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PREFACE

The ERS-1 Announcement of Opportunity for basic scientific research studies and ap
plication-oriented projects issued in 1986 resulted in approximately 250 Proposals
Principal Investigators (Pl's) being accepted within the ERS-1 Science and Application
Plan.

This document provides a short summary of each individual experiment, including the
main objectives and experiment plans, ERS-1 data requirements, anticipated results,
work schedules and deliverable items. It is intended not only for consultation by those
who are involved in the management of the overall exercise, but also as an information
document for all those who wish to learn more about the various fields of application
and scientific research on which the availabilityof ERS-1 data will have a major impact.

Readers should bear in mind that, besides providing an appreciation of the interest raised
in the scientific and application community by the observation and measurement
potential of the ERS-1 mission, this document testifies the continuous interaction of the
mission team with the user community, over a period of more than four years; this
cooperation will be pursued during the lifetimeof ERS-1 and ERS-2. Each experiment,
in its final layout and organization as described hereafter, is the result of this interaction,
which has materialized also in a number of plenary and more restricted meetings over
the last few years.

Experiment summaries are arranged according to the followingmajor subject areas:

I Calibration Studies
II Oceans and Climate
II Sea Ice and Climate
IV Glaciology
v Meteorology andAtmospheric studies
VI Forestry
VII Agriculture and Soils
VIII Hydrology
IX Cartography
x Geology
XI Geodesy and Geodynamics

Each individual experiment has been described in one, and only one, of the above
chapters, although several of them span different topics.

The experiment coding scheme adopted by ESA involves the use of country codes
followed by numbers which distinguish the individualexperiments (e.g. D8, Fl, UK2-1,
etc.). In addition, the code 'INT 'is used for international experiments, and the code 'PIP'





is used for experiments within the extensive PIPOR programme of sea ice experiments.

Many experiments are defined in terms of absolute dates. These dates were given in the
original proposal, and in subsequent updates when the launch date was situated between
October 1990 and the beginning of 1991. The dates have not been updated, but at the
time of the final editing of this document the launch date was known to be in the first
half of May 1991. Correction of the dates for the various experiments requires further
interaction with the proposers, which is in hand, but to have awaited its completion
would have delayed the issue of the document considerably.

This document has been compiled under the responsibility of the ERS-1 Mission
Management Office.
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ERS-1 Calibration and Validation studies

CNDS
A PROPOSAL FOR TECHNICAL CONSIDERATIONS OF
GENERAL UTILITY FOR ERS-1 SAR DATA

Principal Investigator.
K. Raney CCRS, 2464 Sheffield Road, Ottawa, Ontario, Canada

Tel: 613 993 4475 Fax: 613 993 5021

CA-Investigator:
D.Goodenough/ L.Gray/ C.Livingston/ N.Davis/ N.Denyer (CCRS), S.K.Parashar (Canadian Space Agency, Ottawa)

ObjectNes:
(1) Evaluate techniques of calibration and standardisation of SAR data using a reference site and applications sites, based on
the use of the CCRS ERS-1 processor and on an experimental SAR processor, and with comparison of results from other
ERS-1 processors.
(2) Explore innovative SAR techniques such as two-pass interferometry over test sites, and study scene response to imaging
variables capable of being adjusted for ERS-1.

Experiment Plan:
The calibration site near Sault Ste. Marie is to be used for controlled calibration measurements using active and passive
reflectors and distributed scattering. It is jointly operated by US investigators (agreement pending) and CCRS, and is to serve
ERS-1, SIR-C and RADARSAT. Calibrationdata will be analysed to compare point verses distributed scattering.
Application sites include those at Cranbrook, B.C., and Melfort, Saskatchewan. Cranbrook is mountainous and forested,
whereas Melfort is agricultural. Data from both sites will be analysed to evaluate algorithms for gcocoding, speckle reduction
and classification based on calibrated reflectanciesas well as texture. Transfer of calibration from the Sault Ste. Marie site to
these sites will be assessed. Given availabilityof suitable pairs of images, interferometric analysis will be investigated for
these sites. The CCRS airborne SARwill provide ancillary radar coverage of these sites during the ERS-1 mission.

ERS-1DUa RBquinlments:
Calibration/ Sault Ste. Marie (46°30'N, 84°30'W)
SAR image once every 12 days during the CalibrationPhase, and once every 2 months thereafter. Request 2 pairs of passes
(at 3 day intervals) using SAR mode on Day n, and Scatt/Wavemode on Day n+3, with the wave mode image on site.
Application/ Cranbrook (50°N +/-30', 115°W +/-1°)
SAR image every 2 months during the mission (as close as possible in time to the passes of the Calibration site). For
coverage during the 3 day repeat phase, passes separated by 3, 6, 12, 24 and 48 days are requested., to support time sensitive
analysis of two-pass interferometry, June-September preferred. (n.b If the site is not in the 3 day repeat footprint, an
alternative site will be used).
Application/ Melfort (53°N, 104°W)
Data requirements are the same as the 3, 6, 12, 24, 48 day sequence for Cranbrook. Since the area is agricultural, late spring/
summer coverage is prefered. (n.b If the site is not in the 3 day repeat footprint, an alternative site will be used).

Facilities to be Deployed:
CCRS CV-580 with C- and X-band digital SAR systems, on-board processing and digital recording of all data and flight
motion parameters. Active and passive reflectors on the sites.

Anticipallld Rnults:
(1) Contributions to the technique and results ofERS-1 SAR calibration using point reflectors, and inter-comparisons with
similar results obtained from other investigators using other ERS-1 processing systems.
(2) Contributions to the issue of point verses distributed calibration for SAR, with assessment of the transfer accuracy
between sites separated by thousands of kilometers.
(3) Contributions to two-pass SAR interferometry, particularly regarding terrain sensitivity, and time separation sensitivity.

MllelltDnes/Deliverables:
December 1990 Experiment plan.
December 1991 Report on calibration phase.
December 1992 Progress report.
December 1993 Final re~rt.
Coordinator: Lawrence
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ERS-1 Calibration and Validation Studies

D2
[ATSR: NEW ALGORITHMS VALIDATION

Principal Investigator.
H.Gras.sl GKSS Forschungszentrum Geesthacht, Institut fiir Physik, Max-Plank StraBe,D-2054

Geesthacht, Germany

Co-meatigalora:
K.Strilbing ((DHI. Bernhard Nocht Str. 78, D-2000 Hamburg 4), G.H.Ruppersberg/ Th.KOnig(DLR, Oberptatfenhofen, D-
8031 WeBling),Raschke (IGMK, Universitat zu Koln, Kerpener StraBe13, D-5000 KOln41), H.Que117.Cl(MIM, Theresienstr
37Ill,D-8000 Milnchen 2)

Objec:tivn:
This proposal is concerned with the development and validation of algorithms for the extraction of infonnation from the
Along Track Scanning Radiometer (ATSR). Three rather different climatic variables are of main interest:
(1) Sea and land surface temperatures.
(2) Atmospheric aerosol particles over the sea.
(3) Clouds over sea, land and ice.
In all cases model calculations will be combined with airborne and satellite data.

Experiment Plan:
During the commissioning phase the study aims to improve ATSR performance by:
(1) A validation campaign mainly consisting of airborne radiometer measuremnts for the calibration of distinct channels.
(2) Derivation of precise coefficients in algorithms established prior to launch.
(3) Issucing of a North Sea SST map.
(4) Compiling a comprehemive climate variable data set to be used as mesoscalemodel input.
Measurements are planned to be carried out in the North Sea and the Atlantic Ocean off WestAfrica.

ERS-1 Dlllll RBquirwnenta:
Commissioning phase
(1) Raw data at 2 angles for a North Sea area.
(2) Raw data at 2 angles for a calibration area off West Africa.
(3) Geometrically corrected data for the North Sea area after successful application of algorithms.
(4) Raw and geometrically corrected data for cloud classification purposes over land areas.
Explouasion phase
(1) Geometrically corrected data for SST map generation.
(2) Raw data for special projects (i.e. development of new algorithms for new applications in combination with other ERS-1
or NOAA-N radiometers).

Anticipmd RMutla:
(1) New coefficients for established SST and Aerosol Algorithms.
(2) An operational SST map of the North Sea and larger areas.
(3) SST; Temperature of land surfaces; Cloud amount; Low, middle and high cloud amount for Mesa;caie Model Input -
It is anticipated that the ATSR data will allow much better estimates of the downward solar radiation and the longwave
radiation budget, providing , in conjunction with mesoseale modelling, a powerful means to determine surface heat and
momentum flux.

10



ERS-1 Calibration and Validation studies

Dll-1
RADIOMETRIC ERS-1 SAR (IMAGE MODE) CALIBRATION
CONCERNING LAND APPLICATION

Principal lrMtstigator:
P.Seifert Department NE-HF,DLR, Muenchenerstrasse20, d-8031 Oberpfaffenbofen, Germany

Tel: 049 8153 28386 Fax: 049 8153 1135

Co-inwstigatora:
H.Kietzmann (DLR), M.Reich (INS Universityof Stuttgart).

ObjectiYes:
(1) Absolute scaling of backscattered signals by means of passive and ative external calibrators.
(2) Measurement of the operational SAR antenna pattern.
(3) Mutual radiative coupling of clutter surrounded point targets.
(4) Penetration measurements for land use.

Exper'.mentPlan:
Trihedral comer reflectors and the active radar calibrators are deployed within the Oberpfaffenbofen test site for the purpose
of absolute image calibration. Some of the comers are standing within one resolution cell, others with increasingdistance
between them, are in different resolution cells. This enables the investigation of the influence of multiple coupling on the
calibration process,
1bc calibration receivers are deployed across track over some 200km for registration of the mainlobeof the operational
antenna diagram.
In the second phase of the experiment the receiverswill be deployed at different heights in dense vegetation for pentration
measurements.
Scatterometer measurements of vegetation cross sections will be carried out in support of all experiments.

~1 om AlquiNmenla:
(1) Results of internal ERS-1 calibration.
(2) High precision orbit data ( Postfllght),
(3) Raw data covering the Oberpfaffenbofen test site.
(4) Image data of the Oberpfaffenbofen test site.

Fdlties tD be Deployed:
42 Trihedral high precision corner reflectors (0.25-1.0 m); 22 Calibration receivers; 6 Active Radar Calibrators; 1 Dielectric
probe; 1 Polarimetric C-band scatterometer.

Antic:ipatlld Alsults:
(1) Absolute calibration of SAR image data.
(2) Operational antenna pattern for better elimination of range-dependent intensity variations.
(3) Influence of clutter and mutual coupling on the quality of the calibration process,
(4) Better understanding of penetration mechanisms.

MileatoneslDeliverablea:
August 1989 DC-8/E-SAR Preparatory Measurement Campaign with 46 Di/frihedral Comer Reflectors, test of

calibration-receiver and ARC prototypes.

1991
Preparatory scatterometer measurements. Finishing of calibration receiver and ARC series.
First measurements of operational antenna diagrams using the new calibration receivers and ARCs within
another DC-8/E-SAR campaign.
Absolute image calibration using Trihedral Comer Reflectors and ARCs.
Starting main experiments with ERS-1.

1990

Coordinator: Nithack
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ERS-1 Calibration and Validation Studies

12
ASPECTS OF LBR SENSORS VALIDATION IN THE
MEDITERRANEAN SEA

Principal lnYestigator:
S.Zec.chetto CNR - Insituto per lo studio della Dinamica,San Polo 1364, 30125 Venice, Italy.

Tel: 39 41 5216848 Fax: 39 41 5216871

~:
B.Fiscella (University of Turin, Department of Physics), P.W.Woiceshyn (JPL, Pasadena, CA,USA)

Ob;ec:tiYea:
To study the physics and characteristics of the scatterometer and altimeter backscatteringmeasurements in semi-enclosedseas
using ERS-1 data.

Experiment Plan:
The focus of the experiment is the physics of the scatterometer and altimeter measurements. For the 3-year period of the
ERS-1 mission, CNR in venice will also be taking a time series of C-band scatterometer measurements at their Adriatic Sea
platform. Comparisons will also be made at 2 major semi-enclosedsea basins: the Mediterranean and the combined Gulf of
Mexico/CarribeanSea.

Primary areas of study are:
Mediterranean - 30°N to 60°N; 10°W to 40°E.
Gulf of Mexico/Carribean Sea - 10°N to 32°N; 60°W to 100°w.

Also, comparisons will be made with North Sea sites.

ERS-1 Data Alquirements:
Scatterometer directional wave spectra, winds, radar backscatter, Kp, altimeter wave height and wind speed co-located with
comparable in situ and analysis data. The co-located comparison data should include air temperature, sea surface temperature
and surface pressure.

Facilities to be Deployed:
Instruments on the Adriatic Sea CNR platform, including a C-band scatterometer, and others for wave, wind flux and
capillary wave measurements.

Antic:ipllllldRnulla:
Scatterometer and altimeter algorithms modified to include physics applicable to semi-enclosed and warm seas.

Mileslona/DeliY8rablea:
(1) Study report (1 year after completion of measurement programme).
(2) Papers in geophysical journals.
(3) Methodology and algorithms for the use of the alt-scatt data in Mediterraneanmonitoring and modelling.
Goordinator: Frasaetto

12



ERS-1 Calibration and Validation studies

17
ERS-1 SAR DATA ANALYSIS FOR LAND THEMATIC
MAPPING

Pl'inc:ipallrwesliga'n':
F.Posa Dipartimento di Fisica, Universita di Bari, via Amendola 173, 70126, Bari, Italy.

Tel: 39 80 243171 Fax: 39 80 242431

~
S.Vetrella (Istituto di GasdinamicaUniversita di Napoli), C.Cafforio (DEEUniversita di Bari).

(J)jec:tMa:
(1) Short and long term calibration of ERS-1 AMI SAR data by means of passive and active calibrators placed on a test site
near Matera, Italy.
(2) Understanding of the impulse response of the whole SAR system by studying the focussing processes.
(3) Knowledge of the SAR transfer function through simulation processes.

Exper'.mentPlan:
1bcselected test site will be organised on a semipermanent basis near Matera. Passive and active calibratorswill be used over
extended periods of time to acquire calibration data at 6 month intervals.
Existing calibration procedures will be adapted to ERS-1 Raw Data Sets, as well as the "FieldMigration Algorithm" to
analyze the Point Spread Function and its variations within the scene.
Computer simulations will be performed to study platform attitude effects, sensor performances and baclcscatteringbehaviour
of complex targets toderive the AMI SAR Transfer Function. Scatterometer data acquisition on the test site is being
oonsidered.

ERS-1Data Aaqunmenta:
ERS-1.SAR.RAW
ERS-1.SAR.PRI

2 sets during the commissioningphase (if available); 1 set 6 months later.
1 set during the oommissioningphase (if available); 1 set 6 months later.

FllClltlestD be Deployed:
Active radar calibrators, Corner reflectors, Ground receivers,Scatterometer (I'BD).

a..ow...~·lldpmd Rnulta:
(1) Collection of calibration data for radiometric and geometric corrections of ERS-1 SAR data.
(2) Evaluation of radiometric and geometric characteristicsof ERS-1 SAR imagery.
(3) Assessment of SAR system performances

~
(1) Status reports January 1991andevery6 months to December 1992.
(2) Experiment preparation and ground truth data oollection.
(3) Updataing of the existing software to meet the sensor charcteristics.
(4) Papers to be published during 1992-4.

13



ERS-1 Cah"bration and Validation Studies

INTS-12
ERS-1 ALTIMETER CALIBRATION OVER LAND ICE IN
GREENLAND

Princls-J lnYWigmr:
C.C.Tscheming Geophysical Institute, University of Copenhagen, Haraldsgade6, DK-2200, Copenhagen,

Denmark Tel: 31 870447 Fax: 35 822565

Co-lrwnllgan:
ADodson (U. Nottingham, UK), B.Douglas (NOANNOS, USA), S.Ekbolm (Geodetic SeismicDiv. , Denmark),
N.Gundcstrup (Geophys. Inst., U. Copenhagen), H.Sunkel (U.Graz,Ausma)

Objectivea:
Icecore drilling takes place in Greenland at a site located at latitude 72°6' and longitude 32°35' every summer during 1990-93
(late May to July). An area to the east of this site is very flat (O.lm per km slope) and is to be used for calibration of the ERS-
1 altimeter.

Exper'.ment PIM:
(1) A point fixed in the relatively deep ice will be established and used as a fix point. Its height will be determined by GPS.
(2) Three E-W profiles spaced 0.2km in the northern direction and lOkm long will be established, oomisting of points spaced
0.2km apart. The height will be measureddifferentially relative to the fix-point mentioned above. Each height determination
will take about 10 minutes. Assuming stable ionospheric conditions the observations will be carried out within a week.
(3) The profiles should be measured in 1991, 1992 and 1993. In 1991 between June 1 and June 7.
(4) Data will be proa:ssc:d very fast, and may be delivered to FSA by Fax as soon as the observations are completed, if
necessary.
(5) GPS imtruments are available from Kort- og Matrikelstyreelsen(National Survey and Cadaster, Denmark), who also have
staff to carry out the survey.

ERS-1om Rlqunmenta:
Processed ground heights from Altimeter data over Greenland.

14



ERS-1 Cah"bration and Validation studir.s

NL3
CALIBRATION AND INTERPRETATION OF ERS-1 SAR
IMAGERY OVER LAND

Prtnapm~
p.Hoogcboom Physics and Electronics Laboratory, TNO, PO Box 96864, The Hague, The Netherlands

~
J.Groot (as above)

~
The main objective is to investigate the usefulness of data gathered by the ERS-1 SAR imtrument for land applicatiom in
remote sensing, For this investigation, two areas have been selected in the Flcvopolder and the Veluwe.The Flcvopoldcr is a
reclaimed land area mainly featuring large (typically !Oba) flat lying agricultural fields. It has been extensively studied in past
remote scming experiments. The Veluweconsists of forests, lakes and municipal areas,

Experiment Pim:
(1) Calibration of the data ming 3different approaches: (a) by ming corner reflectors, (b) by ming transponders (possibly);
(c) by comparing the ERS-1 SAR data with data obtained with the mulbband airborne scatteromcter DUI"SCATfrom
homogcncom distributed targets (agricultural fields).
(2) Clas&ficationof land usc (i.e. forestry, agriculture)ming, for example, non-linear speckle reducing filters and textural
features.
(3) Agricultural crop identificationming SAR imagesobtained throughout the growing season,
(4) Forest monitoring/inventory, including the detection of discasc (e.g. willows suffering from water mark disease).
(5) Agricultural crop growth monitoring for yield prediction.

, (6) Monitoring of vegetation in Nature~

~1Dma~
Monitoring experiments require 8-bit SAR images from every pass over Flcvoland/Ibe Veluwe throughout the growing
season (May 1 - August 31). The 35 day cycle provides imagesof this area every 8/9days, so this amounts to 13-16 images in
one growing season.
The forest monitoring experiment also requires 1 imageobtained during the winter.

F...._tDbe~:
For calibration purposes several corner reflectorswill be placed in the Flcvopolder. The DUI"SCAT airborne scanerometer
will be deployed 3 times to enable indirect calibration of the SAR.Also ground truth collection will be carried out.

a•11IC11~
1990 Development of a monitoring system ming a GIS to facilitate the interpretation of SAR images with respect to

monitoring of Flcvopolder and The Veluwe.
Preparatory study of land usc cmsification.

1991-92 Deployment of corner reflectors/transponders.DUI'SCAT
DUI"SCATundcrflights and data processing,
ERS-1 SAR calibration.
Usage of monitoring system for interpretation of ERS-1 data.
Evaluation of land usc cmsification algorithm(s).
Final re~ of research.1992-93

CoordinatDr. Sieber
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ERS-1 Cahbration and Validation Studies

PIP.CALI
PROVISION OF AIRBORNE DATA FOR ERS-1 AMI
VALIDATION

Prindp.i lr--tigetnr:
C.E.Livingstooc CCRS, 2464 Sheffield Road, Ottawa, Ontario, Canada K.lA OY7

~
R.K.Hawkim/ AL.Gray/ T.Lukowski (CCRS)

~
Vali.dalion Period
(1) To provide airborne SAR and scatterometer data for the validation of the ERS-1 AMI imaging mode.
(2) To assess the ability of the CCRS SAR system to function as a mobile calibration tramfer standald for AMI distributed
target scenes.
Operational Period
(1) To assess the value of the ERS-1 Roll Tilt mode for enhancing iceberg detection in the open ocean.

Exper',,...lt PIM:
Michigan/Ontario Calibration Sill!
The proposed ERS-1 calibration site near Sault St. Marie is located in agricultural land which is in close proximity to large
tracts of forest and a large lake.
A selected segment of an ERS-1 pess which images the calibration site will be under-flown by the airborne C/X band SAR
system and C-band scatteromcter during an ERS-1 ~and again in close time proximity.
The airborne sensor flight pattern will be designed to characterise the scattering cross section of selected, large distnbuted
targets within the ERS-1 swath. Both internal references and external reference targets will be used to verify the airborne
sensor calibration. Airborne data will be reduced to normali7.Cdscattering cross section statistics which will be oompared to
the statistics derived from an ERS-1 SAR image of the targets characteri7.Cd. One or more scattering profiles will be defined
across the ERS-1 swath to verify the range uniformity of ERS-1 calibration.
Other Site(s)
One or two similar programs will be oonducted over other target areas, Each area will be selected to provide a range of target
types where each target type is present over a large fraction of the ERS-1 swath. If three programs are flown. it is preferred
that one of these be oonducted during an orbit that images the ERS-1 cah"bration site but is displaced several hundred
kilometres along the swath. The other would be oonducted over a region several orbits removed from calibration site
coverage and would provide a test of the short term stability of ERS-1 cahbration. A total of six flights will be flown and a
total of three ERS-1 images will be required for oomparative analysis.

F.alllllatobe~:
(1) CCRS Convair 580: C/X-band SAR systems, C-band scattcromcter, RC-10 mapping camera, lidar altimeter, SAR based
radar altimeter (flight altitude measurements).
(2) Aiibomc SAR reference targets: 8 x12 inch Luneburg lenses,2 x 18 inch Luneburg lenses,4 corner reflectors, C-band
ARC, X-band ARC.

,. •.._t.d RMulta:
From airborne SAR cahbration experiments it is anticipated that scattering cross section estimates valid to within ± 1.5 dB
will be readily obtainable from the data.
It is probable that better accuracies will be possible by the ERS-1 launch window and the ERS-1/airbornc SAR comparisons
will be oomtraincd primarily by the radar textures of the scene segments used.

~
(1) Sets of airborne SAR data within each ERS-1 frame used (real time processed images,and a small quantity of precision
processed images.
(2) Scattering cross section measurements for selected target areas.
(3) Airborne SAR/ERS-1 AMI romparison report.
Coordinator:PIPOR
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ERS-1 C81ibration and Validation studies

UK3
INLAND WATER, LAND AND TRANSPONDER ALTIMETRY,
INCLUDING CALIBRATION OF THE ALTIMETER RANGE
BIAS

Principal lnveltigator:
C.G.Rapley University of London, Mullard Space Science Laboratory, Holmsbury St Mary, Darking,

Surrey, RH5 6NT, UK Tel: 030 670 292 Fax: 030 670 201

~
M.AJ.Guzkowslca/ I.M.M.a<ion/W.Cudlip/ S.Laxon (as above), RJ.Powell/ AR.Birks (Rutherford Appleton Laboratory,
Chilton, Didcot, OXON), P.A.~ (Department of Surveying, University of Newcastle upon Tyne, Old Brewery Building,
Haymarket, Newcastle upon Tyne, NEl ?RU), K.Blyth (Imtitute of Hydrology, MacleanBuilding,Wallingford, OXlO 8BB)

Objec;tives:
This proposal addresses the development of two new aspects of satellite radar altimetry; namely, the analysis and
interpretation of the echo waveform data to study the surface elevation and backscatter characteristics of inland water and
land surfaces for both scientific and applications purposes, and the use of ground-based transponders for the calibration of the
altimeter range bias as a means of obtaining highly accurate relative vertical position measurements, and in relating ocean
surface altitude measurements to fixed positions on land.
Recent work bas shown that , in a two month period in 1978, the Seasat radar altimeter gathered some 1o6 "readily
interpretable" inland water and land echo waveforms. Depending on the surface type, estimates of surface elevation may be
derived with a precision in the range 0.1 - 1 m, and with an absolute geodetic accuracy of about 05m. This far exceeds the
accuracy of typical map data, and rovers many areas of the world for which nomap data are available.

Exper'ollMl'ltPW!:
The activities proposed in support of ERS-1will include the detailed definition of altimeter (and related ATSR/SAR)
observing requirements, the implementation of ground campaign work (including the deployment and geodetic survey of
transponders, measurements of levels of water and land surfaces, the measurement of vertical incidence backscatter
characteristics, etc), and the analysis and interpretationof the ERS-1 and surface data. The level of activity wiill be
particularly high during the Commissioning Phase,when it will be necessary to establish the technical performance of the
ERS-1 altimeter over inland water, land, and transponders, prior to carrying out variety of geophysical calibration and
validation experiments. However, it is anticipated that the development of new techniques and data products will continue
throughout the Exploitation Phase.

ERS-1Dlda RaquinHnenta:
Data requirements include sequences of the altimeterwaveform, land elevation/backscatter, and the vertical position of
transponder products, and selected ATSR and SAR images, all to be generated by the UK PAF.

Anticipmd Alsulta:
The scientific and applications significance of the proposed programme of work derives primarily from the potential for
inland water and land surface elevation measurementsof unprecedented ac:curacyand coverage.
The water level data will be of value to climate research and resource monitoring studies. The land data will revolutionise our
knowledge of sutrfacc elevations in many areas of the world, permitting, for example, the generation of drainage basin
contour maps, the unification of height datums, and the detection of elevation changes.
The determination of highly accurate orbit arc information over ocean areas will permit the measurement of the sea state bias
correction, and the detection of small changes in the elevation of the ocean surface due to tides, atmosphere effects, and ocean
flows (i.e. currents or mesoscale activity).
CoordinallDr: Ouchossois
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UK14-15
jNORTHSEA VALIDATION EXPERIMENT

Prindpm lnY-tigror.
P.L.Woodworth Institute of Oceanographic Sciences,Broad Road. Wormley, Qodalming,Surrey, UK

~
Validation of geophysical measurements obtained from altimeter data.

Experiment Plan:
The North Sea was successfully used as a validation area for SEASAT in a study in which several European laboratories
collaborated. 1be in-situ techniques required for such a validation (tide gauges, tide surge models etc. ) have since been
maintained and developed, and will once again be employed in this role for the validation of GEOSAT, ERS-1 and
TOPEXJPa;cidon data. ERS-1 is likely to be well tracked in this area which will be well equiped with satellite laser ranging
equipment, PRARE stations and radar transponders.
The North Sea is an ideal region for determining the utility of radar altimetry.

ERS-1 Data Rllquiremenlll:
Altimeter GRD data for the North Atlantic.

Facilities to be Dllployed:
Coastal tide guage and pelagic recorder,
Coordinldor:Srokosz
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UK14-16
CALIBRATION OF ERS-1 HEIGHT OVER THE WESTERN
MEDITERRANEAN

Prlndp.i lnwltigldor:
T.H.Guymer James Runncll Centre for Ocean Circulation, GammaHouse, Chilworth ResearchCentre,

Chilworth, Southampton SOI 7NS, UK
Tel: 703 7li6184 Fax: 703 7675(17

~
To determine the orbital height of ERS-1 above the Western MediterraneanSea to 10-20cmby exploiting the special
characteristics of the region. ·

Exper'.n'lentPIM:
It is planned to analyse ERS-1 altimeter data over the Mediterranean (primarily the western pan) where it is known that sea
level changes arc small. Both collinear track and crossover point analyseswill be employed - the latter being suitable only
when ERS-1 is out of its 3 day repeat mode. Occanographically-relatedcontnbutiom to sea level changes (tides, geostropic
currents, inverse barometric effect, sea-state bias) arc expected to be very small in the region, compared with the open ocean.
Experience with Scasat and Gcosat data bas c:onfirmcdthis. Even so, their valueswill be monitored using tide guagc data,
atmospbericpressure from coastal stations, and by analysis of the altimeter dataset itself. Atmospheric correctionswill be
applied, including ATSR-dcrivcd water vapour ~urcmcnts.
A panicular advantage of the Western Meditcnancan is that the gcoid is comparatively uniform and shipborne gravity survey
data arc available for fine tuning so a lOcmgcoid is probably attainable. It also mcam that errors arising from gradients
between tracks which do not repeat exactly will be very small.
This study complements the ESA altimeter height calibration proposed for Venice and the North Sea validation study.

B&1Dllla~
Altimeter sea surface topography data, including preliminary orbit and all corrections,will be required for the whole
Mediterranean and for the entire mission. Range data from selected PRARE statiom will also be needed (those capable of
tracking ERS-1 while it is over the W. Mediterranean).

Anliclpa1md RMulta:
(1) A scheme for correcting ERS-1 tracks across the W. Meditcnancan to better than lOcmaccuracy.
(2) Production of lOcmmean sea surface and its variance (which can then be related to oceanographic features).

-1 (3) AbsolutcdeterminationofERS-1 height over the W. Mcditcnancan to an accuracy of 10-20cm.
(4) Provision of datum for one end of tracks ~ing through NE Atlantic (ascending) and Central/S.Atlantic (descending).

~
CCT containing height of ERS-1 above the reference ellipsoid in the WesternMediterranean for all tracks provided by ESA
Details of the technique and results of analyses will be documented in an IOSDL report.
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UK14-31 -
!EFFECT OF RAIN ON ALTIMETER MEASUREMENTS

Prindp.i lnYlll:lgetnr.
T.H.Guymer James Runnell Centre for Ocean Circulation,GammaHouse, Chilworth ResearchCentre,

Chilworth, Southampton SOl 7NS, UK
Tel: 703 7li6184 Fax: 703 767507

Cl>jeclMa:
To assess the effect of atmospheric liquidwater on altimeter returns and, if possible, to provide an effectivemeans of Hagging
and correcting data.

Exper'.ment PIM:
In the retrieval of wind speed from altimeters it is usual to assume that the measured sigma nought is a function of surface
wind speed alone. However, atmospheric liquidwater, particularly in the form of rain, can produce sigma nought changes
which result in large errors in wind speed. The study will examine the effect of liquid water (including precipitation) on ERS-
1 altimeter returns, in particular the retrievalof reliablewind speeds. By using data from microwave radiometers (including
ATSR/M), ships and atmospheric models, occasionsof high rain probability will be identified and the waveforms and sigma
nought values of the ERS-1 altimeter will be examined to quantify the effects and investigate possible rain Haggingschemes.
It is anticipated that the major amsequence will be a reduction in the backscatter intensity leading to an overestimate of wind
speed, particularly for winds> 12m/S. The possi"bilityof oorrecting the altimeter winds using the liquid water content values
will be investigated and, where possible, tested agaimt external data sets, e.g. high quality in situ data.

~10.~
Altimeter wavefonm; lHz wind speed, waveheight and sea level data; and ATSR atmospheric water data for selected areas.
These to be chosen off-line using ship reports, satellite cloud imagery and other ancillary data. About 100 such areas will
be selected from any part of the global ocean so as to span the main precipitation regimes, e.g, tropical amvection, mid
latitude fronts and depressiom, polar lows. The amount of data required on each occasion is a lOOlansegment of altimeter
track and the corresponding ATSRJMdata plus IR data from the ATSR centred on the mid-point of the altimeter segment.

Facllilieeto be o.poy.d:
NERC research ships (and routine ship reports) for precipitation and wind speed data.

Anlicipmd Fmulta:
(1) A technique for flagging altimeter data oontaminatedby rain.
(2) A scbcmc for improving altimeter wind speed determinatiom in conditiom of high atmospheric liquid water content or
rain.

~
Much of the study is concerned with developing techniqueswhich should improve the exploitation of the dataset rather than
in the generation of altimetric products themselves.
The main output of the study will therefore be validation datasets:
(1) Rain flag verification product (comparisons of occasionswhen rain Dagis set with independent determinatiom of rainfall
occurrence).
(2) Rain-affected wind speed validation product (comparisonsof altimeter wind speeds with in situ data for a range of wind
conditions, with and without an atmospheric correction applied).
Details of comparisons, results of analyses and any relevant algorithms developed in the course of the work will be
documented in an IOSDL re~;

20



ERS-1 Cahbration and Validation studies

US6-3
MONITORING THE ALASKAN STREAM (A MESOSCALE
OCEAN RESPONSE EXPERIMENT)

Principal Investigator:
FJ.Gomales NOAA PacificMarine Environment Laboratory

Objectives:
Bottom pressure recorders (PBRs) and environmental data buoys (EBs) will be used to investigate issues critical to ERS-1
altimeter calibration.

Experiment Plan:
Five PBRs will be deployed in the deep ocean, on or near ERS-1 satellite altimeter tracks in the northeast Pacific. Three of
these instruments will be deployed in a triangular array with approximately 200km sides, with vertices located at satellite
altimeter crossover points. Two of the five stations, including one in the triangle,will be located near deep ocean EBs
operated and maintained by NOAA. The in situ deep ocean BPR/EB instrumentation will provide measurementsof ocean
bottom pressure, atmospheric pressure, sea state, wind speed and direction. air temperature and sea surface temperature on an
hourly basis during the two-year mission of the satellite.

ERS-1 Data AlquirementB:
Altimeter data for the North Pacific.

F-=ilitin to be Deployed:
BPRs and EBs.

Anlidpllllld Aleulta:
Results addressing ERS-1 calibration issues such as (1) the accuracy of tidal corrections in the deep ocean, and (2) the inverse
barometer effect in the deep ocean.

~
Report on analysis of coincident altimeter/BPR/EBdata set.
Coordinlllor: Tapley
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AUS6-12
IMICROWAVE RADIATION

Princis-J inv.tigalDr:
R.Coleman Ocean Technology Group, School of Civil Engineering, The University of Sydney, NSW 2006,

Australia
Tel: +61 2 692 2145 Fax: +61 2 692 2111

~
I.S.FJones/ ML.Banner/ LR.Young (as above)

Ot>;ec:liws:
Accurate determinations of ocean surface elevation wavenumber spectra for short waves are needed to answer a number of
important questions of fundamental and technological interest. Little in known about the directional wavenumber spectral
distribution of short waves, particularly as they are modulated by underlying ocean swell components under wind forcing.
This information forms the basis of acoustic and electromagnetic backscattering from the ocean surface for low roughness (no
shadowing) conditions.
A new technique bas been developed, based on stereophotogrammetric principles, to extract the wavenumber spectrum of
short gravity waves for the wavelength range of order lcm.
Stereo images of the ocean surface will be made to determine wavenumber spectra and the radar cross-section and its
modulation at the same time as an ERS-1 SAR image is taken over the platform site. Auxiliary radar measurements of the
ocean surface and observations of the prevailing environmental and ocean conditions will also be collected. These data will
then be utilised in a comparison study of the fundamental mechanisms of microwave scattering from the ocean surface.

Experlment PIM:
Measurements of the ocean surface, over an area of approximately 2m by 2m, will be made from the oil rig platform at a
number of times during an ERS-1 SAR overflight. The platform bas been in use by the Ocean Technology Group for over
ten years of observation using a wide range of oceanographic and environmental instrumentation. The measurements to be
made from the platform during the overflight periods are:
(1) stereo images of the ocean surface
(2) auxiliary measurements of large scale waves using an acoustic sounder device
(3) absolute radar cross-section and propagation loss using a C-band transponder (sec AUS6-13 for details of the
transponders)
(4) wave period and significant wave height using a Baylor wave gauge
(5) wind vector data
(6) temperature profiles through the water column from a series of thermistor strings

~1 DataRllquinlments:
Essensial
ERS-1 SAR images on overflight pass cycles of the oil platform. The data are required from the first 35 day repeat orbit
cycle (approximately 7-8 SAR images).
Desirable
ERS-1 simulated SAR scene.

FllCilltieatD be Deployad:
Directional wave measuring equipment that is fully operational and available continuously (Located on oil platform).

Antic:ipmd Reeulta:
(1) Improvement in understanding SAR imaging mechanisms through the use of simultaneous stereopbotogrammetry and
ocean image data.
(2) Contributions to fundamental properties of gravity waves.
CoordinatDr: Nilason
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AUS6-13
[JINDALEE OVER-THE-HORIZON RADAR STUDIES

Principal ln¥ntigalor:
LD.Longstaff SurveillanceResearch Laboratory, DSTO, PO Box 1650, Salisbury, S.Australia 5108

Tel: +61 8 259 5406

~:
Anderson (as above)

Objectives:
(1) Mutual validation of wind and wave modes of ERS-1 with JINDALEE HF radar IDC$UI'CS.
(2) Investigation of extremes in ocean behaviou (eg tropical cyclone detection and forecasting).
(3) Ocean sea surface forecasting and air-sea interactions.
(4) Ship-borne detection of internal waves and their SAR imaging.
(5) SAR imaging mechanisms.
(6) Validate calibration techniques using active and passive targets.

Exper'.rnent PIM:
(1) To measure wave spectra with ship-based equipment for comparison with JINDALEE skywave and ERS-1 SAR data in
an area off Australia's north-west roast.
(2) To compare skywave and SAR measures of the ocean surface.
The experiment will also take advantage of calibrated transponder and passive targets to validate calibration techniques.

~1 oma R1qunmenta:
Essential
(1) ERS-1 wind/Wavemode data for north-west ocean area (general area from 12°S, l25°E to 20°S, 116°E); ideallyascending
and dc:sccndingpasses for 3-day repeat orbit for 3 periods of one month in first six months, thereafter weekly.
(2) ERS-1 SAR images in above area alternating on each re-visit with wind/wave mode data for a period to be defined, while
HMAS Cook on station; and otherwise one pass per month.
(3) ERS-1 SAR images over a salt lake area (approx 31°S, 140°E) for active and passive calibration.
Desirable
(1) ERS-1 wind-wave mode data for Bass Strait, both ascending and dc:sccndingpasses for 3-day repeat orbit for 3 periods of
one month in first six months, thereafter weekly.
(2) ERS-1 SAR images in above area alternating with wind/wave mode data (both 6-day interval) for period of 4 weeks while
data gathering facilities on ESSO/BHPoil recovery platform are manned.
(3) ERS-1 SAR images in above area at rate one per month.

Fdities to be Deploy8d:
(1) HMAS Cook for ship-borne measurements, includingWaveridcr buoy and deployment of calibrated transponder(s).
(2) calibrated transponder(s) and passive reflectors.
(3) island weather stations.
(4) wave measuring equipment on two oil platforms,

Antlcipllted Rnulla:
(1) JINDALEE skywave measurements of wave spectra will be compared with ERS-1 SAR and wind/wave data and ground
truthing; to test and refine SAR wave imaging models.
(2) Usefulness of SAR and skywave monitoring of ocean patterns for cyclone detection.
(3) Testing and refining models of SAR imaging of internal waves.

~
1990 Detailed planning for experiment.
1991-92
1992-94

Prepare and conduct experiment.
Develop improved model for SAR imaging of waves and internal waves; calibration evaluation.

Q>ordinator: Nilsson
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Dl .---..

VALIDATION OF MODELS FOR EXTRACTING WIND AND
WAVE INFORMATION FROM AMI DATA

Princlpel lr!wstige'or.
W.Alpers Universitat Hamburg, lnstitut ftir Mcercsk.undc,Troplowitzstr. 7, d-2000 Hamburg 54,

Germany.
Tel: 040 4123 5432 Fax: 040 4123 5713

Co-lrwMtigalora
V.Wismann (as above), G.Valenzuela (Code 4234, Naval Research Laboratory,Washington D.C. 20375-5000, USA

Objec:tio.lea:
(1) To validate models for extracting wind and wave information fromAMI data.
(2) To validate SAR/RAR models for the current perturbed ocean surface; to investigate the nature of "slick-like"features on
the continental shelf and the refraction and modulation of oceanwaves by the Gulf Stream.

Experiment PWI:
(1) Measurement of the wind field along ERS-1 tracks in the NorwegianSea by the airborne C-band scatterometer (RACS)
during CalNal campaign in autumn 1991.
(2) Improvement of the C-band wind scatterometer model by comparing sigma nought values acquired by AMI and RACS
with in-situ measured wind speeds.
(3) Validation of the SAR imaging mechanismof oceanwaves by comparing in-situ measured ocean wave spectra with
simulated and measured SAR image spectra.
(4) Conduct an cx:canfield experiment in the Gulf Streamarea off the US coast for studying the current-wave interaction by
in-situ and airborne measurements.

~1Dlla~
(1) All ERS-1 scatteromctcr sigma nought triplets acquiredduring the Cal/Val period in the experimental site in the
Norwegian Sea.
(2) All ERS-1 SAR images acquired during this period in the Cal/Valarea.
(3) One SAR image over the North Atlantic every day for a period of one year, starting January 1st 1992.
(4) All ERS-1 SAR images acquired over the Gulf Stream region bounded by the coordinates:
(42°N, 75°W) (35°N, 78°W) (35°N, 65°W) and (30°N, 73°W) in the periods June 10-24, 1991, July 15-26, 1991 and
September 10-25, 1991.

Faclllties to be DepkJyed:
(1) RACS C-band scatteromcter on a Dornier 128 aircraft.
(2) Several airborne radars and in-situ sensors in the Gulf Stream region.

Antic:ipmd RMulta:
(1) Improvement of the C-band wind scatterometer model function.
(2) Refinement of the velocity bunching model for describing the SAR imagingof ocean waves.
(3) Improved understanding of the modulation of short surfacewaves by variable surface currents associated with tidal flows
over bottom topography, internal waves, oceanic eddies and fronts.
(4) Vaidation of models describing the refraction and modulation of ocean waves by the Gulf Stream.

Mi~
Sept - Nov 91 RACS measurements during the CalNal campaign.
Oct.91 - Dec 92 C-band wind scatterometer model tuning by using the data from the CalNal campaign.
Oct 91 - Dec 92 Monte-Carlo simulation studies for validating the ocean SAR imagingmodel on the Cray 2 computer of the

Max Planck lnstitut ftir Meteorologic, Hamburg.
June - Sept 91 Intensive aircraft and ship measurements.
CoordinlllDr: Attema
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D6
TOWER EXPERIMENT: WAVE DIRECTIONALITY BASED ON
ERS-1 SAR DATA

Prlndpm irw.tigalDr:
W.Rosenthal GKSS-Forschungm:ntrum, Postfaca 1ltiO, Gecsthacht, Germany

~
J.Guddahl (OMNI, Bergen), K.Richter (BSH, Hamburg), V.Wisman (Hamburg),

Clbjectiv.:
(1) Validation of satellite SAR observation by tower and ship based radar and numericwave models of the 2nd and 3rd
generation.
(2) Measurement of the Modulation Transfer Functionwith a tower based radar.

Exper'.nwtt PIM:
Tower based instruments will include a radar for the measurementof the 2D wave field and a C-band scattcrometer for the
measurement of the MTF. These will be operational on the Gullfaks C rig fromAugust 1991 until the end of 1991.
An intensive measurement campaign is planned for the last 2 weeks of November 1991. A ship will be operating in the
Haltenbanken area equipped with imaging radar for 2D wave measurements. Wave direction buoys and wind sensors will be
deployed at fixed locations.

ERS-1Data Alqunnwnta:
(1) SAR wave mode during the full Cal/Val period at Gullfaks C (ascending and descending).
(2) SAR image mode for some paths covering the Gullifaks C area.
(3) SAR wave mode during the intensive measurementsat Haltcnbankcn.(endNovember 91).
(4) SAR imagemode for at least 2 days during the last 2 weeks of November 91.
(5) Scattcrometcr mode at Gullfaks C during the Cal/Val period.

Fecllll• to be C>epic¥1d:
Tower based wave imaging radar and C-band scattcrometer, ship based wave imaging radar and wind sensors, and 2 wave
direction buoys.

AnllclpmdRllulta:
(1) Validation of the 2 dimensional imagery of wave fields by ERS-1.
(2) Measurement of "MTF Ground Truth" during Cal/Val.

~
Progress reports for ERS-1 workshops (as required).
Status report in spring 1992.
Scientific papers in period 1992-4.
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F8

Prlncipm """11tiga•If.
R.Ezraty IFREMER/Centre de Brest, B.P. 70, 29280 Plouzanc, France

Tel: 33 98224299 Fax: 33 98224545

~ltigatnra:
ACavanie (as above), J.Delloue (Lab. Physique de l'exosphere, Univ. Paris 6), P.Durand (Lab. d'Afrologie, Univ. PSabatier,
Toulouse), J.Rolland (Centre de MttW10logieMarine, Brest), A Weill (CRPE, Issy-lcs-Moulineaux)

Clbjectivea:
(1) Altimeter derived sea-state validation.
(2) Scattcromctcr calibration/validation.
(3) Scattcromcter model tuning.
(4) Air-sea interactions and physical process studies in highwind situations.
(5) Validation of scattcromcter measurements in terms of momentum fluxes.

Expe(.nwnt PIM:
(1) Participation in the cal/Valexperiment off Norway.
(2) In-situ data validation and use for cal/Val.
(3) Participation in the SOFIA/ASTEX (Spring-Summer 1992) and SEMAPHORE (Autumn-Winter 1993) experiments off
theAmres. ~1
6&10.~
Sigma nought(s). AMI winds and altimeter SWH and sigma noughts off Norway during the cal/ValexperimcnL
World FDP for the whole mission, with special emphasis over the Atlantic during SOFIA.(92)and SEMAPHORE (93)
experiments.

'"

i

Faclilleato be~:
SOFIA and SEMAPHORE experiments will include ships, turbulence instrumented planes, drifting and moored buoys.

1"1lic:llpllmd RMulla:
(1) Scattcromctcr model tuning.
(2) Increased understanding on the moemtum fluxes integration at incmmng scales.
(3) New methods of satellite data use for scientific and operational projects.

~
Progress reports at 6 month intervals.
Presentations at ER.S-1workshops and meetings.
Scientific .E!;?.lications.
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N7
TECHNICAL SUPPORT FOR THE GEOPHYSICAL
VALIDATION OF ERS-1

Prlncipml lrMtltigalDr:
T.LBcm Oceanographic Company of NorwayA/S, Pirsenteret, N-7005, Trondheim, Norway

Tel: 47 7 525050 Fax: 47 7 525033

()bjectivn:
Preparation and deployment of the buoy network during the Rehearsal and Commissioning Campaigns in the dedicated site
experiment.

Exper'1111M1Plan:
(1) TOBIS booy development and test.
(2) Production of TOBIS buoys for Rehearsal Campaign.
(3) Rehearsal Campaign mobilization, execution and demobilization.
(4) Production ofTOBIS booys for the CommissioningCampaign.
(5) Commissioning Campaign mobilization, execution and demobilization.

ERS-1 Olla RlqWemenla:
Wind and wave fast delivery products.

F.allties to be Deployed:
10 TOBIS buoys equipped with 2 wind sensors and one wave sensor. Each wind sensor is oonnccted to separate on-board
booy data processing hardware and software. This includes data transmission to shore in near real time of contigoous
measurement series.

Anticlpmd AwJtta:
A data set consisting of in-situ measurementscovering 3 months to be used by the analysis team for evaluation of the
satellite's wind and wave products.

~
Spring 1990 Rehearsal Campaign report.
Winter 1990/1 TOBIS booy production report.
Autumn 1991 Daily and weekly reports based on transmitted data during the Commissioning Campaign.
Winter 1991 Commissioning Campaign Report. including survey reports from booy surveys.
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NL6
VALIDATION OF THE WAVEDIRECTIONAL SPECTRA
OBTAINED BY ERS-1

PrinciplillrM lligatnr:
J.C.M.Kleijweg Physics and Electronics Laboratory (INO), PO Box 96864, 25()1)JG The Hague, The

Nether~ Tel: 31 70 3264221 Fax: 31 70 3280961

eo.nw111lga'n:
GJ.Wcmink (Delft Hydraulics "De VOOISt",PO Box 152, 8300 AD Emmcloord, The Nether~)

()bjec:;Ms:
(1)To measure wavcdirc:ctionaland 20 frequency spectra with SHIRA (Slllps RAdar).
(2) To compare the SHIRA data with the ERS-1 SAR wave image data, airborne radar data and in-situ data.

Exper'.meutPIM:
The SHIRA system will be mounted on an oceanographic researchvessel (probably the "Gauss") at or near the crossover
point in the "Haltcnbank" area near Norway. The me.urcmcnts of wavcdirectional spectra by SHIRA and the buoy data will
be performed simultaneously with those taken by ERS-1. A romparison will be made between the SHIRAdata, the ERS-1
data, airborne radar (RESSAC) data and the in-situ me.urcmcnts.

~1 DlllaRlqulrwnenta:
Windwave data, image data and raw SAR data for the Haltcnbank area.

i=.-..to be~:
Ships radar.

Anliclpmd Aleulla:
Increased undclstanding of the tramfcr functiom between SARwave directional spectra, SHIRA spectra, airborne radar data,
and in-situ data.

Status report - February 1992.
ERS-1 workshop/conference reports.
Scientific ~JS.
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US8-2a
jWAVEMODE VALIDATION

Principal in-tigator:
P.W.Vachon CCRS, 2464 Sheffield Rd., Ottawa, Canada KlA OY?

Tel: 613 998 9060
CcHnYestigatara: R.C.Beal/D.Tilley(APL), FJackson (NASNGSFq, F.Dobson/W.Perrie/S.Smith(BIO), R.Keeley (Marine
Environmental Data Service, Ottawa), G.Morrissey (Atmospheric Environment Service, Ottawa)

Q>jectivea:
(1) To provide validation data, both remote (airborne SAR and ROWS) and in situ (wave and meteorologicalbuoys and
marine radar), for validation of the AMIwave mode, and full imagemode data.
(2) To assess the ability of an airborne SAR to predict the performanceof a spacebome SAR for observation of oceanwaves.
(3) To assess the ability of a spacebome SAR system to measure useful ocean wave parameters, in particular, to determine the
potential for spacebome SAR to obtain global estimatesof the ocean surface wave directional spectrum.

Exper'.rnentPlan:
Wave and meteorological buoys will be moored at the SAR cross-over point (about N465° W51°) off the East coast of
Newfoundland for a three week period during the ERS-1 commissioningphase orbit (3-day repeat, 24.365° phase). The
preferred timing is a three week window betweenOctober and April since the wave field may be expected to be most extreme
in nature at that time of the year.
The intensive measurement program involveswave buoy measurements,ship-mounted marine radar, meteorologicalbuoy
measurements and ERS-1 undertlights by CCRS SARs (6 to 8 flights) and the NASA ROWS (6 to 8 flights). In addition,
wind and wave fields over the entire Grand Banks areawill be modelled using the BIO version of the WAM model. All on
site measurements will provide a best estimate of the sea state at the time of ERS-1 SAR passes. This will be cross-checked
with airborne SAR and ROWS results and related to the ERS-1 measurements using well documented procedures.
Using ERS-1 data from both the imagingmode amnd the wave mode, wind roughed scenes containing no long waveswill be
used to determine the stationary wavenumber response of the ERS-1 SAR through the platform range to velocity ratio.
ROWS estimates of absolute directionalwavenumber spectra and wind speed will guide development of SAR models and
conversion algorithms.

Fldltiea tDbe Deployed:
One ship with mounted wind stress measurementpackage, marine radar, 2 Datawell "Wavcc" directional wave buoy and 3
Coastal Climate "Minimet"meteorologicalbuoys; CCRS Convair 580 with C/X-band SAR systems; NASA T-39 with Radar
Ocean Wave Spectrometer.

Anticipated Allulta:
(1) A good characterisation of the oceanographic and meteorologicalconditions for estimating errors in AMI derived
geophysical products.
(2) A data set to lead to further understanding of SAR imagingof ocean waves and an opportunity to determine limits on a
high altitude SAR platform for global monitoring of ocean waves.
(3) A SAR imaging model based on velocity bunching and coherent scattering will be extended to include facet bunching and
transient specular reflection. A better understanding of short scalewind and wave interactions will result as the limits of the
model are defined over a variety of sea states.

~=
(1) Sets of ocean wave spectra corresponding to each ERS-1 pass over the experiment site as derived from ROWS (when
present during the pass), as well as image spectra derived from the ERS-1 SAR data and the CV-580 SAR data (when present
during the pass).
(2) ERS-1 and CV-580 SAR image spectra processed to directionalwavebeight spectra using well documented techniques.
(3) Intercomparisons and cross-correlations (or at least some meaningful quantitative intercomparisons between all spectra
collected).
(4) A preliminary report on the results of the iterative processing of ERS-1 and CV-580 SAR data with the objective of
extracting more (and better) ocean surface information and recommendationsconcerning the extraction of useful wave
information from ERS-1 SAR data will be provided to ESAwithin 12 months of receiving data.
(5) A final report or open literature manuscript will be completed within 24 months of receiving data.
Coordinator: Freeman
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F14
VALIDATION GEOPHYSIQUE DES DONNEES
ALTIMETRIQUES ET OBSEVATION DE LA TOPOGRAPIDE
DYNAMIQUEDESOCEANS

Prlncipllllmre ltigatnr:
J.F.Mimter GRGS, CNES, 14, avenueEdouard Belin,Toulouse,France

~
M.Lcfcbvrc/Y.Menard/ C.Pcrigaud/C.BraiSicr/M.Bacca/J.Bcnvcnistc/ACaenavc/ P.deMey/ PMirrD:ga/N.Mognard
(CNES)

QJjec1Ma:
(1) La validation geophysique du vent altimerriquect de la correction du biais electomagnetiquect la validation du signal de
topographic dynamique.
(2) Analysis de la topographic dynamiquc ct de sa variabilirede la ~belle l la grande tcbcllc.

Exper'.mentPim:
(1) Validation geophysique du vent altimftriquc.
(2) Validation grophysiquc du biais electomagnetique,
(3) Validation geophysiqee des domm de hauteur de la mer l la ~belle.
(4) Observation de variabilirede la topographic dynamiqucl la ~Uc.
(5) Observations de la variabilirel la grandc tcbcllc.

ERS-10...~
Donnees al~triques.dc Divcau2, y c:omprislcs corrections, ct l unc partc des donntcs de nivcau 1,5 (validationdu biais
c.m. , y c:omprislcs formcs d'ondc).

Antlclpmd RBlultl:
(1) Les !Uultats de validation geophysique devraicnt pcrmcttrc de tester la stabiliredes mcsurcsl long tcrmc, ct la qualiredes
corrections. Les amtlioratiom possibles scront proposees aux PAF coecemes,
(2) Les obscrvatiom de topographic dynamiquc scront publitcs pour utilisationsdans d'autrcs ftudes, notammcnt
d'assimilationdans des modtlcs d~ucs.
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Fll
LA MEDITERRANEE: UN ZONE D'EXPERIENCES POUR
L'AL TIMETRE ERS-1

Prtndpel Im1lllgatnr:
F.Barlier GRGS/CERGA.Avenue Copemic, 06130 Grasse.France Tel: 93 365849

~
F.Pierron/ C.Boucber/ JJ.Walcb/ P.Exertier (as above), G.Balmino (BGI, Toulouse), J.P.Bethoux (Laboratoire de physique et
cbimie marines, Villefranche),C.Millot (Toulon), M.Souriau/ P.Genthon (GRGS, Toulouse)

~
L'objectif de la proposition est centre sur le test de deux fonctiom de la mission de ERS-1 en Mtditerrante occidentale:
(1) Etalonnage de l'al~tre laser en Mtditerra.n« entre la Corse et le sud des cOtes~· Dest propose d'installer une
station laser mobile en Corse dam le cadre d'une cooperation europeenne ~preciser ulterieurement,
(2) Validi~ de la restitution de la trajectographie dam cctte zone.

Plusieurs autre ~tudes prevent etre faites dam cc rontexte, soit A earacrere oceanographique (effets marins) soit ~caraetere
geophysique (interpretation des accidents du P>ide). Par ailleurs, le rattachement ~que des maragrapbcsde la region
entre eux et relativement aux stations laser, pourrait rontribuer A des ~tudes interessantes sur le niveau moyen des mers.

ExpW"'*lt Plllf'I:
(1) Trajectographie locale la plus precise possible au-dessus de la Mtditerra.n«.
(2) Etalonnagc de l'al~tre ERS-1.
(3) Le rattachment ~que des maregrapbes ~terra.n«m auxmawc laser grace au sys~ GPS.
(4) Interprttations g~hysiques.
(5) Dynamique de la mer (quantification des diff~rentescirculations).

ERS-1Dma Rlqunmenta:
(1) Les donMcs altimttriques (1 mesure par seronde) recueilliesd'une part avec l'orbite ~titive de 3 jours mais aussi avec
lcs autres orbites esperees, permettant notamment une resoltion spatial pouvant desccndre au niveau de 15km.
(2) Les donMcs de trajcctographie (lmier-PRARE).
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AUS6-17
COASTAL WAVE EXPERIMENT (AT LOW AND lllGH
LATITUDE)

Steedman Science and Engineering,31 Bishop Street, Jolimont WA (i()l4, Australia
Tel +00 387 7955

Co-lrweatigatDr
C.B.Fandry/ J.Reid (CSIRO), SJ.Buchan (Steedman Science and Engineering)

~
To observe the normal and extreme wave climates of the North West Shelf of Australia and the Southern Ocean about
Macquarie Island, using SAR and wave scattcromcter from ERS-1 satellite. Compare the remote sensing data with in situ
instrument observations. Use the updated and temporal data to better understand the wind wave generation and dissipation
processes, particularly in shallow water. Surface stress, white capping and bottom friction arc of concern. Both areas are
subject to extreme storms - severe tropical cyclones and severe gradient intensification. Comparisons between the low and
high latitude storms will also be made. Scoondgeneration spectral wave models will be utilised to examine the physical
processes.

Exper'.mentPim:
To measure the shelf edge (-lOOmdepth) wind and waves and examine the changes in amplitude, period and direction of the
wave trains. The cxpcrimcnt will employ proven and reliablewave rcoordcrs and processing techniques. The satellite
information will provide spatial detail and the point measurcmcnt(s)will give detailed in situ cbaractcristics. The
experimental results will be compared with existing spectral models developed for severe tropical cyclones and gradient
intensification storms.

~1Dlda~
Assuming a longitude phase of -128.2° for the 3-day cycle periods beginning January 1992.
Essential
(1) ERS-1 SAR for North Rankin 'A' Arca: J(i()lanswath (say 1 min) centred on 19°37'S, 116"06'E on descending passes
during the 3-day repeat period January 1992 to March 1992. Minimum requirement - 6 passes.
(2) ERS-1 SAR for Macquarie IslandArca: Centred on 54"25'S, 158°48'E during 35 day repeat cycle - J(i()lcmswath (1min)
- minimum requirement 6 passes over 9 months. Dependant on Hobart TERSS station.
(3) Wave scattcromcter data available for above two areas for 12months. AMI wave mode sampling phase adjusted to best
cover above locations.
Desir ab It!
(1) ERS-1 SAR for North Rankin, as above, but 15 passes over 3 months (3 day 'ice' phase).
(2) ERS-1 SAR for Macquarie Island, es above, but 18 passes over 9 months (35 day cycle).

Fdilln '°be Deployed:
Available es part of the existing services and operations:
(1) Ships for dcploymcnt/rcmvery and service.
(2) Existing surface meteorological observations.
(3) Ocean wave measuring equipment and calibration facilities.

AnliclpmdRlsulta:
Surface wave observations of the shallowwater effects on wave trains. Observations of severe storm wave generation and
dissipation. The observations will be used to validate spectral wave modelswith local scale intense cyclonic and mesoscale
gradient intensification wind fields.

1990-91
1991-92
1993-94

Detailed planning for equipment and final approvals.
Installation of some equipment and conduct experiments and reporting.
Analysis of data and model validation and reporting.

CoordinatlDr:Nilaaon
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CND3
THE WIND-DRIVEN UPPER OCEAN WAVE AND MIXED
LAYER DYNAMICS

Prindptll ft I ltigar.
MA.Donelan National Water Research Institute, CCIW, 267 Lakeshore Road, PO Box 5050, Burlington,

Ont., Canada, L7R 4A6 Tel: 416 336 4879

Co-lrwestlgatin
38 Scientists

()bjec:tMs:
To improve our understanding of:
(1) The detailed physics of the wind-wave generation process.
(2) 1be dynamics of the evolution of wind-generatedwaves.
(3)Wave dissipation.
(4) The influence of waves on mixing and other aspects of upper ocean dynamics.
(5) 1be effect of long waves on the microwave radar response.

Expeliment PIM:
This experiment is tied to a large field experiment funded primarily by the US Office of Naval Research and NASA. The
Surface Wave Dynamics Experiment will be amductcd from October 1990 to March 19'Jl, and will include surface
measurements of waves, fluxes and winds, and aircraft measurementsat selected tllla.
The aircraft data will be analysed to some degree in flight. The wave buoy data will be recorded on optical discs and will be
accessible by radio on cxmunandfrom an overflying aircraft. The meteorologicalbuoys report twenty minute averages via
Argoes. Thus the analysis will proceed during the experiment and will include a substancial meteorological and wave
modeling program. The ERS-1 scattcromctcr and SAR data will be assimilated into the models. Further, there will be
extensive comparisons of simultaneously collected ERS-1, aircraft and buoy data.

ERS-1Data Alquhmenta:
Wind Scattcromctcr and SAR data.

Fldilles to be Oeployad:
(1) A spar buoy with detailed wave directional and surface flux capability.
(2) Two pitch-roll buoys with meteorological and surface flux capability.
(3) Ten mean meteorological buoys.
(4) Five aircraft with various remote sensors, including Surface Contour Radar, Radar OceanWave Spectrometer, SAR,
several scaterometcrs and Laser Altimeter.

Antic:ip8llldRIUta:
(1)Detailed investigation of the source functions in the wave energy balance equation - particularly the wind input source
function. 1be ERS-1 scatterometer will be particularly useful in establishing surface wind fields used in testing source
function sensitivity in the wave models, and the SAR and Altimeter in verifying the models.
(2) Improvements to mixed layer modeling methods derived from exploring the velocity and thermal response of the mixed
layer to very well monitored surface fluxes. The scatterometcr data will be assimilated in establishing the surface winds.
(3) Further validation of the scatterometer, SAR and Altimeter using the extcmive SWADE data both from surface platfonm
and from aircraft.
(4) Improved understanding of radar response to the ocean surface. The very detailed information on the wave field and
surface fluxes will enable the refinement of algorithms for ERS-1 and sebscqucnt remote sensors.

~
(1) A report analysing the comparison of SAR, scattcrometer and altimeter data with SWADE surface data will be delivered
inMarch92.
(2) Preprints of all SWADE manuscripts using ERS data for submission to journals .
::oontinator: Freeman
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N2
!NORWEGIAN CONTINENTAL SHELF EXPERIMENT

I-

Nansen Remote Sensing Centre, Edv. Griegsvei3A, 5037 Solheim.wile,Bergen, Norway

~
R.A.Shuchman/ C.Rufenach (ERIM, Michigan,USA), HJobnson (FORUf, Troms, Norway), K.Davidson (Naval
Postgraduate School, Monterey, California,USA), K.Bartbel (as Pl)

~
(1) Study variabilities in the mesoseale oceanic circulation pattern and wind field pattern.
(2) Study ERS-1 SAR wave imaging capabilities.
(3) Study long-wave/ cum:nt interaction.

Exper'.meut Pl8n:
(1) SAR image expressions of surface cum:nt features and rapid wind shifts will be classified, followed by an attempt to
quantify the geophysical variables.
(2) The limitations of wave imaging capabilitiesdue to azimuth cutoff will be evaluated.

Study area is the Norwegian offshore region centred on Haltenbanken (64"30'N, 9°E). A pilot study will be conducted in the
cross-over area at about 58°N, 3"30'E.

ERS-1 Dma RBqulqment:s:
SAR image mode, ATSR and altimeter data for the Haltenbanken area during 1991, and especially for the cross-over area in
early July 1991.
Additional ooverage of the Barents Sea and/or Greenland Sea is required to validate SAR detection capability of Polar Lows.

F.:lities to be~=
Wind turbulence and wind stress buoy; cum:nt meter and thermistor chain moorings; surface drifters; pitch and roll buoys;
WAVESCAN buoys; ship mounted current profiler and surface thermistor; ship mountedwind turbulence and stress sensors;
ship mounted X-C-L band scatterometer; ship mounted video camera; ship mounted CID; ship mounted towed Seasoar;
airborne SARs.

Anlicipad Relulta:
(1) Increased understanding of SAR imagingcapabilities.
(2) Validation of SAR imaging capabilities of mesosealecum:nt patterns, rapid wind shifts and waves.
(3) Validation of RA surface slope measurements in studies of mesoscalecirculation.
(4) Validation of ATSR surface temperature measurements.

~
January 1991 Experiment plan.
Aug & Dec 91 Field reports.
91-94 Papers for ERS-1 workshops, IGARRSmeetings and journals.
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PIP.LAB7
SAR/OCEAN SURFACE WAVES IN THE MARGINAL ICE
ZONE

Princlpill lnve lligator.
P.W.Vachon CCRS, 2464 Sheffield Rd., Ottawa, Canada KlA OY7 Tel: 613 9'J8 9063
Co-lnYMllgmora: B.Eid (Macl..arenPlansearch Ltd., Halifax. N.S.), W.Perrie (BIO), W.Winsor (Centre for Cold Oceans
Resource Bngineertng, SLJohn's Nfld.

()bjec:IMa:
(1) To observe surface gravity waves in the marginal ice zone using ERS-1 SAR, CCRS airborne SAR, wave-induced ice
motion time series, marine radar, directional spectral measurementsof the impinging wave field, and ice properties.
(2) To utilize these data to develop an understanding of SAR imaging physics for ocean waves for the case of waves-in-ice
(which is much simplified over the general open ocean case).
(3) To utilize these data to allow modelling of the physical processes within the marginal ice zone.
(4) To make steps towards a detailed understanding of the coupling between the wind input, the planetary boundary layer and
wind stress, nonlinear transfer due to wave-wave interactions, and dissipative mechanismssuch as wave breaking in the
marginal ice zone.

Exper'.mentPlen:
Geographic area: Southern Labrador Sea - Northern Grand Banks of NewfouncUand(approx. 47.3°N - 51°N, 50°W - 55°W).
On site measurements will be made in conjunction with the CSS Baffin (BIO) cruise for LIMEXm which is currently being
planned for March 1992. The ship will be fitted with a marine radar and deploy equipment on the ice and near the ice edge
(depending upon ice conditions and edge location). On site measurementswill be correlated with results from ERS-1 SAR
imagery and multi-geometry undcrflights by the CCRS airborne SAR systems. Models which account for physical processes
within the marginal ice zone will be developed, implemented, and results compared with the on site observations,

ERS-1DldaAlqunmentl:
Repeat SAR coverage (3 days) over a three week period (yet to be defined in detail) during March of 1992 (note: with ERS-1
ice orbit of 3 day repeat and 128.2° phase) along the C8nadianEast amt. This requirement is comistent with other Labrador
Sea ice-related ERS-1 programs, Signal data from specific scenes will be required for SAR processing experiments (about 5
scenes will be specified based upon content as judged by the airborne SAR data and ERS-1 SAR quick-delivery products).
Wave mode data (interleaved scatterometer and SAR) along the pass leading up to the main SAR acquisition region and along
adjacent passes is desirable. 3scenes every 3days for 3weeks= 21 scenes (dcsc:cnding)

Faclltles '°be Deployed:
CSS Baffin to deploy, monitor and recover equipment over a three week period in March 1992 (as a part of the LIMEXm
program). Possible participation of a seamd ship. Imtruments include ship-mounted marine radar and TSK altimeter,
directional wave buoys, meteorological buoys, wave induced ice motion package, ice beacons with anemometer, wind profiler
and ice property measurement equipment.
CCRS Convair 580 with C/X-band SAR.

AntlcipDd AMulla:
(1) Improve understanding of SAR ocean wave imaging physics.
(2) Developed ability to use SAR imagery of waves-in-ice to study geophysical problems such as wave attenuation and wave
spectral evolution within the marginal ice zone.
(3) Developed ability to use SAR data to validate and test theoretical and model predictions of physical processes within the
marginal ice zone.

\oi~
'.1)Waves-in-Ice program data report.
:2) Sets of ocean wave spectra corresponding to each ERS-1 pass over the experiment site as derived from direct wave
notion time series measurements (via wave buoy and/or ice motion package) and marine radar as well as image spectra
:lerivedfrom the ERS-1 SAR data and the CV-580 SAR data (if present during the pass).
'.3) Papers in the open literature.
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UK14-1
jINVESTIGATION OF SPATIAL SCALES OF WAVE HEIGHT

Prlncip.i lnYIltlgnor.
P.G.Cballenor James Runnell Centre for Ocean Circulation,Gamma House, Cbilworth Research Centre,

Cbilworth, Southampton SOI 7NS, UK
Tel: 703 7(16184 Fax: 703 7675CJ7

CJ>jectivea:
To establish spatial scales in the wave field over the world's oceans,

Expe(,ment PWI:
In order to look at spatial variations along altimeter tracks it is necessary to remove any temporal variation. For periodswhen
ERS-1 is in a short repeat, wave height from repeat tracks will be averaged in time; the longest period over which the
averaging can safely be done is about a month so orbit periods longer than about 6 days will be unsuitable for this method
since an average of at least 5 passes is needed to reduce temporal variation. Longer repeat periods will make analysismuch
more difficult as short term temporal variabilitywill be amfounded with the seasonal variation in the spatial scales. If it is not
possible to model the seasonal effects and hence remove the short term variations, only the short repeat period data will be
analysed. Given the present orbit scenario, informationon spatial scales of wave height will only be available during the N.
Hemisphere winter and one other season depending upon the date of the launch.
Once the temporal variability bas been removed the next problem is to decide over what regiom the wave field can be
comidered spatially stationary, and then to quantify the variation by meaes of autocorrelation functiom or some equivalent
measure.

