey, M.D.Palmer, C. Riley, A. Smith, N.F.Stevens

The Potential Use of Phase Coherence Time Series and LANDSAT-TM in Predicting IfSAR
Scatterer Behaviour on Mt. Etna Volcano
J, Kim, J-P. Muller and J. Morley

LAND MOTION 1 (SUBSIDENCE, SLIDES)
Chair: C. Carnec

Advancing ERS SAR Interferometry towards Operational Programs. Mapping and Modelling
of Peri-Urban Subsidence
C. Carnec (Abstract no. 40)

Optimising the ERS InSAR Data Supply Chain for Commercial Applications in Ground
Displacement Detection
R. Capes

Commercial Applications of SAR Interferometry for Change Detection
J. Ehrismann, M. van der Kooij, B. Hulshof

Land Subsidence Mapping  with ERS Interferometry: Evaluation of Maturity and Operational
Readiness
U. Wegmuller, T. Strozzi, A. Wiesmann, C. Werner

Capabilities of ERS SAR Interferometry for Monitoring Slope Motion in Alpine Terrain
H. Rott, A. Siegel (Abstract no. 90)

THEMATIC MAPPING 2 (LAND COVER AND CHANGE)
Chair: P. Bally

Optical-Radar Complementarity for Land Applications: The  SPOT Image Coherence Product
P. Bally

Sand and Sediment Transport in Desert Areas
K. Møller, S. N. Madsen, J. J. Mohr

Erosion and Land use Change Detection Using ERS SAR Interferometric Coherence Imagery
J. Liu, H. Lee, T. Pearson

Flood Damage Assessment using SAR Interferometry: a Quantitative Evaluation of Results
S. Dellepiane, S. Monni, G. Bo, C. Buck

Cartography of Microclimatic Zones using InSAR DTM
H. Hansen, D. Closson, Y. Cornet, A. Ozer, D. Derauw, C. Barbier



THEMATIC MAPPING 3 (LAND COVER AND CHANGE)
Chair: B. Moeremans

The Use of ESA SAR Interferometric Coherence and PRI Images to Evaluate Crop Height and
Soil Moisture
B. Moeremans, S. Dautrebande

Crop Height Simulation with Epic Model and Radar Interferometry on Fields in Belgium
X. Cocu, B. Moeremans, S. Dautrebande, M. Frankinet

InSAR Coherence for Crop Parameters Monitoring
X. Blaes, P. Defourny, D. Derauw, C. Barbier

Apport des Données InSAR à la Connaissance de l'Environnement Littoral: Exemples au
Cameroun et en Mauritanie
J.P. Rudant, H.Trébossen, B. Fruneau, N. Classeau, P.L. Frison, M.F. Courel, J. Mvogo, V.de.P. Onana, E Tonyé

Soft Computing Techniques for Integration of SAR Intensity and Coherence Images: an
Application to the Study of a Landslide Prone-Area
P. Blonda, G. Satalino, M. Parise, J. Wasowski, A. Baraldi, M. Pappalepore, R. Viggiano

DEM'S 2 (HEIGHT QUALITY)
Chair: R. Guritz

Automated DEM Production Using ESA Tandem Mission Data for the Caribou-Poker Creek
LTER Watershed, Alaska
R. Guritz, M. Ayers, T. Logan, S. Li

Using ERS SAR Interferometry for DEM Creation in the Czech Republic
L. Kucera

Regular Topographic Mapping with Sar Interferometry in Africa
S. Slob, F. Kervyn, J. Lavreau

Multi-Pass Interferometric SAR DEMs for Hydrological Network Derivation
A.. Walker, J.-P. Muller, J. G. Morley, A. Smith,P. S. Naden

Evaluation of the Accuracy of InSAR DEM as a Function of Baseline, Wavelength and
Resolution
P. Balan, P.M. Mather

TECHNIQUES 3
Chair: A. Sharov

Local Frequency Estimation in Interferograms Using a MultiBand Pre-Filtering Approach
D. Perea-Vega, I. Cumming