ERS-1Dma~
All the altimeter geophysical data for repeat periods of I~ than 10 days. For longer repeat periods, just for the Atlantic.

Anticlpmd Allulta:
Autocorrelation functiom (or their equivalent)) for areas of the ocean that can be comidered stationary. Maps of these areas
will also be produced.

~
Report on spatial scales of waveheight over the world's oceans,

_ __,
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UK14-2
lwAVE CLIMATE STUDIES

Princlpml Im1ltlgftr.
DJ.T.Cancr Institute of Oceanographic Sciences, Broad Road, Wormley, Qodalming, Surrey, UK

~
(1) Investigate variations in significant wave height (Hs) worldwide on time scales of months to years.
(2) Begin to build up a wave climatology to determine long-term trends in global wave heights.
(3) Determine whether these variations can be related to wind speed.

Exper'.ment PIM:
(1) Before the launch of ERS-1, procedures will be developed to perform routine checks on the radar altimeter (1 sec)
estimates of Hs and sigma nought, Also, it is hoped to select an algorithm to estimate surface wind speed from sigma-nought.
(2) The altimeter values of Hs will be used to estimate monthly mean values of Hs over the world's oceans, Different spatial
scales will be examined.
(3) Variation of Hs within a year will be investigated by fitting a model with annual and semi-annual cycles to the monthly
means.
(4) As several years' data becomes available, the inter-annual variability will be determined from differences in the above
model parameter values. Comparisons will also be made with the Gcosat data.
(5) Overall global variability will be investigated by calculating the total global wave energy, from estimates of Hs.
(6) If altimeter winds prove to be satisfactory a similar analysis of surface wind speed will be carried out, and relationships
between mean Hs and wind speed will be investigated.~10...~
All radar altimeter level 2 data.

Anticlpmd Rleulla:
The analysis will give values, more accurately than any previomly obtainable, of the global annual mean Hs and the
magnitudes and signfficance of the annual and semi-annual components of Hs. In particular it will establish the significance
of the semi-annual oomponcnt of the Southern Oceans, following the work of van Loon and others. Results should provide a
useful test of wave height prediction models.
These analyses, taken together with those from the Gcosat data, will form a basis for establishing any long-term trends (over
deadcs) in the climate of wave height throughout the world's cx:cans.
If a satisfactory relationship can be established between monthly mean Hs and monthly mean wind speed in parts of the
world, then this could be used to estimate changes in wave height likely to result from changes in the wind speed climate.

~
It is intended to produce monthly maps of the global mean Hs values, and possibly sea surface wind speeds from altimeter
data.
Papers will be published giving the results data analysis, as outlined above.
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UK14-29
RELATIONSHIP BETWEEN SURFACE ROUGHNESS, WIND
AND WAVES

Prlndp.i lrMllligmr.
P.Challenor James Runnell Centre for Ocean Circulation.GammaHouse, Chilworth ResearchCentre,

Chilworth, Southampton SOl 7NS,UK
Tel: 703 766184 Fax: 703 7675CJ7

~
To develop a more realistic physical model of the spectrum of sea surface roughness, which interactswith ERS-1 microwave
sensors, using stereoscopic measurementsof the surface.

ExperimentPIM:
Simultaneom pails of imagesof the sea surfacewill be takenwith digital cameras. These imageswill be analysed
automatically to produce oontour maps of surface height and hence short wave spectra. Simultaneousmeasurementsof the
wind stress will be made (by the dissipation technique) and these will be related to the wave spectrum to produce a better
understanding of the relationship betweenwind stress and the high wavenumberwave spectrum. These experimentswill be
timed to <X>incidcwith overflights of ERS-1. The radar returns will be correlatedwith the surface mcasuremcntsto give a
better understanding of their relationship to surface conditions.

ERS-1Dlda~
Scattcrometcr and Altimeter data for overpasses of experimentalequipment, P<lml>lysome SAR data.

FllClltieatobe~:
IOSDL stereo imaging system oomprisinga pair of VidckMegaplus digital ~and oomputcr equipment to capture the
images.
Multimet meteorological package including fast response anemometer for measurements of wind stress.

An~ Rlmulta:
Improved understanding of the relationship betweenwind stress, wave spectrum and radar return. Hence better algonthms
can be developed.

~
IOS report detailing oonclusions.
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UK14-30
jNON-LINEAR WAVE PARAMETERS AND SEA-STATE BIAS

Princ:ipml•.•••1lligat! •.•
M.A.Sroka;z James Runnell Centre for Ocean Circulation, Gamma House, Chilworth Research Centre,

Chilwonh, Southampton SOl 7NS, UK
Tel: 703 766184 Fax: 703 7675C17

Clbjec:tMs:
To examine the fcamoilityof extracting wave parameters other than significant wavehcight, such as wave period, skewness
and cross-ssewness, from ERS-1 altimeter waveform data and to provide improved estimates of sea-state bi.asin thCaltimeter
height mcasurcmcnts.

Exper'.mentPlllft:
The 20 Hz waveform data from the ERS-1 altimeter will be analysed using a Maximum Likelihood :Estimatoralgorithm.
Estimates of non-linear wave parameters will be made and the sea-state bias (of the altimeter height measurement) will be
calculated. An atttcmpt will be made to relate the geographical distributiom of the non-linear parameters to the position and
intensity of storms that generate waves. For comparison sea-state bi.aswill also be deduced using an empirical technique,
which relics on the analysis of repeat track data to look at the relatiomhip between residual height (i.c the height after removal
of the mean) and significant waveheighL Particular attention will be paid to ocx:asiomwhen the changes in parameters occur
on very short space scales, which minimises the effects of orbit error. Comparisom of the wave parameters estimated from
the waveform data will also be made with those estimated using stereo-photographic techniques (sec UK14-29).

ERS-1Dllta ~
Altimeterwaveform data (20Hz) and GDRs (lHz) over spcdficd regions (Venice tower, during the OOllUDis&oningphase; NE
Atlantic and Southern Ocean subsequently).

F8CilltiestD be~
Stereo-photographic equipment and analysis facilities, and a ship for dcploymcnL
nfLo.•• lk:tpmd AMulla:
The confirmation (or otherwise) of the ability to extract wave parameters, in addition to significant wavehcight, from radar
altimeterwaveform data, and the development of appropriate algoritlum for this purpose.
An improved method for ex>rrceting altimeter height mcasurcmcnts for the effects of sea-state bi.as.

••1111aw~.--.:
i\lgoritlum for the extraction of non-linear wave parameters from ERS-1 altimeter waveform data and for the correction of
sea-statebi.as.

42



ERS-1 Oceans and Climate

UK14-36
INVESTIGATIONOF THE RELATIONSHIP BETWEEN
REMOTELYSENSEDOCEANSURFACEFEATURESAND
OCEANOGRAPIIlCSTRUCfURE

Principal lnvestigalDr:
J.C.SCOtt/G.E.Keyte Ocean Science Division, Admiralty Research Establishment, Portland, Dorset DT5 2JS/ Space

Department, Royal Aircraft Establishment, Farnborough. Hampshire GU14 6TD, UK

Objec:tiYea:
The proposal aims to investigate the relationship between SAR images of deep ocean features such as fronts, eddies and
internal waves, and the detailed sub-surface structure of these features. In-water measurements will be made using a 400m
thermistor chain, with a range of complementary measurements. Aircraft will carry additional radar and infra-red imaging
equipment, for relating to the satellite measurements.

Experiment Plan:
It is planned to have at least one oceanographic ship located in a frontal region which will be imaged frequently (i.e. every 3
days), over a period of at least 28 days. The region chosen, between Iceland and the Faeroes, is known to be abundant in
frontal structures, being in the zone where the warm high-salinity northwards-moving Atlantic waters encounter colder deeper
fresher water of Norwegian Sea origin as it escapes southwards over the Iceland-Scotland system of ridges.
The period of survey needs to be at least 28 days to be reasonably sure of a wide range of changes in meteorological
conditions, as well as significant changes in water structure. The measurements planned aim to define in detail the thermal
structure of major boundaries, as well as that of any secondary features such as boundary meanders and eddies. The ocean
currents related to these structures will also be measured, both with fixed current meter moorings and with on-board acoustic
Doppler current profiler.

~1 DmaRequinlmenta:
SAR data. The progress of the investigation may be enhanced by use of UK data acquisition facities (at RAE West Freugh)
and the UK Earth Observation Data Centre at Farnborough. Use of these facilities will enable ERS-1 data to be processed and
examined rapidly, with the consequence that the oceanographic ship could be re-directed to obtain measurements in specific
locations where significant features have been observed on SAR or ATSR images.

FllCilltla to be Deployed:
Survey ship with thermistor chain (with temperature, pressure and conductivity sensors along its 400m length), acoustic
doppler current profiler, bathythcrmograph (XB1)probes. wave buoys, current meters and accurate pasitioning system.
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US1-5c
APPLICATION OF SAR DERIVED OCEANIC SURFACE
WAVES TO OPERATIONAL FORECASTING IN ALASKA

Principal lnYeatigalor:
G.L.Hufford National Weather Service, Box 23, 222 W 7th Ave., Anchorage, Alaska 99513

ObjectNea:
The National Weather Service has a requirement to forecast oceanic surface waves in Alaska waters. Use of SAR data is to
improve accuracy of wave forecast in high seas and to use oceanicwave data in coastal wave model for nearshore forecasts.

Experim.wtPIM:
Identification of wavelengths; FFT to utilisable format; input to wave model.
Dissemination of data in National Weather Servicemarine forecasts for Alaskan waters.

ERS-1Data R8quiremenla:
Near real-time images over the Gulf of Alaska and the Bering Sea.

Anticipated Rnulta:
Direct improvement in wave forecasts for waters of the Gulf of Alaska and Bering Sea, resulting in increased safety to
mariners, especially commercial fishermen.

Mi~
April 1991 Development of algorithms.
July 1991 Utilisation of SAR data in forecasts.
A.e,ril1992 Verification of SAR derivedwaves to forecasts.
Coordinallor. Weller
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US3-3
CALCULATION OF OCEAN WAVE AND WIND STRESS
DISTRIBUTIONS

Prtncipllllrwestigalor:
M.H.FICilich JPL, M-S, 300-323, 4800 Oak Grove Drive, 91109 Pasadena CA, USA

~
Donelan/ Graber/ Pierson (JPL)

Objediva:
(1) Determining the sensitivity of wave prediction models to errors in the wind forcing.
(2) Explore the influence of non-local gravity waves on the wind stress distribution.
(3) Improve surface wind velocity estimates from the ERS-1 scatteromcter by using forecasted waves and allowing for long
wavc/ShOrt-waveinteractions and spatially varying winds in calculatingwind velocity from observed backscatter cross
sections.

Exper'...,.1t PIM:
The effects of long waves both on the speedstress and on the backscatter/s~ relatiomhips will be examined through
iterative assimnanon of ERS-1 scattcromcter winds into wave prediction models. These wave prediction modelswill be
ICfinedand tested, first with simulated data and then with actual wind measurements from ERS-1. The model of Donelan
(1977) will be extended to include non-local swell and adapted for use in the North Atlantic; the parametric model of Graber
(1984), which includes the effects of bottom topography will also be used, as will an update version of the existing U.S. NMC
global wave prediction model. Since locally generatedwave energy is schematicallyproportional to the fourth power of wind
speed, small errors in ERS-1 winds will be amplified as errors in predictedwave fields. Model errors will be quantified by
comparisons with wave heights ~UICd from the ERS-1 altimeter (and from other altimeters that may be flying such as
Oeosat and Topex/Poscidon), dim:tional spectra from the ERs-1 SARwind/WaVCmode, and from operational coastal and
ocean buoys in the North Atlantic and PacificOccam. Iterative techniqueswill then be used to adjust the backscatter/s~
and wind/strss relatiomhips embodied in the ERS-1 scattcromctcrmodel function and the wave generation models,
respectively, in order to bring model predictions into agreementwith data.

'_.

ERS-1Ollla Rmquhfnenta:
Requirement for US3-1 - US3-8.
Full misssion WSC (UWI. IWI), ALT (URA) and availableATSR/M data globally over the ocean. Minimum requirement is
for 1 year of data.
AUavailable SWM (UWA) data obtained in the North Atlantic and over the Antarctic Circumpolar Current south of 40°S for
the full mission. Minimum requirement is selected SWMdata obtained in the North Atlantic over a period of 6 months.

Anlicipmd Aleults:
(1) Improved knowledge in the relationship between backscatter and winds~ (the t.is for scatteromctry), and hence an
improved C-band model incorporating the effects of long surface waves.
(2) Improved understanding of the modifications to surface~ caused by long waves that arc not in equilibriumwith the
wind, and hence in improved bulk parameterisations of the wind speed/wind~ IClatiomhip.
(3) Refined and improved regional and basin-scalewave prediction models.
CoordnatDr: Freilich
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US8-2c r
ERS-1/SIR-C INTERCOMPARISONS: SPATIAL EVOLUTION
OF OCEAN WAVE SPECfRA

Principm'""I ltigator:
R.C.Beal/P.Vachon The John Hopkins University/Applied Physics Laboratory, John Hopkins Road, Laurel,

Maryland 21r7ITT..«eJ,USA
Tel: 301 953 5000 Fax: 301 953 1093

~
D.Tilley (APL), FJackson/E.Walsh (NASA), R.K.Raney/J.Cbilar/ AL.Gray/ R.Hawkins/G.E.Livingstone/M.C.Moucbot
(CCRS), J.F.R. Gower (IOS), C.Mason (BIO), R.Keeley (MEDS), N.Freeman(DFO)

~
(1) To determine the ability of spacebome SAR (both ERS-1 and SIR-C) to track the spatial evolution of oceanwave spectra
in regions where substantial and abrupt changes in the spectrum might be caused by current shear boundaries and bathymetric
effects. These coastal regions are difficult to model, and often present serious marine ba7.ardsin the form of extreme waves.
(2) To gather SAR imagery and in situ ocean surface measurements in support of gaining a detailed understandingof SAR
imaging physics for a variety of ocean surface amditions and SAR geometries, using SIR C/X-SARand ERS-1 spacebome
SAR data, ooincidcnt airborne SAR undcrtlights and in situ ocean measurements,

Ellper"011•lt PIM:
(1) The primary geographic region of interestwill be the western North Atlantic. The ideal sets of satellite passes will travel
normal to the Shelf break (mccoding for ERS-1; descending for SIR-C), passing through deep water, the GulfStream, and
across the Continental Shelf. Rcferenc:cspectra from either the NASA Surface Contour Radar (SCR) or the Radar Ocean
Wave Spectrometer (ROWS) will serve as primary standards of comparison.
(2) The second study will take place at two sites, depending upon the time of the year of the SIR-C/X-SAR flighL The fust
site a>Ircspoods to a nominallywinter SIR-C/X-SARflight, and is centred on the edge of the marginal ice zone off the amt
of Newfoundland The seamd site corresponds to a nominally summer SIR-C/X-SARflight, and is off the west amt of
Vancouver Island near the entrance of Juan de Fuca Strait

Facilltleato be~:
(1) SIR-C SAR, set of descending passes, currently scheduled for June 1993.
(2) BIO and IOSwill deploy directionalwave buoys at the Newfoundland and Juan de Fuca Straits sites, respectively. CCRS
will provide overflights with the CV-580 C/X-band SARs. In the case of the east coast site, ice motion sensing buoys will be
placed on the ice. At both sites amductivity-temperature-deptb (CID) surveys will be carried out across the study area to
assess the probability of observing mesosealeoceanic structures.

Anticipmd RBlulla:
(1) Global monitoring of the spatially evolvingwave spectrum will be vital to update and validate operational wave fo~t
models in the 1990's. In addition, for this particular experiment, such estimates of the directional spectrum in the vicinity of
the Gulf Stream potentially can yield quantitative estimates of the position and velocity of the Stream, wave energy
enhancement due to the stream, and the migration of the spectral peak across the Continental Shelf, which can be related to
energy dissipation. Also, improved understandingof the nature of the SAR oceanwave modulation tramfcr function (MTF)
as a result of detailed spectral interoomparisonsfrom both satellite platfonm over a range of environmental amditions.
(2) The major conclusions to be derived from this multi-sensor data set will be an improved understanding of SAR ocean
surface wave imaging physics, and amsequently improved algorithms for the reduction of raw SAR wave imagery into
reliable waveheight spectra. In addition, optimal SAR geometries and processing scbcna for the observation of internal
waves, mcsoscale features, wind signatures and bard targets in sea clutter will be established.

Mi~
Dec 1990 Draft experiment plan.
12 months Preliminary report 12 months after receipt of data.
24 monrm Fmal report or open literaturemanuscript.

,.
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AUS6-10
[MAPPING OF SUB-SURFACE FEATURES

Prinds* InvI ltigatnr:
R.Coleman OceanTechnologyGroup, School of Civil Engineering,The University of Sydney, NSW2006,

Australia
Tel: +61 2 692 2145 Fax: +61 2 692 2111

()bjec;'tMa;
The aim of the project is to locate scamount positions in the ocean areas around Australia, in particular those locations of
possible interest to the Australian fishing industry.
Our present knowledge of Southern Oceanbathymctry, and in particular of scamount locations and characteristics, is based
almost entirely upon sporadic ship surveys. It is likely that a significant number of uncharted or mislocatcd scamounts exist
throughout the area. The use of radar altimeter (RA) data is a most effectivemeans of locating such bathymetric features
given a sufficient groundtrack coverage.

Exper'.mentPIM:
The region of the Southern Ocean to be studied is bounded by latitudes 10°S and SO°Sand longitudes 100°E and Hi0°E. The
uncharted "altimeter-defined"anomalies,considered promising for fisheries, resource development, will be verified by ship
cruises. Improvements will be made to the algorithms for scamount anomaly detection during the project.
RA data from the 35 day repeat cycle (and any other longer repeat cycle) will be most suitable for seamount location. The
first year of RA data will be processed through a standard crossover analysis package to form a mean sea surface model. This
model will be combined with previous results from other altimetermissions. Individual altimeter profiles will then be high
pass filtered to provide short wavelength geoid anomalies. The geoid anomalieswill be correlated with existing bathymctric
data within the wavelength band of 40-400km to map the sub-surface features.

ERS-1 Dllla Rlquhrnenta:
ERS-1 RA data (after orbit processing) for the area 10° - SO°S,100° - HiO°E;from launch to the end of the first 35 day repeat
cycle; additional RA data from any longer period (eg. 176) repeat cycle.

Fecllllea tar Dllla ANlym:
Altimeter preprocessing and analysis software.

/,.ttlcipm.d Rnulta:
In broad terms, the results of the project will be:

.,.... (1) Detailed bathymetric validation and improvement,
(2) Identification of possible commcrciallyviable fisheries resources. Success is difficult to assess in terms of fisheries
potential, but certainly the detection of possiblemislocatcd/unehartedfeatures tabeen demomtratcd in the Great Barrier
Reef area (Coleman, 1985, unpublished data for the Department of Fisheries).

1990-91
1991-92
1993

Software enhancement and preliminarydata processing
RA analysis and sub-surface feature mapping
Investi~tion of uncharted features

Coordinator: Niluon
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11
MODELLING OF MICROWAVE INTERACTION WITH SEA
SURFACE AND ATMOSPHERE: INTERPRETATION OF SAR
IMAGES OF SELECTED SITES OFF ITALIAN COASTS

Prlnclpml -·~
P.Trivero Instituto di Cosmo Geofisica - CNR, C. so Fiume 4, 10133 Torino, Italy

Tel: 011 6527412 Fax: Oll li69'J579

~
B.FJSCClla/GD'Auria/ E.5alusti (as above)

~
(1)Methodological study of ERS-1 images of Italian seas,
(2)Microwave interaction with sea surface and atmosphere,
(3) Interpretation of physical marine phenomena related to straits and coasts,
(4) Study of SAR echo intcmity behaviour agaimt the presence of slicks over the sea.

Exper'.mmt PIM:
Test site: Vcsima (44"24'30"N, 8°42'15"E).
Planned for 4 times a year:
(1) Sea truth mcmurcmcnts.
(2)Mc:.urcmcnts of sea echoes with a 3-band (L, Sand q radar.
(3) Spilling of a surfactant for coverage on SAR swath.

~1Dm~
SAR prcdsion images for the Mcditcmmcan Sea between latinxb 36°30'N and 44°30'N, which include the Vcsima site.
Once during the Commismoning phase, preferably in April.
Every 3 montm during the 35-day cycle.
Altimeter and scattcromctcr data will be obtained from another PI studl'.!!!s.the Mcditcmmcan.
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INTS-7
ALTIMETRY AND GEOPHYSICS IN THE BARENTS AND
ADJACENT SEAS

Prtndp.i lnvMtigaJr:
C.Lingle Oceans and Ice Branch. NASNGSFC, Greenbelt,MD 'lJJnl

Tel: 301 2863548 Fax: 301 2862717

~
D.MacAyeal (Dept. of Geophysical Sciences,University of Chicago), L.Greiscbar (Meteorology and Space Sciences,
University of Wisconsin-Madison)

..J

Cl>jectMs:
To measure and map the height of the marine geoid with respect to the ellipsoid throughout the Barents Sea, compute and
map the associated gravity anomaly field, and analyse the results. The scientific objective is to employ the regional
distribution of geoid distortion and the gravity-anomaly field as a means of add.rcs&ng the problem of whether extensive
grounded ice sheets existed in the Barents and adjacent seas during the Last GlacialMaximum (LGM) about 18,000 years BP.
If so, isostatic imbala~ should be an observable effect of past deglaciation,which would have caused continuing viscous
flowwithin the earth's mantle and associated distortion of the gravitational potential field.

Exper'.meut PIM:
(1) Incorporation of new ERS-1 data with available gravity data.
(2) Mapping of the data onto regular grids using optimum interpolationmethods.
(3) Deoomposition of the anomaly fields into its Fourier oomponents to identify wavelengths caused by inoompleteglacio
isostatic adjustment.
(4) Application of forward and inverse modeling methods to identify the range of past glacial load histories oompatiblewith
the data.
The main areas of interest are the Barents and Kara sees (68-82°N, 10-70"E), and the Chukchi, East Siberian and Laptev Seas
(66-78°N, lti0°W to 112°E).

ERS-1Dma~
Radar altimeter data backscattered from open water throughout the above regions are needed during times of zero or minimal
sea ice rover. For the Barents Sea: 12months per year throughout ERS-1 operation. For the Kara, Chukchi, East Siberian
and Laptev Seas: all data during August and September of each year.
Data ~ to the equivalent of NASA level 2 and 3 are required.
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J5-l
(IMPROVEMENT OF MARINE GEOID

Prindplll '"" 1ltigmor.
YGancko Satellite ~y Office, Geodesy and Geophysics Division, Hydrographic Department,

Maritime Safety Agency, Japan

~
The objective is to obtain an improved detailed marine geoid in the Pacific region using ERS-1 Altimeter data. The improved
geoid will be of use for understanding the gravitational field in the area, which can be used to investigate sea bottom structure,
sub-bottom structure, and structure of the Iitbospbere.The geoid surface can be the reference surface of the sea surface
topography, and to contribute much to ocean dynamics.

Expertmmt PIM:
Terrestrial gravity data will be oombincdwith the Altimeter data to study the detailed structure of the geoid The three
dimcmional deodctic ooordinatcsof oceanic islands obtained by SLR observations will be used as the control points of the
geoid
Since the precise orbit determination of ERS-1 and the calibrationof the Altimeter data are very important, the SLR statiom
of the Hydrographic Department will observe ERS-1, and the SLR data will be supplied to the facility responsible for the
ERS-1 orbit determination. The SLR data will be used for the calibrationof the Altimeter in oonjunctionwith ocean tide and
oceanographic data.

ERS-10... Alqunrnenla:
Altimeterdata acquired using 35 day and 176 day repeat cycles.

FllClltleato be~:
Fixedand mobile SLR statiom of JHD which are currendy employed for geodetic purposes.
Ocean tide statiom which are operating oontinuously on the coests of the mainland and islands of Japan.
Surveyvessels will make cruises to obtain oceanographic data for taking SUifacetruth.

~~
Pre-launch Recalculation of detailed geoid using surface gravity data.
Post launch SLR obsctvations.

Survey vessels will make cruises to obtain oceanographic data througllout the lifetime of ERS-1.
~._. ••••• Fujita
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NLll
APPLICATION OF ERS-1 RADAR ALTIMETER
MEASUREMENTS TO GLOBAL PRECISE ORBIT
COMPUTATIONS, AND SEA SURFACE MODELLING AND
OCEAN CURRENT DETECTION IN THE ATLANTIC, WEST
PACIFIC AND ANTARCTIC

Principal lnYeatigator:
K.F.Wakker Faculty of Aerospace Engineering,Delft University of Technology, The Netherlands.

~:
BACAmbrosiu.s/ M.WAvan der Kooij/M.C.Naeije/R.Scharroo/P.NAM.Visscr (as above), R.RummeVR.H.N.Haagrnans/
D.Oskam/ EJ.0.Schrama (Faculty of Geodesy, Delft Universityof Technology),W.P.M. de Ruijter (Institute of Meteorology
and Oceanography, Utrecht University), E.Vennaat (Observatory for SatelliteGeodesy, Delft University of Technology),
J.T.F.zimmennan (Netherlands Institute for Sea Research),J.W. van der Made (TidalWaters Division, Rijkswaterstaat)

Ob;ec1ivn:
This Dutch altimetry investigation forms part of a long-term researchprogramme that aims at the application of ERS-1 and
TOPEX/POSEIDON altimeter data for a variety of orbit mechanics,geodetic, geophysical and oceanographic purposes.

Experiment PW!:
(1) Regular tracking of ERS-1 by the Dutch MTLRS-2mobile laser system, preprocessing and the data distribution.
(2) Regular tracking of ERS-1 by the Dutch PRARE system.
(3) Analysis of the tracking performance of all global laser and PRAREsystems involved in the ERS-1 mission.
(4) Computation of precise orbits from the laser, PRAREand altimetermeasurements.
(5) Comparison of orbits computed at Delft University and other institutes from different sets of tracking data.
(6) Development of tailored gravity model(s) from the laser, PRAREand altimeter measurements.
(7) Dedicated altimeter calibration tracking campaign at Veniceming the Dutch MTLRS-2 mobile laser and possibly the
Dutch PRARE system.
(8) Computation of extremely precise short-arc orbits over the Venice region and the analysis of tracking, altimeter and local
geophysical data for calibration purposes.
(9) Analysis of the altimeter height and cross-over difference residualsof the reference orbits, and the separation of geoid and
orbit errors.
(10) Computation of dense sets of all cross-over differencesover selected areas from ascending and descending tracks of
ERS-1, GEOSAT and TOPEX/POSEIDON.
(11) Computation of mean sea surface models for these selectedareas and the determination of sea surface variability.
(12) Comparison of these modelswith detailed availablegeoid, bathymctry and marine gravity-anomaly data sets.
(13) Analysis of the optimal combination of altimeter measurementsover the oceans with geodetic measurements over the
continental geoid.
(14) Application of the altimeter data to check and improve existing tidal models for selected areas.
(15) Computation of the dynamic ocean surface topography in selected areas, and the measurement of mesoscale dynamic sea
surface features.
(16) Determination of the semi-permanent global ocean circulation.

ERS-1Data Requirements:
(1) Global PRARE range and range-rate tracking data and ESOC S-bamnd range-rate tracking data.
(2) Operational ERS-1 orbits as computed by ESOC.
(3) Precise ERS-1 orbits included on the ERS-1 altimeter GeophysicalData Record (GDR).
(4) All global fully-preprocessed altimeter measurements over seas and oceans in a well-defined GDR format.
(5) The full altimeter dataset for the Venice calibration experiment.
MileslDnellDelMKa: The status of the research project and preliminary results will be presented at progress meetings,
workshops, etc. organised by ES.A.and at relevant scientific congresses, symposia, etc. The teamwill publish results in
appropriate journals and will also contribute to ESA publications dealing with the results of the ERS-1 mission.
Coordinator: Minster
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ANALYSIS AND INTERP!£TATION OF SURFACE
ROUGHNESS FEATURES IN SHALLOW SEA SAR IMAGES

ERS-1 Occam and Climate

UK14-22

Principal lnvestigalDr:
LS.Robinson Department of Oceanography, The University, Southampton S09 5NH

Tel: 0703 593438 Fax: 0703 593939

~
(1) To measure the dependence of the radar backscatter cross-section on the short wavelength sea surface roughness.
(2) To investigate the capability of SAR images to reveal sumurfacc dynamical processes and to map shallow sea bathymctry.

Experiment Plan:
Pre Launch
Techniques are being developed to measure the sea surface roughness using a laser slopcmeter, and using an enhanced
sensitivity marine radar. Digitally processed Scasat SAR imagesof ULwaters will be surveyed and analysed to catalogue
bathymetric and dynamical features, and to identify the conditions necessary for imaging of these features to occur.
Post Launch
Initially, a survey will be made of the first UK coastal SAR images from ERS-1 to identify test sites. Repeat images of a few
select sites will be analysed in detail. At these selected sites, field measurementswill relate surface roughness to the flow field
associated with bathymctry and dynamical processes, and with SAR imageswhen coincidentwith the in situ data.

ERS-1Dllla Rlquirementa:
Digitally processed SAR data:
(1)General coverage of allUKwaters.
(2) Regular coverage of specific sites: Solcnt(50"30'-51"30'N,0"30'-3°0'E), Dover Straits(50"30'-51"30'N, 0"30'-3°0'E),
Norfolk/Suffolk Banks (51"30'-53°0'N,1 °0'-2°20'E).
(3) Pre-planned coverage of selected sites within the areas defined above to enable coincident fieldwork to be planned, during
years 2 and 3 after launch.

Facilities '°be Deployed:
Departmentally provided ship time in Solent and Dover Straits, with current meters, marine imaging radar and laser
slopcmcter.

Antic:ipm.d Aleultl:
Definition of the conditions required for SAR imaging of bathymetry and shallow sea features. Specification of the accuracy
of dynamical or bathymctric information which can be recovered from SAR images. Elucidation of the SAR ocean imaging
mechanisms.

52



ERS-1 Occam and Climate

- UK14-33
(EAST ANGLIAN BATHYMETRY

Prindpel lnwltigator:
B.D'Olicr/N.Lynn Thames Polytechnic, London/ Royal Naval College, Greenwich, London.

Clbjec:tMa:
To me ERS-1 sensors, particularly SAR but also the Altimeter and ATSR, to evaluate and assess the their performance as
oceanographic tools. This will concentrate on an asscsmcnt of the possibility for measuring bathymctry from SAR images,
disoovcring the vertical and horizontal mcasurcmntsof the various clements that constitute the bottom topography, and
seeking to specify the wind, tide and wave parameterswhich control the detection of such features. These features will
include: coastal and offshore sandbanks; sandwaves; sandwavc megaripples; wide, wave dominated sand fields and related
sandribboos; bedrock features including varying bedrock type and roughness, buried channels and large wrecks.
In the case of the various sand features, mobility and its potential for measurementarc of prime importance, whilst with the
other features, it is the initial identificationand conditions of resolutionwhich arc of most importance.

Experiment PIM:
To mcasurc wave, tide, wind, water, temperature, salinity and bathymctric parameters simultaneously with ERS-1 overflights
and to compare the repeat coverage. This will enable areas of mobility to be identified and resurveyed at a later stage during
further ovcrtlights.

~1Dlda~
SAR images. All data covering the site of investigationwhich coincideswith data gathering activities, plus some additional
images.

F.:iitiea to be Deployied:
Survey ship with side-scan sonar, direct reading current meters, salinity-temperature bridges, wave buoys, tide guages and
accurate postion fixing equipment•...•
Anllclpmd Rleulla:
Useful information pertaining to the oceanographic parameterswhich arc able to be detected by SAR, and to the rates,
volumes and direction of sand transport features arc cxpcctcd.
C'Aordinator: Srokosz
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AUS6-1 (

THE FLOW AND STRUCTURE OF THE EAST AUSTRALIAN
CURRENT

Principllllnl:utigatnr:
CS.Nilsson CSIRODivision of Oceanography,G.P.O.Box 1538,Hobart, Tasmania,7001, Australia

Tel: 61 02 206244 Fax: 61 02 240530

~
G.R.Crcs.swcll(as above)

~
To observe repeatedly the East Australian Current (EAq and its warm-core eddieswith SAR and near-simultaneousNOAA
AVHRR and ship studies in order to improve both interpretation of ocean SARdata and understandingof the EAC.

Exper'.mentPIM:
The R.V. Franklin will be deployed for one cruise of at Ieast twelve days during the commissioningphase of ERS-1 off the
N.S.W. ooast near 32°30'$, 152°40'E. The three day repeat cycle is nccdcd to obtain a number of passes over one area of the
EAC during one cruisc under different weather amditiom. The specialised instruments aboard R.V. Franklinwill be used to
measure large and small scale motiom to relate to the SAR data. NOAAAVHRR sea surface temperature images and FOP
SARwill be sent to the ship in near real-time to enable most appropriate surface truth data to be obtained. During mmt of the
lifetimeof ERS-1 SAR, the EAC will be monitored and SAR data compared with NOAAAVHRR and data from ships of
opportunity.

ERS-10...~
Essential
During commissioning phmic over two weeks of ship cruise, a two-minute SAR trammission on ascending orbit over Eastern
Australia every three days. During 35 day repeat cycle period for twelve montm, two dcsccnding and one ascending two
minute passes overEAC area per cycle (Total SAR 70 min per year). Priority coverage during SIR-C flight.
Desirable
Extcmion of above for scamd year. lncrcascd SAR coverage for whole or part of year to three descendingand two ascending
passes per 35 day cycle. Access to all appropriate LBR data.

Fllcllilieato be °"Pk¥1d:
(1) NOAA AVHRR satellite rccciving and image processing facilitiesat CSIROMarine I.abs. in Hobart
(2) R.V. Franklin oa:anographic research vessel with normal oomplcmcnt instrumentationplus acoustic dopplcr current
profiler and GPS navigation giving real-time rcadi-out of absolute currents to 200m depth
(3) ERS-1 HBR rcccivcr and FOP at Alice Sprinp

~Rleulla:
Much improved knowledge of oceanographic interpretation of SARdata regardingmapping of currents and fronts under
varying wind and wave conditiom. This knowledge is nccdcdbefore SAR can be used to study the muchmore inaccessible
ocean regioes such as the Antarctic Circumpolar Current (Acq. The operational value of SAR in determining the flow
pattern of major current system such as the EAC during periods of prolonged cloud oovcrwill also be demomtratcd.

Mi~
1991 Conduct fust cruise and initial analysis of ship and SAR data.
1992 - 93 Conduct scamd cruise and analyse flrst year of SAR data. Dcmomtrate operational use of SAR for

monitoring currents. Complement SIR-C. Apply results to study of ACC.
1993 - 94 Publish results.
Coordinator: Nluon
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AUS6-2
IMESOSCALE STRUCTURE IN THE SOUTHERN OCEAN

Pmap.l lnvl'atigatnr.
CS.Nilsson CSIRO Divisionof Oceanography,G.P.0.Box 1538, Hobart, Tasmania, 7001, Australia

Tel: 61 02 206244 Fax: 61 02 240530

~
E.Lindstrom (as above)

Qbfectiwa:
To observe repeatedly the Antarctic Circumpolar Current (ACC) and its eddies with SAR and near-simultaneousNOAA
AVHRR and ship transects to determine the scales, frequenciesand intcmities of tbcsc eddies. To estimate the eddy bear flux
in the region 50° - li0°S, 140° - 170°E.

Exper'.mM'lt PIM:
Maximum Value Composite NOAAAVHRR sea surface temperature data will be used to attempt to monitor eddy formation
and evolution in the ACC region and to relate tbcsc data to SAR image data. Because of persistent cloud rover in this region,
NOAA data alone will not be sufficienL Coverage by ERS-1 SAR will be regular, albeit sparse, and both sets will be

--. combined to give much better monitoring. Improved knowledge of the interpretation of oceanic current boundaries from
experiment Aus6-1 will be incorporated into the analysis. Ship transect data from the oompanionexperiment Aus6-3 will
aJsobe oombincd with timely image data around 140°E to improve the analysis ofbotb. Coleman et al. (Experiment Aus6-
11) will use radar altimeter data in conjunction with Aus6-l, 6-2 and 6-3.

ERS-1 DlllaRlqunmenta:
E.rsential
For two spaced 70 day periods: during each 35-day cycle, five ascending and five descending three-minute passes (120 min
over five months). For remainder of year, two ascendingand two descending three-minute passes per cycle (78 min over
seven months). Access to all appropriate LBR data.
Desirable.As above for first year, ie 200 min SAR data; for second year: 30 min SAR data per 35 day cycle for 12 montb.s
(300 min per year).

F.-... IDbe Deployild:
(1) NOAA AVHRR satellite receiving and image processing facilitiesat CSIROMarine Labs. in Hobart.
(2) R.V. Franklin oceanographic research vessel with normal complement imtrumcntation plus acoustic doppler current

-" profiler and OPS navigation giving real-time read-out of absolute currents to 200m depth.
(3) The experiment is dependant on the establishment of a Tasmanian F.artbResources Satellite Station (fERSS) being set up
at Hobart.

Antidpmd RMulla:
The experiment will provide much better knowledge of what SAR docs and docs not show in the Southern Ocan, in
particular: the apparent scales and frequencies of eddies south of Australia and bow these mcm;um;relate to altimeter
spectra; the ability of SAR to track the Antarctic Circumpolar Current; the use~ of combined SAR and thennal AVHRR
in tbcsc latitudes. The SAR data will improve estimates of the eddy bear flux into Antarcticwaters,

~
12/1991 Hydrographic section No. 2 along 140°E south of Australia completed (as for Aus6-3). Initial analysisof

Southern Ocean SAR data. Review of data requirements for 1992
1211992 Hydrographic section No. 3 along 140°E south of Australia completed (as for Aus6-3). Analysis of data

continues. Review of data requirements for 1993.
1993 - 94 Collaboration with those making altimeter studies of Southern Ocean region. Fmal analysis of 1991-92

SAR data. Publication of results.
CoordinatDr. Nilsson
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AUS6-3
(MERIDIONAL STRUCTURE IN THE SOUTHERN OCEAN

PrlncipllllrMltigMar.
E.Lindsuom CSIRODivisionof Oceanography,G.P.O.Box 1538,Hobart, Tasmania,7001, Australia

Tel: 61 02 206222

~
C.Nilsson(as above)

()bjec:IMI:
This project supports an Australian amtribution to the WorldOceanCirculationExperiment (WOCE). The principal aim of
theWOCE projects will be to estimate themm transport and beat flux of the AntaR:ticCircumpolarCurrent (ACC) south of
Tasmania.

Exper'.mentPIM:
The plan for this project is that during the quinquennial1990-95an annual bydrograpbic sectionwill be occupied along
approximately 140E from Tasmania During the middleof this period (1991-94) time series of velocity, pressure,
temperature, and salinitywill also be obtaiJm using arrays of moored instrumentation. Altimetricmca<;uremcntsfrom ERS-1
will amtnbute to the plan by providing a timeseries of sea surface height that can be oombincdwith various pressure
measurementsto estimateACC transport,

ERS-1Ddl Rltquirwnenla:
Essential
Altimetry data in the region from 30S-67S and from 110E-170E
Desirabk
SAR data alaoog between Tasmania and Antarctica40S-67S, 130E-SOE

Facillliesto be~:
The program will a>llccta oomprcbcmivc set of bydrograpbicmc&<;UJ'CIDCnts~the entire Southern Ocean fromAustralia
to Antarctica and, in ooopcrationwith USAWOCE investigators,propa;ais will be submitted to deploy instrumentation for
time seriesmeasurements of velocity, pressure, temperature,and salinityalong one transect. The primary focus of resources
would be along a single section betweenTasmaniaand Antarctica.

AnticlpllMdAleulla:
An estimate of the transport and beat flux of the AntarcticCircumpolarCurrent south of Australia.

~
Nov 1991 Bottom pressure gauge deploymentat Tasmaniaand Antarctica
Nov 1992 Service pressure gauges: Deploy T/S, current metermoorings: Deploy moorings for measurementof

electric field in ACC region.
Nov 1993 Service pressure gauges
Nov 1994 Recover ~ gauges: Rca>verTIS,cuncnt meter moorings: .RcooverFJMmoorinp
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AUS6-5

'

HEAT FLUXES IN THE SOUTH PACIFIC AND INDIAN
OCEANS

Prlndp.i 111111lllgatnr.
J.S.Godfrey CSIRODivision of Oceanography,G.P.O. Box 1538, Hobart, T~ 7001, Australia

Q>.ln\Mltigatara:
M.Nunc:z(as above), G.Meyers (Geography Department, Universityof Tasmania, Hobart)

CltljedMe:
Test if ERS-1 data can be used for a beat budget study of the surface layer in the seas north of Australia, by comparison to in
situ data.

....•

Experment PIM:
It is planned to use in situ methods of measuring bear storage in the ocean under auspices of TOGA, and to evaluate how
much of the variability is caused by surface beat fluxes estimated from operational weather products (ECMWF) and satellite
data (GMS). The beat storage data are provided by expendable bathythcrmographs from ships of opportunity. ERS-1 data,
converted to gridded fields of wind, SST, surface humidity and sea levelwill be used to provide an independent set of purely
satellite-based fluxes and estimates of the mixed layer beat storage.

6&1 Dllta Rlquhmenta:
Gridded fields of sea surface temperature, surface humidity,wind and sea level.

F.-...IDbe~:
Australian research vessel "RNFranklin" for directly measured radiative fluxes; pc&1blysome short duration direct

-, measurements of turbulent fluxes.

Alllicipmd Rleulla:
Comparisons of ERS-1 products with in situ data and with the "hybrid" ECMWF and GMS estimates of fluxes.

.,,1

~
1990 - 91 Analysis of the beat budget using TOGA XBTs, ECMWF and GMS products.
1991 - 93 Receive first allotments of ERS-1 data, and start comparison of ERS, in situ hybrid products.
1993 - 94 Evaluate heat budget from ERS data for a two-year period.

_,
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AUS6-7
OCEANIC SUBDUCTION AND CIRCULATION IN THE
INDIAN OCEAN

Prlncipmlnii.ltigmr.
TJ.McDougall CSIRODivisionof Oceanography,G.P.O.Box 1538,Hobart,Tasmania,7001, Australia

O>jectMa:
To undelstand and quantify the rate at which mixed-layerwater enters the thermoclineof the IndianOcean,and to deduce the
strength of the mean circulation.

Exper'.nwd PIM:
Two cruises, separated by two months, will be conducted to map the neutral surfaces in the subtropical IndianOcean. This
will involve towing Bunyip, a vertically undulatingdevice for measuringa rangeof the water columnwhile underway,and it
will also hopefully involve the deployment of some neutrallybuoyant floats. An array of cmstations will be taken so that
the mean flows in this region can be deducedby inversemethods. The ERS-1 scattcromcterdata (or at least the derivedwind
stress) will be used to determine the vertical Ekman pumping velocity as a functionof space and time. These data are
required for the whole length of the ERS-1missionbecausewe need to know the variabilityof the Ekman pumpingwithin a
year and also between different years.

~1Dllla~
Essential
The LBR scattcromcter data for the whole IndianOcean, includingthe Indian sector of the SouthernOcean, These data are
nccdcd for the whole lifetimeof ERS-1.
Desirable
The same LBR scattcromcter data for the whole South PacificOcean, including the Pacificsector of the Southern Ocean,
Thesedata are needed for the whole lifetimeof ERS-1. This South Pacificdatawill be used in a amiparison study alongwith
the Indianarea where the fieldwork will take place.

Facllliea to be Deployied:
Researchvessel (R.V. Franklin) to conduct oceanographicresc:archin the subtropical IndianOcean,

AnticipmldRllulla:
An understanding of the relative roles of the wind and buoyancy forcing in ventilating the thennocline in the IndianOcean,
togetherwith an estimate of the mean circulation in the IndianOcean, For example, it is known in the North Atlantic that the
meancirculation transports between two and five times as muchwater as is deduced from Ekmanpumping alone. It is
important to determine the extent of this increasedrecirculation(presumablydue to buoyancy forcing) in other oceans,

Mi~
1990 A trial subduction cruise is approved for November 1990. Thiswill test our ability to make the required

oceanographic measurementswith Bunyip. This test cruise is actually happening in the south TasmanSea
between Amtralia and NewZealand. ·

1991 Begin ming the ERS-1 data to makemaps of the Ekmanpumping velocity eachweek or so in the Indian
and South Pacific Oceans. Analyse the data of the 1990 test cruise.

1992- 93 Continue the above, and also do the oceanographicfieldwork in the IndianOcean,
L993 - 94 Analyse the cruise data in conjunctionwith the scattcromctry to determine the rates of renewal of

thermocline water and the rate of homogenizationof patential vorticity in the Indian Ocean,
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AUS6-8
NUMERICAL MODELLING OF CONTINENTAL SHELF
CIRCULATION AND OCEAN WAVE SPECTRA

Principal lrwntigalDr:
C.B.Fandry CSIRO Division of Oceanography, G.P.O. Box 1538, Hobart, Tasmania. 7001, Australia

Tel: 61 02 206222

~:
J.R.Hunter/ P.D.Craig/ J.S.Reid (as above)

Objec:tiYea:
(1) To predict the wind-driven circulation on Australia's oontincntal shelves using ERS-1 wind fields.
(2) To predict ocean wave spectra at selected sites in Southern Ocean, using ERS-1 windfields and to compare these with
wave scatterometer and in situ measured wave data.

Experiment FWI:
The wind-driven circulation in one or several regions of the Australian oontinental shelf will be modelled using surface winds
obtained from ERS-1. The predictions will be compared with measured current meter data, and an assessment will be made
as to whether these predictions are more accurate than tbose using oonventional surface wind fields.
A similar plan is envisaged for the prediction of ocean wave spectra. In this case, however, the predictions will be compared
with both in situ measured wave buoy data, and wave scattcromcter data. Furthermore the ERS-1 wave data will be
compared with the wave buoy data as part of a calibration - validation exercise.

ERS-1Dllla Rlquinlmenta:
Accurate (±2rm-1) surface winds with a spatial and temporal resolution of SOian and 3b respectively.
ERS-1 wave scatteromcter data for the north west Tasmanian region (off Cape Grim).

Anticipated Rwllts:
(1) An assessment of ocean models for the prediction of wind-driven currents and ocean wave spectra using ERS-1 surface
wind data.
(2) Intercomparison of measured ocean wave data at several locations in the Southern Ocean using wave buoys and wave
scatterometer data.
Coordinator: Nilsson

·-
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AUS6-11 /'

IOCEAN CIRCULATION

Prindpm ImoHtigMor:
R.Coleman Ocean Technology Group, School of Civil Engineering,The University of Sydney, NSW2006,

Australia Tel: +61 2 692 2145 Fax: +61 2 692 2111
~ I.S.FJoncs/ LR.Young (as above).

O:>jectivea:
Of all of the ocean tmins' circulation. that of the Southern Ocean region is the least understood. Most of our knowledge is
based on a sparse hydrographic data base, with few direct velocity observations using current meters or drifting buoys. The
broad objectives are to better understand the ocean areas surrounding Australia, ie the Indian Ocean,western South Pacific
Ocean and the Southern Ocean. More specifically, these are:-
(1) To estimate the time variability (on seasonal and interannual time scales) in the surrounding ocean regions.
(2) To examine the structure and mesoscalevariability of the regional circulation features such as the EMtAustralian Current,
Tasman Front, West Australian Current and the Leeuwin Current.
(3) To study and map the distribution of eddy kinetic energy within the region.
(4) To study the wave generation due to tropical cyclones and the numerical prediction of the cyclone wind-waves.

Exper'.rnent Pim:
One of the principal steps of the project is to develop refined procedures and software to reliably estimate the ocean dynamic
information from the RA data. Techniques for obtaining stationary and temporal features of the ocean surface have been
extensively documented in the scientific literature. In order to achieve the above oceanographic objectives, improvements
and modifications to our existing computer software will be made during the early part of the project. This part of the project
will focus on:-
(1) Updating the existing software to take into account an efficient database stream, improved algorithm and modelling
developments and problems specific to the Australian study region, such as wide continental shelf regions.
(2) Inoorporating techniques to reduce local orbit errors such as the use of tide gauge stations as comtraints.
(3) Investigating me~ to improve orbit resolution in altimeter analysis, in particular trying to remove the geographically
correlated orbit error,
These dcvclopments will then allow the final processing of ERS-1 RA data to proceed and the variability of the ocean
circulation to be oomputed with some degree of oonfidencc.
An allied problem to be studied in part of this region is the wave generation due to tropical cyclones and the numerical
prediction of the cyclone wind-waves. Procedures and results of studies off the Australian ooastlinc have been given in
Young and Sobey (1981, 1985). Some 10-12 tropical cyclones form each year during the summer months in the nonbem
ocean areas off Australia. It is proposed to use the ERS-1 RA and SAR data to develop a predictive capability in the region.

ERS-10...~
Essential
(1) All available Level 2 RA data collected in the region 10°N to 82°S, 20°E to 290°E; RA data from launch to mission end.
(2) AMI wind/wave mode data for a nominated period during the passage of about three (3) tropical cyclones off the northern
coastline of Australia (of order 3 one week periods during the summer months - November to March).
(3) ERS-1 SAR images of the same area at the closest possible time period to the AMIwind/wave data collected at (ii).
Desirable:Tapes of simulated ERS-1 SAR and LBR products.

Antidpaled Rwllla:
(1) Quantitive estimate of the seasonal and interannual variability of the major current syste~ of the Southern Ocean regions.
(2) Detailed maps of the mesoscale variability and eddy kinetic energy levels.
(3) Better description of the ocean dynamia of the Southern Ocean region, especially in the Australian region leading to
improved ocean and weather forecasting.
(4) Improvement in ocean numerical models and forecasting of tropical cyclones.

Mi~
1990-91 Development and enhancement of altimeter software
1991-93 Processins_of data for ocean circulation studies
:oordinatDr. Nilaon
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- AUS6-14
NORTH AUSTRALIAN TROPICAL SEAS CIRCULATION
STUDY

Prlnclp.i lmi'lltigator:
D.M.Burrage Australian Institute of Marine Science, PMB No.3, TownsvilleM.C., Queensland,OLD 4801,

Australia

~
M.Inouc (CSI, l.SU)

~
This is a regional study of geostropic and wind-driven circulation in ~ coral sea. Seasonal and mesoscalevariabilitywill be
studied using ERS-1 radar altimetry and scattcrometry rombincd with a reduced gravity numericalmodel of the wind-driven
circulation.
(1) To assess seasonal variability of geostrophic currents in the Coral Sea and identify seasonal changes in locationof the
bifurcating South-Equatorial Current (SEq using the ERS-1 radar altimeter.
(2) To apply a reduced gravity numericalmodel of the Coral Sea forced by ~derived from the ERS-1 altimeter and
scattcromcter, and compare the results with altimctric sea levels.
(3) To sssess mesosealevariability in the Coral Sea, determine its associationwith the major current systems and identify the
role of mesoscale energy in forcing shelfbrcak:exchange.

Experment PIM:
(1) Dctcrminc a mean and timevariable (residual) sea level from time series of corrected radar altimeter values at repeat
interval ground track~
(2) Compute changes in surface geostropic currents and rombinc these with sub-surface geostropic currents determined from
ship-board hydrographic data using thermalwind relation.
(3) Dctcrminc the sea level signatures and locations of the major current systems and compute the rorrcsponding geostropic
tramports.
(4) Determine the sea level signatures and locationsof the major current systems and compute the rorrcsponding geostropic
tramports.
(5) Integrate Topcx/Pa;eidon tidal determinationswith ERS-1 radar altimeter corrections.

a&1 om Alquhmenla:
Radar altimctry: Baseline Ocean Product -All GRDs for full 3 year period, sea surface topography D.ssTOP, Sea Surface
Height Models D.SSHM. ERS-1 Gravity model D.EGMand Oceanic GcoidD.OG.
Wind scattcromctry: Gridded, gcolocatcdwind strength and direction for study region over full 3 year period corresponding
to RA data.
Orbit requirements: All orbit phases arc of interest,

~
1990 Logistical planning and algorithm development based on GEOSAT ERM data and launch of ERS-1.
19'Jl Conduct of fust ERS-1 Coral Sea cruise and rommenc:ementof altimeter data processing.
1992 Final proce«ing of 19'Jl ERS-1 RA data. Adaption of algori~ to Topcx/Pa;eidon. Launch ofT/P.
19CJ3 Final processing of 1992/3 ERS-1 data and application of TIP tidal corrections.
1994 Fmal analysis of results, reporting and writing of scientific papers·
CoordlrmDr:Nilaon
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AUS6-15
IMESOSCALE vARIABILITY IN THE WESTERN CORAL SEA

Prlnciplil lnlMltlgeti!f.
D.M.Bunagc Australian Institute of Marine Science,PMB No.3, Towmville M.C., Queensland,OLD 4801,

Australia

eo-anv..tigan:
M.Inouc (CSI. l.SU)

~
This is a tropic:alocean validation study of the ERS-1 ATSR in which the performance and usefulnessof the ATSR high
resolution (llan x llan) and averaged (50km x 50km) SST products will be evaluated. This will be done by comparing the
observed spatial and temporal sc:alesof oceanic and atmospheric variabilitywith those obtained from ground truth and
AVHRR studies. in the region.
(1) To validate ERS-1 ATSR data for applications to mesoscaleocean circulationstudies using shipboard radiometry, in situ
monitoring statiom and bydrographic surveys.
(2) To develop and evaluate cloud-screening and radiometriccorrection techniquesmaking use of the unique conical scanning
features of the ATSR.
(3) To assess the usefulness of lkm x lkm and 50km x 50kmATSR image products for studies of weak ocean thermal fronts,
and for mapping sea surface temperature in thewestern Coral Sea and Great Barrier Reef.

i::...---.--In.wt PWl:
(1) Develop and test ERS-1 ATSR radiometric and geometric oorrectionalgoritbim.
(2) Validate sea surface temperature mcauremcnts derived fromERS-1 ATSR agaimt NOAAAVHRR, ship-mounted
radiometers and in situ monitoring stati~
(3) ~reliability of mesosc:alecirculation variability estimatesbased on ATSR and AVHRR systems and ground truth.
(4) Determine western Coral Sea and shelf break mcsoscalecirculationon time sc:alesof several weeks to several montm.
(5) Investigate the role of mesoscale circulation in forcing shelf break exchange~ in the GBR.

ERS-1DldaAlquhmmla:
(1) All available ATSR radiometer image data within the study region during the commis&oningperiod and all data available
from 4 periods of 3 weeks intensive studies on a seasonal tmis and over at least a 12month period. Products needed include
ATSR Radiometer Raw Data, High Resolution (lkm x llan) gcolocatedand radiomctricallyconccted data and the averaged
(50km x 50km) SST product.
(2) ATSR Microwave radiometer data during the commimioning phase and subsequent intensive field studies. Products
needed include raw data, column-integrated atlnmpbcric water vapour and liquidwater content and rain detection data.

Mi~
1990 Logistic:alplanning and algorithm developmenL
1991 Launch, validation and execution of two research cruises in western Coral Sea. PreliminaryATSR and

AVHRR data analysis.
1992 Data and reliability analysis of 1991ATSR,AVHRR and ground truth.
1993 Production of SST maps and estimates of mesoscalecuncnt activity, reporting.

··"'
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AUS6-16
!SUB-MESOSCALE CIRCULATION STUDY

Prtndpel m>l ll:lgatnr:
D.M.Burrage Australian Institute of Marine Science, PMB No.3, Town.willeM.C., Qucemland, OLD 4801,

Australia

~
E.Wolanski (as above)

~
This study will assess the capability of ERS-1 SAR imagery to reveal features of sub-mcsoscalecirculation associatedwith
the interaction of tidal streams and sub-tidal currents with the reef matrix of the Great Barrier Reef (GBR), with surface bio
slicks and with internal waves. The imagerywill be acquired for 4 ground truth sites located in the northern, central and
southern regions of the GBR.
(1) To usc shipboard hydrograpbic survey, Lagrangian drifters, NOAA satellite imagery and hydrodynamicmodelsat
selected sites to assess the capabilities odf ERS-1 SAR imagery to reveal sub-mcsoscale flow fcatucs, includingcomplex reef
induccdwater circulation and associated algal and coral spawn slicks.
(2) To usc ERS-1 SAR imagery to investigate sub-mcsoscalecirculation processes in the western Coral Sea, EastAustralian
Current and GBR lagoon including eddies, islandwakes and jets of tidal origin, frontal waves. shear instabilitiesand
sbclfbrcak eddies associatedwith sub-tidal currents, and super-tidal intcmal waves.

Ellper'""*1t PIM:
(1) Acquire and process ERS-1 SAR imagery for 4 study sites, one each in the northern, central and two in the southern GBR
region of north-cast Australia.
(2) Conduct ground truth field operations designed to provide surface and sub-surface auxiliary relevant to phenomena under
study and to validate corresponding SAR imagery.
(3) Enbal¥% corrcctcd SAR imagery, identify and map sub-mcsoscale fcatucs and compare them with features revealed by
NOAA AVHRR imagery.
Selected sites: 1. Ribbon reefs (15"30'S, 145°45'E);

2. Bowden Reef (19°S, 147°54'E);
3. Rattray Jsland (20°S, 148"34'E);
4. Swains Reefs (22°S, 152°48'E)

ERS-1Dllla Rlqunmenla:
SAR Image Mode Data: Approximately 16 SAR precision images 1 Look and 3 Look.
Preferred times: Site 1 - 1992; Site 2 - 1991,2; Site3- 1992; Site 4 - Feb 1992.

SAR Wave Mode Data: 3 Look data at some time during in situ recording over selected sites including imagettcs,wave
spectra and related products.

~
1990 Logistical planning and algorithm development.
1991 Cruise in November (period chosen to COitespoodwith predicted time of Coral Spawning at BowdenRf.)

employing Lagrangian drifter studies and short term current meter mooring spanning period of interest.
1992 Cruise in February (period of expected maximum seasonal stratification in soutbcm GBR for internalwave

studies) employing intensive CI'D profiling, hydrograpbic survey and short term current moorings.
1993 Ftnal data analysis, reporting and scientific papers·
Coordinator: Nllaon
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CND2a
!SAR OCEAN FEATURE MAPPING

Princ:is-1 nr.111ga1ar.
J.Gower Institute of Ocean Sciences, PO Box (,()()(),Sidney, B.C. VSL 4B2, Canada

Tel: 604 356 6558

CcHrru'l lliglllin:
J.Aspel/R.O.parovic (APL), R.Thompson (IOS), C.Mason/M.Ikeda/P.Smith (BIO), N.Frceman (DFO), S.Petehcrych (AF.S),
M.El-Sabh (U. Quebec), M.C.Mouchot (CCRS)

QijectMa:
(1) Evaluate SAR for kx:atingand tracking mesoscaleocean features.
(2) Study seasonal and sea surface temperature effects.
(3) Study SAR imaging mecbanisrm.

Exper'.ment PIM:
Compare SAR imagery collected in cast (Gulf Stream) and west (Gulf of Alaska) test sites, with eddy fields deduced from
ERS-1 altimetry (see related project CND-2b), and from thermal and visible satellite imagery (includingATSR), altimeter and
scatteromcterwinds, and ship data. Data collection periods to be spread through the fust year of ERS-1 operation.

ERS-1om AlquRmenta:
Altimeter and ASTR data, plus other wind/wave data from the AMI as mode sharing allows.

FllCilties to be~:
(1) Numerical model rum of Gulf Stream and west amt areas.
(2) Research vessels (US and Canada).
(3) Research airaaft flights with AXBT, wave and wind sensors.~·~~
Demomtration of value and limitations of SAR imagery for mapping ocean surface features in COlltl'mtingregions where
visible and tberma1satellite data are limited by cloud cover (Gulf Streamwith strong shear and tberma1contrast, less energetic
Gulf of Alaska). Assesmient of seasonal and water temperature effects on this capability. Comparison with altimeter
dynamic topography.

~
Full project repon with imagery examples and supponing data.
Recommended and tested algori~ for SAR image enhancement for maximising feature visibility.
Date of delivery one year after end of data collection.

"

"
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- CND2b
!OCEAN CIRCULATION

Prlndplll lmMllig.wtor.
J.Gowcr Institute of Ocean Sciences, PO Box (iOO(), Sidney, B.C. VSL 4B2, C3nada

Tel: ro4 356 6558

~
J.Aspel/R.Gasparovic (APL), R.Thompson (IOS), R.Hendry/C.Mason/M.lkeda/R.Clarke (BIO)/ W.Moon (U.Manitoba)

Clbjec:IMs:
(1) Demonstrate mcsascale ocean feature mapping and tracking with the ERS-1 altimeter.
(2) Study large scale eddy activity in the oceans, and the tidal and wind-Oriven dynamics of a large shallow sea (Hudson Bay).
(3) Study the coupling of motions of the atmosphere, ice, sea water and the earth's crust in Hudson Bay.

Exper'.rnentPim:
Process altimeter data using techniques already developed for GEOSAT data to map and track mcsoscalc ocean eddy and
front features. Compare the results with numerical model output and with data from the visible, thermal and SAR images.
For Hudson Bay, wind data from ERS-1 and from coastal statiom will also be required...•
~1 DataRlqunmenla:
SAR and ATSR data.

F.-...tDbe~:
(1) Numerical model runs of Gulf Stream, Gulf of A1&Uaand Hudson Bay areas.
(2) Rcsearcb vessels time shared with proposals CND-2a and CND-3.

J.dlcipdld ~
Tune series of maps of eddy fields, with statistical data on generation, kinetic eddy dcmity, and tracks for comparison with
numerical models and to be used as input to climate models. ObsclVCdsmfacc topography changes in Hudson Bay will be
used to assess the influence of bottom friction and ice cover,

•••••ai~
Full project report with mcsoscalc eddy maps and supporting data. Rccommcnded and tested algoritlum for computation of
ocean dynamic topography from ERS-1 altimeter data. Date of delivery one year after end of data collection. Report on
bottom friction and ice effects for a.e.e.llcationin other areas.

65



ERS-1 Occam and Climate

El
EVALUATION OF ERS-1 MICROWAVE SENSORS
CAPABILITY IN THE STUDY OF OCEANIC FRONTS

Prtndplil ""1 ltigD•.
J.Font Institute de Ciencias dcl Mar, P. Nacional s/n, 08039 Barcelona, Spain.

Tel: 34 3 3106450 Fax: 34 3 3199842

~
I.Robinson (U.SOutbampton,UK), T.Guymcr (IOSDL,Wormley,UK), JJ.Martinez-Bcnjamin (UPC, Barcelona, Spain),
R.Arbiol (ICC, Barcelona, Spain), G.Parrilla (IEO, Madrid, Spain)

~
To observe the location and evolution of surface density fronts by using SAR imagery and altimetry.

Exper'"1Wlt PIM:
SAR and altimeter will be analysed in 2 regions of the western Mr.diterrancanwhere permanent density fronts exist: the
shelf/slope off the Ebro river delta (CataJanSea) and the Almeria-Oranarea (EasternAlboran Sea):
(1) Field and AVHRR studies of the dynamics of the fronts and their surface signature, in both areas.
(2) Study of the mesoseale features in SEASAT SAR images of the western Mr.diterranean.
(3) Oocanographic cruise in the Ebro area (June) and analysis of SAR images collected during the ERS-1 oommissioning
phase,
(4) Oceanographic cruise in the Alboran Sea (including airborne mcasurcmcnts and moored current meters) and analysis of
ERS-1 SAR and altimeter data.

ERS-1Dllla~
(1) SAR images (level 2 CCl's) of the .Ebnrlbiza region during the oommissioningphase. A minimumof S amsccutivc
passes an: required (coincident with the cruise).
(2) SAR images and altimeter data of the Alboran region, a strip lOOkmwide and 150km long centred on the line 36° 30'N
2°W - 35°30'N 1°W during a minimum2 month period (probably September-October 1992). Approx. 10 pmses.

F.clltiea to be~:
RN "Garcia del Cid" with oceanographic equipment.
a...w..·-·licipmMd AMulta:
Development of a method to extract the identification of mesascale frontal features from SAR images and altimeter data, and
to evaluate its sensitivity under different conditions.

Mi~
Implementation of the method.
Reports and scientific papers 1992-95.

66



ERS-1 Occam and Climate

FlO
STUDY OF THE OCEAN TIDES BY MAREGRAPHIC AND
SATELLITE ALTIMETRIC DATA ASSIMILATION INTO A
HYDRODYNAMIC NUMERICAL MODEL

Prindpal lrwestigatDr:
C.Le Provost Institut de Mecaniquede Grenoble, BP 68 - 38402 St Martin d'Heres, France

Tel: 76 44 82 63

~:
P.Ma7.zega(GRGS/CNES, 18, Avenue Edouard Belin, 31055 Toulouse).

Objectives:
(1) To develop a method to process all the existing and future altimeter data in order to improve knowledge on meansea level
and tides.
(2) To use this method to establish new cotidal charts for the main tidal constituents, over the ocean and the continental
shelves, with centimctric accuracy.
(3) To develop from these results, and validate by checkingwith observations, a model for prediction of the tidal contribution
to the sea-surface variability under the altimeter satellite tracks, over particular areas of interest.

Exper'.ment Pllln:
The method to process the altimeter data is based on three components:
(1) A procedure to invert the altimeter and marcgraphic data (1st constraint).
(2) A hydrodynamical model of ocean tides (2nd constraint).
(3) A variational method to assimilate the hydrodynamical model.
This is likely to lead to the best possible solution for the different tidal constituents.

The method will be tested over the North BastAtlantic, with presently available satellite altimeter data, plus eventuallywith
ERS-1 and TOPEX/POSEIDONdata. Priority will then be given to the North Atlantic, the South Atlantic, the IndianOcean,
and the part of the Antarctic Circumpolar current between Drake passage and Australia. Some in situ tidal measurementsare
also planned.

ERS-1 Dlda RlquirementB:
Quasi global altimeter data together with error characteristics.

Anticipmd Rlleulta:
(1) Establishment of new charts of mean sea surface of the ocean and an atlas of all the significant tidal constituents.
(2) The production of a model for tidal predictions with error bars.
(3) Global maps for amplitudes and phases of self-attraction and loading tidal potentials, of solid earth deformation under the
tidal loading, and tidally induced gravity anomalies.
CoordinldlDr: Minster
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F25
STUDY OF THE DYNAMICS AND THERMODYNAMICS OF
THE ATLANTIC OCEAN AND ADJACENT SEAS

Principe!lmrlltigallor.
M.Crtpon Laboratoire d'Oceanographie Dynamiquc et de Climatologie, Universite P6, T14, 4 place Jussieu

75005 Paris Tel: 33 144273873 Fax: 33 144275307

~:
Le Treut/B.Bamier/J .Merle/C.Millot/J.Delloue

ObjedMs:
(1) To studythe processes which affect the dynamics of ocean basins and the thermodynamics of their surface layers with
numerical models. Alltbese studies have a common need for wind stress data on a regular grid.
(2) To compare the ERS-1 scatterometer wind stress with meteorological model wind stress,
(3) To investigate the possibility to improve the geophysical model to obtain the ERS-1 scatterometer wind stress by using
techniques employed in artificial intelligence.
(4) To validate ERS-1 data with an O.T.H. radar.

Experiment Pllln:
(1) Ocean models will be forced with daily ERS-1 scanerometer wind stress and the ocean response be compared with ocean
models forced by climatological wind stress.
(2) Testing whether ocean models can be forced with direct ERS-1 products or whether it is necessary to interpolate the ERS-
1scatteromcter wind stress on a regular grid.
(3) Comparison of meteorological model output to ERS-1 scatterometer wind stress to check for systematic differences.
(4) Construction of an operational algorithm by using neural tecnics and comparing its efficiency with the existing
algorithms.

~1 DataRaqunrnenls:
ERS-1 scatteromcter wind stress on the Atlantic Ocean and the Mediterranean Sea during the whole experiment.

Facilitiesto be Deployed:
O.T.H radar.

Anticipmd RIUta:
(1) Improved understanding of the dynamics of the ocean and of the role played by small space and time scale structures of
the wind field.
(2) Dramatic improvement of the computational time of the scanerometer wind stress,
CoordlnldDr: Mina1er
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PROPOSAL FOR THE STUDY OF THE

MEDITERRANEAN SEA: MODELLING AND DATA
ASSIMILATION

Principal lnYeatigator:
G.M.R.M.anzclla CNR ISDGM.c/o ENE.A.PO Box 316, 19100 LaSpezia, Italy

Tel: 39 187 536312 Fax: 39 187 970585

~:
N.Pinardi/ ANavarra (CNR IMGA), R.Santoleri (CNR IFA),ABergamasco (CNR ISDGM)

Objectives:
(1) Monitor the synoptic evolution of the basinwide surface circulation.
(2) Develop the conceptual picture of merging in-situ and satellite data with models.
(3) Produce data sets of sufficient quality and space timedensity to be used in ocean forecast/aowcast.

Exper'.ment PIM:
The combined suite of sensors in the ERS-1 and other satellites can be incorporated into the analysis of 'in-situ' data and into
models. Intensive hydrographic survey has been started to map the synoptic variability of the MediterraneanSea.