Methodological Experiments on the Reconstruction of Glacier Topography from Differential
SAR Interferograms
A. Sharov (Abstract no. 106)



THEMATIC MAPPING 1 (FORESTS, SNOW)
Chair: T. Guneriussen

Retrieval of Biomass in Boreal Forest from Multi-temporal ERS-1/2 Interferometry
M. Santoro , J. Askne , P. B. G. Dammert , J. E. S. Fransson, G. Smith

Classification of Tree Species using ERS Intensity and Coherence Images
M. Törmä

Operational Readiness of ERS SAR Interferometry for Forest Mapping in Siberia
C. Schmullius et al.

Forest Disturbance Characterization Using ERS Tandem Data
K. J. Ranson, G. Sun

Snow Water Equivalent (SWE) of Dry Snow derived from InSAR - Theory and Results from
ERS Tandem SAR data
T. Guneriussen, K. A. Høgda, H. Johnsen, I. Lauknes

TECHNIQUES 1 (ATMOSPHERE, DEM'S)
Chair: A. Ferretti

Non-Uniform Motion Monitoring Using the Permanent Scatterers Technique
A. Ferretti, C. Prati, F. Rocca

An Empirical Model for the Assessment of DEM Accuracy Degradation due to Vertical
Atmospheric Stratification
R. Hanssen, R. Klees

Automatic Generation of Large Scale ERS DEMs and Displacement Maps
J.J. Mohr, S.N. Madsen

Direct Geocoding for Generation of Precise Wide-Area Elevation Models with ERS SAR Data
O. Mora

Measuring the Quality of Precise Orbits by Applying InSAR: an Approach to Avoid Orbital
Tuning
A. Kohlhase, K. Feigl

TECHNIQUES 2 (PHASE UNWRAP, BASELINES)
Chair: R. Gens

On Phase Unwrapping Based on Minimum Cost Flow Networks
R. Gens

A  Method for Phase Unwrapping in the Presence of Dense Fringe Patterns
M. Costantini

Development of a Stochastic Model for Repeat-Pass SAR Interferometry
R. Hanssen, R. Klees



Accurate and Robust Baseline Estimation
A. Monti Guarnieri, P. Biancardi , D. D’Aria, F. Rocca

D-InSAR Research at IIT Bombay - Simulation Experiments Synchronous with ERS-1/2
Tandem Passes
K.S. Rao, Y.S. Rao, C. Rama Prabha, G.Venkataraman, M.V. Khire

ICE MOTION 2 (ANTARACTICA)
Chair: A. Shepherd

Mass Flux, Surface Elevation and Velocity Fields across the Pine Island Glacier
A. Shepherd, D. Wingham, J. Mansley (Abstract no. 130)

Large Scale Interferometry over Filchner-Ronne Ice Shelf
J. Schmidt , K.-H. Thiel, H. Sandhäger

Interferometric Estimation of Ice Surface Velocities North of Wohlthatmassiv, Antarctica,
using ERS-1/2 SAR Tandem Data
R. Metzig, R. Dietrich, J. Perlt, W. Korth (Abstract no. 93) 

Speckle Tracking for 2-Dimensional Ice Motion Studies in Polar Regions: Influence of the
Ionosphere
L. Gray, K. Mattar, N. Short

DInSAR and Coherence Tracking Applied to Glaciology: The Example of Shirase Glacier
D. Derauw

Shirase Glacier Ice Dynamics From Sar Interferometry
F. Pattyn, D. Derauw, T. Vandevoorde (Abstract no. 122)

Grounding Zone Detection in the Surroundings of Schirmacheroase, Antarctica, using SAR
Interferometry
R. Metzig, R. Dietrich, J. Perlt, W. Korth (Abstract no. 92) 

TECTONICS (QUAKES, FAULTS)
Chair: T. Wright

Source Parameters of the 1 October 1995 Dinar (Turkey) Earthquake from SAR Interferometry
and Seismic Body Wave Modelling
T. Wright, B Parsons, J Jackson, M. Haynes, E. Fielding, P. England, P. Clarke (Abstract no. 84)