ERS-1oaa Rllqunmema:
LBR data covering the entire Mediterraneanacquired during the 35 day cycle 1991 - 92.

Fecilltiw to be Deployed:
Current meters, pressure guages and drifting buoys for the study of currents.
Bathysondes, XBT, thermistor chains for the study of thermohalinecharacteristics.

Anticipm.d Rnulla:
(1) Establishment of a comprehensive description of the circulation of the MediterraneanSea.
(2) Climatology of the Mediterraneancirculation.
(3) Data assimilation system.

~
Status reports: June 1991 and December 1992.
Scientific papers: 1990-92.
Climatolog!calatlases.
c.oordinator: Frassetto
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INDl-6
INVESTIGATION OF OCEANIC INTERNAL WAVE RELATED
PHENOMENA IN THE SEAS AROUND INDIA USING ERS-1
SAR DATA

Principal nu1ltigallor:
S.M.Bhandari SAC, Ahmedabad, India

Co-lnvestlgatDn
ANarain/ H.I.Andharia (as above)

Objectivea:
(1) To study ocean internal waves with respect to generation, propagation and dissipation.
(2) To evaluate the role of internal waves in the mixing of the cx:eanupper layer.
(3) To study the role of internal waves in phytoplankton bloom/enhancement in the ocean top layer.
(4) To study the role of internal waves in relation to cyclonic wind stress.

Experiment Plen:
ERS-1 SAR data will be used along with visible/IRdata to study internal waves and be compared with in-situ measurements
to develop models.
Test sites: 1. 91"93°E,5°-15°N

2. 83.5°-84.5°E, 17.7°-18.5°N
3. 75°-76°E, 11.5°-12.5°N
4. 81°-83°E, 16°-17.5°N
5. 73°-74°E, 15°-17°N

ERS-1cmR1qu1rwnenta:
SAR.illl6, SAR.GEC, SWM.UWA,ALT.QPR, ALT.TOP, ALT.CIR, ATS.SST
Site 1 : Aug-Dec 91, Apr-Dec 92, Apr-Dec 93, Apr 94 - 2 scenes per month.
Site 2 : May-Jul 91 - 2 scenes per week (3 day interval).
Site 3 : May-Jul 91 - 1 scene per month.
Site 4 : Jan-Mar 92194 - 1 scene per week.
Site 5 :Jan-Mar 92194 - 1 scene per week.

Mi~
Reports of study, analysis and results.
Coordinnr. Nlnan
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INDl-8

!STUDY OF ARABIAN SEA EDDIES DURING THE MONSOON
SEASON

Pt1nclp.i lrN 1ltlgatnr.
M.M.Ali SAC, Ahmedabad, India

~
MS.Narayanan/ NK. Vyas/PK.Pal (as above)

~
To study Arabian Sea eddies with respect to their formation, development, movement and dis&pation.

Exper'•11Mt PIM:
Thermal data will be used to locate eddies and they will be studied using wind data from the scattcrometer, slopes from the
altimeter and SST from the ATSR. Mathematicalmodellingwill be employed to relate these parameters.
Test area: 40°-110°E, 25°N - 25°S.

~1 a.ta Rlquhmenta:
WSC.VWI. ALT.VRA, ALT.OPR. ALT.SSH,ALT.TOP, ALT.OGE,ATS.CIR,ATS.PST, ORB.PRC
Daily data will be require for the first 12months, and thereafter from May to September of each year.

Reports on analysis, techniques and results.
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INT2
MODELLING THE OCEAN WITH REMOTE SENSING FROM
ERS-1 (MORSE)

Prlndf* n.111gmr:
PJ.Minnctt Applied Oceanography Group, SACLANTASW Research Centre, Viale San Bartolomeo 400,

1-19026San Bartolomeo (SP), La Spczia, Italy
Tel: 39 187 540 253

Co-lrwesllgan:
Members of the Applied Oceanography Group

~
The principal objective of MORSE is to use ERS-1 data in amjunction with numerical ocean circuJationmodels to ultimately
be able to forecast oceanic structure and circuJation. 1bc use of satellite data with large and complex numerical models pases
many problem; amcerning the optimum use of remotely-sensed data with databases of amvcntional data, and with the
models themselves. In solving tbeseproblems, many important steps will be made in understanding and demomtrating the
utility of satellite DIClmll'CIDCntsin such model simulatiom.

Experm.nt PIM:
ERS-1 DIClmll'CIDCntswill be used together with data from amvcntional soura:s to:
(1) Monitor the largwcale and mcsmcalc circulation and air-sea exchanges in the Greenland-Iceland-Norwegian (GIN) Sea.
(2) Study specific physical processes in the GIN Sea.
(3) Provide forcing and validation fields for numerical ocean models.

ERS-1Dllla ~
Altimeter, Scattcromctcr, ATSR and SAR data of the GIN Sea.

Antlclpmdfmulla:
(1) A dcmomtation of the utility of ERS-1 data in an ocean forecasting scheme using numerical models.
(2) An improved understanding of the physical oceanography of the GIN Sea, in particular of air-sea interaction, frontal
dynamics, c:roa-frontal exchanges, and the role of Atlantic Water in the area.
(3) An asscssmcnt of the utility of ERS-1 data in measuring the oeean-atmospbete beat exchange in the GIN Sea area.
(4) Validation ofERS-1 measurements by direct oomparisonwith in-situ obscrvatiom.
(5) Validation of ERS-1 measurements through the verification of the numerical ocean models.
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J3-3
STUDY OF WIND EFFECT ON THE OCEAN CURRENT IN
THE SEA ADJACENT TO JAPAN

Principlll lnveltigatDr:
K.Okamoto CommunicationsResearchLaboratory, 2-1Nukui-kitamachi4-chrome, koganei-shi,Tokyo,

184, Japan Tel: 81 423 27 7543 Fax: 81 423 27 7594

~
H.Nishida (Maritime Safety Agency), H.Ishii (as above).

~
Understanding tbe proeess of short-term variation of wind-driven current:
(1) Examination of the applicability of Ekman's theorem in various settings.
(2) Estimation of vertical eddy viscosity.
(3) Examination of the change of structure of ocean front/ current field after the wind blowing.

Exper'......m PIM:
Field data (current profiles, temperature, etc.) will be collectedduring routine cruises oonducted by the Hydrographic
Department of the Maritime Safety Agency. ERS-1 data and these field data will be compared and analysed.
The experimental site is Lon. +12500 to +15000, Lat. +02500 to +o4500.

~1Dllla~
Wind vector data from the Wind Scattcrometer (off-line).
Surface topography and wave data from the Altimeter (off-line).
Data required covering a full year.
Deliverywithin 1 month of data collection.

FtlClllties to be Deploy.d:
More than 100 patrol vessels of the HydrographicDepartment of theMaritime Safety Agency for the collection of
meteorological and oceanographical data.

Anticipmd Rleulla:
(1) Verification of the existance of the surface Ekman layer.
(2) Estimation of the magnitude of vertical eddy viscosity.
(3) Understanding of the process of wind-driven change of oceanic structure in the sub-surface layer.
(4) Improvement of analysis method for the observed current data.

~
1988-90 Detailed planning of the experiment and production of data analysis programme by using the simulated

products.
1991-92 Prepare and oonduct experiment, data analysis and evaluation.
Coordinator: Fujita
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J5-2 ..,.

IIMPROVEMENT OF THE TIDAL CHART

Princ:ipm ln¥Mllgaaor:
Dr.Y.Gancko Satellite Geodesy Office, Geodesy and Geophysics Division, Hydrographic Department,

Maritime Safety Agency, Japan

Objec:tivea:
Although the ocean tides around shores and in shallow water are well known, those in the deep ocean are still not known
adequately. The tidal charts around Japan. drawn by using tidal data at islands, differ slightly from the numerical global
models of Hendershott and Schwindcrski. The objective of the research is to investigate the tides in deep ocean and obtain
reliable tidal charts to allow more detailed study of tidal phenomena occurring around Japanese islands and in marginal seas.
Since the orbit of ERS-1 is sun-synchronous, attention will be focussed on moon-related components of tides.

Experiment PIM:
Orbital error may be variable from path to path. and this will be checked using observed sea level data from tide stations. All
the tide data available in Japan wil be used in checking, and a regressive method will be used to separate the periodical part of
the data. The accuracy of the results will be dependent on the number of data available for each location. Long term data is
required.

ERS-1Olda Alqulrwnenta:
Not yet specified.

Facilities to be Dlployed:
All the ocean tide stations currently operational, (about 100) will be employed. Fixed and mobile SLR stations owned by JHD
will be used to observe ERS-1.

Mi~
(1) Ocean tide stations will provide oontinuous tide data, which will be digitized and filed during the period of research.
illSLR observation will start at the launch of ERS-1, and will be used for calibration of the Altimeter.
CoordinalDr: Fujita
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JS-3
VALIDATION OF THE CAPABILITY OF OCEAN CURRENT
DETECTION

Prindplll Inv1llig8tor.
Y.Ganeko SatelliteGeodesy Office,Geodesy and Geophysics Division, Hydrographic Department,

Maritime Safety Agency, Japan

~
The objective is to investigate the capability of satellite altimeterdata for detecting sea surface topography caused by the
oceanographic dynamic phenomena such as ocean currents and eddies. The monitoring and forecasting of the Kurosbio,
which is one of the strongest currents in the world, and the Pacificcounterpart of the Gulf Stream, arc very important, both
for gaining knowledge on the effect of the current on biologicaland meteorological natural environments, and for
safc/coonomical navigation.

Exper:ment PIM:
The investigation will involve the use of a variety of data sets, in addition to tbose obtained from the Altimeter, tbcsc will
include dynamic sea heights derived from oceanographicdata, current speed data, precise gcoid data, ocean tide data from
islands in the Kurosbio area, and ocean surface remote sensing images.The Altimeter data near Japan will be calibrated using
SLR and ocean tide data.

ERS-1om.Rlqunmenla:
Altimeter data acquired ming a 35 day repeat cycle (preferable).

F.allieetobe~:
Survey vessels will make cruises along the sub-satellite tracks of ERS-1 to obtain sea truth data by ming XBT,cro and
Doppler current meters. Tide stations will be operated amtinuously. SLR stations of JHD will be employed to observe ERS-
1.

llllllCJI~
(1) Data handling of altimeter data is to be tested ming GEOSATdata.
(2) The cruises for collecting sea truth data will be made sbonly following the launch of ERS-1.
(3) Tbcrc will be a oontinuous research effort throughout the lifetimeofERS-1.
(4) Rcsearch results can be expc:cted1 year after the ERS-1 mission,
CoorclnmDr: Fu!lta
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UK14-7/8 r:
INVESTIGATION OF VARIATIONS IN SOUTHERN OCEAN
SEA LEVELS AND CIRCULATION

Prindpmlnu1lligeti •.
r.F.Bakcr/J.M.Vamic Proudman Oa:anograpbic Laboratory, Bidston Observatory, Birkenhead, Merseyside, UK

~
lnvestigation of the spatial and temporal variations of sea surface topography in the South Atlantic and southern Indian
Oceans,with particular regard to the study of the variability of the Antarctic Circwnploar Current (ACC). The study is to be
::arricdout as part of the World Ocean Circulation Experiment (WOCE).

~PIM:
Distibutions of altimctric sea surface height anomalies will be produced to be analysed in oombination with tide guagc
neasurcmcnts. In addition, anomalies of geostrophic surface currents obtained from altimctry will be compared to those
:lctermincdfrom sea level differences between tide guagc pairs, including those across the tbrcc inter-ocean basin 'choke
ooints' of the ACC.. Oa:anograpbic interpretation will be made in oombination with other meuurcmcnts and model studies,
n particular those of the UK F"mcResolution Antarctic Model (FRAM).

~1 DataAlqunrnenls:
Jlobal altimeter GRD data.
icattcromctcr data assimilated into meteorological GCM's for air pressures and winds.

~tDbe~:
nstalled tide guages tbmugbout the South Atlantic, including those at Asccmion, Tristan da Cunha, SLHelena, Signy (South
)rkncy). Port Stanley (Falklatxk) and Faraday (Antarctic).
lilcgotiatiomare underway for a PRARE tracking station to be located at Port Stanley.

~Rlmlla:
\ oontnbution towards the development of adequate ocean models which provide a proper description of current climate and
X>tcntialclimate~·
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UK14-9
CONTINENTAL SHELF AND SWPE CIRCULATION
EXPERIMENT

Prtndp.a lnvHtig*r.
J.M.Huthnancc Proudman OceanographicLaboratory, Bidston laboratory, Birkenhead,Merseyside,UK

Exper'.nwrt PIM:
Investigations will be made of deep ocean areas bordering the north-west European continental shelf. These studies will
include the tr.u:merof sea surface gradients across the continental shelf and slope as a function of longshore scale and
frequency. Previous measurements suggest that a direct transter from ocean to shelf occurs for some scales and frequencies,
that extra variability on the shelf can prevent the reverse inferenceof oceanic levels from coastal values, and that
determination of scale dependent behaviour requires the spatial coverage of satellite altimctry. The North East Atlantic
studies will also include an investigation of the complexwater massesof the UK-Iceland-Greenlandgap, which will form pan
of UK WOCE activities.

ERS-10...~
Altimeter GDR data for the North Atlantic.

F..._tobe~:
Coastal tide guagcs and pelagic recorder.
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UK14-10
IGLOBAL AND REGIONAL OCEAN TIDES

Prlndplll lnlontigen.
P.L.Woodworth Institute of Oceanographic Sciences, Broad Road, Wormley, Godalming, Surrey,UK

~
The aim is to use TOPEX/Poseidon and ERS-1 data to produce regional, and possibly global, distributions of the major lunar
and solar tidal amstituents.

Exper'.mentPim:
ERS-1 being almost perfectly sun-suncbronous, provides an ideal lunar tidal analyser, while TOPEX/PPOSEIDONwill
provide a rich spectrum of both lunar and solar tides; distnbutiom of the major oomtituents should be extractable if the data
from all satellites arc analysed in oombination. The algorithms expected to be employed for this work will be adaptiom of
methods developed for SEASAT and GEOSAT analysis. Comparison will be made to existing tidal models and
disagreements resolved. In areas such as the North W~t European amtinental shelf it may be possible to assimilate the
altimetric tidal measurements into existing numerical models of the area.

ERS-10...~
Global altimeter GDR data.

F8ClltiM to be~=
Coastal tide guagcs.

Anticipmd RMulta:
The production of new models to an accuracy sufficient for other UK oceanographic research purposes during WOCE and
bevond.
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UK14-lla
ASSIMil.ATION OF ALTIMETER DATA INTO OCEAN
MODELS

Prtncip.i lnw ltlgetnr:
P.Killworth Robert Hooke Institute, Parks Road, Oxford, OXON, UK

~
The primary objective is to develop methods to assimilatesatellite altimeter and other data into models of the ocean
circulation in order to obtain synoptic pictures of the ocean circulation.To achive this it will be nca:ssary to:
(1) Develop models of the ocean circulationwhich arc suitable for as&milatingthe altimeter data and the data from other
instruments. The models must also accuratelymodel both the large scale currents and the mcso-scale eddies within the ocean,
and the effect of topography on these currents.
(2) Develop new methods of data assimilation and develop further exiStingmethods so that they arc robust and effective in
assimilating the surface and in-situ data that will become available.
Sources of data expected to be used include satellite altimeter and scattcromcter data, hydrograpbic data from the WOCE
(World Ocean Circulation Experiment) program, XBT, current meter and tide guage data.

&periment PIM:
ModelDevelopment
The numerical model used for ~t studies of the ocean circulation is the primitive equation model first developed by Bryan
and C.OX. When this model was developed it was decided for computational efficiency to filter out tidal and surfacewaves by
placing a rigid lid on the surface of the model ocean. Although this appears <Imme, the effect on the large scale circulation of
the ocean is small.
However surface elevation, the quantity measured by the altimeter beaJmcs a derived quantity and as a result it is not possible
to msimilate such data into the model and the modification oeassary of the adjoint and other methods becomes impractical.
It is planned, therefore, to develop a new version of the model with a physically realisticme surface but which is not
oomputationally much more expcmive than the present model. This is being done by solving the vertically integrated
equations ming a short time step and keeping a long time step for the baroclinic equations.
Al the same time studies with the FRAM Fmc Resolution Antarctic Modelwill be used to improve other aspects of the model,
including the representation of the eddy field and vertical mixing schemes.
Assimilalion Scheme Development
It is planned to usc adjoint methods to assimilate the data in the numericalmodel. The methods will initially be developed
using small regions of ocean and need to be suitable for assimilatingboth the regular surface satellite data and the dispersed
and infrequent in-situ data.
It is planned that the first of these regions will be the JASIN area in Roctall Trough. Where possible boundary oonditions of
the reduced area models will be obtained from larger scale models currently being run within Europe.

ERS-1 Dllla Rmqunmenla:
(1) Altimeter data and supporting instrument data for the Atlantic and Southern Occam during the life of ERS-1.
(2) Similar scattcrometer data, but preferably in a form &Wmilatcdinto the ECMWF or similar forccsting GCM.
(3) Sea surface temperature for the Atlantic and Southern Occam during the lifetime of ERS-1.

An*- cipmd Fmulla:
(1) The development of better models of ocean circulation suitable for msimi1atingaltimeter and other satellite/ in-situ data.
(2) The development of adjoint and other data assimilation scbcmcs suitable for usc with primitive equation models and with
satellite and in-situ data.
(3) The usc of the models and methods to determine the synoptic current and density field of the ocean. Initially this will be
for small regions of cx:ean,but m methods and computing power develop, the Atlantic and Southern Occam.
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UK14-llb
!THE EQUATORIAL WAVE GUIDE PROJECT

lrr4111ge•w.Prlndplil =.
P.Bigg University of Emt Anglia, Norwich, Norfolk, UK

~
The primary objective is to develop methods to assimilatesatellite altimeter and other data suitable for usc in equatorial
regions. The data will be &Wmilatedinto spcciaHsedmodels of the equatorial circulation and will be used to investigate the
generation and propogation of equatorial wave syste5 such• those associatedwith the development of the El Nifioin the
PacificOcean. In order to achieve this it is ~ to: ·
(1) Develop models of the equatorial ocean which arc suitable for assimilatingdata from the altimeter and other instruments.
(2) Develop new methods of data assimilationand develop further existing methods so that they arc robust and effective in
assimilating the surface and in situ data that will bca>mcavailable.
Sources of data expected to be used include satellite altimeter and scattcromcter data, XBT and hydrographic data from the
TOGA (I'ropical Ocean Global Atmosphere) programme, current meter, ocean temperature and tide guage data.
The programme will cxmccntrateon regions within 10 degrees of the equator but the processing will require data from up to
30 de~ on either side of the equator.

Exps'.rmnt Plan:
ModdDevelopment
Because of the relatively simple response of the ocean to atmsophcric forcingwithin the equatorial wavcgui~ regions, the
models used to assimilate data within these regionsmay be much simpler than those required at high lati~.
UK occangraphcrs have been closely involvedwith the TOGA cxpcrimcnt and cspccially in developing models of the Indian
and Pacific Oceans. It is planned to develop and improve the models further, using the data obtained during the TOGA
expcrimcnt.
Assbnilation~development
Again because of the simple form of its response the equatorial oceanwill greatly simplify the assimilationof satellite
altimeter and wind sue. data. Asmnilation schemes based on the adjoint scheme arc being developed for usc with the
equatorial models. Assimilation schemes arc prcsendy being used with XBT data and will be extended to altimeter data as
this~ available.

ERS-1Dm~
(1) Altimeter data and supporting instrument data for the Pacific, Indian and Atlantic within 30 de~ of the equator during
the life of ERS-1.
(2) Scattcrometcr data for the same region.
(3) Sea surface temperature data for the same region.

~Fmulla:
(1) The development of adjoint and other data assimilationschemes suitable for use with equatorial models and with satellite
altimeter and wind sue. data.
(2) The development of schemes to determine the synoptic current and density fields of the equatorial ocean and the
generation, propagation and decay of cquatorially trapped waves.
(3) A better understanding of the equatorial system including the waves associatedwith the El Nifioand the other coupled
cx:ean-atmmpbcrc systems of the Indian and Atlantic Oceans.
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UK14-12
jTHE FINE RESOLUTION ANTARCTIC MODEL

Prindplll ""' 1lllgatnr:
DJ.Webb Institute of Oceanographic Sciences,Wormley, Qodalming, Surrey, UK

~
The ERS-1 component of the Fme ResolutionAntarctic Model project (FRAM) is dc&gncd to test ocean circulationmodels
using ERS-1 altimeter data. The data will be used to calculate the eddy energetics field for the Southern Ocean and to
determine the position and movement of fronts. These observational results will be compared with the predicted energies and
posiuoes from the model run in order to test the realismof the model. The reasons for any differena:Swill be investigated
and used to develop better models.

Expw:ment PIM:
(1) Develop, run and analyse the results from the Fme Resolutionmodel of the Antarctic Ocean. The model covers all the
ocean south of 25° at a resolution of 0.25° in the north-south direction and 0.25° east-west, The model bas 32 layers in the
ocean in order to accurately represent the ocean topography.
(2) Develop methods for proa:s&ng the altimeter data to provide the required fields, including the corrections for satellite
position, orientation, sea wave bias, tides and the other sources of error. This is in progress,
(3) Develop methods to plot the sea surface temperature data to determine the posidon of fronts.
(4) Apply the analysis methods to the ERS-1 data and investigate the discrepancieswith the FRAM results.

~1 OldaRlqunmenta:
(1) Altimeter data and supporting imtrument data for the Soutbcm Ocean during the life of ERS-1. The model covers the
region south of 25°S, but for analysis altimeter data is required for all of the ocean south of lO°S.
(2) Scattcromctcr data for the same region (with wind stresses ~imilated into an atmospheric GCM).
(3) Sea swfacc temperatures for the same region.

,. •••~ Rleulla:
(1) The development of better models of ocean circulation suitable for climate studies.
(2) Improved understanding of the Oceanography of the Soutbcm Ocean and its interactionwith the sunounding oceans.
Oaoidm llllDI.Srokolz
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UK14-13

'

STUDY OF MEAN OCEAN CIRCULATION AND EDDIES
FROM SATELLITE ALTIMETRY

Prlndplll~
J.C.Marshall Department of Physics, Imperial College, London SW7 2BZ

~
To develop an objective analysis technique to form a mean sea level surface, taking account of the errors in the various fielm
to use: (a) as a reference surface for monitoring mesoscale (geastropic eddy) variability in eddy rich regions of the world
ocean (NWAtlantic and Antarctic Circumpolar Current); and (b) in conjunction with fine resolution non-altimetric geoids to
study the mean circulation in limited regions where there arc strong surface currents.

Experin.m PIM:
It is proposed to extend further the development of present objective analysis techniques, and to use them with ERS-1 data to
fonn a mean sea surface to be used as a reference surface for oceanographic studies. In particular the data will be used to
study the variability of the mcso-scale eddy field in regions where the eddy energy is high, such as the N. Atlantic. The mean
sea surface will also be used in conjunction with geoids obtained from non-altimctric sources such as sea surface gravity
measurements, to study strong surface currents.
It is also proposed to extend the data assilation techniques to study bow effective the altimeter data is in constraining multi
level eddy resolving ocean current models. Tbcsc techniques will be used with the ERS-1 data after correcting with the non
altimctric geoids and the objective analysis methods will be further used to give improved geoim.

~, om A1qunmenta:
Altimeter data and precise orbit parameters - sea surface height plus corrcctiom.

Anllcipmd RMulta:
MaJBof mean and eddy ocean currents. Improved gcoid of NWAtlantic.

~
Pre-launch
Tbcorctical studies to continue using numerical models and model generated data. Some preliminary investigations arc being
carried out using SEASAT and GEOSAT data.
Launch year
Collaborate with other proposals in validating ERS-1 altimeter and scattcromcter data. carry out first tests of mean sea level
program. Initial plots of sea level variability and mean circulation. Tests using combined ERS-1 and GEOSAT data.
Year after launch
Main runs of mean sea level program; variability and mean circulation program. Analysis of results.
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UK14-17
TO EXPLOIT THE USE OF ERS-1 PRECISION PRODUCTS
FOR THE CALCULATION OF THE OCEAN/ATMOSPHERE
SURFACE FLUXES BOTH FOR DIRECT USE AND FOR
VALIDATION

Prindp.i Investigator.
P.K.Taylor James Runnell Centre for Ocean Circulation, GammaHouse, Chilwonh Research Centre,

Chilwonh, Southampton SOl 7NS, UK
Tel: 703 7li6184 Fax: 703 767507

Objectivea:
To use ERS-1 data in determining the surface fluxes of heat and momentum over the North Atlantic and the Southern Ocean.

Exper'.ment Plan:
Surface flux values cannot be obtained to the accuracy required for experiments such as the World Ocean Circulation
Experiment (WOCE) using ERS-1 data alone, or in conjunction with other satellites. Nor can adequate flux values be
obtained on a world-wide basis from in situ sources such as the Voluntary Observing Ships (VOS). It is probable that the
best global flux estimates will be produced by atmospheric forecast modelswhich use satellites and in situ data as input,
however at present the model derived fluxes arc not accurate enough. It is therefore necessary to adopt a step-wise approach.
(i) investigate and if possible improve the accuracy of the VOSoeservatioas so that, where available, these can be used to
validate ERS-1 data and model derived estimates.
(ii) improve our understanding of the satellite data; in particular the relati~p between scattcrometer wind mode data and
surface stress, and the relationship between the bulk sea surface temperature (used in parametric formulae for flux calculation)
and the surface skin temperature measuredby the ATSR sensor on the satellite.
(ill) validate the satellite sea surface temperature and surface wind data.
(iv) compare the resulting flux estimateswith climatologicalestimates,and with model derived surface fluxes.

Although the ultimate aim is to obtain surface flux estimates over the world ocean, two areas have been chosen for
investigation. The North Atlantic is an area where comparativelymany in situ observations are available. The Southern
Ocean is a data sparse area of great scientific importancebecause of it's role in the world's climate.

ERS-1om.a Rlqunment:I:
AMI wind and ATSR off-line precision products,

Fmlitiea to be Deployed:
The platforms used for in situ data collectionwill includeResearch Ships operated by the Natural Environment Research
Council and other agencies, and ships of opportunity.

~=
The results of the project will be published in project reports and scientific papers. Appropriate subsets of the data and
results will be placed on magnetic tape in the GF3 data exchange format.
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UK14-25
!INTERNAL TIDES AND WAVES WITH SAR

Princ:ip.ilnvelligatnr:
J.M.Huthnancc Proud.man Oceanographic Laboratory, Bidston Observatory, Birkenhead, Merseyside, UK

Cl>jectives:
Oceanographic objectives are to ascertain the formation, propagation and distribution of internal tides and waves over and
around the NW European continental shelf. especially near the shelf edge where most internal tide generation is believed to
occur. Dependencies on shelf-edge topography, stratification and depth-mean tidal current strengths are sought.

Experim.tt PIM:
The location, Intensity and dimemions of rough and smooth bands on SAR images will be compared with simultaneous in
situ observations. Ship's radar images along sections through a wave train will provide the most direct comparison. Echo
sounding and temperature/depth records in the same sections will relate these to internal conditions through the train. Current
profiles, from acoustic doppler current profiling, and thermistor chain time series will further quantify the wave current and
temperature fiel~ Subsequently, SAR images will be used to infer the sources, propagation, strength and extent of internal
tides and waves over and around the NW European shelf. through acquired knowledge of the relatiomhip between image and
wave currents.
The in situ ~urcments will be ship-borne and include sections with ship's radar images, echo sounding, temperature/depth
records at the time of satellite pass, acoustic doppler profiles and thermistor chain time series. Current and moored thermistor
chain records will continue for approximately two weeks according to ship scheduling, and will relate the images to sea
currents.~10...~
SAR imagery with tinling to coincide with ship data oollection.

FacilltieatD be~:
Research ship with instruments and equipment for ~urement, analysis and interpretation at sea.

Anticipmd Rleutla:
Confidence and better interpretation of SAR images should follow from the in situ observations relating images to the surface
current oonditiom which are believed to be their cause. In situ ship's radar, echo sounding and thermistor chains should
confirm the oceanographic interpretation, with the ship's radar in particular providing a link between the remote and in situ
observations.
An assessment of internal waves around the whole NW European shelf edge should result.
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UK14-40
!WORLD OCEAN CIRCULATION EXPERIMENT

Princip.i irw.tigelor:
WJ.Gould Deacon Laboratory, Institute of Oceanographic Sciences,Broad Road, Wormley,Godalming,

Surrey, UK

~
1bc overall objective is the UK scientists to work towards an assessmentof the role played by the oceans in the earth's
climate. ERS-1 is central to the objective since it provides the global coverage by altimeter,ATSR aI\dScattcrometer,and to
a higher latitude than other planned earth observation satellites.
The UKWOCE plan will focus on objectives in the Southern Ocean and in the North Atlantic and will be carried out within
the framework of the international project.

Exper'.mentPlan:
Global Description
High quality CID sections will be occupied in the North and South Atlantic Oceans. Tbese will be supplemented with
~urcmcnts of chemical tracers and nutrients. 1bc data will be part of the global WHP survey. In the N.Atlantic therewill
be a significant effort devoted to the measurement of the exchanges between the N. Atlantic and Norwegian Sea. Coupled
global ocean/atmosphere models at the UK Metrorological Officewill require accurate surface flux data. This will be derived
from ERS-1 wind data.
Southern Ocean
A Fmc Resolution Antarctic Model (FRAM) is running and will use observational in situ and satellite data as part of its
validation process, Southern ocean wind stress data from ERS-1 will be used. Sea surface height variability from the
altimeter will be compared both with FRAMmodel results and with sea level data from islanm and off-shore guages.
Gyre Dynamics
The UKWOCE community will make a large contribution to the study of the dynamicsof the N.Atlantic Gyrc. Altimeter,
Scattcromcter and ATSR data will be used in the study of the response of, particularly, the sub polar gyrc to changing surface
forcing on seasonal and interannual time scales. The N. Atlantic will be used as a test bed for the improvement of
determination of air-sea fluxes from in situ and remotely sensed (ERS-1) data.
The observational phase will COJDIDC1lCC in 1990 and amtinue until 1996(1.

ERS-1Olla Alqcnmenla:
Data from the altimeter, scattcromcter and ATSR will be required, primarily for the N.Atlantic and Southern Ocean,but also
for other areas of the World Ocean.

F8Cllltieatobe~:
Research vessels of the UK NERC fleet, including the RRS CharlesDarwin, RRS Disoovcryand RRS James Clark Ross.
Each of these vessels is eqipped with a full range of modem oceanographic equipment and capable of working in the deep
oceans of the world.

,.iticipDld Rlsulta:
The goals of the WOCE programme are long term, and ultimatelyare, the production of improved models of the role of the
oceans in the earth's climate. In the immediate future, the UK programme will achieve a better physical understanding of the
dynamics of the Antarctic Circumpolar Current and the role of the Southern Ocean in the earth's climate.
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US1-5b
APPLICATION OF SAR DATA TO IIlGH LATITUDE OCEANIC
FRONTS

PrincipmIm; I Illig"'"':
T.C.Roycrfl'J.Weingartncr Institute of Marine Science,Universityof~ Fairbanks,~ 99775-1080

Tel: 9<17 4747835n993

~
K.Ahlnacs (Geophysical Institute, University of Alaska)

~
Determine the applicability of SAR data to ocean front detection.

Exper'"'*lt PIM:
Satellites employing infra-red thermal imaging systems have limitedability to detect oceanic dynamic features at high
latitudes because the dcmity contrasts arc determined primarily by salinity rather than by temperature. Moreover, the high
frequency of occurrcncc of cloud rover at these latitudes limits the number of useful thermal images that can be obtained.
The high rates of precipitation and/or runoff and sea-icemelt in Alaska's ~tal waters establish strong dcmity gradients
(fronts) which arc associated with circulation features. SAR data will be used to map tbcse features in the Gulf of Alaska, and
the Bering, Chukchi and beaufort Seas,

ERS-1 Dlda Rlqunmenll:
3-day repeat cycle datasets will be required at the selectedmonthly intervals for the Gulf of~ and Bering Sea shelves.
3-day repeat cycle during selected intervals between data will be required during selected intervals between May and October
for the Chukchi Sea shelf.

Anticipmd AMulls:
A description of the temporal variability of the oceanic fronts occurring in these regions,

Mi~
Time series of the positions of the oceanic fronts which arc determined. Comparisom of these positions with available and
historical hydrographic data.
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US1-6b
MARINE GEOLOGY AND COASTAL CIRCULATION ON THE
ALASKAN CONTINENTAL SHELF

Prindpm Investigator:
K.Dcan/W.Stringer Geophysical Institute, University of Alaska, Fairbanks,Alaska 99775-0800

Tel: CX17 4747364

~
(1) To identify and describe sea ice distribution and movements, geology, features of coastal circulation and water quality
parameters of the oontinental shelf along the Alaskan Beaufort Sea coast,
(2) To integrate SAR imagery of sea ice, coastal geology and marine circulationwith optical satellite imagery (Landsat and
SP01) and field observations.

f:xper'.nwrt PIM:
For approximately 15 years the University of Alaska has been involved in an on-going project, funded by NOAA, to study
and monitor environmental conditions on the Alaskan outer continental shelf. Remote sensing data including NOAA
AVHRR imagery, Landsat, aerial photography and airborne SLAR have been used to monitor sea ice, oceanic circulation, sea
surface temperatures, suspended sediments and other aspects of water quality. The ERS-1 SAR imagery will be included in
the analysis of the Alaskan continental shelf. SAR imagerywill be analysed on an image processing system to enhance data
related to specific features such as barrier islands, shoals and coastal circulation.
The general area of interest is the entire Alaskan oontinental shelf. Specific target areas will vary from year to year depending
upon areas of interest,

ERS-1 0... Rlquirenwlla:
SAR data. Every 3 or 7 days for short periods, with an annual average of 1 scene per month for 2 years.

Anlidpmd Rnulla:
Environmental data on the Alassan Continental Shelf which will be used to assess the environmental impact of oil exploration
on the region.

~
(1) Progress reports as required.
(2) Fmal report including image products.
Coonlnator. Weller
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US2 »»

!OCEAN CURRENT SHEAR FROM SAR

~ ft>'lltigetor.
TP.Bamctt Ocean Research Division, Scipps Institute of Oceanography, La Jolla, California, USA

~:
(1) Develop a double inverse technique for converting SAR image swaths to estimates of current shear.
(2) Validate the method against direct measurements.

Experiment Plan:
It is planned to use the SAR on ERS-1 to obtain "snapshots" and time series of horizontal current shear cross sections through
the Gulf Stream. If a mobile station capable of receiving SAR image mode data is available, the methodology can be
extended to observations of the spatial/temporal structure of the Antarctic Circumpolar Current.
This unique approach to shear measurement is possible because ocean wind waves refract in a shear current. The SAR on
ERS-1 will measure wave direction in the open ocean as a function of posinon, The resulting observations of directional
change in deep water waves, when subjected to an inverse modelling operation, allow estimation of the horimntal shear that
gave rise to the refractive effects. A theoretical feasibility study shows shear estimates accurate to 5-25% can be obtained
under favourable geometrics of wavc-cuncnt interactions for the major current systems of the world's oceans. The wave
conditions ncccssary for the measurement occur at least 15% of the time in the least favourable localities and perhaps 50% of
the time in more favourable localities.

ERS-1 DldaAlqumnenta:
SAR Wave Mode spectra for selecting optimal conditions for shear flow estimation. Ideally available daily.
SAR Image Mode data for estimation of high resolution wave spectra for input to the inverse model. Required at 5-10 day -··
intervals.

Antlcipmd RMulla:
Near imtantancom "snapsbots" of the shear across the Gulf Stream and at least one section of the Circumpolar Current at
roughly 10-day intervals for 11/2 years.
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US3-4
jTROPICAL AIR-SEA INTERACTIONS

Prlncip.i lnuMtigelor:
M.H.Freilich JPL, M-S, 300-323, 4800 Oak Grove Drive, 9110CJPasadena CA. USA

~
Busalacchi/ Qmc/ Cardone/ Halpern/ Legler/ O'Brien/ Zcbiak (JPL)

~
(1) Characterise error structures in conventional tropical wind products and ERS-1 scatteromcter winds in the tropics, and
develop transfer functions describing the propagation of these errors through tropical ocean and air-sea interactionmodels.
(2) Develop objective assimilation techniques tuned specifically to the tropics for production of 5-day blended tropicalwind
fields using ERS-1 and conventional data.
(3) Characterise actual errors in ERS-1 winds and derived products based on model-data comparisons in the data-rich tropical
Atlantic.
(4) Conduct descriptive and model-based studies of tropical winds and air-sea interactions in all tropical oceans.

Exper'lll'MfttPIM:
In the tropics, the upper ocean appears to respond directly to wind forcing. Tropical upper-ocean motions are associatedwith
strong, time-varying sea-surface temperature and surface height signals which can also be measured remotely from satellites.
Simple ocean models are capable of reproducing about 40% of the variance associatedwith observed sea level and dynamic
topography in the tropics, and recent analyses conclude that inaccuracies in the wind fields used to drive the models are the
single largest source of error in tropical ocean model predictions, Spatial and temporal error structures of existing tropical
wind products arc being assessed to establish a baseline agaimt which ERS-1 products will be evaluated. Characteristicerrors
are estimated by examining differences between the various products, and detailed analyses will be conducted to quantify the
importanc.cof typical error scales and magnitudes on ocean model predictions. Techniques for producing the 5-day tropical
wind analyses by Florida State University (presently based on conventional data only) will be refined to accommodate ERS-1
products, and 5-day analyseswill be produced regularly after launch. ·

ERS-1 Dlda Rlqunmentl:
Requirement for US3-1 - US3-8.
Full misssion WSC (UWI, IWI), ALT (URA) and availableATSR/M data globally over the ocean. Minimum requirement is
for 1 year of data.
AUavailable SWM (UWA) data obtained in the North Atlantic and over the Antarctic Circumpolar Current south of 40°S for
the full mission, Minimum requirement is selected SWM data obtained in the North Atlantic over a period of 6 months.

,. .11i:ifmed Rleull:I:
Pre-launch work will identify error scales in conventional products, establish transfer functions between inacuracies in the
wind measurements and resulting errors in ocean model predictions, and refine techniques for producing high quality blended
analyses of tropical winds with a 5-day time scale. After launch and validation of ERS-1, 5-day analyses of tropical surface
winds will be produced operationally, within 10 days following the end of the month for the entire month's data. Tropical
ocean and air-sea interaction models will be driven by the ERS-1 winds as well as by non-ERS-1 data. Predictions of sea
level and SST from the models will be compared with ERS-1 and Topex/Pa;cidon altimeter and available SST data.
Discrepancies will be related through the tramfer functions to inaccuracies in the wind fields, thus providing an indirect
validation of ERS-1 wind data in the tropics. ERS-1 wind products will be used to drive an advanced model of Indian Ocean
circulation to examine air-sea interactions associatedwith the Arabian Monsoon.
CoordlnaDr: Freilich
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US3-5
'RESPONSE OF THE ANTARCTIC CIRCUMPOLAR CURRENT I
TO WIND FORCING

Prlnciplll ~ 1ltigGDr:
M.H.Frcilich JPL, M-S, 300-323, 4800 Oak Grove Drive, 9110CJPasadenaCA, USA

~
Chelton/ dcSzocke/ Fu/ Richman (JPL)

Cl>jec1Me:
(1) Describe and model the wind-driven dynamics of theAntarctic Circumpolar Current (ACq.
(2) Determine the wind-driven oceanic beat flux in the Southern Ocean.
(3) Cbaractcrise the structure and variability of wind stress over the Southern Ocean.

Experiment PIM:
The Southern Ocean, including the ACC, plays a crucial role in the transfer of beat from the tropics to high southern latitudes
and is therefore improtant to the global beat budget. Wind stress over the ACC is exceptionally high, and because of its
zonally unbounded nature, the AC seems to respond directly and barotropically to variations in zonal wind stress on time
scales lessthan about 1 year. Conventionalwind observations in the Southern Ocean arc totally inadequate to define the
temporal and spatial scales of variability. Refined numericalmodels of the ACC arc being developed, based on existing
quast-geostropbic eddy-resolving channel models of McWilliarmct al. (1978). The modelswill be mcxlificdto include
realisticbottom topopgraphy, increasedvertical resolution, and time-varyingwind stress forcing. Future mcxlificati~ will
result in a primitive-equation model that will allow investigationof Ekman transport of beat and momentum through the
upper Soutbcm Ocean. Models will be tested with syntheticwind fields after launch to determinemodel scmitivities and
establish principal scales of variability and effects of mixing dynamics. Resultswill be used to establish requirements on
interpolated ERS-1 wind fields produced in the ~in-Scale Wind Field task. After launch, 1 year of ERS-1 data will be
analysed to cbaractcrisc actual scales of variability appropriate for eddy Ekman flux models and to determine a preliminary
picture of the seasonal panerns of wind stress over the Southern Ocean. Model rum, forced by mcaurcd winds, will be used
to isolate the physical mechanisms controlling the ACC and its variability. Altimeter data from ERS-1 will be used to test
directly the models' prcdicti~ of sea level.

ERS-1 Dllla Rilquhnwlta:
Requirement for US3-1 - US3-8.
Full misgion WSC (UWI, IWI), ALT (URA) and availableATSRJMdata globally over the ocean. Minimum requirement is
for 1year of data.
All available SWM (UWA) data obtained in the North Atlantic and over the Antarctic Circumpolar Cunent south of 40°S for
the full mission. Minimum requirement is selected SWMdata obtained in the North Atlantic over a period of 6months.

AnticipDd RMulla:
This study will provide the first-ever accurate characterisationof the seasonal vaiability of wind stress over the Southern
Ocean. Through data assimilation into advanced models of the ACC, the physics of the time-varying currents and surface
fluxes will be isolated and identified, thus allowing the role of the ACC in global ocean circulation and climate to be better
understood.
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US3-6
{WIND-FORCED, MID-LATITUDE OCEAN CIRCULATION

Prindp.i lnvesligatlDr:
M.H.Freilich JPL, M-S, 300-323, 4800 Oak Grove Drive, 91109 Pasadena CA, USA

~
Crcpon/ Fu/ Holland/ Koblinsky/ LeProvast/ LeTreut/McWilliams/Vazques (JPL)

CltJiec:IMa:
(1) Investigate, using classicalmodelling techniques, the manner in which spatial and temporal variability in wind forcing is
felt by the mid-latitude ocean in terms of its physical response.
(2) Estimate the absolute geostropic velocities in the ocean fromwind and hydrographic observations.

Exper'.ment PIM:
Classical and inverse modelling techniqueswill be used, in oonjunctionwith ERS-1 wind and hydrographic data, to model the
general circulation of the ocean on basin-wide scales. After launch. an eddy-resolving quasi-geostrophic model will be used
to examine direct wind forcing od mesosealecurrents in mid-ocean regions. Model response will be tested initially using
ERS-1 ALT data. The relative effects of wind stress and bottom topography on the large-scalecirculationwill be examined
primarily in the Atlantic. After 1 year of ERS-1 data arc available in either theAtlantic or the Pacific, inverse modelling using
a modified Sverdrup relation taking topography into accountwill be used to compute geostrophic velocity directly fromwind
and hydrographic data.

ERS-10...~
Requirement for US3-l - US3-8.
Full misssionWSC (UWI, IWI), ALT (URA) and availableAl'SR/M data globallyover the OC%8D. Minimum requirement is
for 1 year of data.
All available SWM (UWA) data obtained in the North Atlantic and over the Antarctic Circumpolar Current south of 40°S for
the full mission. Minimum requirement is selected SWMdata obtained in the North Atlantic over a period of 6months.

,.,~ RMulta:
Both classical and inverse models for large-scale circulationwill be driven with ERS-1 winds and compared (model-modelas
well as model-data comparisons will be undertaken). Techniqees for spinning-up classicalmodelswithout using limited
duration measured forcing data will be developed. Principal scales in the wind field and transfer functions quantifying model
sensitivi!I, to wind errors will be identified.
Coordin.aar: Freilich

91



ERS-1 Occam and Climate

US3-7
!REGIONAL OCEANOGRAPlllC PHENOMENA

Princlpml lnwlllgator:
M.H.Freilich JPL, M-S, 300-323, 4800 Oak Grove Drive, 91100 Pasadena CA, USA

~lllgatin:
Beardsley/ Carter/ Comillon/ Graber/ Kelly (JPL)

~
Investigate the role of local and non-local wind forcing on:
(1) Dynamics of sub-tidal circulation in the Californian Current and over the continental margin off the west coast of North
America.
(2) Upwelling along the Brazilian coast.
(3) Dynamics of the Brazil current from cabo Frio to the convergence with the Falklands Current.
(4) Dynamics of the Gulf Stream from Hatteras to the Grand Banks.
(5) Formation of 18°C water in the Sargasso Sea.
(6) Location and evolution of the main front of the subtropical convergence in the Sargasso Sea.

~PW!:
Wind forcing plays a role in many sub-t:min-scale oc:canographic phenomena, but existing wind data lacks the spatial and
temporal coverage (as well a resolution) required to allow unambiguous identification of the specific mechanisms by which
the wind forcing drives the upper ocean. Several regions will be studied, in both the Northern and Southern hemispheres
where extensive satellite SST or existing in situ data exist and where ERS-1 wind data could provide key indications of the
probable mccbanivns of wind forcing.

ERS-1Dllla Rlqukwnenta:
Requironent for US3-l - US3-8.
Full misssion WSC (UWI, IWI), ALT (URA) and available ATSR/M data globally over the ocean. Minimum requirement is
for 1 year of data.
All available SWM (UWA) data obtained in the North Atlantic and over the Antarctic Circumpolar Current south of 40°S for
the full mission. Minimum requirement is selected SWM data obtained in the North Atlantic over a period of 6months.

Amidpmd Rmeulla:
For each of the case studies identified, high resolution interpolated map> of surface winds and stress from ERS-1 will be used
in conjunction with satellite measurements of SST (from NOAA orbiters) and other operational satellite and in situ data to
qualitatively characterise the relationship between local and non-local wind variations and the oceanographic phenomena of
interest, after which comparisons of data with predictions of models forced by the ERS-1 winds will be conducted.
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US3-8
IWIND-DRIVEN UPPER-OCEAN HEAT ADVECTION

Prlnc:ipalirw.tigator:
M.H.Frcilich JPL, M-S, 300-323, 4800 Oak Grove Drive, 91109 Pasadena CA, USA

Co-lrwntigatora:
Barnett/ Liu/ Niiler (JPL)

Objectives:
(1) Assess the accuracy of using ERS-1 wind, ATSR/M -derived sea surface temperature , and ATSRIM-derived water
vapour mcasurcmnts for the determination of momentum and latent heat fluxes.
(2) Develop an optimal scheme by which ERS-1 data can be combined with other satellite data (e.g. DMSP/SSMI water
vapour, NOAA/VISSR radiative fluxes) to study the heat balance of the upper ocean.

Exper'.ment PIM:
Surface currents in the ocean can be modelled based on wind forcing, but this requires accurate and extensive measurements
both of the wind stress and air-sea fluxes that influence the thermodynamic structure of the air-sea system. Vector winds
from the ERS-1 scatteromcter will be used to provide kinematic forcing, and wind speeds coupled with sea surface
temperatures from the ATSR/M and water vapour (derived in part from the microwave channels of the ATSR/M, but also
from operational DMSP/SSMI data) will be used to calculate air-sea heat fluxes. In the ocean, models of large-scale surface
momentum convergence will be developed so that wind-driven currents can be predicted from ERs-1 and other data. The
model outputs will then be used to compute surface heat advcction due to currents. Methods for using statistics of the
synoptic wind field to predict monthly mean momentum convergence will also be examined.

ERS-1Dlda Rllquinlment:s:
Requirement for US3-1 - US3..lJ.
Full misssion WSC (UWI, IWI), ALT (URA) and available ATSR/M data globally over the ocean. Minimum requirement is
for 1 year of data.
All available SWM (UWA) data obtained in the North Atlantic and over the Antarctic Circumpolar Current south of 40°5 for
the full mission. Minimum requirement is selected SWM data obtained in the North Atlantic over a period of 6months.

Anticipald Relulta:
Large-scale comparisons of month-to month variations of surface stress, total heat flux, and SST have never before been
possible because of a lack of data over the ocean. By the end of the ERS-1 mission, sufficient monthly mean stress, SST, and
columnar water vapour (and hence latent heat flux) will be available to allow examinations of seasonal cycles and their
influences on interannual variability of ocean circulation and climate. The basin-scale mean monthly maps of momentum and
heat fluxes produced in this task will be made available to the oceanographic and climate community.
Coordinator: Freilich
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US6-1
IRESPONSE OF THE ANTARCITC CIRCUMPOLAR CURRENT I
TO WIND FORCING

Principal lnYMtigator:
D.B.Chelton Oregon State University

CcHrwe8tigatora:
J.G.Ricbman (Oregon State University), Lee-Lueng Fu (JPL)

()bjec:tMa:
The overall goal of this investigation is to understand the dynamics of the large-scalecirculation and mesoscale variability in
the Southern Ocean and to relate these to meridional fluxes of heat and momentum.

Experif1W1t Plan:
(1) Use the altimeter data to describe the seasonal variabilityof the geographical distribution of mesoscaleand large-scale,
low-frequency variability of sea level and surface geostropic velocity in the southern hemisphere, with particular emphasis on
the Southern Ocean (35°S to 70°S).
(2) Use the ERS-1 scattcrometer data to describe the spatial and temporal variability of surface wind stress and wind stress
curl in the southern hemisphere.
(3) Relate the wind forcing and sea level/ surface geostropic velocity response using various statistical techniques.
(4) Develop a simple model of the circulation of the Southern Ocean.
(5) Force the model with wind stress fields obtained from the ERS-1 scattcrometer and compare the model response with sea
level/ surface geostropic velocity fields estimated by the ERS-1 altimeter.

ERS-1Dita Alquhrnents:
All ERS-1 scattcromcter and altimeter data for the southern hemispherebetween the equator and 72°S. Vector wind data are
crucial for this investigation.
A minimum period of one full year is required to study seasonalvariability. Ideally, data are required for the full period of the
ERS-1 mission to establish the most reliable estimate possibleof the seasonal cycle, and to gain some understanding of the
magnitude and importance of year-to-year variability.

Anticipad Relulla:
Products produced by the study will include fields of vector wind stress and wind stress curl computed from the ERS-1
scattcromcter data, and fields of the variability (about an indeterminantmean) of sea level and surface geostropic velocity
generated from the ERS-1 altimeter data.
Southern hemisphere 1° resolution statistics of sea levelvariabilitywill be calculated for 3 month periods throughout the
ERS-1 mission. Amplitude and phase of annual plus semi-annualharmonicsdefining the seasonal cycles of wind stress and
sea level on the spatial grids of each variablewill also be produced.

Gridded fields of surface stress and sea levelwil be generated.
Preliminary estimate of the seasonal cycles (annual plus semiannual variability) will be determined by
harmonic analysis.
Development of a preliminary model of the wind-forced circulation of the Southern Ocean.
The seasonal cycle will be refined.
Ocean circulation model will be modified to assimilate the altimeter observations of sea level variability.
Three dimensional fields of ocean current velocity generated to investigate fluxes of momentum and heat in
the Southern Ocean.

3 months
1 year

2-3 years

Aorclinator: Tapley
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US6-2
A PROPOSAL TO DETERMINE GLOBAL SEA LEVEL
VARIABILITY FROM ERS-1 ALTIMETRY.

Prtnap.i lm-tige'or.
R.Chcncy NOAN NationalOcean Service

~
B.Do~ (as above)

~
ERS-1 data will be analysed using techniquesdeveloped for GEOSAT. Variations of global sea level as a function of time
will be determined, and analyseswill be performed to produce descriptions in terms of statistics. spectra and time series. Data
from other satellites operating during the ERS-1 missionwill be used to extract the maximumspace time resolution.
Particular attention will be given to the tropical occan/atmmpbcrc system.

Exper'.mentPIM:
ERS-1 data will be analysed together with in situ observations to dc:rivctime series of sea level in the tropical Pacific,Atlantic
and Indian Oceans. Data from ERS-1 and other measutement systemswill be regularly assimilated into primitive equation
ocean modc:ls. The resultant fieldswill be used for ocean climatedia~ and as initial conditions for coupled ocean
atmosphere simulations that will be used for experimental seasonal and ENSO forecasts.

ERS-1om Rlquhrnmta:
Altimeter data for the tropical Pacific,Atlantic and IndianOceans.

Anticlp.a.d Anulla:
Information on sea level variability, oombincdwith surfacewind observations, will improve knowledge of the mccbanistns
and processes associated with the ocean's role in weather and climatevariability.

~=
Operational sea level products for the three tropical oceans (i.e.within 1 - 2 weeks of observation).
Maps of sea level anomaly and other analyses distributed eachmonth through the NOAA ClimateDiagnostics Bulletin and
other international organisations.
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US6-4
EQUATORIAL OCEAN CIRCULATION AND HEAT
TRANSPORT

Principalm1111igetnr:
D.Halpern JPL, 4800 Oak Grove Drive, Pasadena, CA

()bjecti¥es:
This experiment is concerned with understanding the role of ocean circulation in the dynamics of large-scale,month-to
month, equatorial sea surface temperature (SS1) variations, which is of utmost importance because of the association with El
NifioSouthern Ocean Oscillation phenomena and consequently with regional and global atmospheric circulation disturbances.

ExperimentPIM:
(1) Equatorial Kelvin Wave Motion and Onset of El Nino.
The sea surface height topography over the tropical oceans will be described from ERS-1 measurements, emphasising
analyses of equatorial Kelvin waves which are generated by variations in the :zonalcomponent of the surface wind stress.
(2) Generation and Propogation of Equatorial Mixed Rossby-Gravity WaveMotion.
Mixed Rossby gravity waves are generated by barotropic instabilities of the large scale tropical ocean currents, Sea surface
height measurements from altimeter data will be used to analyse the longitudinal variation of equatorially trapped mixed
Ros.shy-gravitywave motion.
(3)North Equatorial Countercurren:Dynamics.
The ageostropic current component due to local wind stress will be estimated from ERS-1 scatteromcter data. The degree of
Sverdrup balance of the NECC will be estimated with oomputation of wind stress curl from ERS-1 scatteromcter data.
(4)Equatorial Undercun'ent Dynamics.
ERS-1 altimeter and scatteromcter data will be used to examine the correlation between eastward pressure gradient
established by water piled up on the western side of the ocean by ~tcrly winds, and the surface wind stress.
(5)Arabian Sea Cooling.
ERS-1 altimeter data will be used to determine the shape of the sea surface associatedwith the annual oooling in the
northwest Indian Ocean during the southwest monsoon.

ERS-1Dma~
Altimeter data for tropical cx:eans (n.b. scatteromcter data to be acquired for another experiment involving the same Pl).

Mi~
Time series of sea surface height in the tropical :zone.
Progress reports at 6 monthly intervals.
Paper describing the annual cycle of variations in sea surface height along the equator and in the NECC, approximately 6
months after initial receipt of the data.
At least one research paper and presentation of results at major meetings expected each year for five years.
CoordinaaDr: Tapley
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US6-5
WIND FORCED, SEASONALLY VARYING CIRCULATION IN
THE SOUTHERN OCEAN

Princip.i~
J.M.Klinck Old Dominion University

Objec1Ma:
The measurement of sea surface elevation and surface winds by ERS-1 provides an ideal opportunity to quantify idea<>about
the wind driven variability of the Antarctic Circumpolar Current (ACq with simultaneous measurements of the forcing and
the response. Major questioas to be addressed by the research include the following:
(1) How well can the variability of the free surface of the Southern Ocean be reproduced by a wind driven one layer
numerical model forced by scattcrometer winds?
(2) What is the character of the variability of the measured winds as compared to averaged monthly climatologies?
Equivalently, how important to the circulation of the Southern Ocean arc the variatiom in wind forcing on small scales and
short times compared to the large scale, monthly averaged winds?

Expe(•11Mt PIM:
Proper specification of the wind forcing for a Southern Ocean model presents a problem because of the lack of observations
at extreme southern latitudes. Wind estimates from surface ship observations and other sourcc:s will be used to force the wind
driven model to understand how the different spatial and temporal content of the winds affect the ACC circulation.
The model solution obtained by forcing with the scattcromctcr winds will be compared to the observed altimctry
obscrvatiom. Given proble~ in determining the gcoid, the first comparisom will be observed along track altimctry changes.
Later comparisom will use an estimated geoid so that the surface topography can be compared directly.

ERS-1Dma~
Surface wind stress and surface elevation from the altimeter.

AnliclpDd R8lulla:
This project will provide acrcss check between the scattcromcter winds and the surface elevation measurements from the
altimeter. It is expected that this will lead to a greater understanding of the time and space scales over which the ACC
changes. Fmally, it will be possible to use this model to consloer awmUating surface elevation into a simple numerical model
to sec how the wind forcing should be changed to improve the estimated surface elevation field. This will lead to a better
undcrs~ of where wind information from the scattcromcter is less reliable.

97



ERS-1 Occam and Cimate

US6-6

!OBSERVATIONS OF MID-LATITUDE SEA LEVEL
VARIABILITY

Princip.i lm:elligator:
CJ.Koblimky GSFC, Code 624, Greenbelt,MD

~
J.G.Marsb (GSFC), F.5circmammano(Rochester Instituteof Technology),T.Kcffer (Universityof Washington, Seattle)

~
This project seeks to study mid-latitudeocean circulationprocesses through the me of ERS-1 altimeter data. These processes
include mesoscalevariations, basin scale fluctuations,and interactionsbetween the general circulationand the eddy field. The
principal focus is on annual and interannual timescales. ERS-1 altimeter data will provide a source of sea surface
observations between the flights of GEOSATand TOPEX/POSEIDON,as well as provide significant complementary
measurements concurrentlywith TOPEXafter 1992.
In the last three years a description of global mesoscalesea level variations Imbeen successfullyextracted from GEOSAT
data, as well as deriving a method for estimating the fluctuationsof sea level at basin and global scales. ERS-1 measurements
will permit tbcsc estimates to be icfincd, and add to a multiycar time series of sea surface change. This data set will provide a
useful proving ground for models of global ocean change during the decade from 1985 to 1995.
The results from computations with the ERS-1 altimeterdata will be comparedwith in situ measurements for validation and
for analysis of the ocean peocessesthat came the observedchanges in the sea surface. The role of air-sea fluxes of heat,
buoyancy, and momentumwill be examinedwith diagnosticmodels. A description of the annual and intr.rannualvariations in
sea surface topography during the ERS-1 observationperiod will be documented. Atmosphcrc-occa interactionsat this scale
will rcocivespecial attention.

Exper'.nwd PIM:
For determining variations in sea surface topography at wavelengths from 0 to SOOOkm,conventional collinearor cross-over
analyses aICmed. Studies with GEOSATaltimetry show that these methods effectively filter out the large scale errors caused
by poor orbit picdictions and isolate shon scale variationswith adequate accuracy to study most processes, At larger scales,
which aICimportant for basin studies, the errors from the orbit determinationaICmergedwith the oceanographic signal. A
technique Imbeen developed which separates these signals and ICd~ the orbit prediction errors. This techniquemes the
altimetry measurementsas both surface height informationand an alternative source of satellite tracking data. The absolute
surface dynamic topography of the ocean is estimatedsimultaneouslywith improved estimatesof the orbits within an orbit
determination procedure. In addition, the earth gravity model, ocean tide models, and altimeter range corrections can be
improved.

ERS-1om Rlquirwnenta:
Altimeter data with the corICctionsnecessary to convert altimeter range measurementsto corrected sea surface height. Acx;css
to ERS-1 satellite tracking information from PRARE and Laser. Acx;cssto laser tracking data is especially crucial because it
will allow the determination of a consistent set of station coordinates between the various altimeter missions over the past two
decades.

Mi~
Gridded maps of absolute sea surface topography at wavelengths greater than 2000km on a monthly basis throughout the
ERS-1 observing period and improved gravity fields and gcoids that includeERS-1 altimetry and satellite tracking to
spherical harmonic degree and order SO.
1 year after data delivery. Preliminaryversion of the above deliverables.
2 years after data delivery. Fl.Dalproducts.
c.oordinalr: Tapley
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US6-7
A STUDY OF VARIATIONS IN THE ALASKA GYRE AND
ARCTIC BASIN APPLYING ERS-1 ALTIMETER DATA

Prtnap.i lrNatigmor:
G.S.E.Lagerloef Science Applications International Corp.

~
T.C.Royer University of Alaska

Objec;ti-...:
(1) Measure the gyre-wide seasonal and interannual sea surface topography variations in the Alaskan Gyre by analysing ERS-
1 altimeter data during the nominal two year mission.
(2) Merge the altimeter analysis with data from WOCE and other coincident field measurement programmes in various parts
of the study area. which are anticipated to be underway during the ERS-1 mission. These will provide a more comprehensive
analysis of gyre dynamics and provide corroborating measurements to compare with the altimeter results.
(3) Evaluate high resolution wind stress curl (WSq fields from NMC, FNOC or other accessible model wind data base.
These will be correlated with ERS-1 derived gyre-wide sea surface topography to develop and test hypothesis for the gyre
variations.
(4) Develop an understanding of the relationship between altimeter height measurement over sea ice, and the desired sea level
measurement.

Exper'il'Mnt PWI:
To ~ure the gyre-wide sea level variability with ERS-1, conventional repeat track analyses of the 35-day and various 3-
day repeat segments of the mission will be undertaken. The cross-point least-squares technique will also be evaluated, which
analyses variation in sea level at the cross point between -=ending and descending altimeter otbits.
Variom errors affecting altimeter measurements will be addressed. Orbit error biases will be reduced with a standard cross
point analysis technique. The sea state bias will be given special consideration because of the high wind/wave conditions
which dominate the region. Approaches to measure the sea state bias from altimeter waveform analysis or through the use of
altimeter sigma nought data will be studied and applied. Other sensor corrections (e.g. wet and dry troposphere, ionosphere,
atmospheric loading, tides) are expected to be included in the geophysical data reoord (GDR), and will be carefully evaluated.
Field measurements acquired through WOCE and other separately funded programmes will include multiple current
moorings, several coastal tide or bottom pressure guages, and seasonally repeated hydrographic transects running north-south
across the gyre. These and other data will be merged with the results of the ERS-1 altimeter analysis in a collaborative effort
aimed at achieving a more complete understanding of gyre dynamics.
Analysis of altimeter data over sea ice will consider two different approaches. Fustly, altimeter waveform characteristics over
ice, and alternative tracking algorithms, will be evaluated using ERS-1, Geosat and Seasat data. Secondly, there will be a
study of the relationship of Ku-band ranging over sea ice to the underlying sea level with airborne instruments. These will
include a radar altimeter, laser altimeter, microwave radiometer with SSM/I frequencies and GPS positioning.

ERS-1 Olda R8quintmenta:
ERS-1 altimeter data are required together with a geophysical data record (GRD) similar to previous altimeter data (e.g.
Seasat , Geosat). Access to the global data set will be required to compute long arc orbit corrections. Altimeter waveform
data are required for the Alaska Gyre and the Arctic sea-ice covered regions.

Year3

Implementation of altimeter data analysis schemes on the initial available data, processing model wind and
in situ data over the Alaska Gyre, and conducting initial aircraft sea-ice measurements in the Arctic.
Thorough analysis of sensor errors and corrections, including study of sea state bias processing algorithms,
analysis of continuing data from ERS-1 and preliminary synthesis with field measurement data.
Completion of the analysis of the two-year ERS_1 and model wind data sets, merge the long-term results of
the field measuremnts, and report on combined observations of the Alaska Gyre variability and its relation
to wind stress curl.

Ycarl

Year2

Coordinator: Tapley
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US6-8
STUDIES OF TROPICAL OCEAN DYNAMICS USING ERS-1
ALTIMETER DATA

Principml~
R.Lukas University of Hawaii

~
G.Mitchum/K.Wyrtki (University of Hawaii),T Busalacchi (GSFC)

~
Mainobjectives are to improve the description of the North EquatorialCounter Current (NECC) variability, improve the
description of heat content variation and explore the time-spacedistribution of synoptic variability.

ExperinW1t PIM:
Improve description ofNECC variability
Presently it is unknown how the NECC varies in space and ti.me.The results of this improved descriptionwill be used to
address questions of the dynamics of the current
Improve description of heat content variation
Analyses of the sparse sea level and XBT data in the Pacific suggest modes of heat content variabilitywhich may be
important in the El Nifto/SouthernOcean phenomena. A more comprehensive description is desired since it is not known
bowwell the existing data distribution can resolve the important variability in space and ti.me.
Explore time-space distribulion of synoptic variability
While a start bas been made on the study of tropical Pacificsea level space-timevariability, the sparse data distribution has
forced a oonccnttation on the centtal and western Pacific. Eastern Pacificvariabilitymay be different. Presently,we are
unable to even begin such studies in the Atlantic and Indian Occam. The ERS-1 altimeter-derivedsea levelwill permit a
basin-to-bestn comparison of the meridional and temporal variabilityof the synoptic scale sea level variability. How well this
can be done depends on the orbital characteristics of the mission.

~1 DldaRlquirwnenta:
Processedaltimeter data for the entire mission for the region between 20°N and 20°S. P~ data needs to be corrected
for orbital, atmospheric and tidal variations.

Mi~
Quarterly progress reports.
Research~.
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US6-9
VARIATIONS OF DYNAMIC TOPOGRAPHY ACROSS
CRITICAL OCEAN AREAS

Prindpal lnvestigatDr:
GAMaul NOANAtlantic Oceanographic and Meteorological Laboratory

CcHwestigatora:
D.V .Hansen/ J.R.Proni (as above)

Clbjec1lviM:
This is a WOCE proposal to apply a combination of ERS-1 data and data from two key NOAA projects in ocean aspects of
climate dynamics to the study of modes of variability of two intensive current regimes, viz., the zonal current system in the
equatorial Pacific Ocean and the subtropical western boundary current regime in the North Atlantic Ocean. While directly
aimed at supporting the already developing efforts in predictive ocean modelling in these basins, the experience gained in this
work should be useful also for ERS-1 applications in other strong current regimes in the world. 1bese regimes have been
pinpointed as critical for the understanding of climatic variability.

Experin*1t PIM:
Substantial work with both conventional and recently developed techniques (including space-based observations) has helped
to define questions of significance both for the problem of monitoring of climate change, and for the specification and
verification of modelling requirements for the PUl'JUiCS of climate prediction; questions for which the prospects of solution
will be enhanao.d significantly with the availability of ERS-1 observations. Specifically we need better definition of the
energetics and spatial and temporal scales and characteristics of the dominant pertumation models in the proposed study
regions. While the study will encompass use of any available data types, the focus will be on the maximal and optimal use of
inverted echo soundcr~ure guage (IES/PG) and/or tide guage combinations together with satellite altimetry, and the
determination of wind fields from ERS-1 scatterometery. A major effort will also be devoted to identification of the dynamic
nature of the dominant pcrturhation modes, particularly wind forcing, and of approaches to deal with them in the context of
modelling and observation of climate change.

ERS-1 Daa Raqunrnenta:
The data required are SAR (3 images), Scatterometer data (1 tape), Altimeter (1 tape), ATSR (3 images) and Microwave
Sounder (1 tape).
Study areas are: 1). 10°S-10°N, 100°W-l(i()0W, 2). 20°N-35°N, (i()0W-85°W.
Every image of the ATSR with cloud cover less than 50% is requested, after water vapour corrections and mapped onto a
mcrcator projection.

Anticlpmd RMulta:
(1) Definition of optimal strategies for mixed data interpretation, and for the design of climate monitoring systems.
(2) Characterisation of fluctuations regimes essential for specifying model requirements and testing model performance for
important sub-regimes in equatorial and subtropical domain numerical ocean models.

~
Analysis of the in situ historical data is now in progress, and will give the information necessary to fully plan the locations of
sea leveV weather stations and IES/PG sites, determine T-S correlations for using XBTs to estimate dynamic height, and to
comput the mean dynamic topography.
~Tapley
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US6-10
jANALYSIS AND PREDICTION USING DATA ASSIMILATION

Principal~
R.Miller Oregon State University

Cl>jectiwa:
Data assimilation. Le.• the use of data in ronjunction with numericalmodels for the purpose of analysis and prediction of the
state of the ocean, is a new problem in physicaloceanography,and elementaryquestions remain. Development of data
assimilation systems for use with satellite data requiresextensive study based on historicaldata. .
This investigation consists of two basic romponents: analysisand predictionof sea level height in the tropical ocean, and
analysis and prediction of the mesoscaleeddy field. Both of these tasks requirewind and surface elevation data. Models of
the tropical ocean suitable for analysis of SST data requirea thermodynamicromponent and are therefore more complex than
the shallow water models which have been used for sea level height analysis. Suchmodelswith roupled thermodynamicsare
planned, but their development will lag that of the purely mechanicalmodelsby as much as two years. Thework with ERS-1
data forms part of a data assimilation component of several roordinatcd projectswithin the WOCE framework.

Exper'.mentPIM:
Altimeter data will be used in the form of averaged crossover differencc:sas cescribed by Fu and Chelton (JGR, 1985). A
method based on the Kalman filter bas been developed for ming these temporal differencesdirectly for model aided sea-level
height analysis without explicitly transforming the altimetricdifferencc:sto raw sea level heights (miller,Dyn. Atmm. Oceans
1989).
These techniques will be applied to a suite of modelsof the AntarcticCircumpolarCurrent (ACC), beginning with a quasi
geostropic eddy resolving periodic channel model similar to McWi.llimm,Hollandand Chow (1978).
Data asmmilationmodels of the tropical ocean have been developed ming the Kalmanfilter and a simple linearised shallow
water model (Miller and Cane, JPO 1989). A more sophisticatedmodel, that of Cane and Patton (JPO 1984) is currently
being implemented with the Kalman filter.

ERS-1om Rlquhmenta:
Altimeter and scatterometer data.

AnticipaMdAmeulls:
(1) A suite of models and data assimilationschemes suitable for use with remotelysensed data.
(2) Maps of sea level height, and perhaps other dynamically interestingquantities,with verified error estimates, for the
regions under study.
(3) Quantitative estimates of data sufficiency, i.e., answers to the questions:when are remotely sensed data sufficient to
determine the quantities of interest, and, when remotely sensed data are imufficient, bow much more data are required?
Coordlnaaor:Tapley
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US6-11
MESOSCALE OCEAN CIRCULATION MODELING AND
PREDICTION STUDIES

Princlplll ~
C.N.K.Moocrs University of New Hampshire

Objectivee:
(1) Assessing the utility of the ERS-1 altimeter data for describing mesoscale variability.
(2) Assessing the utility of introducing ERS-1 altimeter data to a data-a«imilative ocean circulation model for improving the
descriptions of mcsoscale variability.
(3) Conducting Observing System Experiments (OSEs); i.e.• using actual (ERS-1 and other) observations to evaluate the
impact of various potential ocean observing system designs, ·

Expe("'*1t Pllll'I:
It is planned to use ERS-1 altimeter data in a data-assimilative model for the North Atlantic. The Princeton primitive equation
ocean circulation model will be used. The model will run in a data-assimilative mode with mcsoscale resolution, and the
surface boundary layer dynamics will be included. Particular emphasis will be given to the Northwest Atlantic subdomain
(e.g .•Gulf Stream, Gulf of Maine and Gulf of Mexico regions).

ERS-1om Rlquhrtwda:
All ERS-1 altimeter data for the North Atlantic is required. Aa:%SSto scatteromcter data or analysed products is also
requested. to help estimate wind stress for driving the ocean circulation model. including its upper boundary layer).·····Cli~Annual summaries of data processing and analysis.
Scientific papers, at the rate of about one a year, dealing with mcsascalc data analysis, data aqimilation and OSE studies.
Samples of the data ~imilativc output.
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US6-12
INVESTIGATIONS UTaISING ERS-1 ALTIMETER AND
SCATfEROMETERDATA

~ lrMltigatnr.
JJ.O'Brien Florida State University

~
M.E.Lutbcr/ D.M.Lcgler (as above)

Objec:IMs:
This investigation seeks to improve our understanding of short-term climate (or interannual) variability. such as the El
Nii\o/Southem Oscillation (ENSO) phenomenon and variability in Indian monsoon rainfall, through the usc of ERS-1
altimeter and scatteromcter data in conjunction with numerical models of the wind-forced ocean circulation.

Exper'ill'Wlt PIM:
Altimeter data
Sea surface heights derived from ~ 1 altimeter data will be asmmilatcd into existing ocean models for the Indian Ocean. the
tropical Pacific. and the California Current system. The variational data as.tjmilation method is similar to that ofTalagrand
and Courtier (QJ.R.Meteorol. Soc. 1987) except that a primitive equation reduced gravity model is used (Smcdstad. 1989.
J.Gcophys. Res. Occam). Using this technique. the models of the tropical Pacific and Indian Occam can assimilate
omcrvations of sea surface height cbangcs along repeat tracks and at cross-over points directly.
Since the models assimilate information on sea surface height changes. an accurate determination of the gcoid is not crucial.
Since these models also will usc the ERS-1 scatteromcter data in their forcing fields. they will effectively meld the altimeter
and scatteromcter data to give a dynamically comistent picture of the upper ocean circulation and its time variability. The
higher resolution ERS-1 data. both from the scatteromcter and the altimeter. will make it pc&ible to examine smaller scale
features than prcviomly possible, such as generation of the great whirl and other eddies in the Somali Current. and tracking of
ocean waves associated with El Nifto events.
Scatterometer data
ERS-1 scatteromcter data will be melded with in situ ship data using the direct minimisation approach of Legler etal. (Mon.
Wea. Rev .•1989) to produce 1° by 1°. 5-day maps of surface wind fields for the tropical oceans.

~1Dllla~
All available altimeter and scatterometer data for the tropical band (30°N - 30°S) in near real time. Repeat track differences
and cross-over differences (with all corrections applied) arc desired for the entire mission.

~
Pre-launch Continue refinement of data assimilation technique using Gcosat data. Fmalise the technique before launch.

Interact with other members of the ERS-1 team.
Post-launch Use ERS-1 data as early as possible to test techniques and make any necessary adjustments. Test for

validation at different times of the year using available in situ data.
Pacific and Indian Ocean wind analyses will be prepared and distributed within two weeks to TOGA and
WOCE investigators and other interested parties.
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US6-13
MONITORING THE ANTARCTIC CIRCUMPOLAR CURRENT
VARIABILITY WITH ERS-1 ALTIMETER DATA

Rochester Institute of Technology

CcHrwestigalora
C.Koblinsky (as above)

~
The primary thrust of the research is to simultaneouslymonitor both the large scale and mesoscalevariability of theAntarctic
Circumpolar Current (ACC). This will be used to assess the relationbetween these two distinct wavenumber bands, to
address related questions regarding the ACC dynamicsand energetics, and to assess the significanceof the mcsoscalefield in
regards to both the ACC dynamics and meridionaltransport processes.

Exper'.ment PIM:
It is proposed that the mesosealevariabilitybe identified,characterisedand temporallymonitored through the use of the
mcsosca.levariance calculatedalong collinearground tracks. This is the integral of thewavenumber spectrum of the oceanic
variability as measured in the along track direction. It has been found to be a good indicator of the presence of eoberent
mesoscalc features. The use of this parameterwill allow for a monitoringof the spatial variability as a function of longitude
and the time history of changes at any particular longitudeor in any longitude band. It docs not allow for a resolutionof the
latitudinaldependence. This is not a serious drawbackwhen looking at an essentiallywnal current system, such as theACC.
In addition. standard root mean square sea height variabilitywill be calculated and utilized for data screening and hot spot
identification. The larger scale variability,which also occurs over longer temporal scales,will be monitored with the Fu and
Chelton (1985) cross-over technique. Thiswill provide a time series of sea height changes at orbit cross-over points which
can be used to infer changes in sea height gradientacross the ACC and, hence, the wnal gcastropic transport of this current
system.

ERS-1 om R1qu1rwnenta:
Along track height measurementsfrom altimeterdata, with all rorrcctions and the best available orbit determinations, at a
frequency allowing spatial sampling at leastonce every lOkm. All such data south of 35°S arc requested over the entire
mission.
Additionally, waveform data is requested for the first 6 months of the mission. including a Northern Hemispherewinter for

-- the regions 20°..(j()0N, 120°-160°E,and 30°-70°S, 120°-160°E. The ~ of thewaveform data is to examine the
electromagnetic and/or sea state bias. Trackingdata for at least one year of the missionarc also required.

~
Pre-launch Technique refinement,softwaredevelopment, initialdata verification and validation. and related tasks (to

continue during the initial6 months of data delivery).
6 months Preparation of a detailed report on analysis to date and the potential for meeting study objectives. Analysis

and monitoring of both mesosealeand large scalevariability will begin and continue in "near real time" to
the mission end.

1-3 years Publication of significant results regarding technique development as well as analyses of the temporal and
spatial scales of variability.

3 years Fmalisationof data products and publicationof final results.
CoardnatDr: Tapley
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US6-14
EQUATORIAL AND EASTERN BOUNDARY CURRENT
VARIABILITY IN THE NORTH AND SOUTH PACIFIC OCEAN

Prlncipm lmMetigmof:
P.T.Strub Oregon State University

~:
M.Lcvinc/ D.Enfield (as above)

Objec1Ma:
ERS-1 altimeter data will be used as part of a long-term study of the temporal and spatial variability of the eastern Pacific
Ocean current systems; the Eastern Boundary Current system (EBq, the eastern part of the Equatorial Current System (ECS)
and the eastern pan of the West Wind Drift (WWD).
Goals include the analysis of both large scale and mesoscale circulation patterns. "Large-scale" refers to basin-scale
fluctuation at annual and interannual time scales; "mesoscale" refers to variability with periods less than 60days, regardless of
the spatial scale.

Experiment PIM:
Large-scale study
(1) To quantify the borimntal structure and annual/interannual variability of the upper-ocean gcostropic transports in each
region.
(2) To determine the oovariability between the EBC and the eastern extents of the WWD and ECS in each hemisphere, and to
estimate the coherence of tbcsc currents with the wind field.
Mesoscat« study
(1) To quantify the annual/interannual variability of the mesoscale energy in each region, and to determine the relation
between the mcsoscale variability and wind forcing.
(2) To examine the eastward propoganons of fluctuations with periods around 50 days along the equator and oontinuing
poleward along North and South America.
(3) To track selected mesoscale features with a combination of altimeter and satellite temperature (AVHRR) fields.

The total error in fields derived from altimeter data depends on altimeter measurement errors, the analysis methods used and
the sampling pattern of the altimeter. The effect of the sampling pattern on the error will be examined using the range of
spatial/temporal characteristics of the three altimeters, TOPEXIPOSEIDON, Geosat and ERS-1, covering repeat periods of 3,
10, 17 and 35 days. Thus, usc of the ERS-1 data will allow an evaluation of which analysis methods are optimum for a given
resolution using arangc of sampling cbaractcristics.
In addition to a systematic error analysis, techniques will be developed for incorporating auxiliary data into the altimeter
analysis. It is planned to usc AVHRR data with altimeter observations to track mesoscalc features. Coastal and island tide
guage data will provide an important check on altimeter results. The ability to make this comparison is especially promising
in the S.E. Pacific Ocean where there is a network of tide stations recently augmented by the EPOCS and TOGA projects.

~1 cm R1quRmenta:
The study requires altimeter data from over the equatorial and eastern Pacific Ocean in the northern and soutbcm
hemispheres. Data from the initial 3-day repeat and from the 35-day repeat are required.
There is no need for very rapid delivery of the data. Delivery of the data within 6months of collection will be adequate.

~
1990-91 Study altimeter errors and analysis methods appropriate for the stated objectives, using Geosat data; Begin

acquiring and processing tide guage data; Determine the existence and availability of other historic oceanic
data in the region; Identify and collect best wind and surface beat flux data.

1992-95 Initially examine short period variations - compare current systems of North and South Pacific - Compare
the resolution of features using Geosat, ERS-1 and TIP data in both hemispheres; Combine altimeter
observations with auxiliary data (e.g. sea level, hydrograpbic and wind data); Quantify the annual cycle and
interannual variability; examine forcing by local and large-scale winds and surface beat.

Deliverables will include: (1) reports on data use; (2) progress reports on investigations conducted; (3) information on the
comparisons made to coastal and island tide guage data, and to velocity fields derived from AVHRR data; (4) a final report.
CootdinaDr: Tapley
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US6-15
CALIBRATION, ORBIT DETERMINATION AND GRAVITY
FIELD/ GEOID MODEL IMPROVEMENT FOR GENERAL
OCEAN CIRCULATION AND GEOPHYSICAL
INVESTIGATIONS.

Prlndpal ln\•llligator:
B.D.Tapley Center for Space Research, University of Texas, Austin. TeX&\,USA

Co-lnvaliglmn:
C.K.Shum/ B.E.SChutz (University of Texas), D.T .5andwell (Scripps Institute of Oceanography), J.G.Marsh (GSFC),
D.C.McAdoo (NOAA), G.H.Bom/ G.W.Rosborough (University of Colorado)

O>jec:tNea:
The objective of this investigation is directed toward studies of the basin-scale general ocean circulation, the mcsoscale ocean
variability, and their time-varying components using ERS-1 data.

Exper'.mentPIM:
The research will use altimeter, scattcromcter wind and ATRS/M derived sea surface temperature data in a combined data
approach to modeling and predicting changes in ocean circulation. Precision orbit determination techniques will be used to
produce an improved model for the Earth's gravity field and the marine geoid as an aid to computing a precise ERS-1
ephemeris. Altimeter calibration activities will be performed with regard to the determination and monitoring of the height
bias and its drift, and the altimeter time tag bias, Other geophysical research activities such as the refinement of the ocean tide
model, the high resolution marine gcoid, and the study of atmsophcre/ocean intcractiom will be performed. The ERS-1 laser
and PRARE tracking data, the altimeter data, the scattcromctcr wind data and the ATSR/M temperature and water vapour
content data will be required to carry out this investigation. The scope of the investigation will also incorporate altimeter and
tracking data from other satellite missions,

~1 Olla Rlqunmenta:
(1) Global altimeter data in the form of a Geophysical Data Record for the entire mission arc required. Fast delivery (FD)
data arc also requested for the the Gulf of Mexico, Northwest Atlantic (20°-45°N, 50°-80°W) and Kuroshio (15°-50°N, 120°-
1800E).
(2) The complete set of global laser and PRARE tracking data is required for orbit determination and gravity model
improvement. ·
(3) Scattcrometer wind products arc required for studies in the wind-driven ocean/atmosphere interaction for modeling of
ocean circulation.
(4) ATSR/M data arc required to obtain the temperature profile, to provide a wet tropospheric correction to the altimeter, and
to investigate global water vapour distribution.

Pre-launch

Post-launch

Development of an improved Earth's gravity field model and surface force models for precision orbit
determination.
Testing of an ability to perform ocean circulation modelling by integrating altimctry, imagery, temperature,
pressure and other data.
Data processing modelling techniques will be validated using Gcosat and other data.
Analysis of the precision ERS-1 orbit will be performed by including ERS-1 data to produce and improve
the gravity model.
Ocean circulation research will be performed as soon as the ERS-1 data become available.

Deliverables will include: (1) an improved Earth gravity field model complete to degree and order of at least 50; (2) time
series of basin scale general ocean circulation topography, nominally at seasonal intervals; (3) a high resolution and accurate
global mean sea surface (marine gcoid); (4) products associated with regional studies of wind-driven. atmospbereoeean
interacted modelling_ of the ocean circulation.
CoordinalDr: Tapley
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US6-16
STUDIES OF THE OCEAN CIRCULATION BY SATELLITE
ALTIMETRY

PrinciJ* lnwltigator:
C.Wumch Massachusetts Institute of Technology

~
To oombinc altimetric air/sea flux and in situ data on a global basis with dynamical models to estimate the global scale ocean
circulation and its variability. The work is directed at the central goals of WOCE.

Expeiimmt PIM:
The investigation requires detailed understanding of data errors, how best to remove them, and the construction of dynamical
models in the special forms nc:ces.saryfor use with noisy data. It is planned to attempt all these things, with Geosat data, prior
to the launch of ERS-1, so that at the time of ERS-1 launch effective models and procedures have been found. The focus of
attention will be the ERS-1 altimetry, the in situ tide guage data, the ECMWF winds, WOCE hydrography and floats, and a
dynamical model oomtructed by D.Haidvogel.~10...~
Global altimetry with the best possible orbits, and adequate information to make known oorrectable errors. The data arc
nccdcd at ODC/SCamd intervals.

Pre-launch

18months

preparation of software adequate to reduce the data in amjunction with a simple dynamical model on
aglobal scale.
Produce a global dynamically consisient estimates of the absolute oceanic flows, and their variability on
monthly and longer time scales.

Deliverables will include maps, with error bars, of the global scale absolute circulation and large scale variability, in numeric
form.
C'AordinldDf: Tapley
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US6-17
TIME VARYING AND TIME-AVERAGED OCEAN SURFACE
CURRENTS FROM ERS-1 AND TOPEX ALTIMETRY

Prtnaplll lnvHtigator:
V.lJotnicki JPL, 4800 OakGroveDrive, Pasadena,CA

~
(1) To estimatemeansurface geostropic currents, averagedover at least one year, at wavelengbts ranging from 50km to basin
scale, using both the ERS-1 and TOPEX/POSEIDONaltimeters. Best results are most likely in the N..Atllantic, NWPacific,
and betweenAustraliaand Antarctica,because tbose are the areaswith the best existing coverage of ship gravity data.
(2) Continue a current investigationof the time changes in sea leveldifferencesacross the Gulf Stream and Kuroshio, to
monitor current strength and heating signals.

Exper'.ment PIM:
(1) Obtain gravity data fromNOAA- NationalGeophysicalData Center, subject them to crossover comparisons and
adjustments (e.g.1Jotnicki, 1983). Aa{uire overlappingERS-1 and TOPEXJPOSEIDONaltimetrywith a one year duration.
Check the data for amsistency, blunders,oorrelationwith possiblepath errors (water vapour, ionosphere). Computemean
sea surface and compare to ~t and Geosat results to detect errors. Perform gravity computation. Compare resulting
surface absolute currents to expected results fromWOCEship deployments.
(2) Aa{uire ERS-1 altimetry data. Performcomputatiom alreadyset up. Compare to wind stress curl from ECMWFor other
sources.

ERS-1om Alqulrwmenta:
This study requires global altimeter heightsabove referenceellipsoid,geolcx:ated,with path corrections (ionosphere,
troposphere). cahbratcd for instrumentbias and sea state, and with tidal corrections, Ideally,one year of ERS-1 data exactly
overlapping in timewith TOPEXwould be used.
If the supply ofERS-1 data~ to be restricted,the priority areas are: 1) 15°W-45°E,280°-350°; 2) 15°W-45°E, 120°-200°,;
3) 15°W-45°E, 110°-200°.

~
ll'Jl-6,91 Assemble gravity data set.
619Q-6,91 Adapt all software currentlyused for Geosat to ERS-1 and TOPEX constraints.
6(91-6,92 Receive and processERS-1altimetry for Gulf Stream-K111UWostudy. Compute Gulf Stream and

K111UWotransports,
Receive and processERS-1altimetry for gravity study.
Receive and processTOPEX/POSEIDONdata.
Compute increasinglymore completemean sea surface and gravity residuals.

6192-6/93
6/92-6/93
12/92-6/93

Deliverableswill include: a) the publicationof results in the refereed literature, and b) grids of mean circulation in the N.
Atlantic and N.Pacific,CVC!r_ l0•
CoordlnmDr: Tapley
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USll
REMOTE SENSING OF THE VARIABILITY OF THE NET
HEAT AND FRESH WATER FLUXES IN THE TROPICAL
PACIFIC OCEAN

Principal lnwstigalor:
Catherine Gautier California Space Institute,Mail CodeA-021, UCSD, La Jolla, CA 92093, USA

()bjectlws;
(1) Development and validation of new algorithms for estimating the surface net heat and freshwater Duxes.
(2) Assessment of the causes for low-frequencyvariabilityof the surface beat and freshwater Duxesin the tropical regions,
particularly over warm SST regions.
(3) Assessment of the role of the net beat and freshwater Duxesin the maintenanceof the Western Pacificwarm pool.
(4) Improved understanding of the effects of the net beat and freshwater Duxvariabilityon the upper ocean density structure.

ExperimentPIM:
Study of the surface net beat and fresh water Duxvariability in the tropical Pacific during TOGACOAREexperiment.
Observations from ERS-1 sensors, as well as other satellite sensors on GMSand DMSP,will be used to develop new
algorithms for estimating the net beat and freshwater Duxesover the tropical regionsover lOOkmand 10-dayscales. The
satellite estimations will be validated with in situ measurementstaken from researchvessels, aircraft or instrumentedbuoys or
island sites during the enhanced monitoring period of TOGA-COARE(November91 - October 93).~10...~
All available data for the Western tropical Pacific (180°-100°E, 30°N- 30°S).

Mticipmd RMulta:
(1) New tested algorithms for estimating the surface beat and fresh water Duxesin the tropical regions, from combinationsof
satellite sensor data.
(2) Validatedmonthly meaa surface heat and freshwater Duxmae for the western tropical Pacific.
Coordinator:Freilich
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US12
OCEAN CIRCULATION IN THE CARIBBEAN SEA AND
ADJACENT REGIONS

Prlnclplll lnu1lligatnr:
G.A.Maul NOAA/ Atlantic Oceanographic and Meteorological Laboratory, 4301 Rickenbacker Causeway,

Miami,FL.

~
This proposal is to validate ERS-1 measurements of sea surface topography, wind velocity, current boundaries and significant
wave height for physical oceanography and clim.tte studies in the Caribbean Sea and Adjacent Regiom (CSAR). This will
address the following CSAR needs:
(1) Local-scale circulation and wave climate including marine meteorology.
(2) Basin-scale surface currents and fluxes of heat, salt and water.
(3) An intcmivc effort in training, education and mutual assistance,

Exper'•1ient PIM:
With the many islands in the CSAR, sea level differences can potentially be used to nowczt average surace currents and
volwnc transport between sea-level/weather stations. But with a spatial resolution of scvcral hundred kilometers between
stations, more detailed data arc oecdcd. Although other satellites (GEOSAT, NROSS, TOPEX/POSEIDON) can provide
some of the temporally detailed sea surface height and wind data that arc needed, it is anticipated that ERS-1 can best provide
the resolution ncc:cssary.
Also unique to ERS-1 is the ability to simultancomly measure other variables. Significant wave height from altimetry, for
example, will provide improved wave climatology to further understand sediment transport. ERS-1 SAR data oould provide
images of wave patterns along island and continental coests (if the data can be acquired) and CX>uldbe used to study radar
lineatiom associated with current boundaries.
The lntergoYCrnmental Oceanographic Commission (IOC) network of sea-level/weather stations, awell a existing coastal
and island sea level and weather stations, will be used in validating ERS-1 coverage of the CSAR. ERS-1 data will be
supplemented by satellite tracked drifters, so a to develop a time history of sea surface currents for general understanding of
the ba,gn-scale flow, and for detailed patterns along coests and~ Ships from thICCIOC mcbcr states will obtain
approximately 6ship mon~ of in situ data per year, with particular emphasis on inflow/outflow quantification so that CSAR
can be numerically modeled with continuity closure. Ancillary data from the ERS-1 microwave sounder and the ATSR will
be reviewed a an integral espeer of this science, applicatiom and validation study.

ERS-10...~
Altimeter, seanerometer and microwave sounder digital data arc required for one year for the verification phase. Arca of
coverage is approximately: 3°-35°N, 50°W- 98°W.
Proa:ssing is not planned for real time, in all cases the 6montbs lag time for PAFs will be in phase with other data collection
and processing times.

~
The results of the work will be reported in refereed journals, in data reports, and in summary reports of IOC oonfercnccs.
CooidllillliDI. Tapley
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US13 -f
jKUROSIUO EXTENSION REGIONAL EXPERIMENT (KERE)

Prlnciplll 111\1lltigatnr.
J.LMitcbcll Naval Oceanographic and Atlllalphcric Research Laboratory, Code 321, National Space

Technology Laboratories, Mis.tjs.tjppi

~
DJobnson (as above)

ClbjeclMe:
This program is an investigation of the dynamics of western boundary currents, comparing results and hypotheses derived
from Gulf Stream studies to the KUI'ClWoExtension. Specific issues which have been identified during on-going Gulf Stream
studies, include: a). The importance of a Deep Western Boundary Current, governing the currents separation from the amt
and thcextent of the Gulf Stream's eastward penetration; b). The role of wind stress curl forcing in governing the path of the
Gulf Stream; c). The ability to simulate the dynamics of the Gulf Stream mesascale with only a few vertical modes; d). The
impact of bathymetry in governing the regional distribution of both deeop and surface eddy kinetic energy.
The Kurosbio Extension Regional Experiment (KERE) will foces on the above issues and derive a better understanding of
western boundary currents by determining the causes of similarities and differences between the Kurosbio Extension and the
Gulf Stream.

Exper'il11eftt PIM:
KERE represents a coordinated programme involving the major techniques of remote sensing, field experiment and ocean
circulation modelling. Key data types supporting the KERE are satellite altimctry from SALT, TOPEXIPOSEIDON and
ERS-1, scatteaomctry and wave image analysis from ERS-1, and infraral imagery from ERS-1 and NOAA satellites. In situ
data will mme from Invcrtc:d Echo Soundcts with bottom Pressure Guages (IES/PSs), current meters, current drifters, and
AXBT/XBT surveys. As in the earlier Guf Stream study, data synthesis and analysis will pnx=d through the use of regional.
eddy resolving numerical models of the ocean circulation. Field experiment design will be largely motivated by (and its
strategy planned) using numerical model simultations. Field efforts will include mooring arrays near the separation of the
KUI'ClWofrom the Hombu coest,
The vast quantities of altimeter-measured sea surf.ace topography available from the altimetric satellites will allow improved
analyses dependent upon model assimilation scbcmcs. Scatterometer-dcrivcd winds from ERS-1 will allow a detailed
examination of the role of the surface wind forcing in modulating a western boundary current. Analysis of these satellite data
will proceed in both KUI'ClWoExtension and Gulf Stream systems, while the collection of imitu data will be made in the
KUI'ClWoExtension only.

~1 DlllaRlqukwMnls:
Data required for effective completion of the project include altimeter GDR, scatterometer GDR, wave number spectrum
GDR and ATSR IR GDR. Data are required for the entire mission to develop altimeter referenoe surfaces and wind stress
model spin-up data.
For comparison of Gulf Stream and Kurmhio Extension dynamics, the areas of coverage for AMI and ATSR data are: 1) NW
Pacific: 15°N-55°N, 120°E-150"W; 2) NW Atlantic: 20°N-55°N, 20°W-100°W.
For the altimeter GDR, global data coverage in required in order to correct for radial orbit errors in the geographic areas of
interest.

,.

••

"
1990-91
1990-92
1992-94

Planning for KERE.
Model and simulation development for KERE.
Field activities in the NW Pacific.

1993- Analysis, presentation of results.
Deliverables include annual progress reports on data use, final reports on investigations, reports and presentations to the final
workshop and attendance at PI meetings. •
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B2
CORRELATIONS ENTRE LES DONNEES METEO-MARINES
ET LA DYNAMIQUE DES PLAGES: CONTRIBUTION DE LA
TELEDETECTION (ERS-1)

Prlnclplll irw..tigldlor:
A Ozer Laboratoirc de Gcomorphologic,Univcrsitede Liege, Placedu 20 Auot, 7, Liege, Belgium

~
G.DcMoor (Univ. Gand.), G.Ficrro/ARamella (Univ. Genova),AMarini (Univ. Cagliari),D.Bay (Stationocean de Calvict
Univ. de Liege), M.Erpicum/J-P.Donnay (Univ. Liege)

()bfec:livM:
Le but de cene rcchcrchcest d'obtenir unc mcillcurccomprehension,grace aux informatiom ltl~tccrecs par le satelliteERS-
1, des relations cxistant cntrc les conditionsmttOOrologiques(vent) ct le plan de boulc d'unc part, ct le transport littoral
d'autrc part, en vuc d'ttablir le bilan ~ntairc de quclques plages-test,
Les scctcurs de rcchcrchcsoot cboisis en fontion de lcur intbet gtomorpbologiquc, de lcur fragililt Ii~ A des activi~
anthropiqucs, de lcur accesssibililt pour les vtri~terraim ct des~ qui ont ~A tit JU.olttcs. Il s'agit de 5 plagesclont
voici les localisations:
A deux plages du littoral ligurc (Italic)exposees an scctcurmtridional:

1. la plagc de Finale-Ligure(ouest de Genova)
2Ja plagc de Lavagna (est de Genova)

B. Dcux plages des Desde Mtdite~ occidcntalcexposees au scctcur scptentrional:
3. la plagc de Sorso (Sardaigncscptcntrionalc)
4. la plagc de Calvi (Corse scptcntrionalc)

C. Uoc portion du littoral beige (Mer du Nord) comprise entrc le port de Zccbrugc ct la frontitrc n=rtandaislc.

Exper'.n.nt PIM:
Pour tiutes ces plagcs, les sources d'alimentationen ~nts scront identifi~ (apports de rivieres,de torrents, erosion
marine de dtpOts quatemaircs - terrasscsmarinesct fluviatilespltis~ocs ou de dtpOts de pente). Ccs apports scront
quantififs ct lcur repartition sur la plagc en fontion du type de boulc ct du plan de boulc. L'impact des ouvrages d'art littoraux
ou autrcs constructions sur le transit s61imcntaircpar le oourant de <Strivescra tval~.
Enfin. outrc l'aspcct scicntifiquc, rapport de cctte rccbcrchcpourrait etrc ~ utile pour unc mcillcurcgestion des plages.

~1 om Alqunmenla:
SAR. Destsouhaitt obtcnir un passage par saison pour chaquc plage-test, cbacun sc limitcra A environ 5k:mde littoral avcc la
mcillcurcdtfinition (30x30m).
En outrc, en cas de tempete, ii est demandt d'obtenir avant (en difitre) pendant ct aF (intervallcde 3 jours).
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F15
l~ONS DE GENIECIVIL MARITIME SURLA COTE

Prlnciplll lrn 111igetor:
C.Valcrio Departement l.aboratoire Regionald'Aix en Provence,C.E.T.E.Mtditcrrantc, Zone lndustricllc

d'Aix en Provence, BP 39 - 13762Les MillesCcdcx

~:
M.Cotcl,M.Pctrini, Serres, M.Longc

Cll:>jectiwa:
L'objcctif de la proposition est d'cvalucr les possibilitesde l'cnscmblcSAR, imagcur ct mode vague complete de l'altimttrc
radar pour le dimcmionncment ct l'cntrcticndes ouvrages d'amtnagcmcnt ct de protection du littoral mtditcrrantcn.
Elle portcra done sur des bcsoins ~ concrcts, quotidicns,de gestion des ouvrages Ala mer. Son objcctif est d'inltgrcr des
donnees satcllitaircs aux autrcs outils ~jA disponibles commc les instrumentsde mcsurc en mer (houlographc, maregraphe)ct
les ~les mathtmatiqucs ct physiques de simulationdu champ de houlc (plan de vague).
Une tvaluation tconomiquc des gains cnvisagcablesau nivcaude la realisationct de l'cntrctiendes oouvragcs Ala mer, due A
unc meillcurc connaissancc de la grandeur des pht~ncs intcrvcnants,sera cff~.

Experlmmt Pim:
Trois ~mes csscnticls ont tit rctcnus:
Th~mc1 - Connaissancc de la houlc pour le dimcnsionncmentdes ouvrages d'amtnagcmcnt ct de protection du rivagc
mediterraneen,
mme 2 - Transport ~tairc ct erosion du littoral.
Thtme 3 - Misc en plac:cd'un reseau d'cnrcgistrcmcntdes oonnees oeeanologiquesde la cOtcmtditcrrantennc pcrmettant
d'unc part de validcr lcs donntcs des captcurs d'ERS-1 ct d'uautrc part de les completer en vuc des prY.aY.avisions(ttat de la
mer) de survcillcr le milieu, ct d'apportcr des tltmcnts d'ttudc aux 2 thmlc:s~nts.

ERS-1 [)di Rlquk'enwlta:
SAR ct l'al~trc radar ~ur la littoral mtditcrrantcn.
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F16
ANALYSEDESPROCESSUSGEODYNAMIQUESDE
L'EVOLUTION DES LITTORAUX MEUBLES

Prlndp.i lnYMtigallDr:
F.Cuq Laboratoire IMAGEO,UPR30 CNRS, 191, rue Saint Jacques 75007 Paris

Tel: 16 1 43 29 31 99

~
Analyse de !'actionde la houle sur Jeslittorauxmeubles,etude de la morphologic sous-marine,proeessus dynamiquesde
transport ~ntaire.

Exper'.ment PIM:
(1) Analyse des dtformations de la houle A la cote et etalonnagedu SAR pour !'estimationde la direction et de !'amplitudedes
vagues. 2 sites retenus sur la cote atlantique francaise:
France 1 (Ouessant) 5°15'W - 4°30'W, 48°20'N - 48°50'N.
France 2 (Pertuis) 1°45'W - 1°W, 45°40'N - 46°20'N.
(2) Impact de la boule A la cote, analysede lamorphologicsous-marine. 1 site retenu en Mauritanie:
Mauritanie (Banc d'Arguin) 16°W - 18°W, 19°15'N - 21°15' N.

Les donntes SAR seront etalonneesau moyende mesuresetfectuees en mer par des bouees directionnelles,martgraphes
courantometres et boulometres, sondcurs de precisionet sondc multicapteurs. La calibrationde !'amplitudedes houles fait
l'objet d'une ttude sur modele rtduit et in situ.

ERS-1 om Rllqulrementa:
En fonction de la date de lanccmcnt, les donntes requises(uniquemcnt imagesSAR 16bits) sont les suivantes:
FRANCE 1: Orbite a 35 jours, couverture partiellede la zone, 1 A 2 imagespar mois en 91 et 92, de septembre A mars, 20
images au maximum.
FRANCE 2: Orbite A 3 jours (phase de commis.sionement),en fonction de la periode de lanccment, selection des imagesde
tempete sur zone de validation de l'ESA,maximum10 images.
MAURITANIE:Orbite A 35 jours, oouverturetotale de la zone au mains une fois, plus 10 images/anen periode bivemale,soit
30 imagemaximum.

Anticipad Rnulla:
Misc en evidence et quantification des paramerrescaracttristiqucs de la boule c:Otitre(estimationde la direction et de
!'amplitude); caracttrisation de !'actionde la ~rive littorale,analyse des turbidi~ cartographic de la morphologic sous
marine du Golfe d'Arguin (Zone non levee).

~=
Avant le lancement
Amtlioration des logiciels existants et preparation des plans de mission A la mer, montage administratif de projets de soutien
et misc en place des collaborations,
Apris le lancemen:
Evaluation rapide de la qualite des images (Dans les troismois apres la reception des premieres donntes), adaption des
logiciels et dtbut de l'etalonnage (ann6: 1992), reppon ~finitif (~but 1993).

Un rapport d'activitt taus les 6 mois, un rapport final A !'issuede l'ttude. Les principaux resultats obtenus seront publits clans
des revues scientifi.sucs.
Coordinator: Cuq
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16
IOCEANOGRAPHIC EXPERIMENT

Principml Investigator:
P.Murino 1st.di Aerodinamica,Universitadi Napoli, P. la Tecchio80, 1-80125Napoli, Italy

Tel: 081 7682351 Fax: 081 632044

~:
L.Mirabile (Ins, di Occanologia, 1stUniversitarioNavale,Napoli)

Ot>jec:tlws:
To improve the knowledge of the regime of long gravitywaves along the shores of the Gulf of Naples and adjacent seas.

Experiment Plan:
To measure the longwave field through submarine tide guages and wave-recordersand use the data to feed a numericalmodel
for the propagation of long waves that take into account nonlinearity,phase dispersion, refractionand diffraction. 1be waves
near the roasts will therefore be calculated from the knowledgeof the far field and comparedwith observations.

Test areas arc the Gulf of Naples (Centre: 40°40'N, 14°1C1E;diameter60km) and the Gulf of Salemo (Centre 40"20'N,
14"30'E;diameter 80km).

ERS-1 Dllla Rlquhmenta:
SARdata required for the period October - April, every 35 days (both ascendingand descendingmodes).

Flldlitleato be o.ployied:
Boat for deployment of Aandcra submarine tide guages and Datawellwave-recorderworking with real time radar
transmissionand acquisition of data.

Antlcipmd RMulla:
Oceanographicobservations of waveswill be combinedwith ERS-1 SARdata to initializeand validate a model for the
propagation of long waves.

Mi~
1990-92 Planning and oonduct of the experiment: developmentof the mathematicalmodel.
1992-94 Feeding the modelwith oombinedoceanographicand ERS-1 data.
Coordinator: Fruseto
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NL8
MEASUREMENTS OF LAND/SEA TRANSffiON FROM ERS-1
SAR AT DIFFERENT PHASES OF TIDAL WATER

Prlndp.i lm--ttgator:
B.N.Koopmam ITC, 350Boulevard1945, PO Box 6, Enschcde, The Netherlands

ObjedMa:
(1) To establish the extent to which land/Water boundaries are mappable from ERS-1 SAR imagery.
(2) To establish the extent to which the bottom configuration can be deduced from patterns visible on radar imagery and their
visibility under different tidal and weather conditions,

ExpetimentPlan:
SPOT data will be used in the preparatory phase to select test areas and locations for comer reflectors.
Simultaneous with radar acquisition, ground data will be collected concerning water/land boundaries, morphometric
characteristics of land and water and water level measurements. An aerial photograph undcrflight will be carried out during
the lowest tide simultaneous with radar acquisinon. A topographic model will be produced.
Radar images acquired during low tide will be used for monitoring morphodynamic processes on a yearly basis.
The study also aims to monitor changes in coastal configuration over longer periods in the WaddeDSCa,and particularly in the
Zeeland delta area. This will establish areas of sedimentation and erosion, and dynamic changes in the stream and gully
patterns.

~1 DataRmquinlmenta:
6-8 SAR images obtained during different stages of the tidal cycle.

Anliclpmd Rnulta:
Evaluation of the usefulness of SAR for the survey and morphological analysis of tidal flats to make optimum use of the
fundamental characteristics of the areas.
The study Im a direct practical implication on the understanding of the coastal processes in the Rhine delta area. Monitoring
by imaging radar on a bi-monthly basis during low water will contribute to the understanding of the changing dynamics in
this zone during the different season.s around the year.
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PIP.BCB12
NOAA COASTAL OCEAN PROGRAM: COASTAL
ECOSYSTEMS AND COASTWATCH

PrincipmlnvHligftr.
J E.Overland/W.G.Pichcl NOAA, 7600 Sand PointWay NE, Seattle,Washington98115, USA

NOANNational EnvironmentalSatelliteData and InformationServicc(NESDIS),Room 302,
SPC, Washington,D.C. 20233, USA Tel: 301 763 4244

Objeclivea:
Coastal Ecosystems
(1) Ice Edge Bcosystems: Determine role of Bering and Chukchi sea ice in controllingArctic ecosystems,
(2) Fisheries-Oceanography Coordinated Investigations(FOCI): Study the simultaneousbiological and physical processes
which occur in walleye pollock egg and larvae patches.
Coastwatch.
Demonstrate the utility of SAR data within NOAACoastwatch for environmentalsystems management in Alaskan coastal
waters.

Experiment PIM:
Coastal Ecosystems
(1) Use NOAA field research activities to provide surface truth data for evaluationof features in SAR imagery.
(2) Use SAR data tactically to plan and guide observation and sampling programs and interpretively to determine local-scale
eddies, current systems, frontal boundaries, surfacewind and waves, and internalwaves.
(3) Study relationship between variation of maximumice extent and seasonal ice retreat and the variability in biological
productivity of the Bering and Chukchi seas,
(4) Improve ability to predict year-ems strength of walleyepollock by studying how variability in the physical and biological
environment affect larval and egg survival and how available in-situ and satellitedata analysis can be used to monitor the
relevant environmental factors. Techniques of SAR interpretationwill be developed fust for the FOCI activities in the
Shelikof Strait before attempting a more ambitious Bering Sea study.
CoastWatch
(1) CoastWatch is an environmental information delivery and analysissystem for aiding environmentalmanagement decision
making.
(2) Use SAR data in an applications demonstration to evaluate usefulness in a PC-basedworkstation environment for
environmental monitoring and assessment.
(3) Assess the utility of SAR data for applications such as oil spill mapping, fishingvessel tracking, iceberg tracking, and
general environmental quality monitoring.

ERS-1Dllla Rlqulrwnenta:
SAR data:
Coastal Ecosystems:Bering and Chukchi Seas Ice EdgeMelt Zone - Spring Breakup; Anadyr Strait - Spring to Autumn; St
Lawrence Is. and Norton Sound Polynyas - Winter and Spring; ShclikofStrait, AleutianBasin Slope and Adjacent
Continental Shelf - Late Winter to Autumn
CoastWatch:Bcaufort Sea Alaskan Coast - Summer to Autumn; PrinceWilliamSound and Cook Inlet - All year

Facllitieato be o.ployed:
In Shelikof Strait, there will be CID surveys, three current moorings, two island-basedweather stations, and satellite and
Loran-C tracked drifting buoys. Similar field equipment will be used in the Bering Sea surveys.

Anticlpmd Rleulla:
(1) Ice edge, eddy and current information obtainable from SAR data will be valuable in understanding environmental
processes that lead to variability in biological productivity and enbanarl or reduced recruitment,
(2) Information derived from SAR on currents, ice, surface and internal waves, frontal boundaries, eddies, ship wakes, and oil
slicks will be useful for the monitoring of environmental quality and the managementof environmental systems.

Mi~
1991 Limited test data for analysis and development.
April-Aug.1992 Major data collection and analysis activities
Coordinator: PIPOR

118



ERS-1 Occam and Climate

PIP.LAB6
ICASP 2 - COASTAL OCEANOGRAPIDC EXPERIMENT/ SIR-C

Prtndplll lnuntigator.
P.C.Smith Department of Fisheries&. Oceans,Physical and ChemicalSciences,Bedford Institute of

Oceanography,PO Box 1006,Dartmouth, N.S. B2Y 4A2 Tel: 902 426 3474

~
M.lkeda/ C.Anderson/ C.Tang/ C.Mason (BIO)

~
To observe and model wind-driven ice motion and circulationon the northern GrandBank and NewfoundlandShelf using
SAR and altimeter data.

Exper"wmentPIM:
To ~ure the circulation (esp. near surface),wind and density fieldsand ice distribution in a small region on the northern
Grand Bank and Newfoundland Shelf near the Hiberniaoil field. The experimentwill employ moored instruments,ship
borne current and hydrographic profilers, and validate an eddy-resolvingwind-drivenmodelof the circulationand icemotion.

~1 Olla Alquhmenta:
Essential
(1) ERS-1 SAR for the Hibernia area (45-50° N, centred on 47°N, 49°W); asceeding and descendingpasses for 3-day repeat
orbit (24.360j; 15 February-15March,1992.
(2) ERS-1 Altimeter for the Hibernia area; Dec.1991-April 1992.
Duirabk
(1) ERS-1 SAR for Hibernia region; ascendingand descendingpasses for 3-day repeat orbit; 1 Jan - 15March, 1992.
(2) ERS-1 SAR for Hibernia region (45-53°W); ascendingand descending passes for 17-day repeat orbit; 15March - 30
April, 1992.

Fw::liliea '°be Dllployecl:
(Availableas pan of the CASP 2 Experiment).
Ships to deploy/reoover instruments and conduct survey.
6-10 current meter moorings, includingat least 2 bottom-mounted current profilers (ADCP).
Ship-borne current profiler (ADCP), BatfishCID.
2 Minimet buoys +moorings.

An1iclpmd FW8ulta:
Oceanographic ob6ervationsof the current. demity field, sea ice and surfacewind distributionswill be combinedwith ERS-1
SAR and altimeter data plus NOAA infrared imagery to initializeand validate a coupled ice-oceanmodel driven by wind, tide
and upstream forcings.

~
1~91 Detailed planning for experiment
1991-92 Prepare and conduct experiment
1993-94 Provide fully-testedmodel for circulationand ice-motionbased on ERS-1 and oceanographic data sets.
CoordiMIDr. PIPOR
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US8-2b
COASTAL OCEANOGRAPIIlC EXPERIMENT WITHIN THE
CANADIAN ATLANTIC STORM PROGRAM (CASP II)

Principallrw11llgator:
P.C.Smith/F.W.OOO,On Department of Fisheriesand Occam, Physicaland ChemicalSciences (PCS), Bedford Institute

of Oceanography (BIO), POBox 1006,Dartmouth,N.S., B2Y 4A2, Canada Tel:
902 426 3474(Smith) 3584 (Doman)

~
M.lkeda/ C.Tang/W.Perrie/ S.D.Smith/C.Anderson/C~n (as above)

ClbjealVM:
(1) To observe and model sea ice motion and circulationin the vicinity of the Hiberniaoil field on the nonhem Grand Bank
and Newfoundland Shelf ming SAR imagery and altimetermeasurements.
(2) To examine the relation between scattcrometermeasurementsand the surfacewind and wave fields observed in the open
Northern Atlantic during winter.

Exper:m..t PIM:
Deploy moored and ship-borne intruments in the GrandBanks study area (45°-50°N, 45°-53°W) to ~urc oceanic curents
and dcmity fields, sea ice distribution, properties and motion,directionalsurfacewave spectra and surface wind. Conduct the
fieldmeasurcmnts in cooperation with theAtmosphericEnvironmentService (AES) during the winter of 91-92 as part of
Phase Ilof the CanadianAtlantic Stonm Program (CASP Il).

F-=ililleaIDbe~:
8 current metermoorings, 3 acoustic Doppler cuurrcnt profilers (ship and bottom mounted), bydrographic profilers (towed
Batfisb and winch-mounted CTD's),3surface meteorologicalbuoys with near-surfacecurrent meters, directional wave buoy,
ship-mounted anemometers and ship-mountedwave-detectingradar.

Antlcipmd Rleulta:
(1) Oceanographic observations of currents, density field,sea ice and surfacewind distnbutioos will be combined with ERS-1
SAR and altimeter data and NOAA infrared imagery to initializeand validate a coupled eddy-resolving icc-occanmodel
driven by wind, tides and upstream forcing.
(2) Measurements of surface waves and wind will be used to relate airborne (CCRS) and ERS-1 wind/wave mode
observations to surface wind and sea state.

Mi~
Dec 1990 Draft experiment plan.
6 months Preliminary report 6 months after receipt of data.
24 months Fmal report or open literaturemanuscript
CoordlnllllDr: Freeman

120



ERS-1 Oceans and Climate

DlO
UTILISATION OF SAR FOR INVESTIGATION OF FRONTAL
ZONES, OIL POLLUTION AND COASTAL BATHYMETRY,
AND THEIR APPLICATIONS TO SERVICES IN THE NORTH
SEA

Prindpml~
IC.Huber DeuschesHydrograpbischeslnstitut, Bernhard-Nocht-Str.78, D-2000 Hamburg4, Gennany

Tel: 040 31 90 51 35 Fax: 040 31 90 51 50

CcHrweatigators
GABecker/ J.Dippner/ IC.Figge/H.FranztH.Heinrich/IC.Richter(as above),W.Alpers (Universityof Bremen)

Ob;ec1ivM;
(1) To detect hydrographic fronts, to describe the developmentof these fronts, and to produce statisticsby meansof SAR
images.
(2) To chart bottom structures in the North Sea by meansof SAR images.
(3) To detect and trace oil pollution by meansof SAR images.

Exper'.nlent Pllln:
The area of interest includes the Gennan Bight with the North and East Frisiancoastalzones and the adjacentsea areasof the
open North Sea (53°15' - 55°30' N, 6° - 9°E).
During the prclaunch period, on-going oceanographicand geomorphologicinvestigationswill be continuedwith special
regard to ERS-1 requirements. This includescruisesof the researchand survey vessels,aircraft surveillancc,and the
development and improvement of numericalmodels.
The photogrammctric evaluation of SAR images producedas "FastDeliveryProducts"will be carriedout manually. Off-line
products, such as the GCP corrected digital images, togetherwith temperaturedata of other space-baseddata sourceswill be
processed on workstation analysis systems,

~1 Data Rlqulrementa:
SAR data and images of the North Sea. Imagesshould preferablybe GCP corrected,but there is no need to apply all
geophysical corrections to the data prior to dissemination.

Anliclpmd Rnulta:
It is expected that the results will help to assess to what extent space-basedradar data can be used for the monitoringof
hydrographic fronts and oil pollution.

~
Prelaunch Regular investigations in the GermanBight, installationof a workstation for image processing linked to

DLR computer facilities.
ERS-1 mission Intensive data collection in the GermanBight.
Post mission Data processing, evaluation and analysis.
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J3-1
OIL POLLUTION DETECTION ANDWAVE OBSERVATION IN
THE SEA ADJACENT TO JAPAN BY SAR IMAGES

Principal lnuHligNor.
K.Okamoto Communications Research Laboratory, 2-1Nukui-kitamachi4-chrome, koganei-shi, Tokyo,

184, Japan Tel: 81 423 27 7543 Fax: 81 423 27 7594

~
T..Kmu/ Dr.T.Ojima (as above).

Cl>jec1Ms:
(1) To evaluate the oil slick detection capability by C-band SAR. Simultaneous observation of artificial oil slick by
spacebome, airborne and shipborne microwave sensors and comparison with sea truth data.
(2) Imaging mechanism of long gravity waves by SAR using data obtained simultaneously by the oil detection experimenL

Experiment PIM:
Anificial oilslicks will be produced using oleyl alcohol. Two or three different size oilslicks will be produced from a ship
running perpendicular to the wind direction.
The experiment will be carried out in two different seasons of the year to obtain data under different wind conditions.
The proposed experimental site is the Pacific Ocean about 30-400km south of the coast of Shikoku Island (Lon. +13250 tO
+13450, Lat. +02900 to +03300).

ERS-1 om Rlquk*'*1lll:
Full Imaging Mode FD SAR image (2 images per experiment, with 2 experiments per year).
Wave Mode Intermediate Product (Data from 2 passes per experiment, with 2 experiments per year).
Data delivery within 1 month of each experimenL

Fditiesto be~:
9.53GHz VY-polarised SI.AR, 18 channel airborne MSS, L,C,X-band multi-polarisation FM-CW scatteromcter, wave rider,
radio buoy data, shipborne meteorological imtrument data.

F8Cilities tor om~
ACOS-850/20 large computer system for general data processing/analysis.

Antidpmd Rllulla:
(1) Oil detection capability of C-band SAR will be evaluated under various conditions of wind vector, coupled with ancillary
data.
(2) SAR imaging mechanism of waves will be eluciated from the comparitive analysis of SAR and SLAR images of long
gravity waves for oil-covered and clear surfaces.

Mi~
1988-90 Data analysis of existing data (SEASAT, SIR-B) and the production of data analysis program by using the

simulated data products. Oil slick detection experiment using airborne X-band SLAR.
1991-92 Prepare and conduct experiment, data analysis and evaluation.
CoordlnlliDr: Fujita
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N4
!SHIP TRAFFIC MONITORING USING THE ERS-1 SAR

Princi.,.i lnvesllgalDr:
T.Wahl NorwegianDefenceResearch .&tablisbmcnt(NDRE), Box 25, N-2007 Kjeller,Norway

Tel: 47 2 737(jfj2

~
K.Aksnes/K.Eldhuset/ J.Gj_rven/A.Sk_elv (as above)

~
The project aims at a through study of the visibilityof ships and wakes in SAR images togetherwith a demonstrationof near
real-timeship traffic monitoring using the ERS-1 SAR. Softwaredevelopment and scientific analysiswill be carried out at
NDRE. The automatic system for ship detection in SAR imageswill be run at Troms_Telemetry Stationwhere, according to
the NorwegianNational Space Plan,SAR signalswill be receivedand processed. The feasibilityand basic elementsof sucha
system have been assessed in an ESAContract Study recently carried out at NDRE.

Experiment PIM:
The following experimental activitiesare planned during the post launch phase:
(1) A well cxmtrolledexperiment on ship detection in connectionwith an oceanographic/meteorologicalcampaignsimilar to
a 1988 campaign at Haltenbanken.
(2) Sporadic collection during the ERS-1 flight of data from ships predicted to be inside the SAR swath. Videoor
photographic documentation of the wakes. Weatherand sea state reports.
(3) Running of an experimental near real-timesystem for detection of ships in the NorwegianEconomicZones based on SAR
imagesprocessed at Troms_ TelemetryStation. Comparison of detection resultswith ooastguard reports.

It will be attempted to equip some ships with Argos buoys and to position these ships with the doppler positioning system
installed in Trmm_.

ERS-1Dita Rlquinlmenta:
Extensive coverage of SAR over the North Sea, the NorwegianSea and the Barents Sea. The exact lcx:ationsof the areas to
be covered are quite flexible as the actual areas of interest are very large. If possible, coverage from both ascending and
descending JmSCS should be acquired for areas in the far north to provide coverage twice during a 3 day cycle.
As the plans call for local SAR processing at Troms_, there is no requirement for SAR image processing by ESA

Anlicipetecl Rl8ulta:
Visibility

Modelling

Assessmentof the ERS-1 ship and ship wake detectioncapability in terms of:
Ship size - ship speed - wind speed - wave height - aspect angle - ionospheric activity -
presence of grease ice - topography (fiords)
Demostrationand testing of operational aspects of satellite SAR surveillance,
including automatic ship detection and informationextraction.
The project will supply critical test results on imagingmodels for the various
wake components,

SurveilJancc

~
1990 Pre-launch experiments, including software development.
1991 Major experiment. System testing. Data analysis.
1992 Data anal~is.
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NS
!REMOTE SENSING OF OIL POLLUTION

Principe! irw..tlgmor:
R.B.Olsen Oceanographic Center, SINTEF group, Troodbcim, Norway.

~
S.E.S_rstr_m (as above), K.Buer (Norwegian Computing Center, Blindcm, Oslo), E.H_ygaard (State Pollution Control
Authorities, Oslo), HJobnscn (FORlTI', Troms ), R.Shucbman (ERIM, Ann Arbor, Michigan, USA)

~
(1) Study the capabilities of the ERS-1 sensors in detecting oil pollution.
(2) Study how different environmental conditions (waves, wind) affect the observations,
(3) Develop methods for analysing and using the remote sensing data for oil detection, surveillance, drift prediction and
combat purposes.

Experiment PIM:
It is planned to carry out prclaunch and postlaunch experimental oil spills on Haltenbanken, in order to determine the
possibilities for detecting oil pollution with the ERS-1 sensors. Statistical analysis methods will be developed for extracting
vital information from the data. The exopcrimcnt will be carried out in conjunction with the NORCSEX programme of wind,
wave and current observation.

ERS-1 Dllla Rltqulrernenta:
SAR images of the experimental site at Haltenbanken. Approximately 4-5 prcproa:sscd images arc required during the 3 day
cycle.

FlldlillM tD t. Deployed:
2 research vessels, 1 "oil tanker" for transport and spillage of the oil and 2 motor launches for performing the in situ
measurements.

Antidpmd RMults:
(1) Establish how well oil spills can be detected with satellite sensors, especially SAR.
(2) Devise a system for asstmilaung remote sensing data for operational forecasting of oil drift.
(3) Develop methods for analysing SAR images for textures and extracting time and space correlated information.
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UK14-27
[DETECTION OF OIL SLICKS

Prtnc:ipel Im 11tiga••.
J.Abbott Warren Springs Laboratory, Gunnels Wood Road, Stevenage, Hcrts, UK

CJJjectMa:
(1) To determine if oil slicks can be detcctc:d by SAR and Wind Scattcromcter.
(2) To determine if slicks can be distinguished from other surface features, e.g. biogenic slicks
(3) To investigate the practical application of the techniques for monitoring accidental spillages and operational discharges of
oil.

Exper'.nwnt Pim:
(1) Make controlled releases of oil that simulate discharges that occur following accidental releases and operational
discbarp.
(2) Make amtrolled releases of chemicals that simulate biogenic slicks.
(3) E.uminc SAR imagery of areas wbcrc oil is know to be discharged during operational activities, e.g. Shetlands Basin.
Determine whether oil is detected, compare with results of airborne surveys.

~1 Ollla Rlquhmna:
SAR imagery and scattcromcter data. Some fast delivery prodUCISwill be n:quircd to cmwc the experimental plan can be
modified to take account of the results obtained. Off-line high precision data will be required, primarily in the form of
oomputcr oompatible tapes, but some bard copy will also be required.

F8Cllllea tD be~=
(1) WSL Rcscarch Vessel
(2) Airaaft fitted with IR/UV sc:anncr and SI.AR.
(3) F.quipmcnt for processing airborne imagery.
(4) Equipment for recording environmental conditions -wave buoy, current meter, wind spcc:d/dircction, etc.

/ljlliclpmMS Aleull8:
(1) SAR imagery and scattcromcter data showing the presence of oil slicks of different quantities.
(2) SAR imagery and scanerometer data showing the prcscncc of artificial slicks.
(3) Procedures for distinguishing between oil slicks and other surface slicks._; ·····C)j~
Procedures for interpreting SAR imagery to detect oil slicks and for distinguishing oil slicks from other surface phenomena.
An evaluation of the role of SAR in marine pollution monitoring and bow it can be integrated with other techniques such as
airborne and ship surveys.
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USl-Sa
(OCEAN SAR IMAGING IN THE GULF OF ALASKA

Prindplllh; Iltlgetr.
O.H.sbcmdim Oa:an Research and Engineering,255 South marcngoAvenue, Pa.wlcna, California91101

Tel: 818 5681800 Fax: 818 5681804

Olljec:IMe:
(1) SAR imaging of surface waves in storms,
(2) SAR imaging of ship wakes along the Valdez-SanFrancisooSea Lane.
(3) Surface slicks, both natural and man-induced from OilTankets.

Exper'.nlMt PIM:
(1) The Gulf of AlMkacxpcri~ some of the most severe oceanicstonm in the northern bcmispbcrc. SAR provides
information on the directional wave number spcctta of surfacewaveswhichwill be used to validate the availablewave
generation models.
(2)The Valdez-San Francisa>sea lane is active in supertanker traffic. The supertankers will be used as ships of opportunity
to investigate ship wab:s in sea states ranging from calm to stormmnditiom. The SAR will provide valuable umght for this
investigation.
(3) The SAR data will be used to investigate the presence of oil slicks and the process of their dis&pation. The area of interest
for this study is: S0°..(,()0N,130°-160°W.

ER>10...~
~ many SAR images as pamble arc requested for a triangulararea (50°N,130°W;50°N, 140°W;60°N, 140°W).

F11e•t111tarO...~
Computer and image analysis fJlciliticsat Oa:an Researchand Engin=ring.

Antlclp.-dAw*
(1) Validation of storm wave prediction modelswith SAR dircctionalwave data.
(2) Improved understanding of the mechanisms rcspomablcfor SAR imagingof the turbulentwake art of ships in variom sea
states.
(3) Improved understanding of SAR imaging of surface slicks. The areawhere surface slicks arc found will be identified in
relation to the sources of ~utants.
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F24
STUDY OF AIR-SEA-ICE INTERACTIONS IN THE FRAM
STRAIT AND GREENLAND SEA

Princlp.i Im: 1ltiga•.,,.
J.C.Ga<icard Laboratoi.red'OccanographieDynamiqueet de Climatologie,L.O.D.Y.C,Universityof Paris 6,

4 PlaceJussieu, 75252 Paris Cedex 05, France Tel: 1 43 36 25 25 x4969

CcHwMtigldora:
C.Kcrgomard/ C.Richez (as above),M.Flly (Laboratoi.rede Glaciologiect Geophysiquede !'Environnement,St Martin
D'Heres),AChedin {Laboratoi.rede Mttrorologie Dynamiquc,Palaiseau)

ObjectiYea:
The so-calledARCTEMIZ Projectwill be carriedout as a contribution to the GreenlandSea Project (GSP) and to the
Programme for International Polar OceanResearch (PIPOR). Main objectives are to understand, both from a dynamicaland
thermodynamical point of view, the sea-iceseasonal and interannualcycle of the transpolar sea-ice drift in the NansenBasin,
when approaching the Fram strait. and the fate and consequencesof this drift in the Greenland-BarentsSeas.

Experment Amn:
(1) To observe ice field motion, surfacewinds field and subsurface currents, sea-icegrowth and decay, concentrationand
thic~ distributions. This will involve use of ARGOS buoys and SOFAR floats for in situ observations and high
resolution remote sensing (SAR-ATSR-AVHRR).
(2) To develop a hierarchyof ice-oceancoupled models dedicated to precise estimates of ice-ocean fluxes of momentum,heat
and salt under proper atmospheric forcing resulting from detailedanalysis of meteorologicalobservations (fOVS - AMSU-
SCAl).

ERS-1 om A1qWrwnenta:
SAR (highest priority), Scattcrometerand ATSR data. SAR imagemode data after geometric and radiometriccorrection.

~
1990/l In situ measurementson the ice in April and on the adjacent ocean in September.
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N3
ISIZEX: SEASONAL ICE ZONE EXPERIMENT

Princip.i lnveltigatnr:
O.MJohannesscn Geophysical Institute, NansenRemote SensingCentre, Universityof Bergen, Norway

~
E.AS.Svendsen (Nansen Remote Sensing Centre), T.Vinje (NorwegianPolar Research Institute, Oslo), R.Shuchman (EMIM,
USA),WJ.Campbell (USGS, Tacoma, USA),W.D.Hibler III/ P.Gloersen(NASAGoddardSpace Flight Centre, Washington,
USA), K.David&ln(Naval Postgraduate School, Monterey,USA), N.Mognard(CNF.5,Toulouse, France), J.Haw~
DJohmon (Naval Ocean Research and DevelopmentActivity, ~is&ppi, USA) plus 14 other scientists in Norway, USA,
Canada and UK.

()bjec1Ma:
The overall objective is to perform ERS-1 sensor signature studies of different ice types in order to develop SAR algorithms
for ice variables, including ice ooncentrationand ice type discriminatiom. ERS-1 retrievals in real time of such variables in
conjunction with other atmospheric and oceanic variableswill be used as input a rnesoscalecoupled ice-ocean forecasting
models for the Barents Sea. Furthermore, the SAR imageswill be used for estimationof icevolume flux from the Arctic
Ocean to the Greenland and Barents Sea.

Exper'.mentPIM:
The investigations consist of pre- and postlaunch experiments in the Barents Sea, FramStrait and Greenland Sea.
The postlaunch 1991 experiment in the Barents Seawill involve the integrationof ERS-1 observationswith underflying
remote sensing aircraft, heliooptcrs and in situ remote seming and physicalooservanonsof ice, atmosphere and ocean
variables. During the ERS-1 operational period, ice forecastswill be made for the Barents Sea.
During the large SIZEX pestlaunch experiment in Feb/March 1991, the ERS-1data receivedand real-time precessed in
Troms_and/or Kiruna will be trammitted to the land ooordinationcentre as soon as possible for intercomparison to aircraft
remote sensing data, and also for real time steering of the field investigation. Similar real time data tramfer will be used
during periods of ice forecasting.

ERS-10...~
SAR, Scatterometcr and Altimeter and ATSR data for the Barents Sea, FramStrait and GreenlandSea.
The area of interest for SAR data is represented by the ice covered parts (varyingby season) for the region 70°N - 84°N,
20°W - ti0°E. The area of interest for Scatterometer,Altimeter and ATSR data is mainlywithin the open water parts of the
same region. Coverage of the complete Norwegian - GreenlandSea is required for surfacewinds and wave height studies
using scatterometer and altimeter data.

Anticipdld Aleulla:
(1) Improved SAR algorithms for retrieval of icevariables (ice ooncentrationand ice type discrimination) and ERS-1
validation of these variables.
(2) Demonstrate operational ice-ocean dynamic and thermodynamicforecasting for the Barents Sea and the need for ERS-1
type data as input for realistic forecasting.
(3) Demonstrate the unique advantage of all-weather information for the study of sea ice climaticvariables, and comequently
for planning of indmtrial activities.
(4) Improved statistical knowledge of ice oonditions in the Barents and Fram straits region, and especially ice oonditions
~ for future oil installations.

Prelaunch
Pastlaunch

MIZEX experiments. Design and evaluationof algorithms and model developmenL
Major SIZEX experiment in February/March 1991, in addition to regular field investigations carried out by
the NorweE Polar Research Institute,
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NS
ISEA ICE CLIMATIC vARIABLES

Principel lnw lligatnr.
T.Vinje Norwegian Polar Research Institute, Box 158, N-1330 Oslo Lufthavn, Norway

~
R.Colony (Polar Science Center, University of Washington, Seattle, USA),_ Fmnckasa/ A.sJohnscn/ B.Rudels (as Pl),
M.Kristensen (Norwegian Meteorological Institute, Blindcrn, Oslo), N.Mclntyrc (EOS, Fleet, UK)

Objedlvea:
The main objectives of the Sea Ice Climatic Variables (ICECLIMA) programme arc:
(1) To estimate the climatic important, and highly variable movement of ice from the Arctic Ocean into the Greenland and
Barents Seas,
(2) To estimate the changing surface energy balance associated with the thin ice found in lee polynyas, in loosely compacted
ice fields and at the ice edge.
(3) To investigate the morphology of the ice fields and drifts of icebergs in the Barents Sea to meet with industrial and
national management requests.
Important sea ice variables in this connection arc edge position, concentration, motion and deforamtion, and the distribution
of thic~ age, ridges, floe size and icebergs.

Exps°•11MtPIM:
(1) Ice motion will be evaluated by visual tracing of ice floes as well as by the me of a automated cross-correlation method.
(2) F.stimation of the rate of ice growth and corresponding bottom water formation, to determine the beat balance of a lee
polynia.
(3) The ice thickness distribution observed by upward looking sonars will be compared with SAR images to obtain an
algorithm for indirect ice thickness estimations.
(4) Field measurements to get a better undersatnding of the return signal of the altimeter in sea ice mode.
(5) An experiment to demonstrate the fcasibilty of oil spill identification and tracing from SAR images.

ERS-1 om Raqunmenta:
SAR and Altimeter data. Frequent SAR coverage for areas in the Fram Strait and Barents Seu.

Antidpmd Rlsulta:
(1) The proposed investigation will demonstrate the unique advantage of all-weather information for the study of sea ice
climatic variables. This will be particularly important for the estimation of ice velocities over large areas on a regular basis.
(2) As the influx of thicker ice from the Arctic Ocean affects the navigation during the following periods, the monitoring of
this flux also will have importance for long term sea ice forecasting and consequently for long term planning of industrial
activities.
(3) Better algorithms for the estimation of ice thickness distribution as well as ridge frequency.
(4) The potential of monitoring iceberg drift, oil spill movement, ridge and ice floe distribution bas clear industrial
BEE,licatiom.
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PIP.ARC! ,,...

ODEN lllGH ARCTIC EXPEDffiON PROGRAM: REMOTE
SENSING, SEA ICE

Prindp.i lnw ltigatnr:
J.Askne Department of Radio and Space Science,ChalmersUniversityof Technology,S-412 96

Goteborg, Sweden
Tel: +46 31 721843 Fax: +46 31164513

~
M.HamJcaincn,M.Lcpparauta (Finland), S.LOsetb/f.Vinje/8.Erlinggon (Norway),R.Ramseier (Canada),H.Hocber (BRD).

~
Ground truth investigation of ice properties to validate ERS-1. Investigationof the usefulnessof ERS-1 for studies of Arctic
ice properties in relation to:
(1) ice physics, surface wetness,
(2) ice motion, floe size distribution, ice ridge characterization,

Exper'.rnentAM:
Observations of radar properties, ice physics and morphology along the Oden-91 route (subject to approval fromUSSR).
The observations will oonccntrate on three areas (between latitude 80° and 84°N and longitude 65° and 100°E)where SAR
data in real time is requested. Barents Sea coverage as acquiredby the PIPORgroup during the expedition time.
Approximate time period depending on the ice situation is August 1 - September 15.

ERS-1om R1qunmen1a:
FD SAR-data from Kiruna
12 scenes over area 1, latitudes 80° - 82°N, longitude 92° - 96°E
4 scenes in three cxmsccutivcorbits per day during 12 days for each of areas 2 and 3. Orbits to be determinedwhen 35-day
phase is decided. Latitudes 83° to 84°N, long 65°to100°E
Approximate dates, to be updated later: Arca 1: Augus; 1-3, 1991,Arca 2: August 5-17, Arca 3: Sept 5-17.
Total of 156 scenes: The number of scenes can be decreased if specificationof orbit can be given at short notice taking into
account the unccnainties of the route planning. Signal data is required for a limited number of scenes for analysis of dihedral
corner reflectors.
Radaraltimeter data over area 1 and Barents Sea.

FaditlM ti)be Deployed:
Ice breaker Oden with laboratory space etc.
Helicoptcrbornc scattcromcter, video, still photo, laserprofilomcter.
Ground truth equipment for snow and ice properties.
Reference corner reflectors.

Antlcipmd Rllulls:
(1) Improved understanding of ice properties, ice kinematics in areas presently not very well known.
(2) Improved understanding of electromagnetic interactionwith the snow/ice interfaceduring the melt period and validation
of ice clas&ficationalgorithms.
(3) Improved understanding of ice morphology effects on SAR image properties in relation to ice motion algorithms,

~
Jan 1992 Data report and preliminary evaluation of fieldwork.
Dec 1992 Satellite data analysis completed.
1992, 93 Results presented at scientific mcctin~ and in journals.
CoonSinatDr:PIPOR
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PIP.ARC2
CLIMATE - CRYOSPHERE INTERACT~ONS IN POLAR
REGIONS: SCALE RELATIONSHIPS OF PROCESSES AND
OBSERVATIONS

CIRES and Department of Geography, University of Colorado, Campus Box 449, Boulder, CO
80309

Co-lrwelllgatcn
JA Macilanik/JR.Key/ M. CSem-;n:/ R. L Weaver (CIRES), K. Steffen (Geographischcs Imtitute ETH. Zurich, Switzerland)

QifectMa:
Determine process-oriented relationships between small-scale polar ice features (leads, melt ponds, floes) and larger-scale
observations of ice characteristics (ice concentration, ice divergence, heat budget terms) as observed via ERS-1 and other
platforms.

Exper'ment PIM:
(1) Collect a range of image types (different spatial and spectral coverage) co-located in space and time.
(2) Calibrate (as ncccssary) and map imagery to a common polar stereographic projection (cg the SSM/I grid).
(3) Through both empirical, statistical, and modelling studies, summarize the effects of field-of-view, spectral channel, look
angle, orientation, and atmospheric conditions on the detection and mapping of open water features (leads, polnyas) and ice
surface features (floe shaped, ridges, surface melt) using a suite ofmultispcctral imagery.
(4) Using time-sequences, compare the effects of atmospheric forcing mechanisms on the features observed at different
scales.