The Surface Displacement Field of the Mw7.6, Manyi (Tibet) Earthquake Observed with ERS
Data: Evidence of Non-Linear Elasticity of the Crust
G. Peltzer, F. Crampe, G. King (Abstract no. 164) 

SAR Differential Interferometry (DInSAR) Applied to the 1997 Umbria-Marche, Italy, Seismic
Sequence: Comparison with GPS and Modeling of the Coseismic Displacement Pattern
S. Stramondo, S. Salvi, M. Tesauro, M. Cocco, R. Lanari, M. Anzidei

Earthquake Potential of the Hayward Fault, California, from SAR Interferometry and GPS
Measurements
R. Burgmann, D. Schmidt (Abstract no. 111)



Aseismic Deformation in the Dead Sea Rift Analysed from InSAR
R. Michel (Abstract no. 17)

Seismic Risk in Northern Iceland : Deformation Maps of Tjörnes Peninsula Computed from
INSAR
O. Henriot, T. Villemin, F. Jouanne

LAND MOTION 3 (SUBSIDENCE, SLIDES)
Chair: S. Usai

Monitoring Terrain Deformations at Phlegrean Fields with SAR Interferometry
S. Usai, C. DelGaudio, S. Borgstrom, V. Achilli

DEM Derivation and Subsidence Detection on Hanoi from ERS SAR Interferometry
D. Raucoules, C. Carnec

Monitoring Moderate Slope Movements (Landslides) in The Southern French Alps Using
Differential SAR Interferometry
J. Vietmeier, W. Wagner, R. Dikau

Landslides Mapping from SAR Interferometry -- Application to the Three Gorges Reservoir,
China
F. Miao (Abstract no. 37)



FRINGE '99
Advancing ERS SAR Interferometry from Applications towards Operations

Outcome of the 
2nd ESA International Workshop on ERS SAR

Interferometry

1. SCOPE

This information note summarises the outcome of the 2nd ESA International
Workshop on ERS SAR Interferometry : ‘FRINGE99 - Advancing ERS SAR
Interferometry from Applications towards Operations’, held in Liege, Belgium
10–12 November 99. This event was organised by ESA/ESRIN and hosted by
Centre Spatial de Liege. It brought together about 160 participants who presented
80 presentations and 20 posters arranged in 7 thematic sessions.

2. ORGANISATION & FEEDBACK

The main objective was to review & assess the maturity & operational readiness
of ERS SAR Interferometry Applications following the rapid advances made
since the 1st ESA International Workshop held in Zurich 3 years ago.

The Workshop opened with a special ‘hot news’ session on the important results
associated with recent earthquake in Izmit, Turkey for which ESA had established
a special action to coordinate with international groups exploiting ERS SAR data.

The workshop concluded with a Plenary session during which important feedback
was provided by participants on how ESA could further improve the future
interferometric exploitation of ERS & Envisat missions data. For information,
ESA gave a brief summary of the new ERS/ENVISAT Data Policy and the future
acquisitions strategy of ERS-1.

The following main comments were raised during the Plenary :-

Regarding ERS:

- continue ERS-2 operations beyond ENVISAT commissioning,
- monitor, every month, 80 defined high-risk volcanos with ERS-2,
- provide an AO mechanism that allows access to ERS data in the case of

exceptional natural events (as per Izmit), as & when they occur,
- continue to improve the reliability of ERS services from Foreign Stations

(some missed acquisitions have occured),
- discount bulk purchases of ERS SAR RAW or SLC data (a method of

overcoming atmospheric artifacts),
- provide a baseline forecast service for future acquisitions,
- following the outstanding achievement of radiometric calibration, provide

the technical information necessary to allow even more precise
geometrical calibration of the ERS system required for interferometry
(automatic use of ground control points),



Regarding ENVISAT:

- concern was expressed that the large number of ASAR modes of operation
could lead to reduced opportunities to perform interferometry;

- recommend the use of ASAR Image Mode; one subswath, one
polarisation (Swath 6, HH) for systematic volcano monitoring,

- investigate the optimum bandwidth to be used with ASAR Wide Swath
Mode for SAR Interferometry (full bandwidth results in reduced Signal to
Noise ratio),

- synchronise along track Wide Swath Mode burst timing to enable SAR
interferometry  between separate WSM acquisitions (note : known not to
be technically feasible),

- provide ENVISAT orbit data in a consistent and stable format from the
beginning of the mission,

- provide S/W tools to handle ASAR Level 0 data from the beginning of the
mission.

A summary of the key results is given below for each of the 7 thematic sessions.

3. SESSION SUMMARIES

DIGITAL ELEVATION MODELS (large-scale aspects, detailed quality
assessments)

DEM’s from ERS InSAR are today being routinely produced by non-expert users
from commercially available S/W and actively utilised within projects such as
Telecoms planning, Ortho-correction of optical satellite landmaps, Hydrological
modeling & Cartography in developing countries.

The DTED-2 DEM accuracy specification has been proved to be achievable with
ERS Tandem data. The initial choice of data is very important with respect to the
final DEM quality, the main factors being coherence (vegetation), weather
(especially thunderstorms), topography (steep slopes) and freeze/melt conditions.

Quality control procedures for some of these effects have been developed and are
being used in the commercial sector (eg. atmospheric artifacts can be removed by
cross-checking with external low-resolution DEM’s). Access to information that
characterises the ERS Tandem data quality greatly aids both commercial &
scientific exploitation (eg. the recent ESA study reported at this workshop, using
interferometric Quick-Looks to evaluate the potential of DEM generation for the
N. American continent; approx 25 M km2).

The production of DEM’s is no longer limited to small areas. A number of
projects for entire countries using ERS were described including the United
Kingdom for higher-education purposes & Slovenia for Telecoms planning
purposes.



A few Value-Adding companies are offering commercial services based on space
radar-derived DEM’s. Atlantis Scientific (Canada), one of the leading companies
in this area, reports that commercial revenues from DEM’s are growing and that
ERS Tandem is the largest used source of data for provision of their DEM
services; approximately 400 images (3 times the amount of J-ERS and 20 times
the amount of Radarsat used by them for DEM’s). The main sales are made in the
Oil/Gas/Mining, Telecoms & Defense markets.

LAND MOTION (subsidence, slides)

A growing number of projects with ERS are being conducted in collaboration
with local authorities responsible for risk management, urban planning and
environmental management. These projects are addressing ground subsidence
induced by human activities such as mining, subway construction and water
pumping as well as natural effects. In addition, several landslides are being
studied in Italy and China, and previously unknown slides have been detected in
the Austrian Alps.

A wide range of subsidence rates have been analysed, from more than 10cm/year
(Mexico city) to less than 1 mm/year (Padova, Italy). For landslides, the slip rates
are generally higher; in the order of m/year.

The loss of coherence for vegetated and snow covered regions is the main
limitation associated with this technique. This is not a problem for urban areas
where good results are obtained for timescales of several years. Atmospheric
artifacts can be minimised or eliminated when multiple acquisitions are available
and a novel approach to this problem via the complex correlation of
interferograms shows promise.

The long term stability of the ERS instrument and orbit, together with availability
of historical, global archived data, make the ERS mission the primary source of
data for this application. The 2-D spatial maps of ground motion complement
well the existing sources of in-situ point measurements from GPS or Leveling
surveys, which would be costly to extend in geographic coverage.

A few Value-Adding companies are offering commercial services based on ERS
and targeted towards Oil&Gas, Mining companies and Water resource
departments.

ICE MOTION (glaciers, polar streams)

First results were given of large scale projects to produce a DEM and ice flow for
all of Greenland and parts of Antarctica (the VECTRA project, within the ERS
AO3). In addition, a number of non-polar glaciers have been studied.