ERS-1om.Rlquhmenl:a:
Northern Baffin Bay, Canada Basin, Beaufort Sea, Chukchi Sea, and Bering Strait with coverage of the interior pack, MIZ,
first year ice, young ice, and leads and polynas. Approximate locations: 80°N, 160°W and 76.5°N, 72.5°W.

AntlclpDld Rleutla:
Summary of effects of sensor factors and viewing conditions on open-water detection using different image types. Identify
difficulties (cg open water/young ice/first-year ice discrimination) and investigate potential solutions.
Assessment of ability of medium and low-resolution (cg AVHRR and SSM/I) sensors to provide accurate open-water
information applicable to albedo and heat-flux estimates.

~=
(1) Notification of planned ASF acquisitions.
(2) Landsat/SPOT/MOS-1 acquisitions scheduled.
(3) SAR preprocessing software modified.
(4) Details of acquisitions from ASF and others.
(5) AVHRR, DMSP-OLS and SSM/I acquired for study areas.
(6) Images received and reformatted.
(7) Multiscnsor data registered to common projection.
(8) Analysis.
(9) Summary and final report. Deliverables include final report and merged multiscnsor data sets (imagery, derived products)
on optical or magnetic media.
Coordinator: PIPOR
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PIP.ARC3
ACTIVE-PASSIVE MICROWAVE SEA ICE OBSERVATIONS
AND AIR-SEA-ICE PROCESSES IN COASTAL POLYNYAS

Prindp.i lnveltlgaar:
D. Cavalieri GSFC, NASA, Greenbelt, Maryland, USA

~
F.Carscy/ J.Crawford (JPL), R.Onstott (ERIM), D.Eppler (NORDA), S.Manin (UW), K.steffen (Elli)

~
(1) To determine optimum methods for thin ice observations using spaccborne active and passive microwave observations.
(2) To understand the role of coastal polynyas in oceanic beat loss, sea ice production, and Arctic Intermediate and Deep
Water Production.

Experiment Plen:
(1) Apply multidimensional analysis to spatially and temporally coincident data from ERS-1 SAR and SSM/I.
(2) Devise algorithm to exploit variability of ice type as expressed in the satellite variables.
(3) Calculate beat fluxes through the thin ice formed and exported from coastal polynyas of the Eurasian Basin and the Sea of
Okhotsk utilizing archived meteorological and oceanographic data.

Three case studies of coastal polynyas are planned. Two will take place in the Eurasian Basin and one in the Sea of Okhotsk.
One study will be carried out each year, with each being 1 winter month in duration (preferably February).

fRS.10...~
SAR and ATSR data acquired during the 3day repeat cycle (not necessarily precise).

~
March 1992. 93, 94 Data Reports

Preliminary Algorithm Analysis
Preliminary Heat/Salt Flux Analysis
Final Algorithm Analysis
Summary of Polynya Heat/Salt Fluxes

Feb 1993
Feb 1994
June 1994
Se.e,tember 1994
CAordinldDr: PIPOA
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PIP.ARC4
VALIDATION OF SEA ICE INFORMATION DERIVED FROM
NUMERICAL MODELS AND REMOTE SENSOR
ALGORITHMS

Prindplll lnvHtigator:
OT.Eppler NOARLPolar OceanographyBranchOffice, 72 Lyme Road,Hanover, NH, USA 03755-1290

Tel: ti03 646 4175 Fax: ti03 646 4320

~
DJ.Cavalieri (NASA), L.D.Fanner/ Ruth H.Preller(NOARL),W. B.Tucker (CRREL)

~
Improve numerical sea ice models and algorithmsdeveloped to process satellite remotesensor data using ice concentration
information derived from ERS-1 SAR imagesas ground truth data.

Exper'.ment PIM:
(1) Initialise ice models in the Barents and GreenlandSea regions, and validatemodel predictions using ice concentration
information derived from ERS-1 SAR imagery.
(2) Verify ice cxmccntrationsretrieved from SSM/Idata using ERS-1 SAR images; use ERS-1 data as a basis for investigation
anomalous algorithm retrievals.
Specifically, Investigate ice characteristicsthat produce anomolousmulti-year ice concentrationsin regions of 100%first-year
ice along the AhWamcoast; map synoptic changes in area of highly deformedmulti-year ice adjacent to Canadian
Archipelago where SSM/I algorithmsunderestimatemultiyearoonccntrationsby more than 50%.

ERS-1 om Rlqulrementa:
Beaufort Sea (69° - 75°N)
Chukchi Sea (67° - 75°N)
Arctic Ocean (75° - 85°N)
Barents Sea (70° - 81°N)

Oct-May
Oct-May
Yearound (3 scenes/day)
Jan-Mar (1.4 sccnc:s/day)

F8Cllltlee tD be~:
Aircraft platfonm for validationof field regions by ooincidentsensors.

"'~ Fmulla:
Demonstration of ice model forecastsderived by includingSAR data in the model initialisationfield; demonstrationof model
verification, particularly the ice edge, from comparison of SARwith model results.
Verificationof lead opening and closing, as predicted by model icedrift forecasts, using sequential SAR images.

~
1992,93, 94 Data Reports
1993

1995

Model Hindcast results using ERS-1 input
Evaluationof SSM/IANDERS-1 first year ice signatures
Assessment of lead forecast capability using ERS-1 input to models
Analysis of deformed ice regionsmapped with ERS-1 and SSM/I
Final Report (modellingeffort)
Final Repon (SSM/I effort)

1994

Coordinaaar: PIPOR
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PIP.ARCS .~

[POLAR OCEAN SURFACE FLUXES

Prlncip.i """1lllgatar:
D.Rothrock Applied Physics Laboratory, Universityof Washington

Tel: 206 545 2262 Fax: 206 543 6785

~
R.Barry (U.C.01),N.Maynard (NASNGoddard), R.A.Brown/M.Stcclc (UW), F.Carsey (JPL), D.Winebrenncr (UW),
S.Martin

()bjec:IMs:
(1) C.OmbincSAR. passive microwave,visible& IR satellite imagedata, satellite sounder data, and buoy surface& sub
surface ocean data to provide estimates of surface fluxes of beat, salt, CC>i in both ice-coveredand ice-free high-latitude
oceans.
(2) Use data on surface fluxes, ice motion and open-ocean wind stress to drive ocean models and investigatewater-mass
formation and ocean circulation.

Exper'.rnent Pllln:
The plan is to develop several models and algorithms and to combine them into a single model of upper ocean, ice cover
(where present), and atmospheric boundary layer. The models includean upper ocean modelwith multi-layervertical
resolution and a planetary boundary layer similarity model. The ice modelwilll combine the ice thi~ distribution, the ice
type (or age) distnbution and an ice thermodynamic and flux paramcterisation. To imimilate satellite and other data into
thesemodels, the Kalman filter will be used. Algorithmswill be developed for recognizing thin ice from SAR and passive
microwave imagery.
The investigationwill begin with the northern bemispbcrc, and be extended to the southern bcmispbcrc. Attention will be
focussed on ERS-1 SAR data from Siberian shelves, where buoy data and knowledgeof ice conditiom and motion arc
lacking,but arc thought to be particularly important for the formationof Arctic water masseswhich precondition the
formation of deep water in the Greenland Sea.

ERS-10...~
The data requirements assume that coverage of the Artemiz region north of Spitzbcrgcn,and the Greenland,Barents and
Bering Seas arc requested by other investigators.
(1) Descending orbit in the Kara Sea (68° - 81°N), from Oct to April, 5 orbits/month, 15 scenes per orbit,
(2) Descending orbit in the Kara Sea (74° - 81°N) fromMay to Sept, 5 orbits/month, 8 scenes per orbit.
(3) Ascending orbit in the E. Siberian Sea (71° - 77.5j all year, 5 orbits/month, 9 scenes per orbiL
(4) Descending orbit in the E. Siberian Sea (69° - 76j all year, 5 orbits/month, 8 scenes per orbiL
(5) Dcsccnding orbit in the Kara Sea (72.5° - 81.5j all year, 5 orbits/month, 10 scenes per orbiL

Anticipmd Allulla:
The first result will be an estimate of high latitude surface fluxes of beat, salt, and co2 on a spatial resolution of about lOOkm
and a temporal resolution of several days.
The second result will be an improved understanding of bow the circulationof the Arctic Ocean is maintained and what
conditiom arc ncccssary for the formation North Atlantic Deep Water in the Greenland Sea.

Jan 1990
June 1990
Dec 1991
Feb 1992

Complete thin ice SAR algorithm
Demomtrate ice/oceanmodel
Provide field of icemotion from SAR & buoys
C.OllcctSSM/I data for 1991

June 1992 Run ice/oceanmodel for period through 1991
June 1992 Provide surface fluxes for 1991
Dec 1992 Anal~ model ocean circulation for 1991
CoordinaaDr: PIPOR
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PIP.ANTI
[AIR-SEA-ICE INTERACTION IN THE WEDDELL SEA

Prtnclpel ""'1llligD>r:
E.Augstein Alfred Wegener Institute for Polar and Marine Research, Am Handclsbafen 12, D-2850

Brcmcrbavcn, W.Gcrmany Tel: 49 471 4831400

~
Peter Lemke (as above)

.s
~
Determine the values and the spatial and temporal variability of beat and mass fluxes in the Weddell Sea. and usc these as an
input and validation of model calculations of air-sea-ice interactions. Specifically, usc ERS-1 data, primarily SAR, to
improve determination of spatial and temporal variability of ice conditions in response to atmmpbcric forcings in the Weddell
Sea.

..»

.I

Exper'1n•nt Plml:
(1) Obtain SAR low-resolution imagery on weekly basis across Weddell Sea from ice edge to Fichncr Ice Shelf starting June
1991.
(2) Obtain SAR high-resolution imagery in three selected area oorrcsponding to POLARSTERN operations in May (western
Weddell), July (eastern Weddell), and November (southern Weddell) 1992 .
(3) Use imagery to help interpret results of ARGOS buoy, current moorings (including upward looking sonar), and
POLARSTERN-bascd ocean, met, and ice studies.
(4) Incorporate ice information derived from SAR data in air-sea-ice interaction model

ERS-10...~
(1) OW6191-31/11J92
(2) '25/04/Cn.- 30,US/Cn.
(3)W/06/92 - 1.5/01m
(4) 05/11/Cn.- 05/11.192

One track per week, through central Weddell from ice edge to shelf (340 min).
Three tracks per week, in western Weddell (40 min).
1brcc tracks per week, in eastern Weddell (50 min).
1brcc - four tracks per week, in soutbcm Weddell (20 min).

~to be~:
(1) POLARSTERS research platform, including onboard HRPT-station and ship-borne helicopter.
(2) Current moorings and ARGOS buoys.

'.....: Antlclpmd AMulla:
(1) lc:cextent and ice conc:cntration from low-res SAR to compare/combine with SSMI and AVHRR data.
(2) Ice motion and deformation from high-res SAR data.
(3) Floe size distnbution from high-res SAR data.
(4) Evaluation of use of SAR data in modelling in the Weddell Sea.

~
-"' End 1993 Report to ESA.

Journal Articles.
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PIP.ANT2 r:
._I

IDYNAMICS AND CHARACl'ERISTICS OF EAST ANTARCTIC I
SEA ICE

PrindJ* lrw11tlgatnr:
I.Allison AustralianAntarctic Division,Universityof Melbomc, Parkville,Victoria,Australia

Tel: +61 3 344 6914
~ N.Young. TJacka (as above).

~
(1) Document the development of the seasonal sea ice cover through a complete annual cyclewithin the area including Prydz
Bay from the coast to 55°S latitude and between longitudes 55°E and 90°E.
(2) Determine the effect of forcing by oceaniccirculation and weather systems on the distribution and areal extent of sea ice,
particularlyon the nature and extent of thin ice and open water and investigate the processeswhich control the rate of
production and growth.
(3) Investigate the heat, mass, and salt budgets of the surface layers of the ocean.

ERS-1 om R1qunmen1a:
Study area is within the limits: Antarctic coast to 55°S latitudeand between longitudes55°E and 90°E. Repeat imagery
along dcsccnding swaths will be used to determinewestward and northward components of the sea ice motion and
characteristicsof the sea ice. Ascending swaths are essential to determine the eastwardmotion in the northern part of the
study area and in the marginal ice zone. The amount of data requiredalong each sub-trackwill depend on sea ice extent
which varies through the year. Estimatesof maximumdata requirementsare given below.
July Jt)f)J Pilot study period
One group of four overlapping swaths of SAR imagery from amsccutive pscudo-3-day repeat orbits between the coast and
62°S latitude, between longitudes 68°E and 76°E. One swath is to be extended to the ice edge at 57°S latitude.
An additional three swaths of SAR imagery oollcctcdon asc:cndingpasses on amsccutivc days between the coast and the ice
edge. Each swath is to intersect with the long dcsccnding swath i:equcstcdabove.
JW2: Main studyperiod

Observation periods in April, Jwre, August, October.
For each observation period a set of SAR imagery is requested to form four groups, or strips, of imagery~ the study
area. Each group of imagery is to include four swatm from amsccutivc pscudo-3-day repeat subcycles of the 35-day orbit
such that swaths will overlap and precesswestwards,

Observation period in December.
Four swaths are i:equestcd,one from each of four oomecutivc days, between the coast and the outer margin of the sea ice.

FllCilitleato be ~=
Sea ice buoys and mini automatic weather statiom on icebergs are to be deployed in 1991 and 1992. Shipboard observations
are to be made in the sea ice zone in 1992 at about the time of maximumsea ice extent from •Aurora Australis:, which will
commenceoperations for the Australian Antarctic Division in 1990.

Antidpmd RMulla:
The primary scicnc:cinterest in the study region lies in the interactionof the sea icewith the atlnmphcrc and ocean and the
resultant impac:con ocean structure, weather and climate. It is expected to identify and quantify processes which amtrol: the
horimntal extent of the sea ice; its development and modificationunder forcing from the atlnmphcrc and ocean; and the
extent of thin ice and open water. The resultant data sets will mst in the development of dynamic models of the sea ice and
are important in improving atmospheric models of the region.

Ml~
1989-90 Dctailt.d planning for ERS-1 program; completion offcastbility studies using SEASAT SAR and SIR-B

imagery; oonstruction of buoys and mini automaticweather stations.
1992 Collection of five 12 day sets of SAR data at regular intervals through year. Analysis of buoy, AWS and

SAR imagery for pilot program, preparation of preliminary report.
1994 Delivery of final repon on ERS-1 phase of program. publication of papers in scientificjournals.
CoordlnDlr:PIPOR
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PIP.ANT3
[ANZONE LARGE-SCALE AIR-SEA-ICE INTERACTIONS

Principel lmi I ltigllk>r:
MR.Drinkwater JPL, 4800 Oak Grove Drive, Pasadena, CA, USA Tel: 818 354 8189

CcHwestlgnn:
AGordon (LOGO)

()tJjectlvea:
(1) To determine ice conditions and surface fluxes in the Am.one region of the Wcddell-Ca>monaut Seas.
(2) To advance our quantitative knowledge of the interannual variability of the surface fluxes that couple the ocean and
atmospheric through the Southern Ocean ice.

Exper'•1ient PIM:
(1) Analyse SARdata for ice motion and type using the automated Geophysical Processor System, and express results on a
fixed grid.
(2) Compute surface fluxes over the grid using buoy (if available) or predicted winds and surface temperatures.
(3) Merge results with oceanographic data acquired by other clements of Anzone study.

ERS-1Data Rllqunmenta:
Total of 2 minutes SAR data per day over the period of the austral winter, July through September.
Data takes to be optimised using descending and ascending passes in order to track easterly and westerly components of ice
drift.
Requirement is subdivided into 2 pairs of data strip; (max 4 mins/strip) each week taken at approx 3 day intervals. Image
'pairs' will enable ice motion tracking, one for the cast and west.
Descending passes may be used for westward motion in the cast and south of the Weddell Gyrc. Ascending passes arc
required to capture eastward motion components in the north and west of the region.

Antlclpmd RMulta:
Quantification of surface fluxes in relation to the large-scale climatology. When coupled with oceanographic data this will
enable calculations of horizontal and vertical beat, salt, and momentum exchange.

~
Oct 1991, 92, 93 Data Reports
Jan 1993, 94 Gridded Ice Fields
June 1993, 94
Sc.E_t1994

Surface Fluxes OD Grid
Anzone SAR Data Re~

CoordinallDr: PIPOR
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PIP.ANT4
l~ROWA VE RADAR OBSERVATIONS OF ANTARCTIC SEA I

Prinap.1 hlrtl ltigatnr:
KJczck CRREL, 72 Lyme Road, Hanover, NH, USA Tel: li03 646 4596

~
S.Ackley (CRREL), P.Gogineni/ R.K.Moore (University of Kansas)

Ob;ecliwa:
Field observations have shown that distinctly different sea ice types are associated with the different oceanic regimes of the
Weddell Sea. The aim is to use ERS-1 SAR and altimeter data to identify and ultimately monitor these different ice types as
proxy indicators of the regional ocean environment.

Exper'.ment PIM:
Ship based Ku- and C-band radar data will be collected in the Weddell Sea during September and October of 1989. These
data will be analysed during 1990 to test the hypothesis that Antarctic frazil and congelation ice have unique microwave
signatures. Based on analysis of surface observations as well as on GEOSAT altimeter and KOSMOS 1500 RAR data, there
will be an investigation of the utility of ERS-1 SAR and altimeter data for regional monitoring of Weddell Sea frazil,
congelation and multi-year ice.

ERS-1 Dita Rlquhmenls:
(1) Altimeter waveforms over the Weddell Sea are requested seasonally.
(2) SAR data requested for September/October 1990 and 1991 (4-look and complex data).
Minimum requirements are for data along these 2 orbits:
(1) 62"S 6JJ0W to 73°S '1IJ0W
(2) 75"S 6JJ0W to 55"S 10°E

F.a&tiM to be~:
Ku- and C-band radars as well as field equipment for sampling ice surface roughness and internal structure.

Anticipmed RMulla:
Measurement of the microwave properties of Antarctic sea ice. This will be used to extract information on the spatial
distribution of sea ice types found in the Weddell Sea from spaccbome SAR and altimeter data.

Fall 1989
Summer1990
Winter 1990/!)1
Winter 1991/!)2

Surface experiments in the Weddell Sea.
Analysis of field data completed.
Analysis of GEOSAT and KOSMOS RAR data completed.
Preliminary assessment of ERS-1 data for monitoring antarctic sea ice

CootdiNllDI': PIPOR
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PIP.ANTS
SEA ICE AND POLYNYA OBSERVATIONS IN THE VICINITY
OF SYOWA STATION

Pl1ncipml1111; 11tlgatnr.
N.Ooo Inst, Low TemperatureScience,HokkaidoUniversity, Japan

Tel: 011 716 2111 x5487 Fax: 8111 716 5698

CcHm'llllgana:
M.Wakatsucki (Il.TS), T.Yamanouchi(NIPR),H.Enomoto(Kitai Tech.Univ), K.Okamoto (CommunicationRes. Lab.),
LNogucbi (Hydro Dept. MSA)

Otlt-ctl...:
To investigat dynamics and thermodynamicsof Antarctic Sea ice. ERS-1 SAR data will be comparedwith surf.ac:cand
aircraft observations and satellitedata fromNOAA,MOS-1and J-ERS-1.

Exper'.mentPIM:
(1) The coastal sea-ice and polynya area off SyowaStation (30-45E, fi6..70S) JARFJACR.Sea-ice project will be carriedout
in 1990-93, including air-dropped buoy, AXBT,and surf.ac:cweather observations.
(2) Cosmonaut Polynya Arca: Ice distributionand dynamicsalong 35-SOE,61-66.S.
(3) Weddell Polynya Arca: Ice formationalong lOW-lOE,63-70S
(4) Ice Edge process off the 1 &: 2 orbiL

ERS-1Dllla ~
SAR:
(1) Off Syowa, (2) Cosmonaut Polynyaarea: 4min/twice/month1991-19!1.3
(3) Weddell Polynya area: 4 min/ODCCa month of June- October
(4) Additional 2 min in winter time (June- Scptcmber)/oncemonth (to 1+2).

F.-...tobe~:
Syowa receiving station.

littlclpmd Rleulla:
(1) Ice Docdistribution in PolynyaArees
(2) New information on different remote sensing data comparisoncspcciallyC-band and L-band SARs.

1992 Comparison analysiswith surface/AircraftObservationand MOS-1.
19!1.3 Combination data set analysiswith MOS-1/MOS16Pas&vcMicrowaveRadiometer.
1994 Combination data set anal~ with J-ERS-1 L-Band SAR.

.•;
Coorc1naD: PIPOR
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PIP.ANT6
COl\mlNATION OF ACTIVE AND PASSIVE MICROWAVE
SIGNATURES OF THE WEDELL SEA

Prlndplll lnoI lligetw.
Rcnc.O.Ramseicr .Atma;pbcric Environment Service/Institute for Space and Terrestrial Science, York University,

Petric 214, 4700 Keele Street, Nonh York, Ontario M3J 1P3 Canada Tel: 416 739 4685

CcHnu 11llget!n:
M.Collim/ Irene Rubimtein (AES/ISTS), T.Vichoff/ P.Lcmkc (AWI/Bremerbavcn), K.Struebing (DHJ/Hamburg)

()bjec:IMs:
(1) To combine ERS-1 SAR with SSM/1 (Special Sensor Microwavc/lmagcr) data to significantly enhance the information
content in oonvcntional regional ice charts.
2) To test hypothesis of ming SAR data beyond SAR swath boundaries within the SSMJI data field.
3) Provide the input of this combined data set into a research (operational) ice forecasting model.

Exper'.nwd PIM:
The project will follow four phases a follows:
(1) Develop algoritlum to cxttact ice information from the combined SSM/1- ERS-1 SAR data set, This will follow a
multispcctral approach (ic overlapping digital image data will be treated as separated spectral channels of the same scene).
(2) Establish spatial and temporal tolerances for the time separation of the digital image data. 'lbesc tolerances will determine
whether incoming image data can be incorporated into the current ice chart or if a new chart must be generated.
(3) Test the hypothesis that some components of the high resolution SAR information may be extrapolated beyond the
boundaries of the SAR data from the same area.
(4) Develop a strategy for &<similating the microwave mc:m;urcmcnts into a regional, operational ice forecasting model.
Particular attention will be paid to the spatial and temporal scales of the data versus those required by the model in order to
provide rcmonablc estimates of ice characteristics.

~1 om Rlqukwnenla:
On the PIPOR orbit (3-day repeat), the data collection pattern would be 2 passes per day within the shortest time cycle
possible from approximately 62°$ to the coast, The exact sequence of tbcsc data-takes should be CXlOl'dinatedwith sampling
of the Weddell Sea program.

Anticlpmd Aleulls:
The study will provide a new year-around cbaractcrisation of ice a>nditions for both display in ice products by operational ice
services and input to more sophisticated operational ice forecasting models. It essentially will bridge the buic problem of
inadequate SAR coverage, but will make use of the much higher resolution of the SAR data.

•••••Di~...,._
Initial milestones by ISTS will be the preparation of the software to combine airborne SAR and AIMR data and the
preparation of the software for the regional integration of satellite passive microwave data with the high resolution data. This
will take place prior to launch. One year after launch ISTS and AWI will present the results from clement (1) in the
experiment plan, 18 months from launch (2) and (3) by ISTS and AWI. and 4 years from launch (4) by all participants.

•

••
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PIP.BALI
VALIDATION AND DEMONSTRATION OF ERS-1 SAR IN SEA
ICE MAPPING IN THE BALTIC SEA

Prlnciplll""' 1lligator:
M.Lcpparanta Finnish Institute of Marine Research (FIMR), P.O. Box 33, SF-()()C)31,Helsinki, Fmland

Tel: 358 0 331044

~
J.Vainio (FIMA), Y .Rauste (Technical Research Centre of Finland), M.Hallikainen (Helsinki University of Technology)

Clbjec1Ma:
(1) Calibration and validation of ERS-1 SAR imagery of brackish water ice in the Baltic Sea.
(2) To evaluate the usefulness of ERS-1 SAR real-time imagery in operational ice information service, aboard icebreakers,
and in use of numerical ice models.

Experment Plan:
The experiment will be performed in the northern part of the Baltic Sea in January - March 1992. In the calibration/Validation
there will three bases: the Finnish research vessel Aranda and two coastal sites, one in the Gulf of Bothnia and one in the Gul
of Finland. At all bases there will be scientists with Instrumentation for observing the structure, small scale surface roughness
and electromagnetic properties of snow and ice. Scatterometer and laser profilometer measurements will be made from
helicopters and aerial photography from an airplane.
The application/demonstration experiments will be carried through in March 1992 and March 1994. Near real-time SAR
imagery will be transmitted from Kiruna to Helsinki. The imagery will be processed and used for ice charting in the Finnish
Ice Service and sent to Finnish icebreakers via a mobile telephone system. The data are also used in the numerical ice
forecasting model in the Ice Service.

ERS-1Olla~
SAR data of the Baltic Sea, Gulf of Bothnia and Gulf of Finland,

F.:IHiee '°be Deployed:
Research vessel Aranda, helicopters (leased), ice laboratory, scattcrometer, laser profilometer, side-looking airborne radar,
equipment for ground truth in the field, Argos Buoys, waveridcr buoys, equipment for near real-time processing of FD data
and sending the data to icebreakers, image station aboard icebreakers, numerical ice model.

~lliclpmcl RMulla:
-"' (1) Scatteromcter calibration of ERS-1 SAR.

(2) Algorithms for using ERS-1 SAR data in brackish-water ice.
(3) Analysis of the operational usefulness of SAR data in ice information service products.
(4) Analysis of ERS-1 SAR data real-time transmission and processing systems.

~=

1992
1993
1994-95

Analysis of airborne SAR imagery, backscatter modelling, development of field measurement techniques.
Results of preparatory work. Experiment plan.
Post experiment report. Data report.
Data analysis completed.
Fmalre~rt.

1990-91

CoordinmDr.PIPOR
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PIP.BAL2
COMBINATION OF ACTIVE AND PASSIVE MICROWAVE
SIGNATURES OF THE GULF OF BOTHNIA

Prindplll lnvHligdor.
ReneO.Ramscicr Atmospheric EnvironmentService/Institutefor Space and Terrestrial Science,York University,

Petrie 214, 4700 KeeleStreet, North York, Ontario M3J 1P3 Canada Tel: 416 739 4685

~
M.Collins/ Irene Rubinstein (ISTS), T.Thomp;c>n/AOmstcad (SMHI/Norrkoping),K.struebing (OHi/Hamburg)

Objectivea:
(1) To combine ERS-1 SAR with SSM/1 (Special SensorMicrowave/lmager)data to significantlyenhance the information
content in conventional regional ice charts.
2) To test hypothesis of ming SAR data beyond the boundariesof the SAR swath within the SSM/I data field.
3) To provide the input of this combined data set into operational ice forecastingmodels.

Experlment PIM:
The project will follow four phases as follows:
(1) Develop algorithms to extract ice information from the combinedSSM/1- ERS-1 SARdata set. This will follow a
multispectral approach, ie overlapping digital SAR data will be treated as separated spectral channels of the same scene.
(2) Establish spatial and temporal tolerances for the time separation of the digital imagedata. Tbcsc toleranceswill determine
whether incoming image data can be incorporated into the current ice chart or if a new chart mmt be generated.
(3) Test the hypothesis that some components of the high resolutionSAR informationmaybe extrapolated beyond the
boundaries of the SAR swath by ming statistical analysis of the active-passive ice signatures and previous SAR data from the
same area.
(4) Develop a strategy for assimilaung the microwavemeasurementsinto a regional, operational ice forecasting model.
Particular attention will be paid to the spatial and temporal scales of the data versus those required by the model in order to
provide reasonable estimated of ice characteristics.

ERS-1 Data Rlquinlmenta:
On the PIPORorbit (~y repeat), the data collection pattern would be 2 passes per day within the shortest time cycle
possible from approximately 59 to f>6°Nand 17 to 26°E. 1be exact sequence of these data-takes should be coordinatedwith
the SMID and DID project requirements.

Anticipm.d Rlt8ulla:
The study will provide a seasonal characteri7.ationof ice conditions for both display in ice products by operational ice services
and input in more sophisticated operational ice forecastingmodels. It essentiallywill bridge the basic problem of inadequate
SAR coverage, but will make use of the much higher resolution of the SARdata.

Mi~:
Initialmilestone by ISTSwill be preparation of the software for the regional integration of satellite passive microwavedata
with the high resolution data. This will take place prior to launch. One year after launch ISTSwill present the results from
clement (1) in the experiment plan, 18months from launch (2) and (3) by ISIS and SMIDand 4 years for, launch (4) by all
participants.
CoordinllllDr. PIPOR
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PIP.BAL3
USE OF ERS-1 SAR DATA FOR SEA ICE RECONNAISSANCE
AND OPERATIONAL ICE SERVICE IN THE WESTERN
BALTIC

Prlndpel~
K.Stnlbing Dlil Eisdienst,Postfach301220, D-2000, Hamburg,W.Germany

Tel: 49 40 31905157

~
In thewestern Baltic, brackishwater of 10-20ppt dominates.Although the possibility for extensive ice cover is only about
25% of all years, the area is very sensitive to ice becauseof the very intensivemarine traffic. The number of vessels passing
the main lanewaysduring the months when ice is present (Jan-March)may total 15,000 to 20,000. Daily real time ice
information is essential for navigation in this area.Microwavedata are especially important for observing sea ice in this area,
due to the often dark. or fggy conditions,The utility of SAR information to provide timely and useful ice informationfor ship
routing will be proved through application demonstrationsas part of the project.

ExperlmentPIM:
SAR data wil be collectedon 2 passesduring the "iceorbit" portion of the ERS-1missionin1992and1994. It possible, the
informationwill be used as a fast deliveryproduct, and its use as an operational aid will be evaluated by the ice service.A
field programme is planned during the satellite overpasses in thewinter of 1992.

~1 om RlqukwMnla:
SAR data from 2 passes during the "iceorbit" portion of the ERS-1missionin1992and1994.

Faclliliesto be o.pioy.d:
Receive-only station for FD SAR scenes (?).
HRPT/AVHRR receivingstation (Terra Scan System)

Antlcipald RMulta:
The demonstration of the utility of SARdata for ice forecastingand ship routing in the western Baltic Sea.

~
1990-91 Preparation; simulationwith BEPERSand other SARdata; tests of new hardware systems.
1992 Experiments; start of data analysis.
1993 Data analysis continues; final report.
1994 Operational activities; back-up of 1992campaip.
Coordinmor:PIPOR
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PIP.BAU
DEMONSTRATION OF THE POTENTIAL OF SATELLITE SAR
DATA FOR OPERATIONAL SEA ICE ACTIVITIES,
INCLUDING GEOPHYSICAL VALIDATION.

PrincipallnvHtig*r.
'LThompson Swedish Meteorological and Hydrological Institute (SMIIl), liOl 76 Norrkoping, Sweden.

Tel: +46 11 158 468

CcMnveatlgan:
Jan Askne (Chalmers University of Technology), O.Faest (Swedish Space Corporation), H.Ottcrsten (National Defence
Research Establishment)

Objectivea:
(1) To validate ERS-1 SAR data with respect to important sea ice parameters such as ice concentration. water openings,
surface roughness and motion.
(2) To demonstrated the usefulness of ERS-1 SAR data in operational sea ice service in support of icebreading activities and
navigation in ice.

ExperimentPW'!:
The experiment will be divided into three phases:
(1) A calibration/validation exercise mainly carried out during January and February 1992. Two experiment areas which will
be covered by ascending as well as descending orbits will be selected. In the Bay of Bothnia an icebreaker will be used as a
base and in the north part of the Baltic Proper a base will be established on an offshore island ming helicopter for
transportation out to the ice. The programme will include an undertlight segment including air photography, radiometry,
scatterometry and laser profiling and a ground segment including measurements of snow and ice properties. Basically it will
closely follow the BEPERS-88 programme.
(2) An applications demonstration programme to be carried out during March 1992. During this period FD SAR data will, if
possible, be received in real-time at SMHI and assimilated into the operational sea ice products which are d&eminated to
users. It is also intended to transmit processed SAR images to some selected icebreakers. During a period of one to two
weeks, two parallel schemes will be set up, one using only the traditional data and the other also using ERS-1 SAR data. 1be
quality of the two sets of output products will then be compared in co-operation with the users.
(3) In 1994, a more operationally oriented demonstration program will take place over the full period of the PIPOR orbit
(January - March). The ERS-1 FD SAR data will then be fully integrated into the production scheme and assimilated into the
output products.

ERS-1om Rlquirementa:
For calibration/validation the data requirements will be restricted to two research areas, one in the Gulf of Bothnia and the
other in the Baltic Proper (i.e.one week's duration for each of the montbs January, February and March).
For the application demonstration experiments, one in March 1992 and the other January - March 19CJ4,a large amount of
data is required for locations which depend on the actual ice situation at the time.

F.alitieato be Deployed:
Icebreaker with helicopter to be used as field experiment base; Field base with helicopter; Field equipment for geophysical
measurements on ice; Airborne instruments such as scattcrometer, radiometer, laser profiler and IR scanner; Laboratories at 3
locations; Fully operational sea ice service with data collection and dessemination facilities.

Antidpmd Rllull8:
From the Calibration/Validation phase an increased understanding is expected of the radar backscatter relative to the more
important sea ice parameters and the ice movements from consecutive SAR images.
1be applications demonstration is expected to give valuable experience in assimilating SAR data into the sea ice analysis and
forecast products of the Sea Ice Service. It will also give an indication of expected improvements due to the inclusion of SAR
data.
Coonfinar. PIPOR
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PIP.BCBl
SEASONAL TRANSffiON MONITORING IN LANDFAST
FIRST-YEAR SEA ICE

~ m11tlg11a.
Susan.Argm Canada C.cntrcfor Remote Scming, 2464 SheffieldRoad, Ottawa, Ont., Canada

..••• Qo..hw1llig.•a:
F.Carscy {JPL)

~
(1) To describe the scasonal cycle of fust-ycar mt ice of Alaskanand Otnadian watcISand the fust-ycar of the BeaufortSea.
(2) To determine the utilty of SAR monitoringof mt ice to predict the thermodynamicstate of the pack ice and the on-set of
breakup.

Expe(.,,. ••Plmn:
(1) Monitor SAR data to determine seasonalcycle of backscatterand identify key tramitions in the stages of melt of land.fast
and pack undeformed fust-ycar ice.
(2) Determine the SAR responses to ice features,such as leads, ridges, thaw boles and seal breathing boles, as they arc
changed by variations in water distn'butionduring the melt season.
(3) Resolve meridional behaviour in the seasonalcycle~ observed in the fust year mt and pack ice.
(4) Monitor breakup in the mt and pack ice in the ooastalareas of different latitudesand cumine the relationshipbetween
the SAR-ob&crvcdchanges in the ice and the onset of breakup.

ERS-1OldaRlqunments:
SAR data every 3days for 2 areas in the Beaufort Sea for June through Augmt and twice per month for the remainderof the
year for the lictimcof ERS-1.

Jan 1992,93,94
March 1993

I....;

Sept 1994
Nov.1994

Data reports
List of stages in melt detected by SAR and msociaied physical manifestationsfor sclcctcd locations in
sample swath&.
SAR signatures for each melt stage.
Charts showing progressionof melt stages and break-up times for regions of mt and pack ice covered by
SARswatm..

·.--'
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PIP.BCB2 (

IERS-1/SPOT DATA INTEGRATION PROJECT

Prlnciplllft;11'\Ja"•.
SusanArgm canada Centre for Remote Scming, 2464 Sheffield Road, Ottawa, Ont,, canada

~
S.Pattcrson (as above)

Qijec:tMs:
(1) Develops tcchniquc(s) for the integration of ERS-1 and SPOTdata.
(2) Explore the value of integrating ERS-1 with SPOT data for the extraction of sea ice features for both the Marginal Ice
Z.Onc(East ~t of canada) and the Arctic (Beaufort Sea). Predict the thermodynamicstate of the pack ice and the onset of
breakup.

Exper'.rnent PIM:
The study sites will be the Labrador Sea/Grand Banks region and Beaufort ScaJMackcnzieDelta region, ERS-1 and SPOT
data will be acquired for these~ along with oomplemcntaryairborne SAR data. For the Labrador Sea/GrandBanks
region SAR data will be acquired by the CV-580 apart of the proposed LIMEX '92 and the Beaufort ScaJMackcnzieDelta
region oomplemcntary airt:>orncX-band SARwill be obtained from the lntcra ice rcconnaissancc system,

ERS-1om A1qunnw1t1:
SAR data:
(1) Along the Labrador/NewfomxJJandcoasts during March of 1992 (ERS-1 Ice Otbits).
(2) For the Beaufort Sca/Mackcnzie Delta region during April 1991.
ERS-1 data mmt be ac:quiml on idcntic:aldays and for the same geographical area as the SPOT data, therefore data
acquisition mmt be on relatively cloud free days (<20% cloud rover). All data mmt pc&CSSland for the registration of the
datasets.

Ml11t~...n>eh..-.bles:
(1) Procurement of ERS-1, SPOT, CV-580 SAR and/or Intera SAR for both the Beaufort Sea and F.astCoat regioes,
(2) Selection of several SAR and SPOT images for both the East Coast region and the Beaufort Sea,
(3) Completion of preliminary digital proccs&ng(corrections and enhancements) on both ERS-1 and SPOT data.
(4) Interpretation of ice features from all data sources for the study areas,
(5)Development of tcchniquc(s) for the integration of ERS-1 data and SPOT data.
(6) Report on the value of integrating ERS-1 data with SPOT data for sea ice feature extraction,
(T) Report on the utility of SPOT data for extraction of sea ice information, 1bc sea ice information is a follows; ice
concentration, floe size and distnbution, eddies, shear zones, rubble fielm, ice type clusification and ice bergs. This includes
an analysis of SPOT data alone, and a integrated with the SAR,
(8)A final report will be written for ESA. It will be submitted as a paper for publication in a refereedjournal, and may be
presented at a symposium,
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ASSIMILATION OF ERS-1 DATA INTO ICE-OCEAN MODEL
FOR THE SOUTHERN BEAUFORT SEA

ERS-1 Sea Ice and Climate

PIP.BCB3

Prindp.i lni.; lltigatnr:
W.P.Budgell Institute of OceanSciences,PO Box 275, Sidney, B.C.•Canada VSL4B2

Tel: 604 356 6330

~
G.Aeming (Dcpanmcnt of Physics, RoyalMilitaryCollegeColwood, B.C.),AF.Bennett (School of Oceanography,Oregan
State University Corvallis)

()btec:IMa:
(1) To verify the Beaufort Sea ice-oceanmcxlcl.
(2) To essimilateERS-1 data into ice-oceanmodel.
(3) To use assimilatingmodel to interpolatebetween swaths.
(4) To assess the influenceof ice rheologyon ice-oceaninteractionon the Beaufort Sea continental shelf.

ExperlmentPlan:
It is intended to use GPS preprocesseddata for the region between 68° - 76°N and 115° - 170°W to conduct the
a&">imilation/mOdellingstudy. The study will utilizeyear-round data.

ERS-1 Dma Rlqulrementa:
(1) Ice motion/clas.micationproduct for (69°-76°N, 115°-170°W)CAl)VAL (1990,91), PIPOR (Jan-Mar, 19'J2),35-day
repeat April-Dccember, 19'J2on CCT, total of2400 frames.
(2) Gcocodcd, Low-res, SAR for (69-76°N, 115-170°W) for Jan 19'J2 from PIPOR3-day repeat orbit on CCT, total of HiO
frames.
(3) Gcocodcd. Low-res, SAR for (69-76°N, 115-170°W)for July, 19'J2 from 35-day repeat orbit on CCT, total of HiO
frames.

~RMulla:
The study will provide a coupled ice-oceanmodellingsystem capable of assimilatingERS-1 data for the purposes of
prediction and analysis. The observabilityand error analysis to be pcrfonncd will help improve the accuracyand efficiency
of current ice forecast models for the southern Beaufort Sea

~
Sept. 1990 Availabilityof Ice-Oceanmodel.
Sept. 1991 Availabilityof data assimnationsoftware.
Sept. 19'J2 Preliminary report on assimilationresults.
Scpt.1993 Fmal report.
Coordinator:PIPOR
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PIP.BCB4
SEASONAL CYCLE OF THE BEAUFORT SEA ICE COVER AS
OBSERVED IN MICROWAVE DATA

Principal lnY-tigetnr:
F.Carscy JPL. 4800 Oak Grove Drive, Pasadena, CA, USA

~
Ben Holt (JPL)

~
(1) Determine the microwave response of sea ice of the Beaufort Sea as a function of season.
(2) Determine the optimum procedure for monitoring climate change by microwave observation of key transitions in the
Beaufort Sea ice cover during the seasonal cycle.

ExperirMnt PIM:
(1) Determine points of transition of ice properties in the seasonal cycle.
(2) Acquire SAR and supporting data from SSM/1, SPOT or Landsat and surface meteorological stations for the transition
periods of first 2 years of ERS-1.
(3) Form time series of property changes and hypothetical corresponding microwave behaviour changes over the annual
cycle.
(4) Devise meam of testing inferred microwave climatology of ice cover during third year of ERS-1.

ERS-1 [)Illa~

Much of the data needed for this project will be acquired by the basic PIPOR program.
Observations of old ice and first-year ice of the Beaufort Sea every few days over the year.

Mi~
Jul 1992, 93, 94
Oct 1993
Oct 1994

Data Reports.
Report on Trial microwave climatology of Beaufort Sea ice.
Comparison of Trial and observed sea ice climatology.

Coordinax: PIPOR
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PIP.BCBS
USE OF ERS-1 DATA IN A DEMONSTRATION OF
OPERATIONAL SUPPORT FOR FIELD ACTIVITIES

~ im.lltigeaor:
J.Falkingham AES Ice Centre, 373 Su.w:x Drive, Block E, 3rd Floor, Ottawa, Ontario, Canada KlA OH3
~ T.Mullane/ D.Mudry (AES Ice Centre Climatology Division), Lyn McNutt (RADARSAT Project Office)

~
(1) To test the data acquisition, delivery, throughput and dissemination of ERS-1 Fast Delivery Products into an operational
ice forecast simulation in support of offshore activities.
(2) To evaluate the ease of assimilation of ERS-1 data into operational ice forecast products.
(3) To evaluate methods of using ERS-1 data as an aid to supporting field activities for planning shipboard activities and
aircraft deployment for scientific research.
(4) To evaluate the complementarity of satellite and aircraft in a complete ice information system.

Exper'.mentPIM:
During a one to two week period in summer 1991, ERS-1 data will be collected for the Beaufort Sea, and will be included in
the data stream through the Ice Data Integration and Analysis System (IDIAS) to users onboard an offshore facility and an
icebreaker as well as onshore at an operations facility. 1be information received will be used to guide the activities of the
ships and aircraft during the period. An evaluation of the data will be made, as well as an assessment and rcoommcndations
on the provision of information for planning field exercises as part of the ERS-1 scientific activity. A second data collection
and evaluation will be conducted in the Lancaster Sound region in support of shipping activity in the fall of 1991. An
evaluation will be made of the usc of the aircraft and satellite information to aid ship navigation, and rcoommcndations will be
made as to the most efficient usc of combined information from satellites, aircraft and shipborne sensors.

-1 ~1 DitaAlqunmenla:
The dates for these activities will largely be determined by climatological amditiom, and the presence of the ships and aircraft
at the sited mentioned. Both activities arc planned to occur during the 35 day repeat cycle of the ERS-1 satellite, and since
part of the evaluation is to compare the ERS-1 data to the aircraft sources, assurances must be made that all ERS-1 data for
the two week period will be collected within the experiment site. If the data cannot be collected, then the evaluation of the
information will not be complete, and the results could be biased.F.-.. to be Deployed:
Tbe AES operational SAR-equipped aircraft. Real-time analyses will be made as part of the ice forecasting mandate of the Ice
Centre, and information wil be passed to the participants via normal product dissemination system.

Anliclpmd Rllulta:
(1) An evaluation of the front end delivery of ERS-1 FD products to IDIAS and their assimilation into the data stream.
(2) An evaluation of the ease of combining the data sets from aircraft and satellite sensors.
(3) An evaluation of the accuracy of data derived from the SAR and their utility in guiding operations.
(4) Recommendations for the usc of ERS-1 and future satellite systems as complementary data sets in an overall ice
information system. specifically in support of field operations.

••l1llD1~
(1) During the data collection, the ice nowcast charts from IDIAS and downlinked aircraft SAR information will be available
as part of the routine operations.
(2) After the data collection period, a listing of all the archived data sets will be available as a package from the Ice
Climatology Division of AES.
(3) During the data collection period, both the ERS-1 information and the aircraft data will be used to guide ships and/or field
parties to interesting ice features as seen on the imagery. 1bc ability of the ships to reach the feature of interest, and the
timeliness of the data will be evaluated in a report to ESA
(4) A report recommending data collection and analysis techniques, and detailing the complementarity of the data sets for
aircraft, shipborne and satellite sensors to aid in navigation and in support of field operations will be prepared.
Coordinator. PIPOR
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PIP.BCB6
[VALIDATION OF ICE TRACKING ALGORITHMS

Prlndplll •••••I lligl'llX.
J.Falkingbam Ice Centre, Environment Canada, Ottawa, Ontario Tel: 613 996 4552

CcHnu1lli"8DL
T.K.Hiraic (Noetix Research Inc, Ottawa), S.Prinsenbcrg (Bedford Instinne of Oceanography, Halifax),V.R.Neralla (MSRB,
Environment C-anada,Toronto)

~
This program proposes to validate the robustness of sea ice tracking algoritlum and demonstrate their utility to support users
operating in ice infested waters.

Exper'.rnent PIM:
This program proposes to study sea ice dynamics in two area.
(1) The sea-ice rheology from nonhcm Labrador to southern Newfoundland is ideal for evaluation tracking algorithms while
providing strategic information to the shipping industry.
(2) The marginal ice zone in the Beaufort Sea will provide oomplementary information where large rotation of floes occur.

ERS-1[)Illa AlqunrMnla:
(1) Repeat CXJYerage(3 days) over a 3 week period during March of 19'J2 along the Olnadian East C<mt.
(2) Repeat coverage (3 days) over a 3 week period during the Spring-Summer of 1991 in the Beaufon-Mackenzie Delta
region.

Ftdiliee tD be Deployied:
Complementary data will be captured by the AES Ice Data Integration and Analysis System (IDIAS) and archived for future
reference.

Anticlpmd Aleulla:
(1) Refine ice tracking techniques within specific ice regimes.
(2) Improved, and in some cases, new products for users operating in the ice environment and ice forecasters.
(3) Validation and improvement of sea ice models.

~
(1) An evaluation report on the ability of the algorithms for extracting ice kinematic information over different ice regimes.
(2) A report detailing the methodology for implementing oomponents of ice motion extraction techniques and products into
AES operations,
(3) Archive of remotely sensed imagery (ERS-1, NOAA, airborne SAR), meteorological data, sea ice model output, ice
beacon, and ice analysis charts for the duration of the program.
Coordlnmor: PIPOR
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PIP.BCB7
INTERACTION OF WAVES AND OCEAN FEATURES WITH
THE MARGINAL ICE ZONE

Pl1nclpmllnw ltigaor:
B.Holt JPL 300-323, Pasadena, California 91109, USA Tel: 818 354 5473

--. ~
A.Liu (GSFC), M.Drinkwater (JPL)

~
Examine the interaction of waves and circulation features, such as mcsoscale eddies, with the marginal ice zone from ERS-1
SAR imagery, and the effects of waves and ocean features on ice breakup, ice melt, ice distribution, and radar ice signatures.

Exper'.ment PIM:
It is planned to examine the use of ERS-1 SAR imagery of the outer ice margin of the Bering Sea during winter and of the
Chukchi and Beaufort Seas during periods of summer ice retreat when there is considerable open water, waves and circulation
features detectable within the ice margin. Wave spectra will be derived using the ASF GPS wave product algorithm and
examined for changes in wave refraction, attenuation, and dispersion due to interaction with ice cover, These changes will be
compared with wave-ice interaction models. The effects of waves and circulation features on ice breakup, ice melt, ice
distribution, and the radar ice signatures will also be determined. From mcsoscale eddies, the surface velocity field will be
determined by tracking the rotation of detectable floes within the eddies and by wave refraction through wave-current
interactions, Preliminary work on waves will include validation of GPS wave products from data acquired in the Gulf of
Alaska which can be compared with wave buoy measurements. An examination will also be made of the SAR imaging
mcchanisrm of both waves and circulation features. A similar study of SAR imagery from the Weddell and RCl5SSeas will
also be made.

ERS-1 Data Rlqulrwmenta:
ERS-1 SAR imagery:
(1) Gulf of Alaska ocean imagery of waves during two storm events: 2-4 data takes 1-2 minutes long over a 4 month period.
(2) Imagery of the Bering Sea ice margin: 8-10, 1-2 minute data takes during winter.
(3) Imagery of the Chukchi and Beaufort Sea: 8-10, 1 minute data takes during summer ice retreat,
(4) Imagery of the Weddell and Ross Seas at about these same volumes.

Anlicipmd Rleutla:
Comparisons of SAR derived wave spectra with wave-ice interaction models and NDBO buoy data. Determination of the
effects of waves and circulation on ice distribution, melt and breakup and radar signatures."•

Year 1 Validation of ASF GPS wave products algorithm.
Ycars 2&3 Rumination of several wave and circulation events at the various ice margins. Validation of wave-ice

interaction model. Papers published in referred journals.
Coordinldor:PIPOR
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PIP.BCB8
STUDIES OF CLIMATE PROCESSES USING REMOTELY
SENSED IMAGERY

Principel1111;I ltignor.
E.F.LeDrcw/D.G.Barbcr Earth ObservationsLab., Institute for Space and TerrestrialScience,Departmentof

Geography, Universityof Waterloo,Canada

~
R.DeAbreu/ D..Flett(as above)

~
The primary objective is to assess the use of climatologicalvariables, derived frommicrowavelength remote sensing
imagery, for modelling climate processes in the Arctic. Two interrelatedresearch tbemeswill be pursued:
1)The effect of atmospbere-cryospbere interactionon the development of synoptic systems in the Beaufort Sea and the
feedback to ice dynamics, specificallywith respect to the Beaufort Sea Gyre of the CanadaBasin.
(2) The specification of climatologicalparameters (cg albedo. enthalpy flux, ice thic~ snow cover, etc) derived from
microwave imagery directly or as proxy data, in a formwhich can be utilized in numericalmodels of climateprocesses.

Exper'.nwd Pim:
Themel
(1) Through numerical simulation of specific synoptic events, examine the role of atmospbere-cryospberefeedbackson
the development and maintenanceof the Beaufort SeaGyre, and the August reversal of that gyre. Of particular
importance is the effect of ice divergenceon the atmospbenc processes through regulationof the surface enthalpy flux
and frictional amtrasts.
(2) Through semitivity studies, determine the spatial scale of surface anomalies(frictionaland thermaldiscontinuities)
which is significant in terms of these feedbacks. For example, does a one-half kilometrewide lead have an influenceat
the scale of synoptic evolution through the enhanced enthalpy flux, or is this a transient event from the perspective of
the history of a weather system?
(3) Include accurate data regarding surface characteristicsderived from satellite imagery at the appropriate scale
(determinedabove) to simulate these feedbacks. These data will be used to calculate the beat flow through the ice and
from the open water, and to model the effect of the frictionalcontrasts betweenwater and ice, and different types of ice.
(4) Apply the numericalmodel to a multi-year time series of aerial and satellite-deriveddata to examine the interannual
variabilityof the atmospbere-cryosphere system and to understand the forcing parametersof that variability.
Thcme2
(1) Evaluate context sensitive spatial statistics for Sea Ice feature extraction from ERS-1 imagery.
(2) Assess the stability of spatial statistics for derivationof proxy indicators required for numericalclimatemodels.
(3) Conduct a bivariate analysis to assess the interrelationshipsbetween active and passivemicrowaveclimatological
proxy indicators through time and space.
(4) Develop a procedure for mapping climatologicalalbedo and net radiation from microwave imagery. Assess the
integration requirements of these data into climatologicaldata banks in a form appropriate for climate studies.

~1 om Requ1rement11:
FromMarch to October 1992, coverage every 3 days for 72° to 80°N ,110°-130°W.Descendingpasses are needed every
3 days, coincident with NOAA, LANDSAT, SPOT, SSM/I; and during a field program.

Anticlpmd RIUla:
This researchwill amtnbute to improved understandingof the relationshipsbetween ice and ocean on atmospheric
forcing and the possible feedbacks. This will be facilitated through development of the climatologicalproxy measures
of appropriate spatial scale from ERS-1 and SSM/Imicrowave imagery. An important issue is the extrapolation of high
resolution data derived from ERS-1 imagery to the synoptic scale coverage of the SSM/I imagery. Development of
suitable spatial statistics for deriving the proxy measureswill allow these image types to be used in global change
modelling, thereby improving our understanding of the atmospheric systems in this region.

Mi~
Technical and journal publications: (1) Data calibration for climatologicalparameters; (2) Assessment of mapping
capabilities; (3) Verification of climatologicalmaps.
Q>ordinmor:PIPOR
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PIP.BCB9-
CORRELATES FOR ICE TIIlCKNESS IN SAR IMAGES OF
PACK ICE

Pl1ncipmln.1111gaif.
H.Mclling Institute of Ocean Sciences. Box 6000, Sidney B.C. Canada VSL 4B2

Tel: <i04 356 6552

~
(1) To obtain detailed profiles of thi~ and bottom topography of pack ice using moored subsea instruments,
(2) To map sonar-derived tracks onto SAR images of the top surface of pack ice.
(3) To explore the correspondence between SONAR and SAR views of the same ice.

Exper'.m.11 PIM:
(1) Deploy ice-measuring sonars at 2 sites in the southeastern Beaufort Sea for at least 3 years starting in March 1990. The
sonars will measure the motion (hourly) and thickness (every 20 seconds) of drift ice at fixed locations,
(2) Deploy satellite-tracked platforms on the ice for measurement of atmospheric pressure and corroborative ice
displaccmcnts.
(3) Map the track surveyed by the sonar onto navigated SAR images from ERS-1.
(4) Extract the SAR pixel values along and adjacent to that track for further study.~10...~
(1) Tbrcc-day Repeat Orbit (Jan-March, 92, and during CaINal Phase)
(2) One S.\R scene (lOOkm x lOOkm) every 3 days. for 90 days: scene centre at 71°N, 132°W, (approx).
(3) Gcocodcd, full resolution SAR product is required, on CCT.

-·

~to be~:
This project will utili7.cequipment, vessel support and personnel of the Department of FISbcries and Occam, Canada, at the
Institute of Ocean Scicnc.cs.
Logistic support at Tuktoyaktuk on the Arctic amt of Canada is anticipated from the Polar Continental Shelf Project of
Energy. Mines and Resources, Canada.

Anlicipmd Aleulta:
(1) Phenomenological and statistical relationships between ice type/thickness, and ridge and lead frequencies, widths and
'intcmities' (read accordingly as draft, or as radar cross section) as determined by subsca sonar and satellite radar sensors.
(2) Radar-image ice clas&tication in terms of practically important ice parameters (thi~ distribution, ridge frequencies,
leads).

~
On the assumpuon that images arc available on a 3-day repeat cycle early in 1992, and that sonars arc successfully recovered
in April 19'J2:
Autumn 19'J2
Autumnl993

Datarepon.
Final report, including quantitative sensors comparisons, statistical summaries and selected cl8$ified
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PIP.BCBlO
STUDIES OF THE AUTUMNAL FREEZE-UP OF THE
CHUKCIIlSEA

Prtndplll Im• lllDlllOf.
S.Martin School of OceanographyWB-10, UnivCISityof Washington, Seattle,WA 98195

CcHtu I lslgAhl:

P.WadlJa.lm(Soott Polar Research Institute), B.Holt (JPL), Susan Frankenstein(UnivCISityof Wa.Wngton)

~
To understand the role of frazil and pancake ice in the ice freeze-upof the Chukchi Sea. The importanceof this region is that
it is the place where the PacificWater transported north through the Bering Strait loses beat and gains salinity before entering
theArctic Ocean. SEASAT imagery and ship cruises show that large areas of frazil and pancake ice form in the Chukchi.The
aim is to understand bow these ice types affect the beat transfer.

Exper'.mentPIM:
Imagesof opcnwatcr, ice and grease ice arc requestedat weekly intervals through freeze-up, 15 October - 1 December, for the
study area (66-70N, 165-172W). Tbc:scwill be analymi to determineareal extent of frazil and pancake ice, and the
interaction of these ice types with surfaa: waves.

ERS-1 Dllla Alqullwnentll:
SAR swatm fromwithin the Chukchi (66-70N, 165-172W)arc required at one week intervals during this period 15 October -
1 Dcccmbcr, 1992 and 1993.

Anticlpmd Aleulll:
Our analysis of tbc:seimages should yield informationon the role of frazil and pancake ice in the frcc7.c-upof the Chukchi
Sea.

~
Oct 1992 SAR coverage begins,
Jun 1993 Preliminaryanalysis is complete
Oct 1993 Second year coverage begins, with swath requestsmodifiedby experience of previous year.
Jun 1994 Preliminaryanalysis of sc:oondyear is complete.
Dec 1994 Fmal analysis is complete.
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STUDIES OF POL YNYA AND ICE EDGE PROCESSES IN THE
WINTER BERING SEA

ERS-1 Sea .k:IC and Climate

PIP.BCBll-·

Prlndplil """1lllgMtllf.
S.Martin School of Oceanography WB-10, University of Washington, Seattle, WA 98195
Co-lrMdgan:E.D'Asaro (University of Wahington), D.Cavalicri (NASA/GSFC)

a.;.c11.-.:
To underslaod the processes within the Bering Sea polynyas and at the Bering Sea ice edge. The p:>lynyas of interest include
the St Lawrence Island p:>lynya, the Cape Rodney p:>lynya in Norton Sound, and the Gulf of Andyr p:>lynya. It is also
plannc:d to study the winter Bering Sea ice edge, in an attempt to determine the growth, deformation and decay of the ice edge
bands.

&per:m..d Pim:
(1) St Lawrcncc Island Polynya (63.5°N, 170°W): During Feb-March 19')2, an icebreaker experiment is plannc:d within the
p:>lynya south of St Lawrence Island. 1bc experiment is called 'SLIP' for St Lawrcocc Island Polynya. From the icebreaker,
process studies of Langmuir circulation, brine rejection, and salt production will be carried out. It is also hoped to obtain ·
airaaft OYC11ligbtsof the region with the NASA DC-8. The radar ob&crvatiom should supplement this study with a larger
scale view than our ship and aircraft based measurements.
(2) Cape Rodney Polynya (64.SN 167W): This is also a large polynya influenced by powerful winds which arc focussed by
the Cape. Study duration will be Jan-April 1992 and 19'J3.
(3) Gulf of Anadyr Polynya (64.5N, 178W): This is the least studied of the Bering Sea p:>lynyas; and appears to contribute
strongly to the Arctic Ocean surface waters. A monitoring effort is plannc:d only during Jan-March 1992-93.
(4) The .k:IC Edge Studies (approx <>ON,170W): An investigation ofthe nature ofthe Bering Sea ice edge during the period
Jan-March 1992and19'J3. Specifically, determination ofthe dynamic and physical mcd>anisms which control the transition
from ice CXJYCrto open water. To obtain data on the ice physics, tbcrc is a request for successive passes of data, with
intcrscction of the ice edge. This data would be compared with surface weather data, and with ship-of-opportunity data to
resolve the ice edge response to winds.

..•.

~1 Ollla Alqunmenla:
(1) St Lawrence Polynya is located at approximately 170W, 63N. Ship is planned to be at the p:>lynya for about one month in
the period Feb-March 1992. Overall SAR coverage of the polynya is required from Jan-April; and specific coverage during
the period when the ship is in the p:>lynya. Pairs of swaths collected at the shortest posslble repeat period arc also requested,
wbcrc the swatm map the same area, to determine the behaviour and evolution of the Langmuir circulation.
(2) Cape Rodney Polynya (64.5N, 167W): swath taken along the same path during Jan-March 1992 and 19'J3.
(3) Gulf of Anadyr Polynya (64.5N, 178W): swath taken along the same path during Jan-March 1992 and 19'J3.
(4) The Ice Edge Studies (approx <>ON,170W): swatm along the same path during Jan-April 1992 and 19'J3.i=.-.. to be~= .
For the St Lawrcncc Island Polynya study, it is plannc:d to have an iccbrcakcr, moored current meters, posslble aircraft
OYC111igbts,and Intensive surface and sub-surface oblicrvatiom.

Anliclpmd RMullll:
It is hoped that the SLIP study will provide detailed knowledge of the physical processes which govern the ice production,
Langmuir circulation, and brine rejection within a polynya. The ERS-1 radar images will complement the small scale field
~gation by providing information on the large scale behaviour of p:>lynyas, as well as details of what goes on outside of
the immediate study region. The other polynya studies will help resolve the nature of the ice and open circulation in the Cape
Rodney and Gulf of Anydyr regions, and the ice edge study will help resolve the nature of the Bering Sea ice edge.

Jan1992
Feb-March 1992
Dec 1992
Dec 19'J3

SAR covcragc begins,
SLIP p:>lynya experiment takes place.
Analysis of ship data is complete, comparison with radar data begins,
Analysis and comparison of data is complete. Publication of results.
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PIP.BCB13
SEASONAL ICE ZONE PROCESSES: ICE DYNAMICS AND
POLYNYAS

Princlplll Im;11llptnr.
J.E.Overland NOAA/PMEL, 7(JOOSand Point Way NE, Seattle,WA 98115

Co-nu'lllge'n:
R.Mucnch (SAIC, Bellevue, WA), Carol PeaK/ B.Walter (NOAA/PMEL)

~
(1) The hypothesis to be investigated is that development and changes in regional ridge and lead patterm arc directly related
to the deformation pattern of the atmospheric wind field or the ooastlineorientation. C.C studies using SAR imagery on the
formation of ridges and leads in response to atmospheric forcing will provide valuable information and ice dynamics for
development of regional ice models.
(2) To study the processes of ice formation under windy amditions in the St Lawrcncc Island Polynya and other Arctic
ooastal zoncs. Ice type information from SAR data is an important source of data in studying the physics of ice formation,
and in rclating the mcsoscale variations of ice type downwind of the polynya to the effects of upstream topography on the
surface wind fields.

Exper".m.nt PIM:
(1) The ice dynamics a>mpODCDtwill focus on the Beaufort Sea during the Mar-Apr 1992 time period. An array of
meteorological statiODSwill be deployed to mcmurc regional ~fields. C.C studies will be done wbcrc visible and IR
imagery from polar orbiter satellited will be integrated with the SAR data from ERS-1. During the intensive LEADS field
effort the NOAA P-3 march ain:raft will be used to map the atmospheric structure, and make mcasurcmcnlSof turbulent
fluxes from leads. The second region of interest is the vicinity of Bering Sttait during the winter scasom of 1991-1994.
(2)The polynya a>mpODCDtwill focus on the study of ice formation processes in the polynya in the 1ccof St Lawrcncc Island
in the Bering Sea. Near mil time proa:sscd full miolution SAR data from the ASF will be icquircd for field experiment
coordination and planning. Measurements from ships and a moored array ex>llcctedduring ice formation in the polynya will
provide ex>mprcbcmiveground truth for the SAR data. The intensive field experiment will be carried out during Feb-Mar
1992.

~1Dllla~
Both components require as frequent image overlap as pa!i&ble,including partial overlaps. SAR data should be ex>llccted
from October to June. Coordinates fordata ex>llcctionarc 58°N-76°N and 180°-120°W. All derived products will be
required, cspccially ice CX>DCCDtration,ice vectors, and ice type. A small subset of this data will be sclc:ctcdfor intcmivc case
studies.

Antlcipmd RMulla:
(1) Improved sea-ice rheology for ice-forecasting and climate models.
(2) Improved understanding of: Langmuir cells in the polynya; the interaction of SCCX>Ddary cin:ulatiom in the atmospheric
boundary layer with the ocean Langmuir cells; the processes governing salt rejection to the ocean; and effects of polynym>on
regional climate.

Data CX>llectionfor test case.
Main field programmes.
Completion of analysis of SAR and in situ data.
Results to be incorporated in a regional sea ice model.

Spring 1991
Wmter1992
1993
1994
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ARCTIC SEA ICE MICROWAVE SIGNATURE AND
GEOPHYSICAL PROCESS STUDIES

ERS-1 Sea Ice and Climate

PIP.BCB14

ERIM,PO Box 8618, Ann Arbor, Michigan48107
Tel: 313 9941200 x2590

Q>.bw 1ltig11ua;

R.A.Shucbman/C.C.Wackerman(ERIM)

ai;.c:tivM:
Emphasis concerns sensor, algorithm,and EMmodelverificationand validation, and geophysical analysis. One key element
is the study of the inter-regional,regional,and temporalvariationof the microwavesea ice signatures.

Exper'.ment PIM:
Coordination of in-situ microwaveand scene characterizationmeasurementswith airborne SAR and ERS-1 data collections.
These data will be used to determine ice type classificationaccuracyand signature variabilityand temporal evolution. Data

..• will also be used to support studies to retrieveor determine leaddistribution and orientation,surfacewinds in polynyas,
kinematics (high-resolution)associatedwith eddies, ice rheologyaround eddies and shear 7.0DC5, and wind-wave-current
forcing ming SAR derived ice edges.

ERS-1Data Rlqunmenta:
Geographical regions of interest include the Bering,Chukchi,Beaufort,Greenlandand Barents Seas and CentralArctic.
Many of the data requestswill be limited to the sites supported by in-situ and air-borne ~uremcnt programs, These sites
required coverage •continuous as possible:
(1) ASF high and low resolution imageand GPS ice conc:cntrationand type products.
(2) ERS-1 SAR at up to six "Super Sites"with two data takes 1-2minutesevery three days over 3 month period.
(3) ERS-1 SAR at up to six "Super Sites"with two data takes 1-2minutesevery 35 days. Absolute radiometriccalibrationof
2db

F.::llltlea tD be Cleployiecl:
(1) In-situmicrowave property measurementsusing scattcromcterradiometer (helicopter-borneand surface and multiple
frequencies).
(2) In-situ EM oriented scene characterizations.
(3) ERIM/NADCP-3 L-C-X Band PolarimetricSAR (ie undertlights).
(4) EM scattering model analysis and support.
(5) Visible and infrared ground truth (helicopter-borne).

Alrlicipmd Rleutla:
(1) Accuracy estimates of ice type cmsification and identificationof problem areas,
(2) Improved determination of relationshipsof MWsignature variations to physical properties and ability to invert signatures
to physical properties.
(3) Improved knowledge of temporal and regionalvariabilityand retationshipbetween signatures and region-formation
conditions.
(4) Enhancm ability to extract geophysical products.
(5) Application of EM scattering model prediction to SAR satellitedata and model analysis/validationand enhana:d ERS-1
SAR simulation model.

~=
Mar 19')2,93,94 Data reports.
Feb. 1993 Preliminaryalgorithmanalysis.
1994 Preliminarygeophysical and temporal signature analysis; Final algorithmanalysis.
CoordlnallDr: PIPOR
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PIP.BCB15
COMBINATION OF ACTIVE AND PASSIVE MICROWAVE
SIGNATURES OF THE BEAUFORT SEA

PrindJ* lnwlllgR>r.
ReneO.Ramscier Atmospheric EnvironmentalService/Institutefor Space and Terrestrial Science,York

University, Petrie 214, 4700 KeeleStreet, North York, Ontario M3J 1P3, Canada Tel:
4167394685

~
MCollins/I Rubinstein (ISTS/YorkUniversity), B Burm (AWI/Bremcrbavcn),P Gudmanscn (I'cchnical University of
Denmark),H Hocber/J.Mcinckc (Universityof Hamburg),K.struebing (DHIHamburg)

()t)jec;1Ma:
(1) To combine ERS-1 SAR with SSM/I (Special SensorMicrowave lmagcr) data, and in some caseswith AIMR (Airborne
ImagingMicrowave Radiometer) and Intera STAR-2 SAR data, to significantlycnbance the information content in
oonvcntional regional ice charts.
(2) To test the hypothesis of using SAR data beyond SAR swath boundarieswithin the SSM/Idata field.
(3) To provide the input of this combined data set into operational ice forecastingmodels.

Expel""'*" PIM:
The project will follow four phases as follows:
(1) Develop algorithms to extract ice information from the combined SSM/1- ERS-1 SAR data set. This will follow a
multispcctral approach, ic overlapping digital imagedata will be treated as separate spectral channels of the same sc:cnc.
(2) Establish spatial and temporal tolerances for the time separation of the digital imagedata. These toleranceswill determine
whether inooming image data can be incorporated into the current ice chart or if a new chart must be generated.
(3) Test the hypothesis that some components of the high resolution SAR informationmay be extrapolated beyond the
boundaries of the SAR swath by using statistical analysis of the active-passive ice signatures and previous SAR data from the
same area.
(4) Develop a strategy for assimilating the microwavemeasurementsinto a regional, operational ice forecastingmodel.
Particular attention will be paid to the spatial and temporal scales of the data versus those required by the model in order to
provide reasonable estimated of ice characteristics.

~1Dlla~
On the PIPOR orbit (3-day repeat) the data collection pattern would be 2 passes per day within the shortest time cycle
possible from approx 80°N to either the roast or the southern ice edge. The exact scqucncc of these data-takes should be
coordinated with sampling of the Alaska roast and further into the Arctic Basin.

Antidpmd Rllulla:
The study will provide a new year-round characterisationof ice amditiom for both display in ice products by operational ice
services and input in more sophisticated operational ice forecastingmodels. It essentiallywill bridge the basic problem of
inadequate SAR coverage, but will make use of the much higher resolution of the SAR data. ..•
~
Initialmilestones by ISTSwill be the preparation of the software to oombincairborne SAR and AIMR data and the
preparation of the software for the regional integration of satellite passivemicrowavedata with the high resolution data. This
will take place prior to launch. One year after the results from the experiment plan(l) will be presented, 18 months after
launch (2) and (3), and 3 years after launch clement (4)
c.oordlnalor: PIPOR

-
-
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NOAA ICE CENTRE APPLICATIONS DEMONSTRATION
PROGRAM

ER.S-1 Sea kc and Climate

- PIP.BCB16

Prtnclp.i lnu11ttgaor.
G.Wohl NOAA Ice Centre Tel: 301 763 5972

~
W.Pichcl (NOAA NESDIS), Sharolyn Young (NOAA Ice Centre)

.J

~
Develop the capabilities to employ SAR imagery of sea ice for operational applications.
(1) Image compression,
(2) Ship routing product.
(3) Knowledgeable interpretation.
(4) Ridge and lead statistics.
(5) Ice shelf monitoring.
(6) Algorithm applications.

Exper'.nwit PIM:
Six projects , dealing with each of the above topics, have been identified to examine the utility of SAR imagery in support of
on-going operations and to explore new avenues of sea ice support for the operational community.
The kc Centre's interest in SAR coverage includes all the SCM surrounding Alaska within the following approximate temporal
guidcli.Ja:Bcaufort Sea (all year), Chukchi Sea (October through July), Bering Sea (November through June), Cook Inlet
(Dc:ccmbcr through April).

(1) Test several algorithms and/or different compression ratios.
(2) Trammit timely sea ice analyses to subject vessel.
(3) Compare guidance products issued by NOAA kc Centre for SAR imaged and conventionally imaged areas,
(4) Provide pre-analysed examples of sea ice products.
(5) Develop SAR interpretation course on workstation.
(6) Statistics of lead and ridge frequency, spacing and length for selected regions.
(7) Prepare monthly or seasonal climatology of lead and ridge statistics.
(8) Monitor changes in the location of ice shelf fronts and the si7.cof major crevasses or rifts.
(9) Use SAR imagery of Alaskan glaciers to prove the concept for eventual application to Antarctic ice
shelves.

~1Dllla~
NOAA kc Centre operations will be supported by the Alaska SAR Facility via a direct link to a NOAA SAR workstation.
This link will provide NOAA with at least 2 min of quick-tum-around data each day. Primary fonm will be on the ice edge
and marginal ice forms in the Bering, Chukchi, Beaufort and Bast Siberian Seas. Full resolution products from selected sites
in the ASF station most will be coordinated with ASF.

Anticlpmd Alilulls:
Image compression will be used to facilitate data transmisqon to the NOAA kc Centre and to determine the quality of ice
analysis prepared from compressed imagery. Image compression may have future applications in reducing prcassing times
associated with automated ice analysis algorithms. Direct ship support is a straightfmwani program in which new products
bmicd upon SAR images will be derived and provided to operational elcmcnts in the Alaska region.
SAR images will enable the kc Centre to accurately plot the edge of the ice shelf and detect major crevasses and rifts that
might prca:de a calving event,
CoardinaaDr: PIPOR
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PIP.BCB17
DYNAMICS AND THERMODYNAMICS OF THE PACK ICE OF
THE ALASKAN SHELF SEAS

PYlnciplll n.:11llgDr.
W.F.Wccks Geophysical Imtitute, University of A1&UaFairbanks (UAF), Fairbanks, AK 99775-0800

Tel: 9<J7 474 7280

Co-lnu 11tlgetin:
C.Olmstcd/ R.Wade (01/UAF),O.Mayk:ut (Department of Atmospheric Sciences, University of Wa.Wngton, Seattle)

~
The program proposes to couple ice deformation and ice type information, obtained by pmct'SSing ASF SAR data on the
Geophysical Processor System (OPS), with modelling calculations that arc driven by meteorological data. The purpose is to
ultimately extend the geophysical capabilities of the OPS by estimating changes in the ice thickncss distribution, the chemical
and physical profile properties of the ice types present, and the local and regional salt and heat fluxes at the icc/Oa:an and icc
air interfaces.

Exper'.mmtPIM:
The year-around study focuses on the area of pack ice between Banks and Wrangcl Islands that is also located within 400km
of the Alaskan coast. As the southerly boundary of the region of interest is fixed by the ice edge, during the winter the study
area will expand southward through the Bering Strait into the Bering Sea. The lOOm resolution imagery from this gcncraI
region will then be processcd via the OPS to obtain both ia: motion and ice type variation&. It should be noted that it is quite
likely that modificatiom of the ice types software will be required before an adequate estimate of this parameter can be
obtained. The resulting data, will, in tum, drive an auxiliary modelling cffon that will run concurrently OD the Intcractivc
Image Analysis System (II.AS) at ASF and, by utilising meteorological information from the Unidata system. generate heat
and salt flux estimates, ice property descriptions and ice thickness distnbutiom.

ERS-1om Rlquhrnenla:
On the Venice orbit ~y repeat), the ideal data collection pattern would be 2 passes each day from approximately 75- 76°N,
south to either the amt or the southern edge of the ice pack. This mcam that during a 3 day repeat cycle there would be a
total of 6 data-takes. The exact sequence of these data-takes should be coordinated with sampling further offshore in the main
basin and with a variety of other studies that arc being proposed for the general area of the Bering Sea.

Anllclpmd Rleull8:
The study will provide heat and salt fluxes, ice thickness changes and ice properties a year-around charactcri7.ation of sea ice
behaviour, over the Alaskan continental shelf of Beaufort, Chukchi and Bering Seas. This is an area of highly dynamic ice
behaviour and variability containing regions of both consistant divcrgcncc and deformation. Of particular intcrest\will be ice
behaviour in the highly deformed near shore shear zone located north of the Beaufort Coast and the temporal changes in the
ice deformation ~ whicll we hope to cbaractcri2.c by utiUsing fractal techniques.

Pre-launch oomplction and testing of IlAS software for calculating deformation parameters; ice growth, ice property
and thickness.
~ report OD data processed plus preliminary rcpon on results as well as JXlSSl"blcrccommcndations
for modific:atiom in OPS software.
initial results presented at scientific meeting and submitted to a journal.
2nd progrcs,, report OD data processed plus results.
final report on data processing, OPS rccommcndations for future missions, and final submmion of papers
to technical journals.

6months

1year
11/l years
2 years

Coordinaaar: PIPOR
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- PIP.GSPl
LARGE SCALE SURFACE PROCESSES IN THE GREENLAND
SEA PROJECT

Prtnciplll 11111I 'dfgetnr.
P.Gudmandscn ElcctromagncticsInstitute,TechnicalUniversityof Denmark348, Lyngby, Denmark

Co-tn1f I llfgat! n;
C.Morrisl J.Crawford (JPL), F.Carsey/P.Wadbarm,J.C.~kriver, L.Toudal

.~J

~
(1) Determine the rate and temporal nature of the thermohalineforcingof GreenlandSea ventilation.
(2) Determine the surface vertical and borimntal fluxes of beat, brine and freshwater in the Greenland-Barents-NansenSea
Region.

....•

Expe(ornent PIM:
(1) Refine algorithm for ice thic~ changes in thin ice regimeming SAR and SSM/Idata (if necessary).
(2) Compute time series of ice motion and thic~ for the GreenlandGyrc.
(3) Compute ice cxmccntrationfor the Greenland/NamcoSea region.
(4) Perform validationwith DanishA/C data, Norwegian icemotion buoys and upward looking SONARdata.
(5) Compute beat fluxes for the Grccnland/NamenSea Regionmeteorologyand oceanographydata from archiveddata
sources with satellite data.
(6) Calculate net iocflux into the region using the ASF-GPSor its JPL twin.
(1) &timate brine fluxes and freshwater fluxes for the region.
(8) ~brine flux data in the gyrc with moored oceanographicdata from GSP.
(9) Supply results to ice dynamicsmodelers in GSP.

ERS-1[)Illa AlqunmMla:
For intcosivc period December through March 1992, 19'J3, 1994:
Descending orbit data over Greenland Sea, = 2minutes every day.
Asocodingorbit data over the Fram Strait 1pm = 1 minute every day.
For monitoring period, November and April. 2 data takes per 16 days, 4minutes each data take.

~lobe~
(1) Danish SAR equipped aircraft for validation programMarch-April 1991.
(2) PropcRd ship participation in validation by German researchvessel.

.,
June 1991
July 1991/213
Sept 19911213
Nov 1991/213
~1994

Data report for aircraft studies
Data reports for GSP
Free motion and ice thi~ analysis
Brine Production analysis for GSP
Fmal~
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PIP.GSP2
COMBINATION OF ACTIVE AND PASSIVE MICROWAVE
SIGNATURES OF THE GREENLAND SEA

Prtnclpellm'l ltigatar.
RcoeO.Ramseicr Atmmpbcric Environmental Scrvicc/Imtitutc for Space and Terrestrial Science,York

University, Petric 214, 4700 KeeleStreet, North York, Ontario M3J 1P3, Canada Tel:
4167394685

Co-ft 1ltigetl•L
MC.Ollim/IRubimtein (ISTS/YorkUniversity), B Burm (AWI/Bremcrbavcn),P Gudmanscn (TechnicalUniversity of
Denmark), H Hocbcr/J.Mci.nckc(University of Hamburg),K.Struebing (DIDHamburg)

ObjectMa:
(1) To oombinc ERS-1 SAR with SSM/I (Special SensorMicrowave Imagcr) data, and in some cases with AIMR (Airborne
ImagingMicrowave Radiometer) and Intera STAR-2 SAR data, to significantly enhance the information content in
conventional regional ice charts.
(2) To test the hypothesis of using SAR data beyond SAR swath boundaries within the SSM/I data field.
(3) To provide the input of this oombincddata set into operational ice forecasting models.

Exper'.,,.d Pim:
The project will follow four phases m; follows:
(1) Develop algorithms to extract ice information from the oombincdSSM/1 - ERS-1 SAR data set, This will follow a
multispectral approach, ic overlapping digital image data will be treatedm; separate spectral channels of the same sc:cne.
(2) Establish spatial and temporal tolcranc:csfor the time separation of the digital image data. Tbcsc toleranceswill determine
whether incoming image dala can be incorporated into the current ice chan or if a new chan must be generated.
(3) Test the hypothesis that some oomponcnts of the high resolution SAR information may be extrapolated beyond the
boundaries of the SAR swath by using statistical analysis of the activc-pmsivc ice signatures and previous SAR dala from the
same area.
(4) Develop a strategy for assimilating the microwavemeasurements into a regional, operational ice forecasting model.
Particular attention will be paid to the spatial and temporal scales of the data versus those required by the model in order to
provide reasonable estimated of ice cbaractcristics.

8&1Dllla~
On the PIPOR orbit ~y repeat) the data collection pattern would be 2 passes per day within the shortest time cycle
possible from approx 66°-82°N and 15°E to the coast of Greenland. 1bc exact sequence of these data-takes should be
coordinated with sampling of the Greenland Sea program.

Anticlpmd AwlllL
The study will provide a new year-round characterisationof ice conditions for both display in ice products by operational ice
services and input in more sophisticated operational ice forecastingmodels. It essentially will bridge the basic problem of
inadequate SAR coverage, but will make use of the much higher resolution of the SAR data.

Mi~
Initialmilestones by l5l'S will be the preparation of the software to oombinc airborne SAR and AIMR data and the
preparation of the software for the regional integration of satellite passive microwave data with the high resolution data. This
will take placc prior to launch. One year after the results from the experiment plan(l) will be presented, 18 moo~ after
launch (2) and (3), and 3 years after launch clement (4).

,.,--'
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PIP.IABl
ISHEAR AND CONVERGENCE OF LABRADOR SEA PACK ICE I

Prindpel lnYIltigator:
Susan Argus Canada Centre for RemoteSensing, 2464 SheffieldRoad, Ottawa, Ont., Canada.

~
T.Hirose (Noctix), S..Primcnbcrg(BIO),G.Crocker(C-CORE),S.Patersonn(CCRS), J.Falkingbam(AES)

~
In LIMEX'87 and LIMEX'89, shear zoneswere observed to develop in compact pack ice in the near-shorezone. The shear
zones were observable on airborne SAR imageryduring the period of the experimentwhen air temperatureswere above 0°C.
The zones represent abrupt transitions in pack advcctionrates, and may represent abrupt changes in physical pack
characteristics. Rafted ice is commonlyobservedand is thought to be associatedwith shear.
(1) To locate shear zones in the Labrador Sea ice using SARdata.
(2) To locate convergence zones in the Labrador Sea pack using SAR data.

··~
Exper'•11Mt PIM:
(1) Determine the detectability of ice shear and convergenceas it changeswith seasonalchange.
(2) Monitor relative pack advcction and ice convergenceusing buoys and SARmotion algorithms in areas of compact pack
separated by shear zones.
(3) Monitor the existence, development, locationand duration of shear zones features in the SAR data for pack ice in offshore
Newfoun<Uanctduring the period of maximumice extent.
(4) Determine changes in pack characteristicsacross shear zones.

ERS-1 Dita Alqunmenta:
SAR data from every pass that oovers near-shorepack ice on East roast of Newfoundlandfrom 46° to 52° N, for month of
March.

Antldpmd Rllulta:
(1) Charts showing advcction rates for pack areas definedby shear zones.
(2) Charts of shear zones for each SAR pass.
(3) Conclusions showing shear zone detectability in SARdata as a functionof temperature.
(4) Conclusions detailing change in pack ice characteristicsacross sbear zones.

~
March 191)2 Data collection
Sept. 19CJ2 Data report
CoordiMtDr: PIPOR
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PIP.LAB2
EXTRACTION OF ICE EXTENT, FLOE SIZE AND
DISTRIBUTION USING DIGITAL METHODS

Principallrwllgator:
J.Falkingbam Ice Centre, EnvironmentCanada,Ottawa,Ontario Tel: 613 996 4552

~
T.K.Hircl'ie(Noetix, Ottawa), S.Argus (CCRS, Ottawa)

~
This program pro~ to extract multi-year ice floes from SAR iamgery,and map their size distribution using digital
techniques.

ExperimentPIM:
The study will be performed in the Beaufort Sea IMacKenzieDelta region. Complementaryradar data will be acquired from
the lntera airborne X-band system in support of AES Ice Branch. Other infonnation will includeNOAA imagery, ice analysis
charts and surface pressure charts.

ERS-10... Rlqunments:
SAR data will be required during the spring-summer period of 1991when off-shore operators arc active. Scheduling for the
acquisition of ERS-1 data will be driven largelyby the availabilityof surface observationsand airborne reconnaissance
flights.

F8dlities'°be~:
Intera airborne X-band SAR

Anticlpmd Rleulla:
(1) Improved accuracy of ice analysis charts.
(2) Improved ice information to off-shore oil producers.

Mi~
(1) An evaluation of the results for the extraction of multi-year ice in the study areawill be presented in a report.
(2) An archive of the remote sensing data and ancillary informationwill be availablethrough AES.
CoordiNdDr:PIPOR
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PIP.IAB3
ISEA ICE FLUX OVER THE LABRADOR SHELF

Principal lrMI ltigalDr:
M.lkeda/ S.Prinsenberg Departmentof Fisheries& Occam, Physicaland ChemicalSciences,Bedford Instituteof

Oceanography,POBox 1006,Dartmouth, N.S.B2Y 4A2 Tel: 902 426 3142

Qbiec1ivea:
(1) To measure southward sea ice and heat fluxes to the LabradorShelf with time scalesof a week to season.
(2) To understand mechanisms to transport sea ice and heat southward.

Exper'.ment Plan:
(1) Deploy ice beacons and current meters around HamiltonBank and monitor movementand growth of ice as well as ocean
currents.
(2) Measurewater properties when the beacons are deployed.
(3) Measure ice thicknessby electromagneticmethod.

ERS-1 Data Alquirements:
SAR: Jan.1 - Mar.311992 (3 day repeat) ascendingpass.
Altimeter: All dates other than Jan.1 - Mar.311992 (35 day repeat) both passes.

FlldlHiea to be~:
Ice beacons, current meters, CID stations and electromagneticice thickness sensor.

Antic:ipmd Anulta:
(1) Obtain heat and ice balances over the Labrador Shelf, includingboth alongshore advection and cross-shore exchangesas
well as air-sea interactions.
(2) Processesof heat and ice balances to be reproduced in numericalmodels.

MileslDnee/DlllNerablea:

1994 Data report of ice drifters and ice thickness.
1995 Results from numericalmodellina,.
Coordinallor: PIPOR
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PIP.IAB4
AN EVALUATION OF ERS-1 DATA TO MONITOR CHANGES
IN REGIONAL ICE CONDffiONS ON THE CANADIAN EAST
COAST AS RELATED TO STORM TRACK CLIMATOLOGY

Principal lnvelligD>r:
LynMcNutt RADARSAT Project Office, Suite 200, 110 O'Connor Street, Ottawa, Ontario, Canada

~
J.Falkingbam/ D.Mudry (AES Ice C.Cntre)),T'Hirose (Noetix Research, Canada)

Objectives:
(1) To investigate changes in the ice properties on a north-south transect along the coasts of Newfoundland and Labrador,
including the pattern of ice advance and retreat, and the changes to floe size and ice type distributions within the pack ice.
(2) To relate observed changes to the effects of storm passage in the area, and associated effects of air temperature and
precipitation on a regional scale.
(3) To evaluate the potential of satellite information to contribute to monitoring regional ice characteristics, and the
contribution to environmental monitoring of ERS-1 data, and follow on systems such as RADARSAT and ERS-2.

Experiment ~=
(1) Ice Charts will be prepared every three days using information from ERS-1 SAR and aircraft borne SAR. These charts
will include visual observations from ships and aircraft, as available, and will be used to ascertain the patterns of ice advance
and retreat, and the development of shore leads and polynyas.
(2) Storm tracks will be determined from the surface pressure charts and, combined with air temperatures from AES\ will be
used with the Ice Charts to evaluate the use of the SAR for determining the effects of storm track climatologies in preparing
ice climatologies for the Canadian East Coast.
(3) Coincident aircraft SAR and ERS-1 information will be identified, and an analysis made of changes to the floe size
distributions will be made along the ERS-1 swath.
(4) An estimate of the distribution of multi year ice, and icebergs will be made from selected ERS-1 and aircraft SAR data and
visual observations to evaluate the ability of the sensors to characterize the ice pack.
(5) The potential use of the various RADARSAT swaths to characterize different aspects of the pack ice will be made, and
recommendations will be made on the use ofRADARSAT and ERS-2 to collect data on East Coast ice conditions in support
of airborne rcoonnaissancc, and ship operations.

ERS-1 Data RBquirwnenta:
During the Ice Orbit for ERS-1 in January to March 19'J2, data should be taken every three days along the track which passes
along the Newfoundland/Labrador Coast. The length of this pass should remain consistent whether ice is present or not, as
the oceanographic information contained on the imagery is important to the objectives of another proposal (PIP .LAB3).

Anticipmd Rnulta:
(1) During the data collection, the ice nowcast charts from IDIAS will be available for the Canadian East Coast as part of the
routine operations.
(2) After the data collection period, a listing of all the archived data sets will be available as a package from the Climatology
Division of AES.
(3) A comparison of historical records to the 19'J2 ice season will be generated so that the analysis can be performed in the
context of the ice conditions as encountered.
(4)The storm track climatology for 1992 will be prepared from the surface pressure charts from Gander, Newfoundland.
(5) Suitable coincident aircraft and ERS-1 SAR data will be identified, and analysis of floe size distribution, multi year ice
fraction and iceberg counts will be combined into a report which compares the utility of the sensors.
(6) A report recommending data collection and analysis techniques for the use of aircraft, shipborne and satellite sensors to
monitor environmental conditions on the East Coast of Canada will be prepared.
CoordinatlDr: PIPOR
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PIP.JABS
COMBINATION OF ACTIVE AND PASSIVE MICROWAVE
SIGNATURES OF THE CANADIAN EAST COAST

Prlnclpml ""' 1lligatDr:
Rene O.Ramscicr Atmospheric EnvironmentalService/Institutefor Space and Terrestrial Science,York

University, Petric 214, 4700 KeeleStreet, North York, Ontario M3J 1P3,Canada Tel:
4167394685

~:
MCollins/I Rubinstein (ISTS/YorkUniversity),B Bums (AWI/Bremerbaven),P Gudmansen(TechnicalUniversityof
Denmark), H Hoeber/J.Meincke(Universityof Hamburg),K.Struebing (Dill Hamburg)

~
(1) To combine ERS-1 SARwith SSM/I (SpecialSensorMicrowaveImager)data, and in some caseswith AIMR (Airborne
ImagingMicrowaveRadiometer) and InternSTAR-2SARdata, to significantlyenhance the informationcontent in
conventional regional ice charts.
(2) To test the hypothesis of using SAR data beyond SARswath boundarieswithin the SSM/Idata field.
(3) To provide the input of this combineddata set into operational ice forecastingmodels.

Exper'.n ient Plan:
1bc project will follow four phases as follows:
(1) Develop algorithms to extract ice information from the combinedSSM/1 - ERS-1SAR data set. This will follow a
multispcctral approach, ic overlapping digital imagedata will be treated as separate spectral channelsof the same scene.
(2) Establish spatial and temporal tolerances for the time separationof the digital imagedata. These toleranceswill determine
whether incoming image data can be incorporated into the current ice chart or if a new chart must be generated.
(3) Test the hypothesis that some components of the high resolutionSAR informationmaybe extrapolated beyond the
boundaries of the SAR swath by using statistical analysisof the active-pessiveice signaturesand previous SAR data from the
same area.
(4) Develop a strategy for assimilatingthe microwavemeasurementsinto a regional,operational ice forecastingmodel.
Particular attention will be paid to the spatial and temporal scales of the data versus those requiredby the model in order to
provide reasonable estimated of ice characteristics.

ERS-1Dma~:
On the PIPOR orbit (3-day repeat) the data collectionpattern would be 2 passes per day within the shortest time cycle
possible from approx 47..fJ0°Nand 45..fJ0°W.

Antic:ipmd Rlleulta:
1bc study will provide a new year-round characterisationof ice conditions for both display in ice products by operational ice
services and input in more sophisticated operational ice forecastingmodels. It essentiallywill bridge the basic problemof
inadequate SAR coverage, but will make use of the much higher resolutionof the SARdata.

~
Initialmilestones by ISTSwill be the preparation of the software to combine airborne SAR and AIMR data and the
preparation of the software for the regional integrationof satellite passivemicrowavedata with the high resolutiondata. This
will take place prior to launch. One year after the results from the experiment plan(l) will be presented, 18months after
launch (2) and (3), and 3 years after launch clement (4).
Coordinator: PIPOR
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PIP.SOJl
jTHE STUDY OF SEA ICE IN THE SEA OF OKHOTSK, JAPAN

Prlnapmi lrNestigldDr:
N.Ono Institute of Low TemperatureScience,HokkaidoUniversity,Kita-19, Nishi-8, Kita-ku, Sapporo

060, Japan Tel: 8111 716 2111 x5841

~
M.Wakatsuchi (Il..TS), M.Aota/ K.Shirazawa(SIRL,HokkaidiUniversity),S.Hayashi (Tokyo University of Merchant
Marine),M.Kashiwai (Hokkaido Rgional FisheriesResearchLab), K.Okamoto (CommunicationsResearchLab), I.Noguchi
(Hydro Department, Marine Safety Agency), S.Martin (Universityof Washington),W.Weeks(University of Alaska,
Fairbanks)

()bjec:tiwa:
To investigate the dynamics and thermodynamicsof sea ice and polynyas in the Okhotsk and Japan Seas in the following
areas: the Okhotsk coast of Hokkaido, the Tarter Strait of the Japan Sea, the KashevarovaBank area, the northwest coast of
the Okhotsk Sea, the East coast of Sakhalin Island,and the Kuril Basin. These data will be receivedat the NASDAEarth
ObservationCentre in Hatoyama, outside Tokyo.

Experiment PWV om Rlqunmema:
Region 1. JeeDynamics near theHokkaido Coast
(140-145E, 43-46N): Sea ice along this coast is monitoredby three land-basedradars which are operated by the Sea Ice
ResearchLaboratory in Mombetsu. These radars cover a coastal strip of 250km along the coast by 50kmwide. For
validation of the SAR with these sea-ice radars, pairs of swaths covering this region every two weeks from January to April
are required.
Region 2. Ice Growth in the Tartar Strait
(138-142E, 45-53N): The sea ice formation in the Japan Sea occursmainly in the Tartar Strait between Sakhalin Island and
the USSR mainland This is the only icc-c:overedregionwhich feeds cold, salty water into the Japan Sea.
Region 3. Dynamics and Thermodynamics of the Kashevarovapolynya
(145-147E. 55-56N): The SAR data will be used to determine ice circulation in the region, and to assess the new ice
formation in polynyas.
Region 4. JeeFormation in the Northwest Coast Potynya
(135-155E, 55..(i()N):This experiment will determine the nature of the ice formation in coastal polynyas fior comparisonwith
passivemicrowavedata. Ice transport and ice growth characteristicswill also be studied. This is an important study area due
to the dense water formed herewhich contributes to the North Pacificand the Oyashio CurrenL
Region 5. JeeDrift and Poiynya at the East Coast of Sakhalin
(140-145E, 45-55N): These polynya areas are unstudied to date and the SARwill offer the first opportunity to study them in
detail. The ice produced in these polynyas contribute strongly to the amount of icewhich reaches the Hokkaido Coast.
Region 6. Ice Eddies in the Kuril Basin
(145-155E, 43-50N): These large eddies also contribute to water massmodificationand by oxygenating the water column,
thereby increasingbiological productivity in the Okhotsk.

Flicilitiea to be ~:
NOAA receiving station.
Shore-based radar.
Field equipment for ice observations.

Anticipated Rllulta:
The first SAR-based assessments of ice production and processes in the six regions listed above. Also the first rigorous
comparison of a shore-based radar and SAR for observing ice on an operational ~is in an area of intense activity.
CoordinatDr: PIPOR
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UK4
[AIR-SEA-ICE INTERACTION STUDIES

Prlncip.i in-tigalDr:
AM.Cowan Scott Polar Research Institute, Lensfield Road, Cambridge, UK

~
C.H.Hanison/ P.W~ (as above)

()bjectiws:
(1) To assess the area-averaged vertical heat flux through the ice in the Antarctic and European sector of the Arctic by
determination of open water production and destruction rates.
(2) To improve understanding of basic mechanisms and characteristics of the ice motion in the Arctic and Antarctic.
(3) To map the spatial distribution. size distribution and field of motion of icebergs in regions where they pose a threat to
shipping.
(4) To monitor a number of ice characteristics in specific regions where an industrial application is well defined.

Exper'.ment Plan:
(1) Various algorithms have been developed recently to extract ice floe kinematics from repaeat omit SAR passes over the
same geographic location. These algorithms will be a.5SCSSCdand where necessary optimised and improved for pack ice
regions of the Antarctic and European Arctic. The final algorithm will enable routine and (semi-)automated estimates of ice
divergence and convergence to be made.
(2) The algorithms developed to extract kinematic information from the superposed SAR images will be used to derive eddy
vorticity statistics and mass transport estimates for ice flowing through Fram strait in the Greenland Sea.
(3) It is proposed to count and study the distribution of iceberg sizes in SAR imagery from the Weddell sea, open southern
Ocean, and Greenland Sea
(4) Other studies will be carried out to measure the floe size distribution in marginal ice regions where offshore operations are
planned, the measurement of lead orientations and polynya distributions for icebreaker probes into polar pack ice, and
intercomparison of sensor performance in ice edge position measurement.

ERS-1 Data Alquirernenta:
SAR. Maximum possible coverage of ice-infested ocean within range of SAR receiving stations at Kiruna, West Freugh and
those in Antarctica. Data as hard copy and full resolution digital imagery.
ATSR. Brightness temperatures with clouds flagged for Arctic and Antarctic waters.
Altimeter and wind scattcrometer. Estimates of ice margin position from altimetry data. Wind vectors within 200km of the
ice-ocean~·
CoardinatlDr: PIPOR
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UK16
(SEA ICE RESEARCH USING ERS-1 DATA

Prlndp.i nu11ttgetnr.
J.Tumcr British Antarctic Survey, High Cross, Madingley Road. Cambridge, UK

ObjectMa:
The main objective is to determine the large-scale mean seaa-ice drift in the Weddell Sea and to guagc the seasonal and inter
annual variability about the mean.

Experiment PIM:
(1) Ice motion will be determined from digital images using pattern matching and image deformation analysis techniques.
(2) Validation of SAR sea ice identification, ice type classification and sea-ice motion algorithms.
(3)Sar data of the Weddell Sea at intervals of 3 to 9 days will be analysed in conjunction with the available in situ buoy and
research vessel data to determine ice motion vectors and the relevant climatology.

ERS-1 cm A1qunmen1a:
SAR coverage of the Weddell Sea with a 3 to 9day repeat period.
ATSR.
Coordlnmor: PIPOR
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--- USl-la
POLYNYA AND ICE/OCEAN EDDY LIFE-CYCLES AND
DISTRIBUTIONS IN THE BEAUFORT AND CHUKCIIl SEAS

Prlnc:ipllllrroI lligd>r:
wJ.Campbell Ice and ClimateProject, U.S. GeologicalSurvey, Universityof Puget Sound,Tacoma,WA

98416 Tel: 206 5936516

QHw'lltigators:
P.Glocrscn (NASNGSFq, O.MJo~n (Nansen Remote Sensing Center, Bergen, Norway), E.GJ~rgcr (USGS,
Tacoma, WA), N.M.Mognard (CNES,Toulouse), P.G.Teleki(USGS, Rcston, VA), P.S.Chavcz(USGS, Flagstaff,AZ)

~
(1) To determine the life-cycle,structure, distribution, and motion of polynyas (areasof low ice concentration) in the Beaufort
Sea during late summer and autumn and in the Chukchi Sea during late autumn and winter.
(2) To determine the distribution, structure, and evolution of ice/oceaneddies during late summer and autumn in the Beaufort
and Chukchi Seas.

E:xper'.mentPIM:
(1) Polynyas - The 15 year pessivemicrowaveobservations from Nimbus 5 and 7 have shown that large ploynyas form,
move and disappear in a cyclic fashion in the Beaufort and Chukchi Seas, especially during late summer, autumn and winter.
Simultancom passive and active microwaveobservations from satellites (ERS-1 SAR and radar altimeter, DMSP-ssM/I,
Gcosat radar altimeter) and availableaircraft (NASADC8, CV130 or P3)will be acquired to permit a detailedanalysisof the
life-cycle, structures and motion of these polynyas.
(2) Eddies - Although sporadic observationsof icc/oCCaneddies in the Beaufort and Chukchi Seas have been made by
aircraft, a firm knowledge of their number,size, motion, structure and evolution docs not exist. The plan calls for
simultancom and repetitive active and passivemicrowaveobscrvatiom of tbcsc eddies by the ERS-1 SAR and radar altimeter,
DMSR-SSM/I and Gcosat radar altimeter.

ERS-1om Rlquhmenta:
SAR images, and radar altimeterdata
Minimum time between scenes (i.e. 3 day cycle or 3 day subcycle of 35 day cycle).
Polynyas -Beaufort Sea - mid-August to end-September.
Polynyas - ChulcdUSea - October through December.
Eddies - mid-August to Late September

F.alltiee to be Dllployied:
NASA DC-8, P-3 or CV-130 equipped with GSFCpassivemicrowaveensemble and JPL multispcctral SAR

Antlcipmd AMulta:
(1) Structures of polynyas (i.e. floe size distributions, ice concentration variations).
(2)Motion of polynyas (i.e. advcction,weather effects, tidal cscillations).
(3) Distribution of polynyas.
(4) Number, type and size of eddies.
(5) Eddy growth. translation and decay.
(6) Eddy floe size distribution and wave penetration.

~
Experiments planned for Augmt/Scptember 19'Jl, 92 and 93.
Reports giving the results of each experimentwill be distributed within 1 year of execution.
CoordiNdDr: Weller
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USl-lb
ICE DISTRIBUTION ANDMOVEMENT IN THE BERING,
BEAUFORT AND CHUKCHI SEAS

Prindpm kl1JHllgaD':
HJ.Nicbaucr Institute of Marine Scienoc, University of Amka, Failbanks, Alaska 99775-1080

9(f1 4747832
Tel:

~
V.Alexander/ S.Hcndrichs (as above)

~
(1) Document and measure fine scale ice position, type and movement at the marginal ice edge zone and in polynyas in the
Bering, Chukchi and Beaufort Seas.
(2) Coordinate and relate thc:scmeasurements with surface truthing ship board oceanographic and meteorological
measurements in ongoing and planned projects in the Bering, Chukchi and Beaufort Seas.

Exper'.mentPIM:
(1) Using the level 3 Ice Motion/ClaSS data to compare with cruise data (biological, meteorological and physical
oceanographic) that arc being proposed to be gathered at the marginal ice edge zones in the Bcrring, Chukchi and Beaufort
Seas OYC1' the next few years.
(2) As above, but the site of operations to be polynyas,

ERS-1 Dllla Alqunrnenta:
SAR data products for the marginal ice edge zone in the Bcrring. Chukchi and Beaufort Seas, and the SL Lawrcnoc Island
Polynya.
3 day repeat cycle. oovcring the ice edge in the Bcrring Sea at 57°N in March/April to 70-72°N in AugmL

Fdltleato be~:
University of Alaska ship (RIV Alpha Helix).

~Rlmulla:
(1) P~ in understanding the driving forces for the formation and movement of ice in the marginal ice edge zones and in
polynyas,
(2) Relating ice processes to biological production and bio-cbcmical processes observed in the marginal ice edge zones and
polynyas,

~
(1) TllDCseries of the advance and retreat of the marginal ice edge zone.
(2) Tune series of the opening and evolution of the St. Lawrcnoc Polynya.
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-- USl-lc
INTERACTION OF MASSIVE ICE FEATURES WITH
OFFSHORE OIL PRODUCTION PLATFORMS IN THE ARCTIC

Prlnclp.i lnY-tige'or:
M.OJeffries Geophysical Institute,Universityof Alaska, Fairbanks,AK 99775-0800

Tel: 907 4745257 Fax: 907 4747290

~
W.M.5ackinger (as above)

()bjec:liwa:
(1) Conduct a census (numbers, locations, size, degradationand production rates) of ice islands and multi-yearlandfastsea ice
floes in theArctic Ocean, and determine their physical and SAR characteristics.
(2) Determinemaximumvalues for lateral forcesof those extreme ice features against offshore oil explorationand production
platforms in the Beaufon and Chukchi Seas.
(3) Assess the utility and capability of SAR to detect and track these ice masses in order to reduce the risks to offshore
structures and transportation systems.

Experiment Plan:
(1) Identify potential ice island and multi-year landfast sea ice floe production sites, detect ice islandsand multi-yearlandfast
sea ice floe calving events. and identify factors contributing to calving events from the ice shelves and multi-yearlandfastsea
ice of the nonb coast of Ellesmere lsalnd and Axel Heiberg Island,NWT, Canada.
(2) Detect old ice islands and multi-year landfast sea ice floes in the Arctic Ocean, particularlyalong the marginof the
Otnadian Arctic Archipelago and the coastalwaters of the Qtnadian and Alaskan Beaufort Sea and the ChukchiSea.
(3) Track the drift of old and new ice islandsand multi-yearsea ice floes, including their numbers, and changes in area and
mass,
(4) Determinemulti-year pack ice floe size distributions along the margin of the Otnadian Arctic Archipelago, the coastal
waters of the Otnadian and AlaskanBeaufort Sea and the Chukchi Sea.

~1 om. Alqulrementa:
(1) SAR images ofNonhcm EllesmereIsland and Axel Heiberg Island:Quarterly images (Jan., April, July, Oct.) for ice
calving detection. 1991-93.
(2) SAR images of the Arctic Oceanmargin for the CanadianArctic Archipelago, Otnadian and Alaskan Beaufon Sea and
Chukchi Sea: Images in January and July for multiyear floe size distribution. 1991-3.
a......••. licipmd RBlulta:
(1) Size distribution of ice islands and multi-year pack ice floes along Otnadian and Alaskan coastal regions.
(2) Population density of ice islands,multi-yearshelf sea ice floes, and proportion of multi-year sea ice to annual sea ice.
(3) Establish maximalvalues of lateral forces on offshore structures which would be preduced by such features.
(4) Traj~ analyses for such ice features.
CoordinmDr: Weller
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USl-2
SAR DETECTION AND CHARACTERISATION OF ICEBERG
PRODUCTION AND DRIFT TRAJECTORIES IN PRINCE
WILLIAM SOUND,ALASKA

Prindptll lnu11HgeW.
W.MSackinger Geophysical Instirute, University of A1aska, FaiJbanks, AK 99775-0800

Tel: 907 4745257 Fax: 907 4747290

~
M.OJefiries (as above)

Qijectivee:
(1) To determine the rate of iceberg production from glaciers in Prince William Sound, ~lea, and its relationship to
dynamic oceanographic, meteorological and seismic events.
(2) To observe drift trajectories of icebergs and their relationship to currents and winds in Prince William Sound, ~ka.

Exper'.ment PIM:
(1) Observe production rate and drift trajectories of icebergs from the Columbia glacier and other tidewater glaciers in Prince
William Sound, ming SAR imagery.
(2) Instrument the floating glacier tongue upper surface with strain meters to detect fluxural vibrations.
(3) Acquire seismic, meteorological and tidal data for correlation with the above SAR data.

ERS-1DlllaAlquhments:
SAR images of Prince William Sound, AIMka (lOOkm x lOOkm area centred on (J()0N, 147°W) - 3 day repeat cycle for 3
month period, any time of the year.

AnticlP*d Aleulla:
(1) Correlation of calving of icebergs with dynamic oceanographic, meteorological and/Or seismic events.
(2) Correlation of iceberg drift trajectories with tidal currents and winds.

176



ERS-1 Sea Ice and Oimate

US1-6c
THE INFLUENCE OF THE HYDROLOGIC CYCLE ON THE
EXTENT OF SEA ICE WITH CLIMATIC IMPLICATIONS (SAR
ANALYSIS)

Geophysical Institute, University of Alaska, Fairbanks, Alaska 99775-0800
Tel: 907 4747364

~
W.Stringer/ T.Weingartner (as above)

~
To analyse the role of the hydrologic cycle and its influence on forcings and fluxes between the marine environment and the
atmosphere along the Alaskan coast and the Mackenzie River delta. The influence of river dischanrge on the albedo, thermal
balance and distribution of sea ice will be investigated, and quantitative atmospheric models will be developed to describe
these processes in the coastal zone. Implications of a predicted climatic warming will be assessed and analysed. SAR
imagery will be used to monitor the extent of sea ice and open water.

Experiment Pim:
The major goal of the project is to study the linkages between river discharge, extent of ice fee areas and atmospheric heat
exchange in the coastal zone. SAR imagery will be used to analyse the extent of open water offshore from rivers during the
spring melt and fall freeze-up in the Arctic Ocean. Qoud penetration capabilities of the SAR sensor and the high frequency
of ERS-1 coverage will provide excellent observations that cannot be acquired with present systems.

ERS-1 Olla Alqulrwnenta:
SAR data for the Mackenzie River estuary and the Alaskan Beaufort Sea coast. Every 3 days (May and June, and Sept. 15 to
Nov .15) and 1 scene every 1-2 weeks in July and August.

Anlicipmld RMulta:
The expected outcome of this project will be a dataset that will be analysed to determine the influence of water discharge by
major rivers in the spring melting, and hence the extent of sea ice offshore of Alaska and of Canada in the vicinity of the
Mackenzie River estuary. The magnitude of the influence of Arctic river discharge and the possible consequences of a
climatic warming will be assessed The transfer of heat and moisture to the atmosphere will be estimated. A thermal model o
the river discharge and its influence on ice cover will be developed using satellite imagery and field data.

(1) Progress reports as required.
(2) Fmal report including image products.
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AUSS-1

!DYNAMICS OF LAMBERT GLACIER/ AMERY ICE SHELF,
ANTARCTICA

Prlndplll lnu1lligD •.
N.Young GlaciologySection.AustralianAntarctic Division.Universityof Melbomc, Parkville,

Victoria
Tel: +61 3 344 6932 Fax: +613 347 3329

~
LAllison(as above)

Cll>jeclMs:
To investigate the dynamics of Antarctic outlet glaciersand determine the stability of the glacier system comprising the
Lambert Glacierdrainage basin, its outlet glaciers and the Amery Ice Shelf.

ERS-1 lllla ~:
The main study area is containedwithin a 500km x 900km rectanglealigned along the axis between68°S 73°E and 76°S
61°E. One complete coverage by overlapping swaths on descendingpasses is required to be collectedearly in the
missionover a short time interval. Overlap is required to allowmosaicingand inclusionof accurateground control from
fixed rock outcrops and deployed reflectors. One swath is to extend a further 500km to the south to investigate the
surf.aceproperties of the interior.
An additional four separate swaths from ascending passes arc required to provide an alternative look direction at
crcvasscs, rifts and other structures which have anisotropicdistnbutions, and to cover the lateral extension of the large
interior ice streams. Tbc:scdata can be collectedseparately in the austral SUDUIICI'monthswhen the space craft will not
be in eclipse.
A second set of overlapping swaths is required to be collectedafter a period of at leastone year bas elapsed. It is
anticipated that the data take for this set can be reduced followinganalysis of the first complete set of imagery.
Estimated total SAR data requirement is 60 (lOOkmx lOOkm)scenes (descending),plus 20 sccnc:s(ascending) for the
first set, and 30 - 40 scenes for the second set.

F.-.. ID be Deployed:
Surf.aceobscrvatioos and direct ~urcmcnts of icevelocity and ice thickness arc beingmade on air-supported surveys
in the study region. Data on the properties of the ice sheet in the interior of the Lambert Glacierbasin arc being
collected by OYCr-snowtrqvcrsc. AutomaticWeather Statiom will be deployed from the traverses.

AnliclpmdRllulla:
Tbc:sc~tigatioos will provide a basic data set on ice sheet characteristics,velocity, strain rate, driving stresses, etc.
for this dynamically active region. Combinedwith similar data sets from other regions, such as WilkesLand, East
.Antarctica, the results will enable the development of detailed numericalmodels of the ice sheet with which studies can
be made of its development over time, its interactionwith the ocean and atmosphere and hence pos&blefuture changes.
Such models and data arc also used in the interpretationof climatic rccortbideduced from ice core studies.

~
1989-90 Detailed planning for ERS-1 program; completionof fcastbility studies using SEASATSAR imageryof

Grccnland, completion of air-supported surveys on the Arw:;ryIce Shelf and nortbcm part of theLambcrt
Glacier, commencementof OYCr-snowtraverse surveys fromMawson.

19CJ4 Delivery of final report on ERS-1 phase of program. publication of papers in scientificjournals.
ASF = Alaska SAR Facility at University of Alaska.

•
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INTS-1
TOPOGRAPlllC MAPPING OF THE ANTARCTIC AND
GREENLAND ICE SHEETS

PrlnclPllllrwHllgetnr.
J.Bambcr Mullartl Space Science Laboratory, University College of London, Holmbury St. Mary,

Darking, Surrey RH5 6NT, UK
Tel: 483 274111 Fax: 483 278312

~
W.Cudlipl D.Mantripp/ LMason/ C.Rapley/ J.Ridley/R..Soott(MSSL), N.Mclntyrc (Earth Observation Sciences)

Objectivea:
Topographic mapping of the Antarctic and Greenland ice sheets with detailed studies of certain areas of particular
interest. e.g. the major Antarctic ice shelves (Amery, Ronne-Filchner,Res and Larsen) where it is hoped to identify the
grounding line, crevasses and areas of surface roughness.

..
Expefln.m Pim:
(1) Topographic mapping using repeat track data over the catchment areas for the Lambert Glacier, the Siple Coast Ice
Streams, the Rutford Ice Stream, the Slessor and ReooveryGlaciers, and the Pine Island and Thwaites Glacierswhich all
feed into the major ice shelves.
(2) Comparison of ERS-1 data with that from Geesat and Seasat to examine ~balance changes ooncentrating on
areas with low slope errors such as ice shelves.
(3) Regional and temporal mapping of radar penetration to indicate: (a) variations in surface snow amditions, (b) as an
input to~ balance studies, and (c) to investigate a penetration oorrcction for altimetry. This will require further
development of our techniques of penetration analysis usingwaveform shape and averaged values of the fust derivative
of the waveform.
(4) Estimation of surface temperatures from ATSR microwave and inftared data. This is still an area of research, but it is
hoped that the 2 brightness temperatures can be oombined to correct for the surface emis&vityto produce an absolute
surface temperature.

The Ftlcbncr Ronne Ice Shelf is of particular interest due to comprehensive fieldwork being under1akenby the Ftlchoer
Ronne Ice Shelf Project. -ERS-1OlllaAlqukwnenla:
Altinu!ter: A minimum of 1 years worth of the Altimeter Ice Sheet Product is required from penetration studies and
comprebeasive mapping. The waveform foundation product will probably be needed for a 35 day repeat (minimum) in
areas of specific interest - Ftlchoer Ronne Ice Shelf.
ATSR!M: Coverage for the brightness temperature product.
SAR: A number of scenes (probably <20) over the Ftlcboer Ronne Ice Shelf at spccfic times to be selected at a later
date, but which would ideally ooincidewith planned fieldwork. -
F.alilieatobe~:
MSSL -built scatterometer wil be deployed in the fieldwork.
..........,~·lldpmdRIUla:
(1) Topographic map of the Ftlcbncr Ronne and other ice shelves.
(2) Regional/temporal estimates of radar penetration over selected areas of Gn:cnland and Antarctica. ·
(3) Surface temperature estimates over selected areas of Antarctica and Gn:cnland.

-
-
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ERS-1 Glaciology

- INT8-2
DYNAMICS ANDMASS BALANCE OF THE WEST
ANTARCTIC ICE SHEET

Pl1napm in... ltigdor:
C.R.Bcntley University of Wisconsin-Madison. 1215 West Dayton Street, Madison WI 53706, USA

Tel: sos 2621922 Fax: sos 2620693

~
Study of the configuration and height of the West Antarctic Ice Sheet as they are related to the dynamics and mass
balance of that ice sheet.

Exper'.ment Plan:
(1) Primary concern will be the "Ross Ice Streams" D and E and their surroundings. The work will be tied closely to a
continuing program of measurements on the ground and from aircraft. By the time ERS-1 is launched it is expected to
have surface elevations over extensive areas to an accuracy of about lm .. This will provide a good network for
validation of the radar altimetry from the satellite. The satellite data will provide more extensive and repeat coverage
suitable for detecting ice volume changes.
(2) It is also planned to examine the poorly-known glaciers and ice streams that drain across the Amundsen Sea and
Pacific Ocean coasts of Marie Byrd Land, especially Thwaites Glacier and Pine Island Glacier, which are very fast
moving and may play a crucial role in the mass balance of the West Antarctic Ice Sheet. The ice streams will be mapped
using the SAR images, and disturbed ice features will be relocated on repeat coverage to determine velocities.

~1 o.ta RlquiNmenta:
(1) A complete set of retracked Altimeter elevation data south of 77°S and between 90° and Hi0°W, repeated at 1-yearly
intervals.
(2) SAR ooverage of the West Antarctic ~tal strip north of 78°S and between 90° and U0°W. Monthly coverage.

Mtlcipatld Rnulta:
Topographic maps of the 2 areas, together with thickness change rates.
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INTS-3
~·:

•

!SARMAPPING OF GREENLAND ICE SHEET

~hi: I ltigatnr:
R.Bindscbadler NASA/Goddard Space Flight Center, Greenbelt, MD '1JJ771

Fax: 301 2862717

~
J.Crawford/M.Drinkwater (JPL), KJezck (Ohio State University), P.Gogenini (University ot Kansas)

Clt>jeclMs:
To map the extent of snow facies and ice margin of the Greenland Ice Sheet as baseline data to monitor temporal
changes.

ExperimentPIM:
Use image analysis algorithms incorporating intensity and textural variation to achieve a standardised regional
classification of snow facies and edge detection schemes to identify the ice sheet margin and snow line.
Calibration/Validation activities will include the use of transmitters to measure penetration of radar into snow at a
number of sites in different snow conditions along a transect from the ice sheet margin to the summiL

~1 Data RlquiNrnMta:
Complete SAR coverage of Greenland during both the winter (October-April) and summer (June-August) seasons.

Antic:ipmd Allulla:
(1) Databases of boundaries between major regions,
(2) Catalogue of SAR imagery over Greenland.
(3) Digital Elevation Model of Greenland.
(4) Algoritlum to derive classification products.
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INT8-4
[GLACIER MASS BALANCE STUDIES

Prtndpal "'-tigatDr:
H.Bjomsson Science Institute,Universityof Iceland,Divisionof Glaciology,Hjardarhagi2-6, 107

Reykjavik, Iceland Tel: 345 1694730 Fax: 354 125695

~:
K.Amason/ S. Bjornsson/ F.Palsson(Universityof Iceland)

Objectives:
Study of the mass balanceof ice caps in Iceland.

Experiment Plan:
(1) Studies of glacier variation and flow through determinationof changes in glaciersurface elevation,glacier extent,
surface features, flow structures and comparisonwith previous satellite images and recentdigital maps of the glacier
surface.
(2) Studies of changes in massbalance through determinationof the firn line and glacialfaciesand comparisonwith
relevant data collected in annual expeditionson the ice caps.

EF&1 Data Allquirementa:
One set of altimeter data per annum, preferably in the autumn (August-September). RA data of the elevationof the
subglacial lake Grimsvotn in the interiorof Vatnajolcullare requestedas frequently as possible,
Two complete SAR coveragesof the 4 ice cap;, one in May and one in September.
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INT8-5
RESPONSE OF THE ANTARCTIC ICE SHEET TO CHANGES
IN CLIMATE

Principal lnv11tigallor:
C.S.Doake British Antarctic Survey (BAS), High Cross, Madingley Road, Cambridge CB3 OET, UK

Tel: 223 61188 Fax: 223 62616

Cc>-lnvntigallo:
ACooper/ J.Paren (BAS)

a:>jectivea:
ERS-1 data will be applied to the problem of the response of the Antarctic Ice Sheet to changes in climate. Ice sheet
elevations and surface features will be monitored to find the regions that are growing, decaying or are stable within the
resolution of the sensors.

Experiment Plan:
(1) The radar altimeter will be used to provide surface elevations for topographic mapping in the region 29°-90°W.
Precise positioning of the satellite is needed to obtain the best accuracy for detailed studies. A long repeat period for the
orbit (>30days) is required to give adequate spatial coverage.
(2) Radar altimetry of Ronne and Filcbner Ice Shelves will be used to construct contour maps of surface elevation.
These will be compared with ice thickness data from airborne and ground based surveys.
(3) Detailed topography on Rutford Ice Stream close to Ellsworth Mountains will be obtained by a SAR interferometric
technique controlled by radar altimetry where available.
(4) Ice movement and margins will be monitored by a combination of radar altimetry and SAR.
(5) Surface properties of the ice sheet will be investigated with ATSR and AMI data.

ERS-1 Oita Alquirementa:
(1) All altimetry data.
(2) SAR coverage of Rutford Ice Stream (78-85°W, 77- 79°S). At least 2 separate images of the same area are required
for the interferometric technique to be used.
(3) SAR images of Wordie Ice Shelf (74°S, 67°W); George VI Ice Shelf (75°S, 69°W); Eklund Islands (73°S, 72°W)
and Brunt Ice Shelf (75.5°S, 27°W); once a year.
(4) ATSR/AMI data.

Anticipaa.d Rnutta:
(1) Topographic maps of Ronne/Filchner Ice Shelves, Rutford Ice Stream and other selected regions of the ice sheet.
(2) Estimated changes in ice surface elevation in selected parts of the ice sheet.
(3) Measured changes in ice margins in selected regions.
CoordinatDr: Thomu
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INT8-6
!ANTARCTIC ICE SHEET MODELLING

~ lrweltigldor:
M.Ftly Laboratoire de Glaciologic ct de Gcophysique de r Environment (LGGE), 54 rue Mollere,

Domain University BP 96-38402, Saint-Martin-D'Heres Ccdex, France Tel: 76
425872 Fax: 76 513248

~:
C.Ritz (LGGE)

QJjectiYes:
Snow accumulation rate and surface temperature data for Antarctic Ice Sheet modelling.

Experiment Plan:
The area of prime interest is East Antarctica.

~ 1Dita RBquinlmenta:
ATSR
Complete coverage of lOkm x lOkm data, once a week.
Complete coverage at full resolution., once a month.
SAR
3 imaB_eslocated at 140°E between 67°S and 70°S.
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INTS-8
!COASTAL CHANGES OF ANTARCTICA

Principal lrwestigmor:
B.K.Lucchitta U.S. Geological Survey, 2255 North Gemini Drive, fla~taff, AZ 8li001

Tel: li02 5277176 Fax: soz 5277014

~
J.Ferrigno/ R.Williams (USGS, Reston, Va)

Objec:tives:

The objectives of the project are the acquisition of SAR imagery for an analysis of the state of the Antarctic coastline
and the measuring of outlet glacier velocities. This research is important because changes in the area and volume of
polar ice sheets are intricately linked to changes in global climate, and ice sheet melting may severely impact the densely
populated coastal regions on Earth. In spite of its importance, the mass balance of the ice sheets is poorly known, and
we are not yet certain whether the Antarctic ice sheets, particularly the ice edge zones are growing or sinking.

Experiment fltan:
Initially it is planned to prepare an accurate 1:5,000,000 scale map of the coastline of Antarctica using Landsat images.
This map will be unique in that it will show the coastline in two states, one depicting its configuration in the mid 7(Js
and the other its configuration in the late 80's. The SAR images acquired by ERS-1 in the early 90's will be used to
detect further changes and to verify possible trends of decreasing or increasing shelf ice.
The measuring of outlet velocities and their advance or retreat is also currently being carried out using Landsat images.
It is planned to extend the base ofmeasureable glaciers by use ofERS-1 SAR images, which will yield information for
areas where other cloud free satellite images are scarce.

ERS-1Data RBquirementa:
SAR imagery of the entire Antarctic coastline which is accessible to Antarctic ERS-1 SAR receiving stations.
Earliest possible acquisition, with repeat coverage 3 years later.

Anticipatlld A.lulls:
The results will serve the basic scientific objective to monitor, understand and ultimately predict global climatic change.

Mi~:
Reports on coastal changes, glacial velocities and glacier calving to be completed 18 months after receipt of the data.

CoordiNdor: Thomas
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INT8-9
!ICE SHEET RESEARCH

Principal lnYntigatDr:
W.G.Recs Soott Polar Research Institute,Universityof Cambridge,LensfieldRoad, Cambridge CB2

lER. UK
Tel: 223 336540 Fax: 223 336549

Co-lrMtstigalDr
J.DowdesweWM.Gorman (as above)

Objectiyea:
Glacier ice research studies in Greenlandand Svalbard.

Experiment Plan:
(1) Construct topographic maps of ice surface for regionsof Greenlandand Svalbard.
(2) Assess surface snow/ice condition (grain size, temperature,wetness).
(3) Compare stereophotogrammetric imageswith RA surfaceprofiles and SAR images.
(4) Field validation of SAR imagingand RA penetrationover snow and ice.
(5) Assess long-term (decadal) temporal changes in icevolume.
Areas of interest are:
(1) 500lcmstrip extending NW (parallel to ERS-1 ground track) from near DYE-3 (65°N, 44°W) to the west coast of
Greenland.
(2) Nordaustlandet, Svalbard (area approximately200 km square, centred on 80°N, 23°E).

ERS-1 Olda Rlquirwnenta:
(1) All RA data for study areas.
(2) Monthly averagedATSR data for test areas.
(3) SAR coverage 3 or 4 times a year.

Anticipmd Rnutta:
(1) Spatially registered topographic maps of study areas.
(2) Estimates of long-term changes in ice volume.
(3) Measurement of C-band and Ku-band attenuation lengths for snow/ice surfaces.
(4) Calibrated airborne sigma nought values and correspondingglaciologicalparameters(grain size, water content,
detailed surf.acetopography, dielectric constant) for Greenlandtest site.
(5) Measurement of thermal infrared emissivityof snow/icesurface as a function of glaciologicalparameters.
(6) Validated and spatially registered SAR image for Greenlandtest site.
Coonlinalor: Thomas
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INTS-10
VALIDATION/ CALIBRATION PLAN OF THE ALFRED
WEGENER INSTITUTE FOR THE USE OF ERS-1 ALTIMETER
DATA OVER ICE SHEETS

Principal lrwestigmor:
H.WSchcnke Bremerbaven

Objectiva:
(1) Comparison of altimeter heights with measured heights on an ice sheet.
(2) Study of the signal quality in the transition zone from the sea to the ice sheet.
(3) Study and analysis of the altimeter wave form over ice and development of a sophisticated retracking technique.

Experiment Plan:
Installation of a height test field at the Filchner Station covering an area of 40km x 40km between the shelf ice edge of
the Ronne Ice Shelf and Filchner Station. The high precision survey will be performed with Differential GPS techniques
in the Kinematic mode in combination with motorised trigonometric levelling.

ERS-1Data RlquinKnenta:
Most precise orbit information. precise ephemerides from PRARE and/or Laser Tracking.
Complete altimeter data, wave form data, altimeter heights, all applied corrections, GDR's and SDR's. Data and
information necessary for retracking of altimeter data.
Coordinator. Thomas
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~, INTS-11

!DETECTION AND INTERPRETATION OF GLACIER
SURFACE FEATURES

Pl1ndpel n.111onr.
K.Shlbuya National Imtitute for Polar Research (NIPR), 9-10 Kago 1-dlrome, Itabashi-ku, Tokyo

173, Japan Tel: 03 962 2529 Fax: 03 962 4711

~
The main science objective is the detection and interpretation of surface features from the last glacial stage around the
Yamato mountains region by the comprehensive study of satellite data.
The main area of interest is the polygon bounded by 70.5°- 72.5°S and 30°-38°E.

&per".meut PIM:
(1)Altimeter data in the 2 full cycles of "ice mode" together with 2 full cycles of "ocean mode" passes in the summer
season (November/February) will be cross-over adjusted to obtain satellite orbits for the global ocean area.
(2) Retracla:d elevation data for cross-over adjusted :"ice-mode" passes will be superimposed onto the study area to
produce grid data by the Brigg's algorithm and subsequent contouring of the surface topography.
(3) The PRARE range and range rate data at Syowa station will be used for fine tuning elevation data.
(4) Return pulse waveform data will be used to pin-point the location of chain-like step relief of 200km length in the
study area.
(5) SAR data will be used to map "windscoop-like" features which arc associated with the step relief.
(6) ATSR and SCAT data will be used to relate the radiance and backscatter cbaractcristics to blue-ice region, surface
features and topographic undulatiom.

ERS-1Dllla ~
SAR, RA, SCAT, ATSR data for the study area.
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INTS-13

'

MAPPING OF THE MARIE BYRD LAND PORTION OF THE
WEST ANTARCTIC ICE SHEET

Principml lnvllllgetar.
I.M.Whillam Byrd Polar ResearchCenter, 125 South OvalMall, Ohio State UniVCISity,Columbus,OH

43210, USA
Tel: 614 2926531 Fax: 614 2C.124fHI

~
C.Merry (Mabove)

~
(1) Conduct field mapping of Marie Byrd Land portion of West Antarctic ice sheet at two scales.
(2) Conduct an analysis of crevasse patterns on ice streams,
(3) Conduct a study of blue ice near the Allan Hills,Antarctica.

Experiment PIM:
Ice sampling at SOianspacing to determine posnions, elevations, firm dcmity profile, accumulationrate, etc.
Determine relative elcvatiom at llan spacing.
Test area is the Allan Hills (16"'3f1 - 77°10'S, 155° - 162° E).

ERS-1o.sa Alqukwnenta:
SAR image products during the austral summer. Special requirement for three different look angles over ices~.
Coordinmor: Thoma

••

••
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-, INT8-14
MAPPING OF ICE SHEET TOPOGRAPHY AND ELEVATION
CHANGE

Prlnclp.i lrr1:HtigMDr:
HJ.Zwally Oceans and Ice Branch, NASNGSFC, Greenbelt, MD 20771

Tel: 301 2868239 Fax: 301 2862717

~
R.Bindschadlcr/ C.Lingle/ S.Stcphenson (NASNGSFC)

~
Studies of ice sheet mass balance and the relations to changes in climate and global sea level.

Exper'.mentPim:
(1) Rctrack:ing of ERS-1 waveform data using Goddard retracking procedures developed for Scasat and Geosat to
compare results with other retracking techniques and validate the accuracy of ERS-1 relative to the other satellites.
(2) Preparation ice sheet elevation maps in contour and digital formats.
(3) Determination of changes in ice sheet elevation by comparison with Scasat and Geosat elevation data sets.
(4) Study of variations in ice sheet surface temperature.

ERS-10...~
(1) All altimeter data over ice, including waveforms and precision orbits.
(2) Geophysical data records over oceans (or orbit corrections from adjustment to ocean surface).
(3) Monthly averaged ATSR data.
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US1-3a

!SYNTHETIC APERTURE RADAR INVESTIGATION OF
AIASKAN GLACIERS

Prlndpel lrwntigator:
B.F.Molnia USGS, 917 National Center, Reston, VA, USA 22()1)2

Tel: 703 6484120

~
J.EJora (as above)

~
(1) Monitor changes in the areal extent of Alaskan glaciers.
(2) Identify features of Alaskan glaciers.
(3) Build a reference collection ofspecfic features that can be used in other locationswhere ground truth and airborne
data do not exist,

ExperimentPim:
The geographic area of interest is the south-east/ south-central area of Alaska, especially the glaciersof the Coast Range,
the FairweatherRange, and the Chugach- St.EliasMountains. It is planned to compare SLAR images in previously
studied area, with ERS-1 SAR to understand the backscatter characteristicsand visual appearanceof these features on
ERS-1 SAR imagery. Once a cahbrated data set is available, it is proposed to examine glaciers in other parts of the ASF
station ~k area that have DO other data sets for rorrelation. The ultimategoalwill be to move the study area to modem
glaciers in remote areas (Tibet/China, South America,Antarctic Peninsula)where DO invcstigatiom of any kind have
been performed and develop a classificationof glacier features and processes At fust, full resolutiondata will be
requiredon a quarterly basis. This requirementwill be adjusted as a result of initial analyses.

ERS-1 lllda Alquilwnenla:
SARdata. Seasonal data (quarterly) is requested for the first cycle of data rollection. The frequencyand timing of later
data rollection will be reevaluated.

Antlclpmd~
Recent studies with SLAR SAR have revealed substancial new informationabout surface morphology, crevassedensity,
ice flow characteristics, and glacier landfonm for Malaspina,Bering and Grand Plateau Glaciers. The rombination of
repetitive ERS-1 SAR data with SLARwill greatly expand the geographical area and seasonalityaspacts of the glacier
feature analysis project. Examples of the type of information to be gathered: extent and pcmtionalchanges in seasonal
snow rover, development of stagnant ice - thermokarst features,monitoringof surge location and frequency,
classificationof sedimentary features and products, surface water pathways and migration,and others.

Mi~
(1) Progress reports to be prepared 3 montm after each data set is delivered.
(2) A photo atlas depicting key features and comparing themwith SI.AR and aerial photography, 6 montm after
deliveryof data.
(3) Revised atlas and report to be prepared annually.
(4) USGS parer prepared and published.
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US1-3b
[SOUTHCENTRAL ALASKA RADAR STUDY

Principal inv.tigatDr:
J.EJones/B.F.Molnia USGS,917 NationalCenter, Reston,VA, USA 22092

Tel: 703 6484138/4120

~
R.M.Krimmel (Water ResourcesDivision,Tacoma,Washington)

~:
To study existing techniquesand develop and document improved techniques for:
(1) Mapping and identifyingglacial and periglacialfeatures (both surface and sub-glacierbedrock) and processesusing
remotely sensed data, with emphasis on airborne, satellite,and ice penetration radar.
(2) Image processing and geographic informationsystemanalysisand presentation of sub-arctic terrain features and
processes.
The study area is the MalaspinaGlacier,west of Yakutat, Alaska, and a series of marine terracesequenceswest of the
Alsek River, on the coast of southcentralAlaska.

Experiment Plan:
Stage 1. Continue the field investigationsof theMalaspinaGlacierbegun in 1988 through the field season (August
September) of 1991, includingconventionalsurveyingof the glacier'ssurface, ice penetration (40 MHz) radar transects
(planned for 1989-90) and possiblyairborne profiles in 1991witha1 MHz system currently under development by the
USGS. Digital analysis of the X-HHSI.AR (1986, 1980and 1976).,and L-HH Seasat (1978) radar data coverage is
also continuing. Other areas along the coast of Alaska are also being analysed for this study.
Stage 2. Begin analysis of ASF SAR data (1990-91) and compare the SARdata with the results from the field
investigations and image proeesssingof the SI.AR and other remotelysensed data.
Stage 3. Depending on the success of both Stage 1& 2, an extensionof the study to other warm glaciers in 1990 and
cold glaciers in 1991.

ERS-1 Data R8quinlmenta:
SARdata.
Priority J. August and/or September coverageof the MalaspinaGlacierlocated at 60°N l 40°W. Coverage in January
through March would also be desirable for comparison.
Priority 2. August and/or September coverageof various areas (Bering.Hubbard, and Grand Plateau Glaciers and
coastal marine terraces) along the 500km amt of Alaska fromCape Suckling to Cape Spencer, located between 60°N
144°Wand 58°N 136°W. Coverage in January throughMarchwould also be desirable for comparison.
Priority 3. August or September coverageof the Juneau Ice Fieldand adjacent areas along the AK panhandle.

F.alities '° be Deployed:
Some limited recording capability is currently in place at both the Hubbard and Bering Glaciers.

Anticipal8d RMulta:
It is anticipated that analysis of the SARdata, subsequent to the researchcurrently in progress, will enable the
investigators to develop a model (incorporating fluid flow equations) for estimatingvolume of subarctic ice sheets using
SAR and other remotely sensed data sets. This modelwill incorporatewave amplitude (topographic highs and lows),
velocity vectors, area and other parameters as input to massbalancestudies to support global change research. Further,
SAR data would be compared to the known subarctic terrain features for mapping applications.

Milellonee/DllMtrablea:
Quarterly progres.sreports will be submitted and papers/a~tracts will be prepared for presentation and publication.
CoordiNllDr:Weller
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US1-3c
ANALYSIS OF SAR DATA FOR ASSESSMENT OF GLACIER
MASS BALANCE IN THE WRANGELL - ST. ELIAS
MOUNTAINS

Principal ~ 1ltigator:
D.K.Hall/ C.S.Benson NASNGFSC, Greenbelt, MD 2ITT71/Geophysical Institute, University of Alaska,

Fairbanks, AK 99775-0800

~:
L.R.Mayo (U.S Geological survey, Fairbanks)

ObjectiYea:
To employ SAR data from ERS-1 along with Landsat MSS and TM data, and SPOT data, to identify and monitor annual
changes in surface and subsurface features of glaciers, including those aspects of glacial facies which may be
discernable. This is expected to enable determination of changes in glacier mass balance on a regional scale.

Experiment Plan:
The Wrangell - St. Elias Mountain system contains numerous glaciers, some of which are quite dynamic. ERS-1 SAR
data will be required 6 times a year to assess and measure the position of some of the glacier facies boundaries. Analysis
of data during late August or early September should determine if the SAR data are useful for locating the equilibrium
line through surface snow cover. Late August or early September will be used to compare the surface and sub-surface
expression of the facies boundaries, as determined from SAR data, with the surface expression as determined from
Landsat TM and/or SPOT data. However, sometimes fresh snow obscures the surface expression of the equilibrium line.
Some evidence bas shown that Landsat MSS and TM data may be of limited utility in determining small amounts of
glacier retreat for glaciers with debris-covered termini because of the lack of contrast between the terminus and the
surrounding terrain. SAR data may be useful in detecting sub-surface ice below a debris covered glacier terminus, and
thus enable an improved determination of terminus movement.

ERS-1Dita RBquirementa:
SAR data are required 6 times per year for at least 3 years. SAR data will be needed over study sites in the Wrangell
Mountains in February, May, July, late August/early September, October and December. The research area includes the
entire Wrangell Mountains from Mt.Drum (62°N, 145°W) to Mt. Bear (approx. 61°N, 141°W) and selected sites in the
adjacent St. Elias Mountains extending to Mt. Seattle (approx. 60°N, 139°W).