The retrieval of 2-D ice flow requires both ascending and descending ERS
Tandem coverage. There remain a number of technical challenges to be



addressed; eg. loss of coherence (temporal & volume scattering), atmospheric
artifacts & tidal motion effects near the grounding zone. Nevertheless, the results
show very good agreement with in-situ & model data, where available, and the
grounding line can be located with much improved accuracy over conventional
methods (ie. 10’s m as opposed to 10’s km). An operational processing chain is
being set up by Danish Technical University for ice flow production of Greenland
on the large scale.

A new technical development of ‘speckle tracking’ was reported. While this leads
to 2-D ice motion with reduced accuracy, it has the advantage of requiring only 1
interferometric pair and can be applied to 35-day repeat data, thereby allowing
full continuity into the ENVISAT mission. Only limited areas have been studied
to date with ERS via this technique and there is considerable scope to investigate
wider regions of the polar ice caps.

The ERS Tandem data represents a valuable and unique source for high-
resolution and accurate of polar & glacial fast ice flow. For the polar ice masses,
the studies with ERS will take a few years to complete, however, this information,
when available, will be a key scientific input to addressing issues of global
change (ie. monitoring ice mass balance, verifying ice dynamical models and
estimating sea level rise & oceanic circulation).

THEMATIC MAPPING (land cover & change, forests, snow)

The additional information provided by ERS Tandem coherence is being used
together with the conventional image amplitude for an expanding number of
applications. Many encouraging results were presented in the following areas :-

- forest mapping, detection of logging & fire damage, retrieval of boreal
forest biomass & classification of tree species,

- mapping of snow properties (dry/wet),
- mapping of flood extent & river networks,
- agricultural crop classification & height measurement,
- land surface classification via fuzzy logic techniques,
- mapping of land surface erosion.

Multi-temporal Tandem data sets serve to reduce errors and open up the
possibility of tracking changes in time. The next step is to validate these first
results on a wider geographic scale in order to consolidate these applications.

DLR (Germany) reported that an operational processing chain is currently being
put in place to provide an updated & high-resolution forest map for the large
region of Siberia; an area undergoing rapid human intervention, the impact of
which is unknown.

A new thematic product, based entirely on ERS Tandem, is being offered as a
commercial service by SpotImage. This is the first SpotImage image product
based on data not provided by the SPOT satellites, and results from a jointly-
funded co-operative activity with ESA on ERS market development.



TECTONICS (quakes, faults)

ERS SAR Interferometry is being used widely to monitor the pre/co/post-seismic
displacement fields of a growing number of earthquake and fault zones around the
world, eg. Dinar (Turkey), Manyi (Tibet), Umbria (Italy), Hector Mine (USA),
San Francisco (USA),  Izmit (Turkey) and some areas of the Dead Sea and
Iceland.

The new dimension that this technique brings is that of complete spatial maps of
ground movement, which would be difficult and costly to obtain by conventional
geodetic methods. This information is substantially improving and giving new
insight into the geological models of these phenomena.

Some of the national agencies responsible for monitoring earthquake events have
been fully involved in these projects with ERS, and Civil Protection authorities
are showing increased interest in utilising the results.

Volcanos

The surface deformation associated with a large number of volcanos has been
studied and it is now understood which type of volcanos are best suited for the
monitoring of activity by ERS SAR Interferometry (eg. Shield volcanos and large
calderas).

There is an increasing move to integrate information derived from ERS into the
monitoring and decision processes of national authorities. INDRA (Spain)
reported that an operational processing system is being set up to be tested on the
Canary islands with a view to full deployment later in Ecuador.

The demand for continued and systematic 35-day repeat coverage of high risk
areas by ERS is clearly voiced by the geological scientific community. This is
required not only to build up a reliable historical archive thereby increasing the
possibility to study eruption events when they occur, but also to support pre-
cursor monitoring activity and track evolution of the current volcanic status.

TECHNIQUES (algorithms, methods)

The underpinning R&D continues to advance in addressing some of the more
complex and subtler  issues associated with SAR Interferometry. Progress was
reported in the following areas :-

- Atmospheric phase effects and their impact on DEM’s,
- Automated methods for large-scale DEM production,
- Direct geocoding,
- Further refining Phase Unwrap methods to cope with problematic

conditions,
- Improved methods for estimating baseline/orbit parameters.



A significant recent development reported by Politecnico di Milano, as a result of
the AO-3, is that of the Permanent Point Scatterers (PPS); ie. exploiting naturally
occurring phase-stable targets. Although this technique requires a significant time
series of ERS 35-day repeat data (ie. > 20 images), it fully characterises a network
of reference points on the ground that allow accurate motion measurements, free
from atmospheric artifacts, to be retrieved from future acquisitions of ERS.

POLIMI report that it may be possible for these motion measurements to be made
in areas where coherence is lost in the conventional 35-day repeat approach. This
would extend the range of subsidence / quake / fault / volcano monitoring
applications. Furthermore, the ground network of PPS characterised by ERS may
be compatible with ENVISAT ASAR data. This exciting possibility would
preserve the technical heritage built up by the ERS missions in a way that could
be passed on and further directly exploited by the ENVISAT mission.

4. CONCLUSIONS

It is evident that ERS has, and continues to be, the biggest single driver in the
development of SAR Interferometric applications. It represents the largest
worldwide archive of spaceborne SAR data to date. In addition, the ERS Tandem
global archive is both a world-first and unique to ESA.

DEM’s from ERS Tandem data are being used in a growing number of
applications by a wider community. Large-scale projects are starting up, and a few
Value-Adding companies are offering commercial services. Accuracy’s are being
achieved from ERS Tandem data that are comparable with those quoted for the
up-coming SRTM mission (although it is recognised that this mission will
provide a complete global DEM within ± 60 deg latitude). Data quality was
identified as a key issue impacting exploitation.

Thematic mapping/change detection via SAR Interferometry are leading to new
exploitation possibilities of the ERS Tandem global archive. The related
applications are rapidly consolidating and first commercial services are on the
market.

Fast Ice motion applications are unique to the ERS Tandem mission. They are
providing key missing scientific input to addressing issues of global climatic
change.

The complete range of Land motion applications are possible only due to the
long-term historical archive of 35-day repeat data and the stability of the ERS
system (instrument & orbit). According to Prof. D. Sandwell of UCSD California,
the 8-year time series of ERS is changing the way that current-day geodesy is
being performed. Results from ERS are being increasingly integrated into national
risk monitoring activities. However, it should be noted that, for natural disaster
events, these results cannot always be supplied on a timescale compatible for
support of immediate disaster management activities due to the coverage & re-
visit capabilities of a single satellite.



In order to fully realise the complete range of exploitation capabilities offered by
ERS SAR Interferometry and enhance the robustness of new commercial services,
there is a demand for support information and activities that go beyond the basic
data services offered by ESA today. Specific requests made at this workshop
include the assessment of ERS data quality for identified interferometry
applications, together with optimisation and forecasting of satellite baselines for
specific events.

5. FUTURE CONSIDERATIONS

There was consensus that there is great potential for further exploitation of the
existing global ERS Tandem archive. In addition, the related applications are
fuelling further demand for new Tandem acquisitions. Although this demand
cannot be met today by ERS, given the current operational constraints &
capabilities of the ERS-1 satellite, this information provides useful guidance for
future EO SAR missions.

It was fully recognised that the operational ERS 35-day repeat capability, coupled
with the 9-year historical archive, is a unique and invaluable asset that is creating
innovative and useful SAR-based risk monitoring applications. This asset can be
maintained and extended with the ENVISAT ASAR, giving the perspective and
opportunity of a 15 – 20 years exploitable resource for the future.

Furthermore, specifically for identified high-risk zones, there was a strong
recommendation from participants of this workshop that the 35-day archive
should be systematically augmented in the future with ERS, and continued in the
ENVISAT mission.
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