Anticipated Rnulta:
SAR data have been shown to detect subsurface features in glaciers and ice sheets. However, the radar returns that have
been measured have not yet been identified unambiguously. This study will help to determine the utility of the SAR
data for measuring selected facies boundaries and the glacier terminus position. It is anticipated that SAR data will be
especially useful in providing repeated coverage at predetermined times during complete annual cycles. This will be a
major advantage over past attempts to work with aerial photographs or individual Landsat images obtained when
weather permitted. The potential of obtaining planned sequences of images to show the annual variability of glaciers
will be useful in determination of glacier mass balance in the Wrangell - St. Elias Mountains system. The accumulation
area ratio (AAR) of the whole of the Wrangell Mountains will be determined in each year of the study. The techniques
developed should be transferrable to other glaciers outside of the Wrangell - St. Elias system.
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US1-3d
ANALYSIS OF SYNTHETIC APERTURE RADAR DATA FOR
IDENTIFICATION OF TRANSIENT GLACIER PROCESSES IN
ALASKA

~ nv.tigallDr:
LR.Mayo USGS, 800 Yukon Drive, Fairbanks, AK 99775-5150

Tel: 9(J7 4795673

Objectivn:
To analyse SAR data for detection of significant changes in glacier behaviour such as the passage of kinematic waves,
onset and progression of unstable flow, change of glacier margin posiuon, formation and release of ice-impounded
water, accumulation of landslide debris, and position of transient equilibrium lines.

Experiment Pim!:
Glaciers of the Alaska Range, Wrangell Mts., and the St. Elias -Chugach Mts. of Alaska commonly undergo significant
changes of dynamics that alter their surface texture, ice mass distribution, and run-off pattern. Although the chances of
a large change in dynamics of a single glacier taking place during a few years of study is low, the large number of
glaciers in the area undergoing periodic changes makes it possible to find and document several examples of changes
during any year by aerial photography and then analyse SAR data to determine whether an observed change can be
recognised from it. Conversely, a change in glacier behavior with SAR data can be investigated by aerial photography
for confirmation.
Oblique, high resolution aerial photography will be obtained at 2 month intervals from March to September for 3 years
during SAR data acquisition by ERS-1. Recent SAR images will be studied before each flight.

~1Dlta~
SAR data will be required in March, May, July and September for 3 years. The area includes the glacial regions of
Alaska and adjoining Canada from 58° to 64°N and from 133° to 154°W. Specific sites within that area will be
determined during the study by actual glacier events taking place.

Anliclpad Aleulla:
An atlas will be prepared showing documented glacier changes and SAR data of the same events. Each SAR image pair
that bas the potential of showing a major glacier change will be analysed in detail to determine the change resulting in
the SAR data from the event. The anticipated results will be useful for developing parts of a glacier monitoring strategy
aulobal scale.
CoordinatlDr. Weller
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US1-4a
MAPPING PLEISTOCENE GLACIATION OF ALASKA USING
SAR IMAGERY

Prlndpm m.111gaaor.
J.E.Bcgct Dept. of Geology and Geophysics, University of Alaska. Fairbanks, Alaska 99775-0706

Tel: 900 4747565

~
K.Dean (as above)

~:
To delimit the extent of Pleistocene glaciers and the Cordilleran Ice Sheet in south-central and southwest Alaska and the
Kenai and Alaska Peninsulas using SAR imagery.

ExperimentPIM:
The distnbution and dynamics of Pleistocene glaciers in Alaska are poorly known became of difficulties and expense of
traditional field mapping. However, analysis of radar imagery can be used to map glacier events. 1be differences in
relief and surface texture between glaciated areas and non-glaciated terrains can be used to rapidly delimit the maximum
extents of Pleistocene glaciers. Preliminary studies of the experimental side-look radar imagery currently available for
the Ugashik quadrangle indicate that, in some cases, high quality radar imagery can distinguish between sub-units within
glaciated regions so that preliminary stratigraphic relationships can be determined. In addition, some clements of glacial
geomorphology, including drumlins, moraines, outwash plains, esters and kmJa can be identified, allowing estimates of
ice-flow directions and recoestructions of glacial sedimentary environments. These features will be mapped on SAR
high resolution imagery of the Alaska and Kenai Peninsula and the Mat-Su lowland.

ERS-1 Dllla ~
Single SAR scenes of the Seward Peninsula, Bering Strait and Chukotsk Peninsula.

Anticipmd Alilulta:
The SAR imagery will be used to produce a regional map showing the extent of late Pleistocene glaciers on the Alaska
Peninsula and in south and southwest Alaska. This is a critical region for understanding the character of climate change
in Alaska during the Pleistocene. Glaciers in this area were, at l~t locally, marine-based. Regional mapping with SAR
imagery will help elucidate the relationship between global and local climate change, glacier and ice sbcct growth on the
Alaska Peninsula and on the continental shelf of the northern Gulf of Alaska. and global sea level changes.
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US1-4b
GLACIAL IIlSTORY OF NORTHWESTERN ALASKA AND
SIBERIA, ANDASSOCIATED CLIMATIC AND ECOLOGICAL
IMPLICATIONS

Prindpal lnwstigatDr:
D.Hopkins Geology Department, Brooks Building, University of Alaska, Fairbanks, Alaska

~
J.Brigham-Grette (as above)

~
(1) To map and refine glacial history of the Seward Peninsula, Alaska and the Chukotsk Peninsula, Siberia.
(2) To correlate the glacial history of Alaska to that in western Siberia.
(3) To analyse climatic and ecological regimes based on the Alaskan and Siberia! geologic record.
(4) To derive regional atmospheric circulation map; of the region.

Experlment Plan:
(1) SAR and optical satellite imagery will be used in conjunction with field observations to map glacial landfonm on the
Seward Peninsula, Alaska and the Chukotsk Peninsula, western Siberia. Analysis of the satellite imagery in Alaska with
field observations will provide the experience required to analyse the Siberian imagery where little or no field
observations will be acquired.
(2) Stratigraphic relationships, radiometric dating, and pollen and f~il samples collected in the field will be used to
establish the chronology of glacial advances on the Seward Peninsula.
(3) Stratigraphic relationships interpreted on the satellite imagery and the chronology identified in Alaska will be used to
establish the Siberian Chronology.
(4) Samples collected in the field will also be used to analyse the glacial and intergJacial climate and ecology of the
region.
(5) Regional glacial and interglacial atmospheric circulation map; will be derived based on the distnbution and
orientation of glacial landtorms seen on the imagery and inferences from field samples.

~, om R1qunmenta:
Full resolution SAR data.
1be mapping area includes terrestrial areas between 144°-Hi6°W, and 54°-61° N.

Anlldpmed Rleutla:
(1) A refined map of the extent of glacial advance.$ in the region.
(2) Glacial events on either side of the Bering Strait will be compared and correlated.
(3) Ecological conditions during glacial and intergJacial periods will be modeled.
(4) Atmospheric circulation from the Pacific Ocean into the Arctic Basin will be modelled based on the geologic record.
Coordina>r: Weller
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USl-7
THE INFLUENCE OF THE ACTIVE AND PERMAFROST
LAYERS ON RADAR BACKSCATTER

Prindpml lrw1lllgatnr:
T.Osterkamp Geophysical Institute, University of~ Fairbanks, Fairbanks, Alaska 99775-0800

Tel: 900 474 7548;

Co-In\1lllga• n:
K.Dcan (as above)

C>bjectivea:
Radar will penetrate the ground under very dry conditions due to the influence of the complex dielectric constant on the
signal. Frozen ground will also be oonducive to radar penetration for the same reason. Thus, a difference in the
backscatter signal can be expected as the subsurface moisture regime changes seasonally, especially when the active
frost layer couples with the underlying permatrost, If a backscatter signal related to the active/permafrost coupling can
be detected on the imagery, then by monitoring the timing of this coupling over many years the influence of climatic
changes can be monitored.
The objective of this project is to investigate characteristics of the active and permafrost layers, and their influence on
radar backscatter. Characteristics of the frost layers include the presence of taliks, water, temperature and ooupling of
the active and permafrost layers.

Exper:mentPim:
(1) To acquire radar imagery throughout an annual cycle of selected areas where permafrost oonditiom have been
described and arc monitored from bore boles.
(2) To compare radar backscatter signatures to data from bore bole instrumentation that detect changing oonditiom in
the active and permafrost layers and its timing within the annual cycle since it would provide a method to monitor
changing climatic oonditiom.
(3) To quantitatively describe radar backscatter signatures at the respective sites with an annual cycle.

Test areas: Arctic Qmtal Plain,~ Pipe Line Corridor (148"20' - 148°50' W, 70°1C1- 68°40' N).
Yukon Uplands Alaska Pipie Corridor (150°10' - 150°50' W, 67°0' - 66°0' N).

ERS-1Olla~
SAR data of the two test areas, with the following timing:
(1) Twice a month throughout the annual cycle.
(2) Every tbrcc days at critical periods September/October/November and May/Junc/throUgh July 15.

Anticlpmd Rleulla:
The timing of the ooupling of the active and permafrost layers is sensitive to climatic changes. If this can be detected on
radar imagery then a practical and cost effective procedure will have been dismYcrcd to monitor climatic change on a
global scale at high latitudes where the affects of climatic change will be most strongly felL

~
Progress reports as required.
Final report including image products.
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US14
[RADAR ICE STRESS ANDMOTION EXPERIMENT

Prlnc:ipallrNestigator:
R.M.Goldstein JPL, 4800 Oak Grove Drive, Pasadena, CA 91109, USA

Tel: 818 3546999

~:
B.Kamb (Ca!Tech), H.Zebker (JPL)

Objectivea:
To use interferometric synthetic aperture radar to obtain topography and motion of the ice surface at selected sites.
Separate estimates of topography and motion will be made for each 30 x 30 m resolution element in the scene.

ExperimentPlan:
The method depends on measurements of the phase of corresponding picture pixels in pairs of SAR images made from
data acquired on repeat orbits, typically 3 days apan. If the radar path repeats nearly exactly (say within lOOm) and if
the resolution elements (rezels) are then the phase difference between corresponding pixels will be the same for all
pixels in the image pair. The radar frequency standard on ERS-1 need only be stable enough to ensure small phase drifts
in the internal of one time-of-flight of the radar pulse (about 5 ms). However, if the rezels of the scene have moved
relative to each other during the orbital repeat time, then the phase difference will not be equal and it will be possible to
detect motion. For a signal-to-noise ratio of 10, a cross track motion of 0.45 cm is readily discerable. Only the
component of motion along the line-of-sight is observed; any component at right angles produces no effect. It is
planned to solve for a complete description of the motion of each rezel by including data from both ascending and
descending pass pairs of ERS-1, which permits observation of the same ground region from 2 different directions. A
vector motion then follows from combining these 2 line-of-sight motion measurements.

ERS-1Data Rlquhmenta:
SAR data. 1 look complex images of about 30 x 30km are required for each of about 8sites. Each site must be covered
3or 4 times to allow good separation of topography and motion. Best results will be obtained if data from both
ascending and descending orbits are used. Interferometry requires repeat orbits. The 3day repeat cycle of the
Commissioning phase is most desirable.

AnticipatlldRnutta:
(1) Larger-scale motions of sea-ice have been observed previously by measurement of the change in location of ice
structures in successive Seasat images. However, the micro-scale observations will form a new data type which is
expected to be most useful for studing the build-up, break-up and general stress of the ice sheet.
(2) It is planned to demonstrate the interferometer technique by producing image maps of ice topography, ice motion
and loss of correlation for sites over the northern ice sheets and glaciers.

~:
Progress reports every 6months.
First topographic and motion maps will be presented 12 months from receipt of data.
A final report, in the form of a journal article, will be prepared at the end of the project.
CoordinalDr:Thomas
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D4
APPLICATION OFERS-1 WIND AND WAVE DATA TO
PRODUCE (1) GLOBAL, GRIDDED FIELDS OF SURFACE
STRESS AND SURFACE WAVES AND (2) WIND AND WAVE
FORECASTS

Principal in-tigldor:
K.H.asselmann Max Planck lnstitut f\ir Meteorologic, BundesstraBc 55, 2000 Hamburg 13, Germany.

Tel: 104 4114(1) x236

CcHNestigatDrs:
S.H.asselmann (as above), W.Rosenthal/ H.Gilnther/ L.Zambresky (GKSS Forschungszentrum Geesthacht), W.Zahel/
E.Bauer (lnstitut f\ir Meereskunde, Hamburg)

Qbiectives:
This project represents the German contribution to several international programmes with similar goals:
(1) An international Air/Sea Working Group bas been established under the chairmanship of the Pl, to produce global
gridded flux data (momentum - i.e. surface stress - and sensible and latent heat) during the operational life time of ERS-1
and satellites NROSS and TOPEX/Poseidon.
(2) The WAM (Wave Modelling) Group has developed a global third generation wave model which will be applied both
globally and regionally in a quasi-operational mode using ERS-1 wind and wave data. The WAM group is currently
carrying out several projects to develop appropriate data assimilation methods in preparation for ERS-1.
(3) Suppon of camooigm. A number of experimental campaigns are planned to test the ERS-1 sensor package,
algorithms, etc. Modelling and data assimilation activities will be carried out in support of these programmes to test the
consistency of the sensor data with conventional data by subjecting both data sets to additional dynamical consistency
tests.
CoordinalDr: Hollingsworth
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F13
ETUDE DU BILAN D'ENERGIE A LA SURFACE OCEAN!QUE.
INFLUENCE DE LA DISTRIBUTION SPATIALE DE
L'EVAPORATION SUR LA DYNAMIQUE GENERALE
ATMOSPHERIQUE

Prlnc:ip.i Investigator:
L.Eymard CNET/CRPE 38-40 rue du ~n~ral Leclerc, 92131 Issy-Ies-Mouhneaux, France

Tel: 33 1 45294903 Fax: 33 1 452%052

~:
C.Klapisz/ AWeill (as above), K.Laval (LMD, Paris), K.Katsams (University of Washington, Seattle, USA),
N.Mognard (University of Puget Sound, Tacoma, USA)

Clbjec1ivea:
(1) To study the impact of ERS-1 data on the surface flux determination, using numerical weather forecast models.
(2) To improve the flux parametrisation in models by studing their dependence on the sea state.

Experiment Plan:
ERS-1 data of SST, surf.ace wind and water vapour will be merged into model fields (ECMWF global model and
PERIDOT mesoseale model of the French Met. Office) in 2 ways:
(1) Modification of the analyses to fit them with satellite data, and compute surf.ace fluxes using the current flux
parametrisation. Flux quality will be checked by comparison with available surf.ace data. and through global consistency
(climatology).
(2) "Assimilation" of satellite data, to test their impact on the model forecast of meteorological fields and surf.ace fluxes
(n.b. water vapour only, some effon being conducted elsewhere for the surface wind and SS1). This will use the
PERIDOT model.
Tests on the parametrisation scheme will be performed using experimental data of fluxes and sea state characteristics
acquired during the ASTEX campaign (June-July 1992). Experimental data will be used to validate the previous work
on assimilation.
It is planned to study 4 different meteorological situations (at 3 month intervals), with the exact dates being selected
according to the precise meteorological conditions in order to include events such as fronts, cyclones, etc.

~1 DitaAlquirernenta:
For each test, at least 7 days of global data are necessary: surf.ace wind SST, sea state (altimeter and wave mode), water
vapour and cloud liquid water. Only off-line products are required.
The same data set is also required over the Atlantic Ocean (tropical and North) during the ASTEX campaign.

FllCilitiesto be ~:
Wave buoy and possibly a ROWS (RESSAC radar) for surface measurements of sea state, ship sodars and tethered
balloon for the measurement of local fluxes of beat and momentum, and aircraft measuremnts of turbulence and fluxes.

Antlcipmad Rllsulla:
(1) Validation of the msimilation method for water vapour.
(2) Improvement of the surface flux parametrisations.
(3) Estimation of the surface energy budget during SOFINASTEX.

19CJ1
1992
19CJ3

Fust results on the model humidity field modification (PERIDOT - SSM/I).
Model assimilation tests and ASTEX campaign implementation.
Model assimilation tests for the ASTEX cam~.

Coordinator: Minster
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F17
ETUDE DE L'ECHANGE DU GAZ CARBONIQUE ENTRE
L'OCEAN ET L'ATMOSPHERE

Principal lnYMtigator:
J.Etchcto Laboratoired'OccanographieDYoamiqucet de Climatologie(LODYq, UniversitePierreet

MarieCurie,Tour 14, ~me etage, 4 place Jussieu, 75252 Paris Cedex 5, France
Tel: 33 1 44275021 Fax: 33 1 44273805

CcHrMtstigatDra
P.Del&:luse/L.Merlivat (as above), V.Garcon/J-F.Minster (UM39)

Objectivea:
To determine the carbon dioxide flux exchangedbetweenocean and atmosphere on a global scale, and to monitor its
time variations (seasonal and inter-annual).

Experiment Plllr'I:
(1) The wind speed deduced from the scatterometerdatawill be used to deduce theCOiexchange coefficientat the air
sea interface on a global scale. The accuracywill be improvedby using the SSTdeduced fromATSR. An attempt will
be made at deriving directly the exchange coefficient from the scatterometersigmanought.
(2) The COi partial pressure gradient at the air-sea interfacewill be determined,at leaston a regionalscale, by models
including both the physical and biogeochemicalprocessesacting in the ocean. The modelwill use the available in-situ
COimeasurements and SSTmeasuredby theATSR. It will be forcedby the wind speed field derived from the
scatterometer.
(3) The two parameters (exchangecoefficient andCOi partial pressure gradient)will be combined to derivemaps of the
COi flux exchanged at the air-sea interface.

ERS-1 Data~:
Whole of the scatterometer sigma nought and wind speed measurementsalong the orbit (FDPs). Thewind speed
processed off-line in the equatorial belt (40°S-50°N, all longitudes).
Averaged global SST maps (ATS2P()()())for the lifetimeof the satellite.
Selected SST images (ATS 2P100).

Antic:lpatlld RMulta:
(1) Monthly global maps of the exchange coefficient for the spacecraft lifetime.
(2) Improved knowledge of the sigma nought/ exchange coefficientrelationship.
(3) Regional maps of the COi partial pressure gradient at the air-sea interfaceas a function of time.
(4) Corresponding maps of theCOi flux exchangedbetweenocean and atmosphere.

Mi~
Progress reports every 6 months.
Participation in ERS-1 workshops and conferences.
Scientific~·
Coordinator: Minster
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F18
AMERS: "ASSIMILATION METEOOCEANIQUE DES
DONNEES ERS"

Prinap.l lrwestigator:
A Ratier CNES, 2 place Maurice Quentin, 75039 Paris Cc.dex 01, France

~:
F.Delsol (EERM, Boulogne), V.~/AGuillaume (DMN/SCEM/PREVI/NUM, Paris), C.Boissier (SHOM/GRGS,
Toulouse), P.De Mey(CNES/GRGS/UM39, Toulouse), H.Roquet (EERM/CNRM).

Objectives:
AMERS is a multidiscipinary research project involving meteorologists, oceanographers and wave modelers. Its first
natural objective is to develop an in-depth understanding and assessment of ERS-1 LBR data, through original
contributions to external calibration, validation, quality control, inversion and scientific processing of microwave
measurements of wind, waves and ocean topography, during and beyond the commissioning phase. The confidence
gained in ERS-1 data is expected to provide a sound basis for a number of regional and global data assimilation
experiments using innovative assimilation techniques and a hierarchy of numerical models for weather, mesoseale ocean
circulation and sea state prediction. The cross-testing of data and modelling inherent in such investigations will in tum
guide the selection and tuning of the most efficient numerical tools, to be implemented at DMN for real -time
operational assimilation/prediction of global weather and regional sea state, or on-board ships for monitoring and
prediction of ocean mesoscale patterns.

Exper'ornentPIM:
The experiment plan relies strongly on the capabilities and background of operational NWP models operated by DMN,
on computer resources used for simulations, software development and testing, numerical modelling in research mode,
and probably on campaigns in the deep ocean. The on-going pre-launch activities are based on ERS-1 simulations,
SEASATand GEOSAT data analysis and available models and software, and also on the results of the pre-ERS-1
ATHENA 88 oceanographic campaign implemented in the North Eastern Atlantic, to demonstrate the feasibility of real
time prediction of mesoscale circulation, based on the real-time routing of GEOSAT topographic data to ships at sea.
The software developed during the commissioning phase, in particular for the calibration of the C-band seanerometer
model, will be used in combination with NWP model outputs and in-situ reference measurements, for analysis and
CAI.JVAL activities.
The post-launch research will focus first on the computation of reference topographic surfaces and various statistics,
prior to case studies and parallel model runs preparing for real-time experiments at DMN and pilot projects at sea.

~ 1 Data ABquinlmenta:
Global FD products from the Altimeter, Scatterometer and SAR Wave Mode. Also some ATSR data.
Selected off-line products.

Antlclpat8d Results:
The reliability and accuracy of ERS-1 LBR data will be documented. The impact on modelling and prediction of
mcsoscalc ocean circulation, sea state and weather in real-time or research mode will be throughly assessed., using
advanced techniques, thereby providing guidance for optimising the design of ERS-1 follow-up satellites and for the
further development of the related applications.
CoordinallDr:Hollingsworth

-
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INDl-4
UTILISATION OF ATSR ANDMWS FOR ESTIMATION OF
SST AND CLOUD HEIGHT

Prindplll 111\i1 lligator:
V.K.Agarwal SAC, Ahmedabad, India

~
M.Moban/ S.Basu/ AK.Mathur/ S.Ilanthirayan (as above)

Objedivea:
(1) To retrieve SST over the Indian Ocean using ATSR multichannel, multiview observations.
(2) To use VIS and IR cloud images to delineate cloud fields.
(3) To use multiview ATSR observations along with postfacto orbital and attitude information to obtain the geometric
height of the cloud field.
(4) To obtain a cloud classiflcation using MWS moisture fields, and the cloud characteristics by stereoscopy and
radiative measurements.
(5) Using surface winds from the scatterometer along with SST, to estimate air-sea interaction bulk calculations.

Exper'.ment PIM:
Using both multichannel and multiview techniques, accuracy of SST estimation with reduction of atmospheric effects
will be carried out. After registering ATSR and INSAT VHRR images, cloud height analysis will be carried out taking
advantage of the scan geometry. Cloud heights, cloud top temperature and moisture content will provide cloud
radiatior.al properties from the climatology point of view. Additional information on surface winds will help study the
bulk level air-sea interactions.
Test area: 40°-l20°E, 10°S - 25°N.

ERS-1 Data Alquirementll:
(1) ATSR calibration data.
(2) ATSR raw counts on CCTs.
(3) Retrieved total water vapour image.
(4) Surface winds from the scatterometer.
(5) Orbital and attitude information, and any available propagation model.
CoontinatlDr: Ninan
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INDl-12
IMPACT OF SURFACE WINDS OVER THE OCEANS ON
MEDIUM RANGE FORECAST OF INDIAN MONSOON

Prlndp.i lr!v-tigmr.
M.S.Narayanan SAC Ahmcdabad, India

CcHmMltigatora:
P.CJa;hi/ P.K.Pal (as above)

Objec:IMa:
To assess the improvement in medium range monsoon forecast using ERS-1 surfacewinds.

Experiment Plan:
Including ERS-1 surface wind data as an input to the GeneralCirculationModel is expected to improve the accuracy of
forecast.
Test area: 30°-120°E, 40°N - 40°S.

ERS-1 Dllla Alquinlmenta:
Globalwind data (WSC.VWI) daily for the months of May to September.

Mi~
Reports on techniques and results.
Coordinaaor: Ninan
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INT7
1usE OF ERS-1 PRODUCTS AT ECMWF

Principal~
L.Bengtsson/
AHollingswonh

ECMWF,ShinfieldPark,ReadingRG2 9AX, UK
Tel: 734 499000 Fax: 734 869450

CcHnYestigators:
D.Burridge,MJarraud, P.Woiceshyn,H.Gunther (all ECMWF)

Objec:tives:
Assist ESA in calibration and validationof the fast deliverywind and wave products from ERS-1: Near real-time
evaluation of the performance of the scatterometerwindmodel functionand dealiasingmoduleon a global basis,and in
the major climatic regions of the globe, through cross-validationwith in-situ data, andwith meteorologicaldata
assimilation fields. Similar evaluation for thewind and/orwave products from the Altimeterand the AMI in wave
mode.
Cross validation of the ERS-1wind and wave productswith each other, through the use of the data assimilationsystems.
Study of the benefits of a coupledwind/waveassimilationfor improvedexploitationof the scatterometerdata.
Studies of the impact of the ERS-1 data on the predictionof intensesynoptic-scaleatmospheric phenomena such as
explosive cyclogenesis, hurricans, polar lows,and their associatedoceanwave fields. Exploitationof the data for real
timewind and wave assimilation.for both predictionand climatepurposes,

ExperimentPlan:
A specific dedicated effort by ECMWFstaff and visitors (from theWAMwave modellinggroup and from JPL) to
complement the ESACAIJVAL campaign(s)by a globalassessmentof the performanceof the fast delivery products,
through exploitation of the in-situ data, and thewind/waveassimilationfields availableat a majorweather prediction
facility. This effort will be continued at a reduced level for the life-timeof the satellite, to provide long-loop monitoring.

ERS-1Dllla Requirements:
Real-timedelivery of CAIJVAL wind andwave fieldobservations.
IWI,UWA and URA fast delivery products,
ATSR data in real-time if possible.

AnticipatedAnutta:
(1) Assistance to ESA in CAIJVAL.
(2) Effective and rapid monitoringof data quality.
(3) Demonstration of the value of the data for improvingwind and wave analysesand forecasts.

MileslDnes/DelMlrables:
40 90 Software installed to receiveand process FDproducts.
20 91 Global evaluation of FDwind/waveproducts,
3091
4091
2092

Studies of the impact of the FD products in wind-waveassimilations.
Use of data in operational analyses.
Use of data in advanced assimilationmethods.

Coordinator: Hollingsworth
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J3-2
VALIDATION EXPERIMENT OF WIND VECTOR
OBSERVATION BY WIND SCATIEROMETER IN THE SEA
ADJACENT TO JAPAN.

Principal lnYestigatcr.
K..Okamoto CommunicationsResearchLaboratory, 2-1Nukui-kitamachi4-chrome, koganei-shi,

Tokyo, 184, Japan Tel: 81 423 27 7543 Fax: 81 423 27 7594

Co-lmlestigalDra:
H.Nishida(MaritimeSafety Agency), H.Ochiai (Toba MerchantMarineCollege),AShibata (MeteorologicalResearch
Institute),M.Saiki (Japan MeteorologicalAgency).

Objectiws:
(1) To verify the applicability of the mathematicalmodel to sea surfacewind vector observationadjacent to Japan by
comparing scanerometer-measured and surface measuredwind vector data.
(2) To study the interaction of microwaveswith the rough sea surface in order to understandphysical processes involved
in the derivation of the mathematicalmodel.

Experiment Ptan:
Surface truth data of wind vectors and other relatedmeteorologicaland oceanographicaldata of the sea surfacewill be
acquired for (a)2 test sites in the PacificOcean and (b) for a wider study area from ships and meteorologicalbuoy data.
The 2 test sites are: Off the coast of Kochi (Lon. +13415, Lat. +o3230, lOOkmxlOOkm)

Kumano-nadaarea (Lon. +13650, Lat. +o3345, 25kmx25km)
The general study is: Lon. +12500 to +15000 Lat. +o2500 to +04500.

ERS-1Dllla Alquirementa:
WindScanerometer FD products. Off-line products (AMIwind mode,wind speed and direction). Intermediate products
of theWind Scanerometer.

Facilitiesto be Deployed:
953GHz VY-polarised SI.AR. 18 channel airborne MSS, L,C,X-bandmulti-polarisationFM-CWscatterometer,
shipborne meteorological instrument data.

Antiapated Rnulla:
(1) The validation of the applicability of the existing mathematicalmodel to wind data in the sea adjacent to Japan.
(2) Study of the relation between the sigma nought triplet and wind speed vector to improve the existing mathematical
model.
(3) Understanding of the physical processes behind the mathematicalmodel by combining surfacemeasured data from
ships, remotely measureddata by airborne and shipborne microwavesensors with ERS-1 scanerometer data

MileatlOr-.'Deliwrables:
1988-90 Detailed planning of the experiment and production of data analysis programmeby using the simulated

products.
1991-92 Prepare and condect experiment, data analysis and evaluation.

Coordinator: Fujita
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VALIDATION OF THE USEFULNESS OF WIND VECTOR AND
WAVE DATA BY AMI SAR, SCATTEROMETER AND
ALTIMETER FOR MARINE METEOROLOGY AND
OCEANOGRAPHY IN THE PACIFIC OCEAN

ERS-1 Meteorology and Atmc6pbcric studies

J3-4

Principel nv.tlgator:
K.Okamoto Communications Research Laboratory, 2-1Nukui-kitamacbi4-cbrome, koganei-shi,

Tokyo, 184, Japan Tel: 81 423 27 7543 Fax: 81 423 27 7594

~
ASbibata (Meteorological Research Institute), M.Saiki (Japan Meteorological Agency).

~
(1) To estimate the effects of ocean wave heights and ocean currents on the measurement accuracy of suraface wind by
the Wind Scatterocmcter.
(2) To confirm the usefulness of the scatterometer data for understanding accurate meteorological phenomena occuming
over the ocean surface.
(3) To confirm the reliability of the wave analysis conducted by the JMA, in particularly inside typhoon and developed
lows by using Altimeter data.
(4) To improve the SST forecast model of JMA by use of Wind Scattcromctcr data.
(5) To investigate the AMI SAR image by comparing it with sea truth data obtained from both JMA buoys and wave
directional buoys.

Exper'111_,t PIM:
The wind vector fields from the scattcromcter arc to be compared with weather surface charts obtained by thw JMA. The
significant wave heights obtained by from the altimeter will be compared with wave analysis by the JMA.
The experimental site is the western North Pacific Ocean (Lon. +12000 to +18000, Lat. +00000 to +05000).

ERS-1 om R8qunmenta:
Intermediate and off-line products from AMI SAR. Wind Scattcromcter and Altimeter.
SAR: EMt China Sea.
Wind Scattcromcter and Altimeter: western North Pacific Ocean.
Delivery required within 3 months of acquisition of raw data.
Data requested for a 3 year period.

Facllitiea tD be Deployed:
JMA buoys providing wind speed and direction, air temperature, SST and wave height data.
JMA wave directional buoys providing wave height, wave period, wave direction and height spectrum.
Facilities to be deployed and ancillary data obtained simultaneously.

Antic:ipmd R8lulla:
(1) Improvement in the understanding of the effects of wind heights and ocean currents on the accuracy of surface wind
IJ1C$Ul'CMCnt.

(2) The reliability of the wave analysis by the JMA inside typhoons and developed lows will be determined using
Altimeter data.

~
1988-90 Detailed planning of the experiment and production of data analysis programme by using the simulated

products.
1991-92 Prepare and conduct experiment, data analysis and evaluation.
CoordinmDr: Fujita
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J4-1
RETRIEVAL OF WATER VAPOUR CONTENT AND PATii
DELAY BY MICROWAVE SOUNDER OF ATSR/M

Prindpm h I ltigator:
T.Ojima CommunicationsResearchLaboratory,Ministryof Posts and Telecommunications,4-2-1

Nukui-Kitamachi,Koganei,Tokyo

Co-lrMtstlgan:
M.Fujita,K.Okamoto, K.Nakamura. J.Awaka, T.Kozu,T.Ihara,A.Shibata,H.Kuroiwa

()t)jectiws:
Validation of MS data by comparing with radiosondedata.

Experiment PIM:
Radiosonde Stations are as follows:
Chichi-jima (142.2°E, 27.1°N)
Minamidaito-jima (131.2°E, 25.8°N)
Minamitori-shima (154.0°E, 24.3°N)
Watervapour content and path delay will be retrieved from the ATSR/Mdata, and calculated from the radiosonde data.
This will be lead to a comparison with error analysis.

~1 Olla Alquhrnenta:
Measured antenna temperatures of the MicrowaveSounder of the ATSR/Mwithin %1°long. and lat. of the radiosonde
stations.
At least ten observations per year.

Facilities to be Deployed:
Radiosonde station equipment.

Anticlpmd RMulla:
(1) Correction for path delay in Altimeter data.
(2) Bias errors in antenna temperatures of the MicrowaveSounder.

Mi~
1990 ERS-1 Launch
1991 Preliminary report
1992 F"mal~
Coordinator: Fujita
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J4-2
RAIN MEASUREMENTS BY ERS-1 ATSR MICROWAVE
SOUNDER ANDALTIMETER

Prtnapm lnvHtigator.
T.Ojima Communications Research Laboratory, Ministry of Pa.ISand Telecommunications, 4-2-1

Nukui-Kitamacbi, Koganei, Tokyo

~
To investigate the feasibility of estimating rain rate distribution with a combination of microwave radiometer and radar
altimeter.

Expefimel1tPIM:
Rain rate distribution is estimated from microwave brightness temperature based on a model computation. Surface echo
strength is computed from the model and is compared to that measured with the Radar Altimeter. 1be model will then be
refined. This procedure is expected to give good estimates of rain rate distribution.

ERS-1 oma Rlqulrementa:
Engineering products of the ATSR Microwave Sounder and Radar Altimeter over the following area:
Lon. +13500 to +14200 Lat. +03000 to 04000.

F.alltlM to be~:
No plan to deploy equipment within the test area. Rain condition over the area is routinely monitored by the Japan
Meteorological Agency with Mt. Fuji weather radar.

~
March 90 Estimation of rain rate distribution in pro~ using MOS-1 MSR (Microwave Scanning Radiometer).
CoordiNdor:Fullta
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Nl
UTILISATION OF ERS-1 SURFACE WIND ANDWAVE
INFORMATION

Principlll In\;11tigatnr:
J.Guddal VaervarslingaPa Vestlandet,Allcgt 70, Bergen,Norway

~
L.A.Brcivik.M.Rcistad, J.Sunde, K.H.Midtb_

Obfec:tiyea:
Impact assessment from using ERS-1 data in model productionwind and waves,

Anticipmd Rleulta:
Weekly performance analyses.
LBR data im~ on models.
Coordinator: Hollingsworth
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NL9
OPERATIONAL APPLICATIONS OF ERS-1 WIND DATA IN
REGIONAL METEOROLOGICAL MODELS

Prtncipml lrMdgalor:
LHafkenscbcid KNMI. POBox 201, 3730 AE De Bilt, The Netherlands

~:
A.Stoffelen (as above)

Objectivea:
(1) Further improvement of the model's (HIRLAM) analysis scheme for the effective assimilation of ERS-1
scattcrometcr winds.
(2) Evaluation of the operational impact of scatterometer winds in regional numerical weather prediction (NWP).

Experiment Plan:
(1) Study on assimilation of asynoptic, high density and correlated single level observations.
(2) Programming of infrastructure and processing facilities.
(3) Parallel assimilation and forecasts to study the impact of the winds on NWP, also in combination with TOYS.
(4) Functional comparison of the winds with high spatial (50x50km2) and temporal (3 hours) resolution analyses and
~fields.
(5) After the cal/Val phase estimates of the error and error correlations of the scattcromctcr winds will be carried out, and
(3) be repeated.

ERS-1a..a Requlrementa:
Scattcromctcr winds in the North Atlantic area in a real-time fashion with the smallest possible delay.

Anticipmd RwJlta:
(1) Improved assimilation techniques for scattcrometcr winds in a regional meteorological model.
(2) A better understanding of the merits of scattcrometcr winds for regional NWP.

~
Collocation statistics of scattcrometcr winds and regional meteorological analyses and guess fields.
Papers and presentations.
CoordinatlDr: Hollingsworth
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NLlO
IINTERPRETATION OF WIND SCATTEROMETER SIGNALS

Princ:ip.i Investigator.
W.AOa§t Royal Netherlands Meteorological Institute {KNMI), PO Box 201, 3730 AE de Bilt, The

Netherlands

~
D. van Halsema (TNO, The Hague), LKrul (Technical University Delft), C.Calkoen (Delft Hydraulics)

Ob;ectiwa:
The project consists of a comparison of satellite scatterometer data interpreted with a new algorithm with both standard
ESA interpretation and in situ data obtained by other ERS-1 AO participants. The algorithm is presently being
developed in a Dutch/German co-operative experimental and theoretical research programme called VIERS-1. The
objective of the project is to improve the reliability of the interpretation of scatterometer data by introducing more basic
physics.

ERS-1 Data Requirements:
ERS-1 scattcromcter data (LBR NRCS data) and any available ground truth data over a total period of about 3 weeks.
Data are requested for a number of periods in which the satellite crossed a sea area where ground truth is available,
covering a range of environmental circumstances.

Anticipimd Aleulta:
A more accurate and more consistent interpretation of scattcrometer data.

Mi~
Reports and papers containing an interoomparison of ERS-1 scatteromcter data analysed according to the standard ESA
procedUICand analysed according to the VIERS-1 algorithm which is presently being developed.
CoofdinalDr: Hollingsworth
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NZl-3
THE INTERACTION OF SATELLITE DATAWITH MARINE
METEOROLOGICAL OPERATIONS

Principallnvelligator:
AK.Laing New Zealand Meteorological Service, P.O. Box 7'12, Wellington, New Zealand

+o4 729379
Tel:

~
D.K.PurnelV M.ReveIV M.Uddstrom (as above)

~
(1) To assess the impact of satellite derived wind and wave data on operational sea-state and atmospheric models.
(2) To validate the ERS-1 wind and SST data against drifting buoy winds in the Tasman Sea and Southern Ocean.
(3) To investigate ocean wave characteristics in the Southern Ocean.
(4) To compare the ATSR/M data with AVHRR!I'OVS data and the resulting SST and moisture products.

ExperimentPlan:
The ERS-1 wind and wave data will be assimilated into the various atmospheric and wave models. The impact will be
assessed by comparing verifications of forecasts made from initial fields with and without these data.
Sea surface temperature and moisture data will be compared with the present operational products from the AVHRR
and TOVS/ATOVS and the drifting buoy SSTs. The wind data from drifting buoys will be validated in a separate
experiment.
The accumulation of wave data will allow a wave data base to be set up for the Southern Ocean.

~1 Data Rlquinlmenta:
ERS-1 FD products in near real time from the AMI/SAR wave and AMI/wind scatterometer modes and radar altimeter
(wind and wave). Wave spectra and ATSR/M (SST and moisture) data from the PAFs. All to cover the area 30S- 70S,
155E-170W.

F8Cilltiellto be Deployed:
Drifting buoys with wind sensors deployed in the Tasman Sea and Southern Ocean region. Up to 6.

Anticipmd Relutta:
Improved NWP products and wave model products. The ability to routinely accommodate satellite based marine wind
and wave observations into operational products. A data base of wave conditions in the Southern Ocean/I'asman Sea.

~:
1989-90
1990
1990-91
1991-92
1992-93
1993-94

Drifting Buoy wind sensor assessment
Development of assimilation techniques
Validation of ERS-1 surface winds vs buoy winds
Assessment of impact of ERS-1 wind and wave data
Assessment of ATSR/M data
First wave climatologies for Southern Ocean region

Coordinalor: Nilsson
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UK5
A PROPOSAL FOR METEOROLC;GICAL RESEARCH AND
GEOPHYSICAL PRODUCT CALIBRATION AND VALIDATION
IN THE POLAR REGIONS

Principm lr--digeW:
J.Tumcr British Antarctic Survey, High CnR, Madingley Road, Cambridge CB3 OET

~
T.Endoh (Inst. Low Temperature Science, Japan), E.Rasmu.w:n (Geophysical Institute, University of Copenhagen,
Denmark), C.N.Duncan (Dept. of Meteorology, Edinburgh University), M.Lystad (Norske Meteorologiske Institut,
Oslo, Norway

Objec:tiyes:
Calibration and validation of the ATSR and scatterometer surface wind measurements. The application of ERS-1
geophysical products to meteorological research in the polar regions.

Experiment Pim!:
Cal/val activities through the collection of data on the British Antarctic Survey ships. Research into high latitude
atmospheric processes through diagnostic and case studies using ERS-1 data and other satellite and in situ
measurements.

~1 DitaAlquirementa:
BAS - ATSR SSTs over the ship tracks for cal/val purposes,
Univ. of Copenhagen - ATSR SSTs and cloud top temperatures fields plus SCATT surface winds for case studies of
polar lows.
Univ. of Hokkaido - ATSR SSTs and cloud top temperature fields plus SCATT surface winds for case studies of
mesoscale systems in the Sea of Japan.
Univ. of Edinburgh - SCATT surface winds for use in a major diagnosnc study of the Southern Hemisphere atmospheric
flow. Up to 2 years of data may be required.

Facilities to be Deployed:
Surface and possibilty upper air meteorological observing facilities on the 2 ships of the British Antarctic Survey (BAS).
A downward looking radiometer on the BAS vessel RRS Bransfield for measuring sea surface temperature.

Antic:ipamdRltUla:
(1) Improved sea surface temperature fields through the development of more accurate ATSR algorithms,
(2) Insight into the mechanisms behind the development of polar lows and other mcsoscale vortices in polar airstreams.
(3) Greater understanding of the large scale flow of the Southern Hemisphere.

Mi~
A cal/val study of ATSR SSTs based on comparisons with ship borne radiometer data.
Papers in the open literature on all the above topics, plus presentations at oonferenccs and ESA sympmia.
Coordinator: Hollingswor1h
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UK18
THE USE OF ERS-1 PRODUCTS IN OPERATIONAL
METEOROLOGY

Prtnap.i '""1lligmr:
AC.Lorenc Meteorological Office, Forecasting Research, London Road, Bracknell RG12 2SZ

Tel: 344 856227 Fax: 344 854412
Co-trweltigaaDr D.Offiler/ C.Hall/ RJPwser/ R.ABromley/ D.Ffiler/ R.WSaunders (as above)

Objectiwa:
(1) To assist ESA in the calibration and validation of ERS-1 imtruments.
(2) To assess the wind, wave, and sea-surface temperature data, and the derived analyses, for their accuracy and utility,
so that informed decisions can be made about future operational satellites.
(3) To incorporate these data in analyses for climate, ocean, and wave modelling studies.
(4) To use the data to improve operational forecasts.

E:xper'.ment PWI:
(1) The Met Research Flight C130 aircraft, whicn has radiometric, temperature, humidity, and wind instrumentation,
will be used to assist in the cal/val of the ATSR, scatterometer and other Instruments, Data from the global assimilation
system will be provided for the cal/val of the scatterometer.
(2) Processing methods to derive wind information from scatteromcter data will be developed, and run in real-time.
Derived observations will be assesed for accuracy, and incorporated in operational surface wind analyses (these analyses
are used in operational wave forecasting, and are archived for climate research). Tbe utility of the data in enhancing the
accuracy of these analyses will be assessed. Assimilation me~ to optimise the impact on NWP forecasts, will be
developed, and the impact assc:ssed..
(3) Tbe radar altimeter gives information about wave height and wind speed This will be assessed for quality, and used
to validate wave-forecasting models. Methods for assimilating the data into models to improve forecasts will be
developed and tested.
(4) ATSR derived sea surface temperature observations will be acquired in near real-time, and compared with other
observations and operational analyses. The data may be incorporated in analyses for operational forecasting and climate
research.

~1Dm~
IWI intermediate scatterometer wind product; FD altimeter wave and wind data; ATSR data.

F.-... IDbe Deployed:
Met Research Flight imtrumented C130 aircraft.

Aidiclpmd Rllulta:
(1) Assessment of the observations' accuracy and utility.
(2) Archived analyses incorporating the observations.
(3) Improved forecasts.

~
(1) Position, time, pressure, wind temperature, humidity, and radiometric sea-surface temperature data from flights of
the C130 aircraft during the Cal/val campaign.
(2) A global dataset of wind scatterometer IWI, and winds from independent analyses, covering the cal/val period,
and/or statistics from this.
(3) A report on the accuracy and reliability of ESA FD scatterometer winds, and winds calculated locally from the IWI
sigma nought values, derived by comparison with data from the operational data &Wmilation. An assessment of the
impact of one of the above on analyses and forecasts.
(4) A report on the accuracy and reliability of ESA FD altimeter wave heights and wind speeds, derived by comparison
with data from the operational wave model and wind analyses. An assessment of the impact of these data on wave
analyses and forecasts.
(5) A report on the accuracy and reliability of ATSR sea surface temperatures, derived by comparison with independent
observations, and the operational analysis.
Coordinator: Hollingsworth
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US3-1 r.

'

PREPARATION OF BASIN-SCALE WIND AND STRESS
FIELDS

Prindf* Im;I ltigetor.
M.H.Frcilich JPL, M-S, 300-323, 4800 Oak Grove Drive, 9110'J Pasadena CA, USA

Co-ho I ltigatnn:
Beard&ey/ Chelton/ .&benseD/ Graber/ Kelly/ Large/ Wentz (as above)

~
(1) Develop accurate and efficient objective methods for space-time interpolation of scatterometer data onto basin-scale
grids.
(2) Characterise the error structure of the resulting fields, taking into account the scatteromcter measurement accuracy as
well as errors resulting from the interaction of irregular scatterometer sampling with the natural variability of surface
winds.
(3) Produce gridded fields and error maps for the global ocean using scatteromcter data during the ERS-1 mission for
use in driving ocean models.

Exper'.ment PIM:
This experiment will develop statistical methods for space-time interpolatiOD/extrapolation of wind scatteromcter data in
order to produce gridded, l:min-scale surface wind velocity and stress fields using scatterometer data alone. The gridded
fields will then be made available for use by oceanographers for driving large-scale ocean models. Interpolation
schemes based on Gandin's theory of optimal estimation arc being developed in the pre-launch period ming simulated
scatterometer data and operational analyses from ECMWF and the U.S NMC as "truth". The space-time scales that can
be accuratly resolved by the ERS-1 satellite will be quantified.

ERS-1 Dllla ~
Requirement for US3-1 - US3..lJ.
Full miss&on WSC (UWI. IWI), ALT (URA) and available ATSR/M data globally over the ocean. Minimum
requirement is for 1 year of data.
All available SWM (UWA) data obtained in the North Atlantic and over the Antarctic Circumpolar Current south.of
40°$ for the full mission. Minimum requirement is selected SWM data obtained in the North Atlantic over a period of 6
months, ..
Anticlpad Fmulta:
Pre-launch work, ming simulated scatterometer data (with appropriate swath widths, spatial rcsolution, and anticipated
measurement errors) and operational weather analyses will result in accurate, •tested• schemes for the optimal
interpolation. In addition, these simulatiom will identify important space and time scales that can be quantitatively
resolved by the scatterometer in typical ER.S-1 orbits. Post-launch work will further test and refine the pre-launch
simulatiom using actual ER.S-1 scatterometer data. Gridded fields (with resolution anticipated to be better than 2° laL x
5° long., and weekly-monthly frcqucncy will be produced and made available for use by oceanographers.
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US3-2
!METEOROLOGICAL STUDIES

Principal lnvestigatDr.
M.H.Frcilich JPL, M-S, 300-323, 4800 Oak Grove Drive, 91109 Pasadena CA. USA

~:
Atlas/ Brown/ Dalcher/ Duffy/ Ghil/ Helfand/ Hoffman/ Isaacs/ Katsaros/ Louis (as above)

Qbiectives:
(1) Develop techniques to maximise the beneficial impact of ERS-1 seatterometer data in global and regional NWP
models.
(2) Make a clear evaluation of the impact of scatnerometer data on NWP.
(3) Develop and evaluate the capabilities of a coupled surface/Ekman layer planetary boundary layer model when
inverted to use surface stress from scatterometers as input.
(4) Conduct numerical and diagnostic studies of atmospheric phenomena over the oceans, especially the dynamics and
thermodynamics of midlatitude cyclones.

Experiment P\an:
Advanced research global analysis/forecast models are being developed at GSFC/GLAS, and four-dimensional
assimilation schemes (based on variational techniques) and three-dimensional approaches (based on optimum
interpolation) are under evaluation and test with simulated ERS-1 data. In parallel with these prediction model-oriented
studies, investigations into the structure and dynamics of the marine planetary boundary layer (PBL) arc being
conducted. An inverse PBL model is nearing completion, using measurements of surface winds or stress from a
scatterometcr as input and yielding the vertical profile of winds through the boundary layer (and hence the surface
pressure). The model is being tested using available Seasat scatteromctcr data in the southern hemisphere. After launch,
both the assimilation scheme and the PBL model will be re-tuned using actual ERS-1 data, and the impact ofERS-1
wind data will be evaluated quantitatively using a series of carefully controlled observing system experiments. Studies
of marine cyclones will then also be conducted, including calculations of surface divergence, curl, and fluxes from both
typical and atypical storm systems.

ERS-1Data Requirements:
Requirement for US3-1 - US3-8.
Full misssion WSC (UWI. IWI), ALT (URA) and available ATSR/M data globally over the ocean. Minimum
requirement is for 1 year of data.
All available SWM (UWA) data obtained in the North Atlantic and over the Antarctic Circumpolar Current south of
40°S for the full mission. Minimum requirement is selected SWM data obtained in the North Atlantic over a period of 6
months.

AntiQpat8d Rlleulta:
Studies evaluating the assimilation of scatterometer data into global and regional analysis/forecast models will quantify
the impact of the surface wind data on large-scale NWP, and will resolve many of the long-standing issues raised by the
short, flawed, Seasat data set. The outputs of the NWP models are gridded, regular data that arc applicable for use in
driving ocean models. In this sense, the dynamically basedNWP model studies complement the statistical studies, and
the surface wind/stress fields (and associated error estimates) will be made available to ocean researchers. The PBL
study will allow direct preparation and comparison of surface pressure fields derived from ERS-1 scatterometcr data
with those derived from conventional means. The study of storms and marine cyclones will allow detailed
characterisation of key features of observed synoptic events on scales heretofore unobtainable over the global oceans,
and will provide input for studies of mixed layer dynamics in the ocean.
Coordinator: Freilich
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USS-7
SHORT RANGE REGIONAL FORECASTING USING ERS-1
SCATTEROMETEROCEANSURFACEWINDSPEEDAND
DIRECTION DATA

Principal~
S.Peteherych Atmospheric Environment Service, 4905 Dufferin Street, Downsview, Ontario M3H 5T4

Tel: 416 667 4815

~
J.Spagnol (Pacific Weather Centre), J.Bullas (Western Arctic Meteorological Centre), K.MacDonald (Maritimes
Weather Centre), AG.Earle (Newfoundland Weather Centre), R.Cross (Directorate of Meteorology and Oceanography)

Objectivea:
(1) Assess the impact of near real-time scatterometer wind speed and direction data on short range regional weather
forecasting.
(2) Assess the quality of ERS-1 de-aliasing algorithm.
(3) Development of improved data assimilation techniques.

Experiment P1811:
ERS-1 scatterometer wind speed and direction data will be delivered in sufficiently timely manner (i.e. less than 3 hours
from observation to delivery) to Weather Centers on Canadian roasts. Each weather centre will use these data for short
range regional forecasting and sea-state forecasting. These data will be assimilated into the subjective forecast
production procedures using techniques developed from earlier research projects involving impact of Seasat
scatterometer wind data for short range regional forecasting.
The value of the data will be ~ in several ways:
(1) Subjective assessment by the forecasters of improvement in surface analyses and forecasts.
(2) Comparison using standard verification techniques before and after the wind data beoome available.
(3) Special case studies of significant storms conducted after the event. These studies will be used to develop new data
assimilation techniques.
In addition. the data obtained for this experiment will be used for development of techniques to assimilate scatterometer
data into Numerical Weather Prediction (NWP) models and for application with the AES regional forecasts.

Facilities to be Deployed:
AES will provide resources to conduct this study which includes the delivery of data to Regional Weather Centres as
well as meteorological analysts and facilities for each Regional Weather Centre involved in the study.

AnticipatlldRnulta:
Improvement in the surface analysis and in forecasts as demonstrated by subjective techniques and standard verification
techniques.
Improvement in data assimilation techniques.

Mi~
(1) Communications and project planning in place at launch.
(2) Data to Weather Centres as soon as available.
(3) Leaming phase for meteorologists will be less than two working weeks.
(4) Monthly and sub-project internal reports.
(5) Preliminary publication will be presented within one year of start of project.
Coordinator: Freeman

.-.
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AUS3
BACKSCATfER MODELLING AND CHANGE ASSESSMENT
OF AUSTRALIAN NATIVE FORESTS

Principel Inv1lligator.
J.A.Richards Department of ElectricalEngineering,University College,Universityof New South Wales,

AustralianDefenceForceAcademy,CampbellACT :u,oo,Australia
Tel: 61 61 688592 Fax: 61 62 688443

~:AK.Milne (Centre for Remote Sensing,UniversityNSW,Kensington,NSW),M.Imhoff (GSFq

at>;ectivea:
(1) To develop an understanding of the interactionof microwaveenergywith forest stands, via the developmentof
suitable radar baclcscattcrmodels for typical Australian tree morphologies. These modelswill be used in radar image
interpretation and to provide informationon forest biophysicalcharacteristics.
(2) To investigate the utility of spaceborne radar for monitoring renewable forest resourcessubject to changes causedby
phenological conditions, disease, human occupanceand natural hazardssuch as bushfireand flood.

Experiment PIM:
ThreeAustralian sites have been chosen for this study, coveringa rangeof ecosystemsand tree morphologies:
(i) coastal eucalypts and pine plantations in the state of Victoria in south-easternAustralia, for which multiple incidence
angle SIR-B data arc available; (ii) the arid zone Maliceecosystem in south-central New South Wales; (ill) coastal
mangroves in north western Australia.
Building upon previous studies by the investigators,backscattermodels that suit the complicatedbranching structures of
the trees of interest arc near completion. In the pre-missionphase during 1990 these arc to be tested against historical
SIR-B data and against aircraft radar data recordedover an ~lean field site by IFIT(InternationalForest Investigations
Team) in March 1988. When validated, models for different tree structureswill be used to help identify and map the
distribution of major forest communitiesand to measureand monitor changes in the areal extent and condition of forest
biomass. Other pre-mission activity includessite measurementsof soil moisture and complex dielectric constants as
inputs to the models, along with physical tree characteristics,includingbranching angles, stand demities and tree size
distribution. Shortly before the mission, baselinemapping of stand characteristicswill be carried out as an epoch for the
dynamic aspects of the study. This will be based initiallyon high resolutionoptical imagedata, supplemented by ERS-1
SARwhen available. During the mission, active radar calibrators (ARq and pessivecomer reflectors arc to be
deployed at all sites. At least 6 ARCs will be used to obtain estimatesof the extinctioncoefficients of eucalypt and pine
canopies. Regular mapping of the field sites will be carriedout during the mission to support the dynamics study, and
for comparison against model predictions.

ERS-1omaAlquirwnenta:
SAR image data as follows:
Victorian Test Site (centred on 38°00'S, 146°45~):Esscntial: Onewinter and one summer acquisition annually, both
imagery and raw signal data if possible. Desirable:Up to 10 data takes at 3 day intervals for one winter and one summer
acquisition.
New South Wales (Mallee) Test Site (centred on 32°30'S, 143"20'E):Esscntial:Onewinter and one summer acquisition
annually. Desirable: Mapping coverage (ie contiguous swaths) to cover a reasonable sample of this sparse erosysystem.
Northern Australian Test Site (centred on 12°50'S, 132°15E):Esscntial:35 day coverage to allow characterisationof
seasonal and annual variability.

Antlcipdld Rleulla:
Assessment of the utility of C-band, low incidenceangle radar imagedata for mapping and monitoring forest dynamics,
and of the effectiveness of backscatteringmodels of random tree morphologieswhen used to explain C-band VY data.

~
1989-90 Model development
1990-91 Baseline forest mapping and site cbaractisation
1991-92 Model validation and image interpretation
1992-94 Dynamics study, supported by fully validatedmodel
Coordinator: Nilsson
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CND4
FOREST FIRE DETECTION, FIRE MANAGEMENT AND FIRE
DAMAGE ASSESSMENT USING THE ERS-1 SAR AND
INFRARED RADIOMETER

Prinapa1 lrwatigalor:
G.Lawrencc Intera Keating, Ottawa, Ontario, Canada

~
R.Brown (CCRS),AJefircy (Canadian Interagency Forest Fire Centre,Winnipeg),D.Leckie (PetawawaNationalForest
Centre, Ontario),TLynbam (Great Lakes Forestry Centre, Ontario)

Objectiyea:
To evaluate the utility of ERS-1 SAR and infrared radiometer data for forest fire detection, forest fire mapping, fire
management and post fire damage assessment.

Experiment PW!:
ERS-1 data received from the Gatineau receivingstation will be geometricallyand radiometricallycorrectedon the
MAGIC image analysis system. Image analysis procedureswill include the generation of statistical and image
histograms, the evaluationof spectral signatures, and the use of maximumlikelihoodand parallel piped classifiers. All
data will be threshold classified and this threshold detection techniquewill be applied to detect and locate low level pixel
numbers which may be associatedwith small fires. All data will be mapped onto standard fire managementmaps. The
data will be compared to any fire detection information derived by operational fire detection flights. Fire size and bum
intensitywill be determined.

ERS-1DataRlqunrMnla:
Essential
Three to six passes of ERS-1 radiometer data over selected active fire areas over 20,000 ha in size occurring throughout
Canada during the summer period 1991 or 1992.
Desirable
Both SAR and radiometer data over a zone of active fire activity or over a recently burned area, one pass near the time of
fire termination, one pass post leaf and one pass during winter.

Facilitiesto be DepkJyed:
Airborne infrared lincscan system (subject to availability).

Antic:ipmd R8lulla:
(1) Mapping of active fire areas from the radiometer data as well as a comparison between radiomctericsignatures of
non-burned areas vs burned over areas.
(2) Mapping of bum over areas based on microwavebackscatter variances between burned and non-burned areas.
(3) The comparison between airborne thermal infrared imagerywith the radiometer data over active zones of intense
burning.

Mi~:
1990-91 Detailed experiment plan.
1991-92 Coordinate and conduct experiment in associationwith co-investigators. Produce computer generated

imagery from the SAR and radiometer data and transter to a map base. Recommend uses of ERS-1
data for fire mapping and managementbased on results.

1992-94 Utilise ERS-1 data on an operational basis in support of forest fire managacmcnt.
Coordinator: l.4wrence
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F23
EVALUATION OF THE ERS-1 MUL111'EMPORAL SAR
RESPONSES TO VEGETATION

Prlncipm lrM lligetnr.
Thuy Le Toan Centre d'Etudc Spatial des Rayonncmcnts, 9 Aucnuc du Colonel Roche, 31029 Toulouse

Cedcx France Tel: 33 61 55 66 71 Fax: 61 55 67 01

~
AK.Fung (University of Texas), J.Riom (INRA Pierroton, France).

CJti;ec:Ms:
(1) An increased understanding of the interaction between microwaves and vegetation.
(2) An assessment of the potential of orbital SAR's for monitoring vegetation dynamics.
(3) An overall assessment of the use of information derived from spacebome SAR in ecosystem models.

Exper'.mentPIM:
(1) Modelling of radar backscatter of forests with emphasis on the extraction of forest information. This modelling phase
requires a complete set of ground data to be collected in the training test site.
(2) Development of algorithms to retrieve forest characteristics from SAR images (i.e. forest type, density, height, age
class, biomass).
(3) Verification of the algorithms on other test sites and refinement of algorithms.
(4) Evaluation of the contribution of ERS-1 data in forest ecosystem models.
Main test site: Landes Forest (F) : coniferous species in temperate region.
Other test sites: Duke Forest (N.Carolina, USA) : coniferous species in temperate region.

Central ~ka : boreal forest
Manaus (Brazil) : tropical forest
Muarabungo (Sumatra, Indonesia) : tropical forest, deforestation
Pissila (Burkina Faso, W.Africa) : Sahelian forest/savannah transition

ERS-1Dita Rlqunmenta:
SAR data are requested for all 6 test sites. In addition, for 3 test sites (Landes forest, Manaus and Pissila) Wind
Scatterometer data are requested for a specific study. The aim of the study consists in assessing the use of low resolution
data to map vegetation types at a global scale together with high resolution data (SAR) at sampling places to have
detailed information on vegetation characteristics. The scatteromcter data will rover large areas including the SAR
scenes requested.
Temporal coverage:(l) Landes forest - Seasonal coverages: Novl-March15 (1 scene), Marchl5-July15 (2 scenes),
July15-Sept15 (1 scene), Sept15-0ct30 (1 scene); (2) Duke forest - 1 scene between Junc15 and Sept15; (3) Alaska - 1
scene between Julyl and August31; (4)Manaus - 1 scene at any time; (5) Muarabungo- 1 scene at any timc;(6) Pissila -
1 scene in November.

Anticipmd fmulta:
(1) Assessment of the ability of SAR to discriminate different forest types and conditions and to monitor their dynamics:
determination of validity domaim of backscatter models; sensitivity of backscatter signals to forest parameters;
backscatter signal saturation conditiom with respect to forest characteristics (e.g, density, height); possibility of
inversion for input parameters of ecosystem models.
(2) Assessment of the ability of SAR to map forest at a global scale: effect of forest type and eoological conditions on
the inversion algorithm, evaluation of the joint use of low resolution (scatteromcter) and high resolution (SAR) data for
forest inventory.
(3) Evaluation of the contribution of radar data in ecosystem models (integration of the forest type, areal extent and
parameters derived from SAR data in ecosystem models).
(4) Complementarity of radar and optical data for forest studies.

Mi~
(1) Communications in dedicated symposia and workshops, and publications in international journals.
(2) The team also proposes to participate in specific studies related to the calibration/validation of ERS-1. One of the
~ible studies is the analysis of data on tropical rain forest with a high temporal coverage,

CoordinatDr: Sieber
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INT4
INTERNATIONAL FOREST INVENTORY: THE GLOBAL
FOREST ECOSYSTEM AS VIEWED BY ERS-1

Principal bolltigator:
AJ.Siebcr Imtitute of Remote SensingApplications,Joint ResearchCentre, Commmion of the European

Communities, 1-21020Ispra (VA), Italy. Tel: 39 332 789089 Fax: 39 332 789001
~ J.B.Way (JPL, USA), F.Ulaby/ C.Dohson/D.Gates (UniversityMichigan,USA), J.Ricbards/AMilne
(University N.S.W,Australia), J.Cihlar/ F.Abem (CCRS, Canada),D.Simoncttc(Universityof CaliforniaSanta Barbara,
USA),Tb Le Toan (CESR, Toulouse, France), Pb.Hartl (UniversityStuttgart, Germany),M.5ami (Politccnicsdi Milano,
Italy), E.Kasi.scbke(ERIM, USA), P.N.Cburcbill (as PI)

ObjectiYea:
To perform coordinated global forest experiments designed to use the unique properties of SAR to characterize the
physical nature of forest stands. Multidate SAR data will be used in concurrent studies of forestswith other active
microwavedata (SIR-C, aircraft SAR and field scattcrometers)and optical data (primarilyLandsat ThematicMapper,
aircraft AVIRIS and SP01). The research programmeof IFIT is directed toward the development of a forest
information system in the 1990's and beyond for operational global studies of forests both for their own sake and for
input to global ecosystem and climate models.

Exper'.ment PIM:
(1) To quantify the temporal range of radar returns from a variety of forest canopy types under different growth stages,
environmental and seasonal conditions.
(2) To unfold the components of backscatter from a forest stand ming the observationsmade under a variety of
environmental conditions.
(3) To quantify radar signatures in terms of physical forest ecosystemcharacteristicsincludingabove-ground
phytomass, canopy geometry (size, shape, angular orientation), canopy moisture condition, and surface boundary layer
state.
(4) To map and monitor human impacts on forest canopies, including (a) acid deposition damage in Europe, (b) biomass
burning in Amttalia and Alaska, and (c) deforestation in the northern US, Canadaand Brazil.
Test Sites: Black Forest, Germany (48°N, 8°E), Toolik Lake, Alaska (69°N, 149"30'W),ManleyHot Springs, Alaska
(65°3'N, 151°10'W), Bonam.aCreek, Alaska (64°45'N, 148°15'W),Raco,Michigan,USA (46"20'N, 84°40'W), Duke
Forest, North Carolina, USA(36°N, 79°W), Darwin,Amtralia(12°52'S, 132°E),Gippsland,Amtralia(37°45'S, 147°8'E),
Weipa,Amtralia(14°S, 142°15'E), Pooncarrie,Amtralia(32°S, 143°15'E),Wbitecourt,Canada(54"30'N,115°40'W).

~1 om.Rllquil....ma:
Multi-date SAR data arc required for all test sites: Commissioningphase: (calibrationsites) - Black Forest, Manley Hot
Springs, Toolik Lake, Raco, Duke Forest require data every 3 days. Some night data required for Black Forest, Manley
Hot Springs and Raco. 35 Day Repeat: Black Forest, Bonanza Creek,Raco, Duke Forest, Wbitecourt, Darwin, Weipa,
Pooncarie and Gippsland - 2 scenes per cycle; Black Forest, Bonam.aCreek,Raco, Duke Forest,Wbitecourt and
Gippsland - 1 night scene per cycle. Ice Phase: Delta Junction requiresdata every 3 days.
Roll-till mode: Black Forest, Bonam.aCreek, Raco, Duke Forest,Wbitecourt, Darwin,Weipa, Pooncarie,Gippsland.

Facilities '°be OBployied:
Airborne SARs, imaging spectrometers and multi-spectral scanners. Calibrationdevices and dielectric probes.

.ow.~·licipmd Rleulla:
(1) Area extensive validation of external SAR data calibration techniques on a repetitive basis.
(2) Improved radar models through the use of variable environmental conditions.
(3) Development of multi-temporal "change detection"methodologies for reduction of data volume and for inferring
changes in scene physical and biophysical conditions.
(4) Provision of a baseline data set for long-termmonitoring and assessment of forest resources.
(5) Establishment of a research environment conducive to accelerateddevelopment of target/sensor interaction models.

MilestDnellDellverablea:
Status reports every 6 months after launch. ERS-1 workshop/conference papers and othe scientific papers.
CootdlNllDr: Sieber
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USl-lOb
IFOREST BIOMASS OF THE PORCUPINE INVENTORY UNIT

Principal lm'"'ige'or:
J.Yarie Divisionof Forest Science,Agricultureand ForestryExperimentalStation. Universityof

Alaska, Fairbanks Tel: 9(JJ 4746714

~:
K.Wintcrberger (US Forest Service,Anchorage,Alaska)

ObjectMla:
To determine forest biomasswithin the Porcupine InventoryUnit of the U.S. Forest Servicewhichwill be coveredby
both ascending and descendingswaths and the crossover area.

Experiment Plan:
Existingdata on forest biomassand productivity from 529 0.4 hectare plots in the Porcupineand Upper river drainages
of northeasternAlaskawill be used as ground truth to develop relationshipswith full resolutionSAR data. The
geographic location is a 300 km square centred on 67°N, 145°W.

ERS-1 DataRequirements:
SARdata. 4 scenes in spring, summer, fall and winter.

Anticipamd Relulta:
The ability to use SARdata to track changes in forest biomassover large land areas.

Mi~:
1992 Forest biomassmap of the study area.
CoordinnDr: Weller
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Bl
SYNERGIC USE OF ERS-1 SARWITH OPTICAL SENSING
(SPOT, TM) FOR CROP MONITORING AND LAND COVER
MAPPING IN BELGUIM.

PrtnciplllInv1ltigator:
R.Gombeer Land Management, Remote Sensing and Land Information Laboratory, Faculty of

Agricultural Sciences, Katholieke Universiteit Leuven, Kardinaal Mercierlaan 92, B-3030
Haverlee, Belguim Tel: 016 22()1)31 Fax: 016 221855

Objectives:
(1) To study the complementary exploitation of optical sensors and microwave data for monitoring crop condition and
land use classification.
(2) To develop methods for crop monitoring throughout the agricultural growing season in the absence of clouds.
(3) To map crop types and land use categories based on multitcmporal SAR data and to provide agricultural statistics on
the mapped surface classes.

Exper'.mentPIM:
Image processing facilities will be used to investigate the multitemporal registration and analysis of SAR data. 1be
overlay with optical SPOT and LANDSAT images will also be investigated in a way that vegetation indi~ and
backscatter data can be directly compared with crop type and bare soil on individual fielm (e.g. effects of plant cover,
crop height, soil moisture, biomass etc.)
Standard procedures for ground data collection (soils,crops) will be applied, and in addition a field radiometric campaign
(visible and near infrared) will be organiscxt.
TIDlC evolution series of SAR backscatter (ERS-1) and of soil surface and vegetation rcflectances (SPOT,TM) will be
produced for a number of training fields. 1bey will be correlated with ground inventories and measurements through
modelling and multivariate statistics. It is intended to search for complementary image indi~ and/or procedures that
are helpful for monitoring plant condition and mapping soil moisture under intermittent cloudy situations. To achieve
this, methods for internal image calibration using natural reflectance surfaces will be investigated both for SAR and
optical data, or in combination.
1be description of the land use and the study of landscape typology are also a major concern. the chosen test area
(Leuven) includes very small to large agricultural fielm with various shapes and boundary types. Certain parts of the
test area are very homogeneous in land cover or are well structured. 1bey allow the study of image texture and
structure, and their influence on the detectability of important landscape features, such as topographic lineaments and
field edges that are related to erosion, run-off etc. Land cover statistics will be evaluated using a geographic information
systeim(ARC INFO).

~1 CiliaAlqunmenla:
SAR Image Mode : Images every 15/30 days in the period 1/1/90 to 31/121')2.

Anticipal8d Rnulls:
1be plant condition assessment and the mapping of agricultural crops from satellites is considered to be an important
tool for improving agricultural statistics. However, special efforts must be made in small parcelled areas and the latter
are very common in Belgium. Moreover, frequent cloud cover hampers regular ooservanons by optical sensors. In this
respect, the combined exploitation of the high resolution of SPOT data, the spectral bands of TM data and the high
visibility of ERS-1 data, is expected to contribute strongly to an improved monitoring capability of crops and land
surface dynamics.

~
1991 & 1992 Field campaigns (ground surveys and field radiometry.

Acquisition of SPOT and TM data.
Analysis of SAR imagery and modelling of spectral, multitemporal and multisensor signatures.
Crop and land cover mapping.
Production of a.8!!,cultureand land use statistics.

Coordinator: Gombeer
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BRAl
INTERACTION MECHANISMS BETWEEN MICROWAVE
RADIATION, BARE SOIL AND CROPS

PrinciPlll lnw ltigator:
HJ.H.Kux Institute de Pesquisas&paciais. Av.dosAstronaui., 1758,Caixa Pmtal 515, 12201, Sro

Jost dos Campos, Brazil

~
U.W.Palmc/J.V.5oares/ GJ.F.Banon (as above)

Experiment Plan:
(1) Development of a model of soil moisture, and possible also of vegetation moisture, based essentiallyon field data
(dielectric constant, physical and chemical soil data, agrometeorologicaldata etc.) from two distinct floodplain
("v~") areas in NE (Pcmambuco State) and SE (S.PauloState) Brazil.
(2) Based on these models, and ming as well bulk and radiomctricallycorrected ERS-1 SAR images,an analysis and
evaluation of the information content of spaccbome SAR to monitor soil moisture and vegetationwill be performed.

ERS-1 om RBqu1rementa:
SAR data covering the complete 6 month growth cycle of the irrigated areas under investigation is nccdcd. A total of 12
SAR scenes, with a time interval of 15 days, arc requested (bulk and radiomctricalyoorrccted).

Mi~

1990 Comtruction and calibration of a frequencydomain rcflcctomcter.
Field campaigm for soil moisture data collection includingmeasurementsof dielectric oomtants.

1991 Ficld campaigm parallel to ERS-1 data acquisition.
Evaluation of ERS-1 data.

1992 Fmal report.
Periodic progress rcpor1Swill be prepared, including a description of the rc:scarchactivities running, the open problems
and a discussion of Eible solutions.
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CND6
USE OF ERS-1 DATA IN CANADIAN RENEWABLE
RESOURCE APPLICATIONS

Principal kweltigMor:
RJ.Brown CCRS, 1547 Merivale Road, Nepean, Ontario, Canada
~Agriculture: J.Cihlar/ C.Prcva;t/ R.Mu.wikowski/ J.AFJSher (CCRS), AR.Mack (Agr. Canada),
R.Protz (Univ. Guelph), PJ.Howarth (Univ. Waterloo), K.P.B.Thomp;on (Univ. Laval), Q.HJ.Gwyn (Univ.
Sherbrooke), J.Whiting (Sask. Res Council). Forestry: YJ.Lee (Pac. Forestry Cen.), RJ.Hall (Nrtn Forestry Cen.),
W.C.Moore/ R.ASims (Can. Forestry Serv.), D.G.Leckie (Env. Canada), FJ.Ahern/T.T.Alfoldi (CCRS)

Objectives:
(1) Crop identification and crop area estimation.
(2) Crop condition and yield assessment.
(3) Locating and characterising catastropic events.
(4) Detecting and mapping forest change and define methodologies for operational forest monitoring and map updating.
(5) A synergistic role with visible and infrared data.

Experiment Plan:
Agriculture: To collect airborne and ERS-1 SAR data over several comprehensive agricultural test areas aCI'Cl'»Canada
selected to represent the diverse agro-climatic regions of the country. Resources of several agencies have been
combined to increase the amount of ground data that may be collected. 1besc sites have been used since 1988 as part of
an on-going Canadian Radar Data Development Programme. The ERS-1 data will allow for extrapolation of the
airborne results over a large area and for evaluation of small incidence angle C-band SAR data for the various
application areas.
Forestry: SAR data will be collected over several test area ecross Canada which are representative of different forestry
regimes. Ground data on relevant forest parameters such as species, species mix, density, height, age and undcrstorey
and ground cover type will be acquired. The optimum times for detecting change will be investigated. The SAR data
will be supplemented by extensive ground data and measurements taken with a ground based scattereometer (Ku,C,L).

ERS-1 Dma Rlqunmenta:
Agriculture: SAR data for 7 test sites once every 17 days (subcycle of ERS-1 );period April 15 to Sept. 30 first 2 years
of mission.
Forestry: SAR data for 7 test sites approximately once every 3 months for the 2 years, with 2 additional images in July
and August of both years at 2 of the test sites.

Antic:ipmd Rnulla:
(1) It is anticipated that multitemporal data will contribute significantly to crop type discrimination and that single date
SAR. in conjunction with VIR data, will also be shown to be a desirable data set for this purpose,
(2) It is anticipated that the SAR data will be useful for soil moisture estimation (modelling surface roughness) and that
multi temporal data will be able to follow crop development and direct our future research on the use of this data source
for crop condition assessment.
(3) It is anticipated that the study will enable better definition of the accuracy of SAR data for change detection and of
the conditions under which they may be used operationally.
(4) It is anticipated that procedures will be specified to combine SAR and VIR imagery for forest type mapping.

~
Agriculture - Detailed project plan (Mar 90); Preliminary/Final report on preprocessing methodology (Dec91/Jun92);
Preliminary/Final report on classification (Apr92/Jan93); Report on impact of incorporating SAR data into a crop
information system (Mar93); Preliminary/Final report on correlation between soil moisture and radar backscatter
(Nov91/Nov92).
Forestry - Report on analysis of single date SAR for locating changes.(Dec91 ); Report on correlation between stand
parameters and radar backscatter.(May92); Specification of optimum data set for forest mapping.(Dec92) ;Complete
classification of data for forest change and specify optimum data set.(May93); Report on the usefulness of vegetation
indices and principal component analysis for species determination (Jun93).
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Dll-8
ESTIMATION OF STAGE OF MATURITY AND YIELD
PERFORMANCE IN AGRICULTURAL CROPS BY MEANS OF
MULTI-TEMPORAL ERS-1 DATA

Prinap.l Inv1ltigldOr.
W.Kilbbauch Lehrstuhl filrAllgemeinenPflanzenbau,UniversitatBonn, Katzenburgweg5, D-5300 Bonn 1,

Germany Tel: 0228 732871 Fax: 0228 735579

~
G.Kupfer/ W.FOrstner(Institut fur Photgrammetrie, Universityof Bonn), W.Wiesbeck(Institut filr
HOcbstfrequenztechnikund Elektronik, Universitat Karlsruhe)

Objectivea:
(1) To detect temporal changes in radar backscatter of winter wheat and sugar beet crops from images generated from
ERS-1 SAR data and signatures measuredwith a ground-based scatterometer.
(2) To understand radar backscattering in terms of physical and biochemicalparametersof plants and underlying soil.
(3) To compare scatteromcter and ERS-1 SAR data.
(4) To determine suitable configurations of SAR systems in terms of wavelength. polarization,incidenceangle and look
direction for monitoring plant parameters at different growth stages with no or negligible influenceof the soil.
(5) To combine ERS-1 SAR and Landsat TM optical data for the identificationof crop type and estimationof yield
vitality and yield performance.

ExperimentPIM:
Backscatteringdata from winter wheat and sugar beet fieldswill be established from ERS-1 SAR and ground-based
measurementswith a scatterometer which will be operated several times during the crop growing season.
Simultaneously,plant and soil parameters will be oollected, includingplant biomass, LAI, stand height and water
content, and soil demity and moisture. Correlations between these parameters and canopy backscatteringwill be
calculated. The SAR data used will be oorrccted geometricallyand radiometrically. Additionally,Landsat TM data will
be processed and combined with ERS-1 SAR data to improve identificationof crop type and vitality.
Test area: KOln-Aachcncr-Buchtarea, Germany ( 50"30'-51°10'N, 6"30'-7°20"E).

ERS-1DmaAlquhmenl8:
MultitemporalSAR images for the test area.

Antidpmd Rasulta:
(1) Better understanding of relationships between radar backscatteringand plant/SOilparameters.
(2) Definition of suitable combinations of wavelength. polarisation, incidenceangle and look direction for monitoring
crops at different growth stages.
(3) Evaluation of the utility of scatterometer and ERS-1 SAR data for estimating crop vitality and yield performance.
(4) Evaluation of the utility of SAR and VIS/IR sensor data combinations for an improved crop identificationand
estimction of crop vitality and yield.

MileaoneslDeliverablea:
Status reports every 6 months from July 1990 to December 1993.
ERS-1 workshop/conference abstracts.
Scientific~rs.
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MOISTURE USING MULTI'I'EMPORAL ERS-1 AMI DATA

ERS-1 Agriculture and Soils

- Dll-12

Prlncipllllmi11tlgaor:
W.Mauser Institute for Physical Geography, University of Freiburg, Werdcrring 4, D-7800 Freiburg,

Germany Tel: 0049 761203 x4451/4431 Fax: 0049 761203 4464

Qijec:tiYea:
(1) To conduct a pilot study on the utility of multi-temporal ERS-1 AMI data fro the determination and modelling of the
plant water status and the spatial distribution of cvapotranspiration, which is one of the major components of the
hydrologic cycle.
(2) The information content of the ERS-1 AMI data concerning land use, pedology and soil moisture will be determined
in a 50 km2 study area in the Upper Rhine Valley near the city ofFrieburg.
(3) Development of techniques to combine ERS-1 data with SPOT Pan and Landsat TM data to enhance their
information content.

Exper'.ment Plan:
Commissioning phase and 35-day repeat cycle AMI data will be used to monitor land cover changes in the study area
during the 91/92 growing season. This will be backed up by intensive ground data collection, including a crop inventory
of the study area, weekly measurements of plant parameters (biomass, LAI, stomatal conductance) of the most important
crops in the study area, continuous recording of soil moisture status at 12 sites and simultaneous measurement of the soil
moisture distnbution on selected fields using microwave (L-band) dielectric probes. Surface roughness will be
determined through the digital processing of stereo video images. Plant coverage will be monitored weekly on selected
fields using video cameras and through classification of the digitised images. Correlations between the gathered ground
data and the change in AMI signal will be conducted to extract functional relationships betwen AMI signal and plant
cover, plant architecture and soil moisture depending on differences in soils. The extracted information from the multi
temporal AMI data will be integrated into a GIS. An existing model will be run to determine the cvapotranspiration of
the surface with and without the AMI-derived information and the results compared.

ERS-1 Data Alqulrementa:
Multi-temporal images of 2 scenes (ascending and descending) of AMI SAR data from the Upper Rhine valley near the
city of Freiburg (48°N, 7°38'E) during the Commissioning Phase and the 35 day repeat cycle through the life-time of the
ERS-1 mission.

Anticipad Rnultl:
(1) Increased understanding of dynamic hydrologic processes and their variability in space. The ERS-1 AMI data are
expected to be of particular value for hydrologic applications because of their weather independence and their potential
for soil moisture determination.
(2) Experience in the integration of SAR data in existing geographical information systems for the modelling of land
surface processes.
(3) Basic knowledge of the information content of single frequency multi-date SAR data for hydrologic and agricultural
applications.

Mleltonee/Dllliverablea:
Status reports.
ERS-1 wor~conference abstracts.
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Dll-13
REGIONALISATION OF SOIL WATER CONTENT BY MEANS
OF ERS-1 DATA

Princip.i lnVIltigatcw:
H-R.Bork Institute for Ea>logy,Dept. RegionalSoil Science,TechnicalUniversityof Berlin, Salzufer 11-

12. 1000 Berlin 10, Germany Tel: 030 314 73520n3521 Fax: 030 314 3222

~
C.Prietzsch (as above)

Objectivea:
(1) Correlation of soil water contents (ground measurements)with radar backscatteringvalues.
(2) Parameterizationof the soil roughness and canopy status and examinationof their influenceon radar backscatter.
(3) Retrieval of soil water values from SAR data.
(4) Incorporation of regionaliscdsoil water values into ecologicalmodels for water fluxes.

Experiment Plan:
Field experiments during the satellite passes give ground truth values for the soil water content, the surface roughness
and the canopy. These and other soil parameters like the soil bulk density, the matrice potential, the unsaturatedwater
conductivity and the pore volume will be examined in respect of their oontributionto backscattering. Static and variable
parameters arc to be regarded separately. The regionaliscdsoil water content is important as an additional parameter
about near surface soil water measurementswith tensiomcters,which arc employed as initialvalues for ecologicalwater
flux models.
Proposed investigation areas arc those at Uelzen, Salzgitter, Scborfbcidc-Cborinand Dcdclow.

,,

ERS-1 om Rllquhnw1la:
Multi-date SAR data of one of the proposed investigationareas acquired in the CommissioningPhase and/or in the 35
day repeat cycle, preferably during the harvest season.

Facilities to be ~:
Time Domain Reflectomcter for soil water measurements,and instruments for surface roughnessmeasurement.

Anticipmd Alsulla:
(1) Increased understanding of the oontribution of the soil water content, the surface rougncss and canopy parameters to
the backscattering coefficient.
(2) Intlence of variable and static parameters on the backscattering.
(3) Large area regionalisationof soil water content,

.·.-.:.l

MileAJnM/Dlliverablea:
ERS-1 workshop/conference abstracts.
Scientific~rs.
CoordiNdor.Nithack

di
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Fl
USE OF ERS-1 WIND SCATTEROMETER OVER LAND
SURFACES: ANALYSIS OF THE SPATIAL DISTRIBUTION OF
RAINFALL EVENTS THROUGH THE CHARACTERISATION
OF THE HYDRIC STATE OF SOIL AND VEGETATION IN SUB
TROPICAL WESTERN AFRICA

PrincipallnYe-tige'nr.
Y.H.Kcrr LERTS, 18 Ave E. Berlin, 31055 Toulouse Cedcx, France

Tel: (33) 274472 Fax: (33) 61281410

~
J.Lagouarde/B.SCguin (INRA, Montfavet, France), J.lmbemon (IRAT, Montpellier, France), O.Taamet/Vidal-Madjar
(CRPE, Issy U.S Moulineaux, France).

~
The aim of this experiment is to test the possible use of the ERS-1 Wind Scatterometer over land surfaces for the
determination of soil moisture and soil roughness,

Exper:ment Plen:
The experiment relies upon the cbaracteristics of the sensor (namely C-band, 2 antenna, data acquisition every 3 days).
This ronfiguration will allow the determination of 3 sigma nought triplets for every pixel oorresponding to 2 different
angles. The slope and intercept of the line sigma nought vs angle are related to the surface roughness and moisture as
well as to the vegetation cover. A relatively high acquisition frequency should allow the influence of vegetation to be
taken into account and to monitor rainfall events through the changes in soil moistwc.
The methodology will consist in studying the evolution of the slope and intercept of the sigmc nought vs angle line over
different points in West Africa. The results will be compared to data rollected by the ATSR as well as to climatological
data (AGRHYMET Network) and to the output of bydric budget models. Wbencvcr pos&ble, data from METROSAT,
NOANA VHRR, MOS-1 will also be used. They will allow quantification of vegetation, surface temperature evolution
and cloud rover as well as allow the study of possible sync~
If the method proves to be accuracte enough, the results will be extended to the whole area seen by the sensor.

ERS-1om Rlqukwlwnla:
The study area is located in West Africa, in the Sudano Sabclian area (lat '1JJ0Wto 5°E; long 5°N to '1JJ0N).The main test
site is proposed to be located in Niamey (Niger) and in an area 40km north of Niamey (Dangucy Gourou 13°50'N
2°5'E). Other test sites will be considered in Burkina Faso and Mali.
All ATSR and Wind Scatterometer data covering the study area over the rainy SC&'iOl1 (May-Oct) are requested. The
AMI Wind Scatterometer data should be in the form of fully calibrated and geometrically rorrected sigma nought
triplets, with indication of the oorresponding viewing angles for each. If possible, the ATSR data should be
geometrically corrected and fully calibrated, and if available, corrected for atmospheric effects.
The study period will be the first rainy SC&'iOl1 (May-Oct) after launch. It would be useful to have an acquisition
frequency of 3 days, especially at the start of the rainy SC&'iOl1.

Anticipmd RBUta:
Main results will be in the form of algorithms and rainfall/soil moisture maps.

June-Nov89 Field experiment in Niger.
Nov89-Marcb90 Data analysis, processing of remotely sensed data.
Post-Launch
1st rainy season
After the rain_r season

Acquisition of ERS-1 data; collection of ground data and satellite data from other sources.
Algorithm development, data analysis, publication of results.
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F12
EXTRACTION DES PARAMETERS DE SURFACE
TEMPERATURE ET EMISSIVITE SPECTRAL ET
ANGULAIRE, DES SOLS A PARTIR DES DONNEES ATSR
DANS L'INFRAROUGE THERMIQUE.

Prlncipel~
M.Ph. Stoll LSIT/GSTS,ENSPS,UniversiteLouis Pasteur, 7 rue de l'Universitt, F-67000 Strasbourg,

France Tel: (33) 88 35 51 50 Fax: (33) 88 60 75 50

Co-lnveltigmora
F.Becker (Professor of Physics, ENSPS),M.Raffy (Professor of Mathematics,ENSAIS).

Objectiws:
(1) To investigate the possibility of extracting surface parameters, temperature and emittance from the multispectraland
double angle data obtained by ATSR over continental areas.
(2) To develop methods and algorithms for satellite data processing, and develop fieldwork in order to validate the
procedure.
(3) To investigate the possibility of an efficient temperature/emittance decorrelation technique for further analysis of
land surface parameters and temperaturemonitoring.

Exper'• 11MtPlen:
ATSR has been designed for accurate SSTmeasurements.If the ATSR is to be used s~fully over land surfaces, as
AVHRR bas been, there are a number of important areas of conc:crn.Firstly, the conical scanning geometry in new and
needs to be carefully studied. Seoondly,but of a more fundamental nature, are the problems related to the surface
parameters:variability and high dynamic range of the surface temperature, and insufficient knowledge of the radiative
behaviour of land surf.aces.Third, the perturbations introducedby the atmsopbcrc are not independent of the surface
parameters because of the reflection of the downward atmospheric radiation.
There arc 3 main components to thework plan:
(1) Thermal infrared radiometry and field campaign: 2 aspectswill be given particular attention (a) spatial variabilityof
the spectral emissivity and (b) angular variation of the emissivity of land surfaces.
(2) Atmospheric correction: regression methods developed for AVHRR data will be adapted to the characteristicsof
ATSR and to the particular area of interest,
(3) Decorrelationbetween emissivity-temperatureand scaling problems: new methods for emissivity/ temperature
decorrelationhave been developed for aircraft and AVHRR data. The same procedure will be applied to ATSR data.
Test areas
For validation studies: Albaccte in Spain; For complementary local studies: La Crau, southern France; For thematic
studies: Niger sites at Niamey and Taboua(Ibecctenc).

ERS-1Dita Rllquiremenla:
ATSR data covering the test areas. Full resolution (lkm x lkm), 3 channels (3.7µm.,llµm., 12pm) day/night.

AnticipmdRMulta:
(1) Field radiometry: Local measurementsof emissivity (spectral and angular variation). Spatial variability of
emissivity, surface temperature, brightness temperature. Atmospheric downward radiation at ground level.
(2) atmospheric corrections: Algotithms for surface parameter retrieval.
(3) Emissivity-temperature decorrelation: Mapping of surface parameters at regional scale. Mapping of surface
temperature for thematic analysis.

Mi~
1990 Theoretical studies for atmospberic correction.

Preliminary field campaign and selection of specific test sites.
1991 Main field campaign.inSpain (May/June).Analysisof aircraft and satellite data.
1992 Complementary field campaign in Spain for control and validation. Field campaign in Niger.
Coordination: Gombeer
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UTILISATION DURADAR A OUVERTURE SYNTHETIQUE DE
ERS-1 POUR LE SUIVI DES BILANS HYDRIQUE ET
HYDROLOGIQUE

Prtncipml~
G.Guyot Station de Bioclimatologie, INRA, B.P.91, Montfavet, France

Objectivea:
A l'interieur de cc projet deus themes complementaires seront abordes, Ils corresponent lldeux etats hydriques clifftrents
des sols: sols satures et sols non satures,
(1) Calage et validation de modeles de bilans hydrologiques de bassins versants lll'echelle agricole.
(2) Estimation et cartgraphie de l'humidite volumique de surface d'un sol.
Le premier theme sera complete par une ttude agronomique destinee lldeterminer !'impact de la sursaturation des sols en
periode hivernale Sur la phase d'implantation des eereales.

Experiment Plan:
Le site experimental
Le site experimental initialement prevu en Beauce a ttt deplace lll'ouest en fonction des informations obtenir sur les
orbites de ERS-1. La zone d'expenenee est ainsi situee en bordure de la cOte atlantique, au nord de la latitude de La
Rochelle.
Ca/age et validation de mode/es de bi/ans hydrologiques de bassins versants tl l'khelle agricole
Une premiere phase du travail consistera llcaracttriser l'ttat hydrique du bassin versant en confrontant des mesures
efI~ A 3 tcbelles clifftrentes: a). des mesures locales an sol, b). des mesures aeroportees scion des axes
(diffusi~tre ERASME du CRPE et radiotbermometre), c). des mesures satellitaires (ERS-1, AVHRR, METOSA1).
Une seconde phase consistera lltester clifftrents mcxltles hydrologiques plus ou mains complexes. Ccrtains d'entre cux
ont ttt modifi~ afin d'y inclure une information sur l'ttat hydrique du bassin versant.
Estimation et cartgrapbie de l'humidue volumiquede surface d'un sol
L'ttude se fera sur un nombrc limitt de parcellas tests d'environ 10 ha. Les criteres de choix seront ttablis de maniere ll
privilegier les effets de la rugosite ct de la texture. Unc analyse sur la variabilitt spatiale de la tencur en eau de surface
de chaque parcelle dcvrait pennettre d'ttablir un protocolc d'tcbantillonnagc au sol.
A cbaque passage du satellite, des mesures d'humiditt au sol seront cffcctu6:s sur cbaquc parcelles. Ccs mesures seront
cnsuite confrontees aux donntes satellitaires et dcvraient pennettre d'ttablir les relations: himiditt de surface = f (sigma
nought, rugosite, texture) ainsi quc la precision que l'on peut en attendrc.
En appliquant ces relations aux cartes de sigma nought et en las superpasant aux cartes d'occupation des sol ct
pedologique, on peut obtenir une cartographic de l'himiditt de surface. D est prevu de proceder llquclques controles sur
des parcellcs clifftrentes des parcelles tests afin d'estimcr la qualitt des cartes produites.
Coordinator: Sieber
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MODELLING MICROWAVE/SOIL INTERACTION FOR
INTERPRETATION OF SAR DATA IN THE ITALIAN
OROGRAPIIlC AND CLIMATIC CONDffiONS

Prindpm lnw-tigldor:
P.Pampaloni CNR/IROE, via Panciatichi,64 - 50127, Firenze, Italy

Tel: 39 55 4378512 Fax: 39 55 430893

~
R.Cassinis (Inst. of Geophysics, Univ. of Milan), D.Solimini(Dept. of Electronics,Tor Vergata University,Rome),
S.Paloscia (as Pl)

Objec:tivea:
(1)The study of SAR contributions to the measurementof certain geophysical parameters, such as the soil moisture,
roughness, vegetation indices and snow cover, which influence the radar backscatteringand are of fundamental interest
in geophysical appucanons.
(2) To evaluate the possibility of separating and measuring these parameterson a spatial and dynamic scalewhich is
appropriate for the Italian orographic and climatic conditions.

Experiment Pim!:
(1) Physical and statistical scattering models, developed to relate some basic geophysical parameters to SAR data, will
be implemented in order to obtain suitable specifications (accuracy,dynamic range, resolution) for hydrologic
applications in Italy.
(2) Backscattering values of bomogeoeous zones will be estimated by the analysis of multi-temporal SAR images and
compared with ground truth data and model predictions.
(3) Simultanco~ IIJCmurementsof emissivity carried out by means of an airborneMulbDandMicrowaveSensor
Package (MMSP) will be collected to test theoretical relationshipsbetween emissivity and backscattering, and to study
the contribution of radiometry in radar calibration.

ERS-1 Data R8qulrementa:
Multi-temporal SAR images of one scene in both Central and Northern Italy acquiredwith the 35 day repeat cycle at 23°
or 35° incidence angle (at least 3 observational periods in different seasons).
SAR FDPs as well as geometrically and radiometricallycorrected SAR imagesare requested.

F.atties to be~:
Helicopter-based passive microwave sensors, and instruments for ground truth ~ment of soil moisture, roughness
and vegetation parameters,

Anticipal8d Rnulta:
(1)A better knowledge of the relative contribution of volume and surf.acebackscattering to the total backscattered
energy from natural surfaces (soil/vegetation/snow).
(2) A contribution for the extraction of geophysical parameterswithin a margin of error aa:cptable for hydrologic
applications.
(3) It is expected to develop a capability for discriminationof 3-4 levels of soil moisture on bare soil, 2-3 levels of
roughness and 2 states of snow (wet/dry).

Mi~
1991 Detailed planning of the experiments, simulatiom and preliminary test of the models.
1991-92 Experiments with ground truth campaigns and airborne sensors. validation of models. Evaluation of

the results.
Status reports and scientific papers.
Coordinator. Nlthack
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INDl-la
MAPPING AND ESTIMATION OF SOIL MOISTURE IN
DRYLAND FARMING AREAS

Prlncip.i llwlltigftr.
L.Venkataratnam NRSA, Hyderabad, India

~
R.S.Dwivcdi/ B.R.M.Rao/ T.Ravi Shanker/ S.S.Tbammappa/N.Bhagat (as above)

OtJiectivM:
To detect soil moisture in dryland farming areas and to map it.

Exper'llTMlfrtPl8n:
For different land cover types identified from I....aOOslt/SPOT/IRSdata, ground measurementsof soil moisture will be
made using dielectric probes and gravimetric analysis. This will be correlated to SAR images using visible and digital
techniques. Soil mapping over larger areas will be attempted.
Test area: 16"20' - l7°1C1N,81°25' - 82°15'E.

ERS-1 Data Aequiremenla:
SAR images (UI 16) and photographic products.
May-Jul 91 - Once every 6 days, total 15 scenes.
Aug-Dec 91 - Once every 35 days for 2 sites (GodavariDelta and Hyderabadarea), total 10 scenes.
Jan-Mar 92 - Once every 6 days, total 15 scenes.
Apr-Dec 92 - Once every 35 days for the 2 sites, total 18 scenes,

AnticlpmdRMutla:
(1) A mcthodolgy for soil moisture estimation from SAR data.
(2) Relationships between soil moisturemeasurements from SAR under different soil parameters such as soil type,
surface rou~ soil depth, topography, etc.
Coordinator: Ninan
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'

MAPPING AND ESTIMATION OF SOIL MOISTURE IN
DRYLAND FARMING AREAS

Princlpel n. 1lltigetnr.
S.Moban, SAC, Ah"""4abad, India

~
R.L.Mehta/ P.Patel (as above)

~
(1) To conceptualise and develop a soil moisture retrcival algorithm for dryland fanning and irrigated areas.
(2) To estimate the sub-surface soil moisture by modelling.
(3) To analyse the suitability of ldB and 2.SdB radiometric resolution data for soil moisture detection.

Experiment PIM:
SAR images will be calibrated to provide backscattering coefficients, and these will be related to ground values of soil
moisture. Using the 3 day repeat cycle, changes in soil moisturewill be analysed. assuming that other soil parameters
remain the same. Using lOOmspatial resolution and ldB radiometric resolution, the relative importancewill be a.w:ssed
regarding spatial and radiometric resolution. Physicalmodellingwill be attempted for sub-surface soil moisture
estimation.
Test areas: 1. 27° - 28°N, 77"30' - 78"30'E.

2. 27°4f1 - 28°4f1N,76"30' - 77"30'E.
3. 22°15' - 23°15'N, 72° - 73°E.

ERS-1[)Illa Alquhrnenls:
SAR.UI16, SAR..PRI,photographic products for all sites.
Also, ldB radiometric resolution image data over test sites 2 and 3 once each during May 92 and May 93.
May-Jul 91: Arca 1 - 2 times a month with 3 day repeat.
Aug-Dec 91: Areas 2 & 3-Once every month.
Jan-Mar 92: Arca 2 - 3 times a month with 3 day repeal
Apr 92 - Dec 93: Areas 2 & 3-Once every month.
Jan-Mar 94: Arca 2 - 3 times a month with 3 day repeal
Apr- 94 - Mar 95: Areas 2 & 3 - Once in Apr, Sep, Dec 94 and Mar 95.

Mi~

(1) Reports on ground based experiments and the use of SAR.
(2) A status note on methodology.
(3) Fmal report.
Coordlnalor: Ninan
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REMOTE SENSING OF RICE CROPS AND VEGETATION
PENETRATION MEASUREMENTS BY ERS-1 SAR.

ERS-1 Agriculture and Soils

J2

Prlndpm lmo111tigator:
M.Fujita CommunicationsResearch Laboratory, 4-2-1 Nulruititamachi,Koganei, Yokyo

~
MSatake, T Kurosu

Objectiwa:
(1) To investigate the feasibility of rice crop remote sening with a C-band space SAR and of crop classification.
(2) To evaluate C-band microwave penetration into a vegetation canopy.

Experiment Plan:
Quantify backscattering intensity from rice fields using comer reflectors and active radar calibrators, and relate to crop
conditions. Compare image intensities of standard targets inside and outside of a vegetation canopy.

ER&-1Data Requirements:
SAR image (engineering products) covering the study area,which includes farm land at Ohgata Mura (40°00N,
140°00E) and the disused Akita Airport (39°42'N, 140°05'E). (Reserve study area :Kashimaarea - 35°57'N, 140°40'E).
Data acquisition interval of approximately 2 weeks is preferable (i.e. as possible using 35day repeat cycle).

Facilities'°be DeploY'ld:
Square trihedral comer reflectors, active radar calibrators, ground based L,C and X-band scatterometer.

~=
Active radar calibrators will be developed by early 1990.
Scatteromcter measurements of rice crops will be made simultaneouslywith SAR observations during the growing
season of rice crops, which is mainly June-Oct.
Coordination: Fujita
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UK8
UTILISATION OF ERS-1 SAR IMAGERY FOR AGRICULTURE
APPLICATIONS

Principal lnYestigatior:
N.Veck Marconi Research Centre, GECResearchLtd., West HanningfieldRoad, Great Baddow,

Chelmsford, Essex

Co-lrwestigator
AJ.Rye/ G.Auker (as above), S.Quegan (Sheffield University),Ms.AWielogorski (Hunting Technical Services),
G.Holmes (Cambridge University).

Objec:tiYes:
(1) Crop identification and classification.
(2) Crop monitoring (stat, disease,age).
(3) Crop yield forecasting.

Experiment Plan:
Thework undertaken during the ERS-1 campaignwill asses how the multi-temporal aspect of the data can be employed
to help achieve the long term objectives.
The project will require development and testing of image processing software in order to interpret the multi-temporal
data.
The development of backscatter modelswill aid informationextraction from the ERS-1 data. Numerous types of model
havebeen developed, these include empirical, semi-theoreticaland theoretical models.
The results of using crop claMificationroutines using SARwill be assesed agaimt thme obtained using optical imagery.

ERS-1 o..a Allquirementa:
~ARdata for the Feltwell!lbctfortl site is required for the study. However, if ERS-1 mission considerations make this
rnsuitable, any SAR data covering agricultural/forestryareas of the East Anglia region, UK, will be requested as an
alternative.
.\I.Ipossible images of the test site from April to September for at least 2 consecutive growing seasons are required.

=acilitin to be~:
) ) Ground based C-band scatteromcter.
:2)Agricultural ground data collection team. including a) dielectricmeasurements, b) crop, soil moisture measurements,
md c) crop, soil geometry etc.
3) Corner reflector targets and possibly a C-band transponder.

linticipatlld Aasulta:
)epending on the success of the study to assess crop types and states from the ERS-1 SAR data it is the aim of MRC to
iresent examples of how SAR data may be used in the future to produce land use maps.
Aordinallor: Gombeer
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CHANGE DETECTION APPLIED TO THE ESTIMATION OF
THE YIELD OF CEREALS

ERS-1 Agriculture and Soils

UK.13

Prlncil* lnlMltigRr.
S.Quegan Department of Applied and ComputationalMathematics,University of Sheffield,

Sheffield, UK

~
G.Foody/ P.Curran (University of Swansea),

())jectiYea:
(1) Use of ERS-1 data for land cover mapping and differentiation of cereal crops,
(2) Modelling the relation between backscatter and cereal biomass,
(3) Assessing relevance of the model to harvest yield predictions.

Exper'.mentPIM:
(1) Accuracy analysis of extracted RCS measurements, and its impact on classificationusing SAR data alone or in
combination with other sensors.
(2) Data gathering guided by model restraints.
(3) Empirical and physical modelling of observations to extract biomass (training and control groups used).
(4) Testing of predictions.

ERS-10...~
All available SAR images of the Feltwell,UK test site during the main growing season (March to August) over both
years of operation of the satellite (more if the satellite lifetime is extended). Minimum revisit time is 2 weeks.

Anticipmd RMulla:
(1) Rigorous essessment of the basis and methods for deriving time-seriesof RCS values of cereal fields from ERS-1
data, including statistical significance and standard error of measurements.
(2) Application of such time-series to modelling backscatter and yield.
(3) Development and ~t of map and multi-sensor image matching techniques.
(4) Assessment of possible classificationaccuracies using SAR alone and in combinationwith other sensors.

~
Precise schedule de~ on launch data, its relation to the growing period, and lag times in SAR data reception. A
large part of the growing season in each year will be taken up with data-gathering and laboratory analysis. Data analysis
will be undertaken mainly over the autumn and winter periods. Deliverables (in the form of reports) will be every 6
months of each year, probably in November (ground data results) and April (SAR analysis results). There will be a final
report produced mid-way through 1993.
Coordination:Gombeer
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USlO
MEASUREMENT OF SPACEBORNE RADAR SIGNAL
PENETRATION IN NATURAL SURFACES AND COVER

Prlndpll ln\l'lltigft •.
T.G.Farr JPL, 4800 Oak Grove Drive, Pasadena, CA Tel: 818 3549057

~
C.Elacbi/J van ZyV S.Wall (JPL), P.Hartl (Institute for Navigation, Univctsity of Stuttgart), J.Nitback (DLR),
G.SCbabcr(USGS, Flaptatl)

~
To measure C-band microwave penetration in a variety of natural surfaces in order to better understand the physics of
microwave interaction with natural volumes and to support the quantitative interpretation of ERS-1 image data.

Experlnwnt PIM:
It is planned to use compact self-contained receivers and transponders deployed at varying depths within the volumes.
Areas of interest will include arid regions (north Africa, southwest US), vegetation covered regions (Black Forest) and
permafrost regions (Alaska).

~1 om.Alquhmenta:
Most of the data for the proposed researchwill be acquired directly by the receivers. Therefore, the main requirement
on ERS-1 is that the SAR be ttansmitting at specific times to illuminate the sites of interest, A limited number of full
rcsolution SAR images will be required in order to map buried features, make usc of the active trampondcrs, and as
ancillarydata to assist in location of receivers relative to beam centre and to assess the uniformity of target amditiom.
Coverage of the sites in several scasom will be required.

Fllcilltleato be ~:
1bc rca:ivcrs have been designed to be compact and rugged enough for field usc (built by Imtitutc of Navigation,
University of Stuttgart) .
.tlNri.- .lic::ipmdAIUta:

It is cxpccted to obtain measurements of C-band microwaveattenuation in soils as a function of soil moisture and
structure, in vegetation as a function of type and density, and in permafrost as a function of sem;on. Tbcsc data will then
be lR<1 as input to existing microwave interaction models to improve quantitative interpretation ofERS-1 SAR images.
~~llllnl- Weller
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Al
(SNOWAND ICE PROPERTIES BY AMI SAR DATA

Prlnclpm llnvlntlCll"'•.
ff.Rott Imtitute of Meteorology and Geophysics, University of lnmbruck, Innrain 52, lnmbruck.

Qbiec:IMa:
(1) To determine the capabilities of spaccbomc C-band SAR for the detection of physical and morphological properties
of the snow cover and of glaciCIS.
(2) To study the use of multi temporal SAR data and to develop suitable algori~ for change detection regarding snow
cover and glaciers.
(3) To develop and test radargrammctric methods for SAR data analysis and for generation of thematic products for
mountain regions and for glacier areas,

Exper'.ment PWI:
For the extraction of physical properties of snow and ice from SAR data it is ncccssary to achieve high radiometric
accuracy by averaging over sufficiently large bomogeneous areas, For this reason a glacier plateau with the side length
of 4k.m in the Alp> at OtztaI. Austria, bas been selected as the main test area. A research station of the University of
Innsbruck. is located at Otztal and it is planned to carry out detailed in situ measurements over one full summer season.
Backscatter and emission properties of the fim area in C-band and X-band will be measured from a tower; dielcctrical
and textural properties of the snow cover and glacier ice will be mcasurcd at various locations of the test site.
Radargrammctric investigations arc planned for the Otztal test site and for the test site at Hofsjokull in Iceland. For the
Iceland test site radargrammctric studies have previously been carried out using Scasat data. The work will include the
development and testing of gmroding algori~ for oomplcx terrain and for the generation of multi-temporal data sets.
Multi-sensor data sets based on SAR and high resolution optical data will also be generated and analysed.
The capabilities of spaccbomc SAR for aa:urate mapping of glacier boundaries, of accumulation/ablation areas, of the
seasonal snow CXJVer,and of features of glacial morphology will be studied. The final goal is the development of
optimum procedures for the extraction of thematic information from SAR and for the integration of the products in geo
a>dcd information systmm.

ERS-1Dda~
SAR: every 16 days from June to October, with day/night c:ovcragc of the Otztal area desirable for one season.

F8Cllllea tD be~=
Field equipment for mcasurcmcnt of dielectric properties, snow and ice parameters, C/X-band backscattering and
e~ion signatm:s.
Comer reflectors.
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A2
ACTIVE MICROWAVE SIGNATURES OF THE POLAR ICE
SHEETS BASED ON ERS-1 AMI WIND SCATTEROMETER
DATA

Prlndpel lruullgatnf.
ff.Rott Institute of Meteorology and Geophysics, University of Innsbruck, Inmain 52, lnmbruck

()bjec:IMa:
(1) Mapping of the backscatter properties of Antartica and Greenland for studies of physical snow and ice parametets, of
snow accumulation rates, and of melting features.
(2) Comparison of ice sheet properties derived by AMI wind mode data with AMI SAR data and in situ measurements
over limited areas.
(3) Support of sensor cahbration.

Experiment PIM:
As expected from theory, clear dift'crena:s in backscattering wil be observed between melting and dry snow zones so
that the extent of summer melt areas can be mapped. In dry snow, because of the deep penetration, the backscattering
data will provide information on the physical properties of the snow volume. This information will be of value for the
radar altimeter studies and for the analysis of accumulation rates which are a key element for the dynamics of the ice
sheets. The analysis of the scattcrometcr data will be carried out for Antarctica and Greenland.
The permanently dry parts of the ice sheets bold great potential for extcmal cahbration of active microwave scnsors. As
concluded from the study of pas&ve microwave data, it is expected that the bsdscattcring oocfficient is very stable in
time in these~ The Ronne/F"llclmcrice shelf in Antarctica, which shows no surface melt and is very Oat and
homogencom, is proposed as an extcma1 target for monitoring of sensor stability. Because ofthis bomogcneity, this
area will also be suitable for comparing AMI wind mode and SAR mode. For cahbration purposes it is necessary to get
the wind mode data of the test site with high temporal fn:qucncy.
The information amtent of AMI data at high and low spatial resoluti~ (SAR mode and wind mode) will be a.wssed
over the ERS-1 ~t area south of the German Antarctic station covering a wide range of snow and ice types as well as
ice-free mountaim. Detailed in situ measurements are plaiincd in this area for ex>mparison.

ERS-1[)Illa Rlqukwnenta:
Complete AMI wind mode oovcragc of Antarctica and Greenland in different seasom (at least winter and summer)
AMI wind mode and SAR data for Fllcboer/Ronnc ice shelf, and EksUOmice sbclf/Ri1ScberUpland (once a month for
wind mode, and 4 SAR scenes per year).

Faclltiesto be~
Fieldequipment for measurement of dielectric properties, snow and ice paramc;tets,C/X-band backscattering.
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CH2
ERS-1 AMI DATA FOR SNOW COVER ESTIMATION AND
RUN-OFF FORECASTING

Prlncif* m1ltigatnr:
H.Hacfner Remote Sensing Laboratories,Department of Geography, University of Zilrich,

Winterthurcrs~ 190, Zurich

~
Scientists at six Swiss Research Institutes.

Objectives:
The main purpose of the experiment is a careful investigation of the potential of ERS-1 AMI data to improve the
accuracy and forecasting precision of an already functioning operational snowmelt run-off model. During the period of
April/May when run-off rates arc highest in the Alps, the cloud cover problem is particuJarlysevere. Both scientific
validation and application oriented objectives arc being addressed.

Exper'.mentPIM:
The main test area, the "Rhcin-Felsbcrg"basin, where the run-off model is already implemented, is located in the eastern
pan of the Swiss Alps and has a size of 3249 1cm2.In addition the prcalpinc "Thur River" basin is also subject to
hydrological research programs including snow cover accumulationand mcltwater run-off studies.
Scientific validation includes the testing of the feasibilityof the AMI data to retrieve snow cover parameters, especially
the area covered bywet snow. Both SAR and the wind scatcromctcr (with optimised spatial resolution) arc to be tested.
Application validation will euminc the pos&bilityto improve the snowmclt run-off fmc:c.ting by implemcntating
snow cover information from the AMI data into existing operational systetm in near real time under the boundary
conditionc;of the actual flight and management conditiom of ERS-1.
The experiment is well coordinated with other European projects on the same topic to get a full understanding of ERS-1
applicatiom for snow hydrology with special reference to the Alps, and it combines all major Swiss imtitutions active in
snow hydrology, run-off forecast modelling and/or remote sensing.

~1 om. RBqunmenta:
SAR: day/night, every 16 days, near real time.
AMI wind mode: Experimental, large area coverage.

F.alltiea to be lllployied:
Field equipment for dielectric measurements, snow parameters and soil properties. Also, multi-frequency microwave
scattcromcter/radiomcter 2-12 GHz.
Coordinator: Rott
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SF2
APPLICATION OF ERS-1 ACTIVE MICROWAVE
INSTRUMENTATION DATA TO REMOTE SENSING OF SNOW

Prlndp.i lrMIdglb'.
M.T.Hamkaincn Laboratory of Space Technology, Helsinki University ofTccbnology, Otakaari 5, Espoo,

Fmland

~
B.Goodison (Ahn. Env. Can.).

Clbjec1iwe:
To evaluate the feasibility of ERS-1 Active Microwave Imtrumcntation (AMI) to remote sensing of snow cover. Snow
cover extent, snow water equivalent, snow depth, snow liquid water content and snow surface properties arc all of
special interest, The four main ~pcCISof the investigation arc:
(1) Use oftest sites with different land cover categories (one in Fmland, others in US/Canada).
(2) Use of several different instruments (active and passive microwave, gammaray) for airborne measurements at the
two test sites during two winters.
(3) Use of additional satellite data.
(4) Extensive field measurements at the test sites.

Exper'.,,.lt AM:
The main land cover at the Fmnisb test site is sparse oonifcrom foR:stwith open areas (bogs, clear-cut areas, and
tundra). US/Canadian test sites arc located in different climatic regions from the Praries to the Alaic region.
The airborne measurements will be carried out as undcrfligbts at the time of ERS-1 passes. Well d<x;mncntcdtransect
lines arc being surveyed as well as imaging large areas with SLARISAR.

8& 1DlllaRlqukwlwllll:
SAR: one image per week per region.
AMIwind mode: experimental

F.alltiesto be~:
Fieldequipment for dielectric measurements and snow paramcteIS..Scattcromctcr and miaowavc radiometer.
Heliroptcr (Fmland) with 5/10 GHz scattcromcter, 5135GHz radar polarimctcr and 6 frequency MW radiometer.
9.5 GHz SLAR (Fmland)
SAR580 (Canada)
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UK7
jERS-1 HYDROLOGY AND WATER MANAGEMENT

Prtncip.i in... ltigetor.
IC.Blyth Insnnne of Hydrology, MacleanBuilding,Wallingford,OXON,UK

Co-ft I ltigetrn:
E.C.Barrct (Bristol Remote Scming Unit), J.W,Fmcb/ CJ.Holwill/ J.B.Stcwart/ J.S.Wallace(lmtitute of Hydrology)

~
(1) To test the ability of the ERS-1 SAR to monitor soil moisture, snow and river flooding under changing ground
oonditiom.
(2) To develop methods of incorporating SAR data into existing hydrologicalmodels and forecasting procedures to
improve their performance.
(3) To test and improve the methodology of hydrologicalground data collection over large areas for satellite SAR
validation.

Expefinwrt PIM:
SOIL MOISTURE:: F1atgrassland sites will be used as the mast seasonally stable reference surface within which soil
moisture will be either measureddircctly with neutron or dielectricprobes or calculated usingwater balance models and
local meteorological measurements. Sites representing the major soil groupings will be sclcctc:dwith reference to : a) the
quality of available soil moisture data, and b) their case of identificationon SEASATand LANDSAT data as areas of
permanent pasture. The sites will be monitored over at least one annual cycle of wetting and drying and any changes in
surf.aceroughness and vegetation state will be monitored.Mean backscatter values for bomogcncom grassland areas
under changing soil moisture oonditionswill be extracted from the SAR data. 1bcsc data will be compared with ground
validation ~ts and also with predicted soil moisture values from a number of hydrologicalmodels. After
cahbration of the SAR data over arangc of soil moisture oonditions,~sites will be used on both a catchment and
regional scale to gain better understanding on soil moisture distribution.
SNOW: For a number of test sites in the Scottish Highlands,a range of ground data (including spcctro-radiomctric
~urcmcnts) relating to snow parameters (e.g. depth, water equivalent) will be collcctc:dat tbe overpass time of ERS-
1.The ground information, together with NOAAAVHRR and, if posslble, Landsat TM imagery, will subsequently be
compared with ERS-1 SAR data. The potential for the definition of snow amditions will then be asscsscd, and
cahbration of SAR data to specific parameters attempted. High quality digital terrain data will also be employed to
explore the influence of terrain on microwavesignatures, and the importance of vegetation and other surf.acetypes will
be investigated. The results will be used to formulate standard techniques for snow monitoring using ERS-1 SAR
imagery alone or in combination with AVHRR data. Similar techniqueswill be employed in a lowland area where the
snow pack is likely to be shallower and wetter and where snow distn"butionis lea aficctc:dby altitude.
RIVER FLOODING: The ability of the ERS-1 SAR to delineate the extent of floodwaterwill be tested against ground
observations and low level aerial photography taken co-incidentallywith satellite overpasses,

F8CllltleaIDbe lleployied:
(1) Soil moisture mcm;urcment- neutron probes, capacitance probes, tcnsiomcters, volumetric sampling equipment, soil
analysis equipment, evaporation equipment, meteorologicalstances,
(2) Snow mc.urcmcnt - lysimcters, heated raingaugcs, snow corers and samplers, mctcrological equipment,
(3) Aerial photography - light aircraft modification to provide 35mm vertical photography in up to 4 wavebands plus
continuous CCIV monitoring.

~
Largely dcpcndcnt on SAR duty cycle. Peak activity period for ground data collection probably March 19CJ2- March
1993.
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ERS-1 Hydrology

US1-6a (

RIVER AND COASTAL PROCESSES AND
GEOMORPHOLOGY

Prlndp.i """lligatnr:
L.W.Gatto USACRREL, 72 Lyme Road, Hanover, NH 03755-1290

Tel: 603 6464273

CcHw Illig•" 'f'I:
E.Chacho/ D.Calkim/ D.Lawson/ R.Mcllor (CRREL), D.Cartcr (USGS)

ObjectivM:
(1) Monitor glacial sedimentation processes and river, estuarine and coastal ice processes and conditions,
(2) Map and analyse changes in fluvial, coastal and glacial gcomorphic features during the ERS-1 mission,

Exper'.nwrtPlan:
The SAR imagery will be analysed and compared with results from ground studies and from analyses of other remotely
sensed data currently underway. Since the processes to be studied arc highly seasonal, key periods throughout the year
will be chosen to quantify their seasonal variability. The data produced will serve as a base against which future changes
can be compared,
Other satellite imagery, including Landsat TM, NOAA-AVHRR, DMSP, aerial photography and microwave imagery
will be used to correlate SAR image features with surface oonditi~. Analysis of the specific geophysical
characteristics that produce variations in SAR imageswill be the major thrust of the project. Extcmive ground studies
will be necessary to adequately accomplish this.

ERS-1Dela Rlqunmenla:
SAR data with weekly repeats in February, March, May, July, Augmt and November.

~lliclpmld Rleullll:
A better quantification of high-latitude, gcomorphic processes resulting from intcractklm of wcatbcr, land, river and
coastal sea ice proa:sscs Maps delineating coastal geomorphology, sediment pattcrm and coastal ice formation,
distnbution and movcmcnL A data set that can be used for improving current models for pmlicting glacial river bed
changes. Improved understanding of arctic estuarine ice growth and transport proa:sscs A data base for developing
models relating glacier movements and gcomorphic and sedimentary processes

Annual fieldwork and related data a:>llcction.
Anually technical papers and end-of-year report.
Bi-annual project reports.
Final project report·
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SURFACE HYDROWGY AND ENERGY BUDGET ON THE
NORTH SLOPE, ALASKA

ERS-1 Hydrology

US1-6d

Pltnclp.a In;;1lllgetnr.
G.Wcndler/ D.Kanc Geophysical Institute, University of AJm;ka, Failbanks, AJaska 99775-0&XJ/Civil

Engineering Department, University of AJaska.
Tel: 907 474737Bnfl'18

~
To obtain a better understanding of the hydrology and surface energy budget of the North Slope. More specifically,
SAR data will supply information on the characteristics of the snow cover, including its wetness during break-up, and
possibly its liquid water content, the appearance, development and possibly the depth of the active layer throughout the
summer season (the maximum depth is 30-40 cm in late summer) and the state of soil moisture within the active layer.

Expe(.ment PIM:
Field data are presently collected at 3 places north of the Brooks Range: Toolik Lake in the foothills, one intermediate
station, and Franklin Bluff in the tundra. Hydrological data including snow cover, depth of active layer and soil
moisture as well as radiative and meteorological data are available for these 3 points and will be compared with the
satellite data.

ERS-1cmAlqunmenla:
SAR data.
3 day repeat during maximum snow cover period in April.
3 day repeat during melt in May.
Several passes during the summer (June - August) to determine the penetration of the active layer.
Several passes during the frcc:zing of the active layer (fall).
At ~t 1 scene during Midwinter.

1-dlclpmd Aleulla:
A better understanding of the hydrological cycle and the surface energy budget will be obtained. The satellite data will
be especially helpful in extending point ~ts over larger areas on the North Slope of AlaKa, and in similar
tcrraim where few IDC&'iurcIDCDtsare made on the ground.

Annual reports and publishc:d papers.
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..

US1-6e
USE OF ERS-1 SAR DATA FOR DETERMINING ARCTIC
SURFACE WATER DEPfHS

Prlnclplll Inn U'geW.
J.C.Mcllor Bureau of Land Management. 1150 UniversityAvenue, Failhmks, AK 99709

Tel: 9-074742378

()bfec:IMe:
(1) Compare the use ofERS-1 SAR with airborne SLAR used to determineAlaskan Arctic Lake Depths.
(2) Determine the utility of ERS-1 SAR data to expand its use in the CanadianArchipelago and Siberian Arctic for
regional surf.acewater depth interpretation.

Exper:m.nt PIM:
SLAR bas been useful in determining ice thickness and lake depths in Northern~ based on changes in the
intensity of SLAR signal returns from themm: in which ice cover oontacts the lake bottom. This intensity is a function
of physical and dielectric properties of the snow, ice, water, bottom substrates, and ice inclusiom within these lakes. To
study this further, it is proposed to:
(1) Obtain sequential SAR coverage of the Alaskan North Slope at monthly intervals from September 1990 through
August 1991.
(2) Obtain Scptcmbcr, December, March and April SAR images over Canadian Archipelago, and Siberian Arctic that
span the season of ice formation.
(3) Compare Alaskan SLAR, aerial pbotograpm, and depth dctenninatiom with Alaskan SAR. Also compare Alaskan
SAR with Canadian,,5iberianSAR.

Anliclpmld Rleullil:
(1) Determine the use~ of sequential ERS-1 SAR images in refining depths of 21,000 Alaskan lakr:sinterpreted
with SLAR data.
(2) Determine the use~ of sequential SAR images for interpreting ice ~on other Alaskan North Slope and
Yukon/Kuskokwim Delta lakes.
(3) Determine the use~ of ERS-1 SAR for interpreting surface water depths OU1SidcAla.Ua (Canada and USSR).
CoordirmDr: Weller



ERS-1 Hydrology

USl-lOa
FEASIBILITY OF C-BAND SAR FOR ARCTIC/ALASKA
WETLAND STUDIES

Pltncls* Inv ••••••••
J.P.Onmby NASA/GSFC,HydrologicalScicna:s Branch

Tel: 303 286 6811

~
To determine the potential usefulness of C-band radar as a tool to ascertain better wetland extent and vegetation
delineation in conjunction with visible, near- and middle-IRdata.

Exper'.ment Pim:
The main study area will consist of wetland areas in southern Alaska,with special emphasis on the Cook Inlet near
Anchorage. Radar and high resolution visible, near- and middle-IRdata will be used to study the temporal and spatial
changes of wetland areas. Ground truth information on locationof vegetation types, spatial distnbution and biomass
production will be correlated with visible, near- and middle-IRspectral and microwaveresponses.
Study area is lOOxlOOkmcentred on 61°N, 151°W.

ERS-1 Dllla Rlquhrnenta:
SAR images. 1brcc day repeat coverage once a month, April - September. One or two imagesOctober - March.

AuliclpaaKI Rw111a:
Aa:urate delineation of wetlands and information about the extent and types of vegetationdistnbution, in addition to a
map of vcg~tation roughrrss

Ycar 1 Data collection and analysis/ Report.
Year 2 Data collection and analysis/Update of results.
Year 3 Data collection and analysis, includingvegetationmaps showing the biooms and roughness.
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USl-11

'

TERRESTRIAL ENVIRONMENTAL CONDffiONS THAT
AFFECT RADAR BACKSCATTER

Prlnclp.- lnu1<gen.
K.G.Dcan Geophysical Institute, Univmity of Alaska, Fairbanks, Alaska 9'J775-0800

Tel: 91.11 4747364

Co-Im I #ff11h8:
D.Kanc (as above)

~
(1) To identify terrestrial amditiom that modify radar backscatter throughout an annual cycle.
(2) To relate geologic, hydrologic or biologic processes to those cxmdtiom that inflenoe radar signatures.
(3) To quantify how surface phenomena affect the radar signatures,

Exper'.ment PIM:
(1) Initial Rcfcrcnoe SAR imagc-Aaluirc callbrated, full resolution ERS-1 SAR imagery that covers an area within a SO
mile radim of the Al&Uan SAR Facility and the Department of Energy (DOE) long term cnviromncntal monitoring site
on the Arctic C.oastalPlain. Tbcsc images will be used as a rcfcrcnoe for oomparison with subsequent SAR images
collc:ctcdthroughout an annual cycle.
(2) Targeting of Radar Signaturm Modified by Environmental Conditions - Aaluirc SAR images every few days
throughout the annual cycle and axnparc these images to identify areas where the radar signatmc has cbangcd.
(3) Analysis of Envimmncntal Conditions that have Modified Radar Signatlll'CS- JJDDJotiatclyafter the detection of a
modified radar signatmc a team will be sent to the affccled area to asses environmental c:banp that affc:ctcdthe radar
signature. The team will amsist of experts in mctic hydrology, geology and biology that 8IC familiar with the local
cnviromncnL In areas where instrumentation. is being used to monitor cnvironmcnta1 changes the imagery will be
oomparcd to JeWidtd field data.

ERS-1Dlla~
SAR data required for 2 sites: one centml on the ASF, Fairbanks, Alaska and the other a swath extending from Toolik
Lake to the Beaufort Sea ooast on the Arctic C.oastalPlain. Imagery at both sitr.s should be mUcclal every 3 days in the
first year, especially during criitic:alpcriOdssuch as in the spring and fall, and oocc a wcc:t in the sccxmdyear.

AnlldpmdRIUla:
(1) A better undclStanding of terrestrial, environmental CX>Dditionsthat influence radar signatures.
(2) Evaluation of seasonal factors that influence radar signatlll'CS. ·
(3) Provide a basis to select the optimum time to record specific environmental amditions.
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ERS-1 Cartography

AUS4
EVALUATION OF THE USE OF SAR IMAGE DATA IN
CONJUNCTION WITH A GEOGRAPHIC INFORMATION
SYSTEM FOR MAPPING IN A TROPICAL ENVIRONMENT

Principm lm-mige'or.
N.Divett Department of Geographic Information, PO Box 40, Woolloongabba,Old 4102, Australia

~
R.Priebbcnow/ T Danaher (as above).

Clbjec:liwa:
(1) To investigate the suitability of radar imagery for topographic mapping and map revision.
(2) To analyse the positional accuracy of data produced from SAR imagery.
(3) To investigate data formats appropriate for topographic mapping.
(4) To investigate the incorporation of SAR data with data from other sources through geographic information systems.
(5) To investigate costs and cost effectivenessof SAR data for topographic mapping and map revision.

Experiment Plan:
To develop a methodology for the geometric modellingof SAR imagery.Then, using this model, to rectify the imagery
with the aid of a digital terrain model.
Assessment of the geometric properties and informationcontent of the imagerywith respect to topographic mapping
requirements. Also assessment of the suitability of SAR imagery for the production of ortho-image maps.

ERS-1Dma~
First preference: Study site bounded by latitudes 16"20'S to l 7"30'S and by longitudes 145°10'E to 147°00'E.
Second preference: A tropical coastal land area in Queemland which has forest cover predominantly, but also including
some agricultural areas.

Antidpmd RMulla:
An assessment of the characteristics of SAR imagery,as relates to topographic line map production and revision, and
image map production. An analysis of the <mt effecnvenessof SAR imagery for these purposes.

a1111t1011•:
1990 Preparation of software for data processing.
1991 Receipt of data, processing of imagery and assessmentof suitability for mapping. Cost benefit analysis.

Coordination: Nilaaon
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Prtnciplil lnw nt'getnr.
R.Winter German Remote Sensing Data Center, DLR, Oberpfaffenhofen, Wcs&ing,Germany

ERS-1 Cartography

D5
jRADARMAP OF GERMANY

~
W.Markwitz (DLR), G.Konccny (Institute of Pbotgrammctry and Engineering Surveys, University of Hannover), H-
p.Bahr (Institute of Pbotogrammctry and Remote Scming, University of Karlsruhe), H.Scbmidt-Falkcnberg (lnstitut fQr
Angcwandte Gcoda&e,Frankfurt)

Objec1ives:
(1) Investigations oonccrncd with mosaicing and radiometric correction of the gcocodcd products of the Processing and
Archiving Facility of the German Remote Data Center.
(2) Investigations of the usefulness of C-band SAR data in combination with optical satellite data for small scale
topographic and thematic mapping.
(3) Testing SAR data for update of 1:100,000 scale topographic maps.
(4) Evaluation of the texture description of the radar signal.
(5) Regional land usc mapping in different seasons.
(6) Land usc mapping of Germany in one SCa<;On.
(T) Image mosaic of Germany.

Exper:mmt Pim:
It is planned to generate a radar map of Germany at the same scale as available Ordnance Survey maps. The first
product will be an image mosaic of Germany at a smaller scale. This will be produced as soon as a complete coverage of
Germany is archived. A special tool for the operational lllaiaicing of the different data sets will be developed, including
radiometric adjmtmcnt and geometric selection from the various scenes.
Land usc maps of Germany arc planned, ming new and special mctbcxlsfor the classificationof SAR data.
Mosaicswill be combined with different remote seming and other vector data sets.

ERS-1 Dlda Rlqukwnenla:
Complete coverage of Germany during 3 different scasom with the same orbit geometry (approx. 90 scenes per season).
Data from the 35 day cycle.
Additional datasets with the opposite orbit geometry.

1" 11icipmMi RMulla:
(1) 57 map sbccts at a scale of 1:200,000 of Germany.
(2) Land use map of Germany.
(3) Large mosaic of the complete area.

••
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ERS-1 Cartography

Dll-4
GEOMETRIC CORRECTION OF SAR IMAGE DATA,
INCLUDING THE PROCESSING AND ARCIIlVING OF A
GEOCODED DATABASE

lnstitut fuer Photogrammetrie und lngenieurvermessung,Universitat Hannover

~=
Geometric correction of SAR image data, including the processing and archiving of a geocoded database containing
cartographic and land application data. This will includeeliminationof the radiometric influence of incidence angle.

Experimeut Plan:
SEASAT data will be used in an initial phase of the project, using Bonn or Oberpfaffenhofen as the study area. ERS-1
data of the same area will be used. Digital elevationmodelsarc already available,with a resolution of 1' inlongitude and
latitude.
ERS-1 ephemeris data will be be used for geometric correction. as well as ground control points.
Optical satelite data (fM or SP01), or aerial photography, will be used for studies in flat areas..

ERS-1Dma Alquinmenta:
SAR images of Bonn or Oberpfaffenbofen areas.
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Prlnc:ip.i lrwestigalDf:
F.GonzalesAlonso National Institute of Agronomic Research (INIA),Apartado 8111, 28080 Madrid, Spain

Tel: '1ff180 40 x305

ERS-1 Cartography

E2
!DETECTION OF CHANGES USING ERS-1 IMAGES

~
R.L.Pomarcs/ J.M.~ Gcrl.alo/D.S.Lopcz Soria (as above)

~
The investigation is amccrned with the development of a methodology to describe the evolution of a flooding area using
a change detection strategy with ERS-1 images.
The results will be compared with those obtained in a parallel investigation carried out with visible-infrared images.
The study area is in the DoftanaNational Park (36°50' - 37°06' N, 6°16' - 6°33' W).

Experiment Plan:
(1)Delimitation of the study area
(2) Image selection.
(3) Geographic registration of the images.
(4) Selection of the method of change detection.
(5) Comparison with visible-infrared data.
(6) Cartography and quantification of the flooding level.
(T) Interpretation of results and study of viability of the operational implementation of the methodology.

ERS-1 Dllla Alqunmenta:
A total of 10 SAR images of the National Park are required; preferably 2 winter, 4 spring, 2 summer and 2 autumn
images.

Anticipatld Fmulla:
(1) Using the proposed methodology, changes in the Park will be mapped independently of atmospheric conditions.
(2) The feasibility of the operational implementationof the methodology will be evaluated to improve the management
of the Park.

Mi~
Year 1 Acquisition cfbasic information, image processing and experimentation with methodogy.
Year 2 Analysis results and study of the feasibility for operational implementation.
Coon:linar. Sieber

I
~
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UK6
[TOPOGRAPHIC MAPPING WITH SAR DATA

Dept. of Photogrammetry, University College London, Gower Street, London

~
P.Muller/ J.Iliffe (as above), A.Sowter (GECMarconiResearch Laboratories)

Objectivea:
The aim of the project is to carry out researchwhich will enable SAR data to be used to describe the characteristicsof
the natural (topographic) and man-made (cultural) features of the surface of the earth in terms of accurate spatial
coordinates, The development of such a system will allow geocoding of the SAR data without a separate DEM. it will
allow other information about the land surface cover and geology to be represented correctly and will allow mapping
and map revision to be carried out from satellite data which is available in all states of cloud cover; it will allow the
integration of data from other sources, including satellitesand existing map data, with SAR data and it will allow
synoptic map coverage of large areas of the earth where no such cover exists at the moment.
The emphasis of the work is to be on the extraction of spatial coordinates of cultural features and of digital elevation
models using SAR data and other ERS-1 data by itself or in conjunction with data from optical sensors such as SPOT.

Experiment Plan:
Precise terrain geocoding depends on the availabilityof a digital elevation model (DEM). DEMsare not universally
available, and indeed are available in a suitable form in very few parts of the world. It is thud essential that provision
should be made for deriving DEMs. A system has been developed at UCL for the derivationof DEMs from stereo pairs
of SPOT data, which would be ideal for use with SAR geocoding systems, however there are problems in obtaining
stereo SFOT coverage, even in mid-latitudes covering areas such as Europe, and therefore SAR itself must be used to
overcome the problems of cloud cover. Because of the uncertainty of how much stereo SARwill be available from
ERS-1 it is intended to develop methods which will use SARwith SPOT (or other optical sensors) in order to derive
DEMs.
The geometry of SAR and SPOT has many similarities; images from both are formedover aperiod of time during which
the platform moves and range lines in SAR have a similar configuration to an array in SPOT. A particular difference is
the accuracy to which the orbit is known; this will be much higher for ERS-1. This means that agood initial orientation
will be available for SAR by geocoding to the ellipsoid, this will not be possible for SPOTwithout one or two initial
control points; the possibility of using the SAR image for this will be investigated. After the initialmodel is formed, a
precise model can be formed by relaxing to conjugate points in both models, using weights if necessary to allow for
differing precisions in the two images. It is undesirable to resample images more than necessary, therefore the use of
anchor points will be investigated whereby the transformation parameters are computed for points on a grid and the
surrounding detail transformed to allow the identification of conjugate points. Final resampling using the derived DEM
could then take place as a single process. The use of matching techniques with SAR data will be investigated. Another
aspect is to refine the orbit of ERS-1 within a short time period, using PRARE and altimeter data.

ERS-1DataAlquirementa:
SAR images for two test areas: 1). Sheffield,UK. 2). Montagne Ste Victoire, Provence, Southern France (5°-6°E, 43°-
44°N).One SAR scene of each of the two test areas is required early in the 35-day repeat cycle. One further sceneof
each area in normal mode shortly before the period of the roll tilt mode and a further scene in roll tilt mode with the
maximum difference in look angle.
Additionally, altimeter data for three orbits before and after SAR data acquisition, and any PRARE data recordedwithin
3 orbits of SAR data acquisition.

~
1/90-6/IJl Definition of mathematical model; preparation of software; implementationof Sun workstation;

testing using Seasat SAR, Varan-S SAR and SPOT; building up data base of ground control and other
supplementary information; incorporation of work on matching and orbits.

7/91-12/92 Testing geocoding algorithms on SAR; testing sensor models on SAR/SPOT, SAR/SAR; refinement
of algorithms; extraction of information from SAR.

Deliverables include progress reports due 31/12/90 and 31/1291, and a final report to be available for the final Pis
meeting,
CoordinalDr: Gombeer
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ERS-1 Geology

F7
UTILISATION DU SAR POUR LA SURVELLANCE ET LA
GESTION DES RESSOURCES TERRESTRES NON
RENOUVELABLES

Prlllciplll nu I Jtigatnr:
J.Cborowicz l..aboratoircde Gmlogic Structumlc, Univcrsite P. ct M.CUric,4 place Jussieu, Tour 26, F-

75230 Paris Ccdcx 05 Tel: 1 43268246

CcH1\IJtigetrn:
G.Co~ (Laboratoirc Central des Ponts ct Cha~ Section Gmlogic au l..aboratoircd'Aix-cn-Provcncc, Les Milles),
M.Pausadcr (Service de Cartographic .Afra;patialc Nummquc, Saint Mame), Ph.Rebillard (Society Europccnc de
Propulsion, Putcaux), J.YScanvic (Bureau de Recherches Gcologiqucs ct Minicrcs, Orleans), FJarrigc (lnstitut Francais
de Rccbcrcbc Scicntifiquc pour le Dcvcloppcmcnt en Cooperation, Paris), J.L.Dizicr (Bureau pour le Dcvcloppcmcnt de
la Production Agricole, Paris), C.dc Royer (TOTAL CFP, Paris), J.PXavier (SocicteNationalc Elf Aquitaine, Pau)

~
Les travaux portcront sur L'ttudc des pas&bilitfs ct des limitcs d'application du SAR de ERS-1 sur lcs parties terrestres
dans lcs domaincs suivants: la cartographic topographiquc, la cartographic g6llogiquc, eelle des formations
supcrficicllcs, de la gtomorpbologic ct de la geologie structuralc, la comparaison de ees donnecs avcc ccllcs des autrcs
captcurs portes par avion ou satellite pour les projcts d'~nagcmcnt du territoirc (routicrs ou cnvironnnemcnt), ainsi
quc L'cvaluation du prt-traitemcnt SAR.

~Pim:
Etudc 1 Canographic topographiquc (Applications).
Etudc 2 Canographic g6llogiquc structural, gfomorpologiquc (Applications).
Etudc 3 Canographic g6llogiquc des formations supcrficicllcs,amtnagcmcnt du territoirc (Applications).

Les ~tbodes d'cxtcution des travaux, varitcs scion lcs applications ct les tquipcs. Les rtsultats attcndus vont, dans
tout lcs cas, vcrs unc utilisation aptrationncllc des domm de ERS-1.

~1[)11111~

Le volume de donnecs requises est de 64 SAr sctncs rtpamcs SW' 4 saisons de 2 anMcs. Les difI&cntcs equipes
participant l cene repoese imistcnt SW' l'in~ret de rorbite l 35 jours pour leurs applicatiom. Elles montrcnt de plus, tout
cc quc pcut apportcr le SAR. au niveau des applications, en rfgion inter-tropical, 1lod la oouvcrturc des stations de
rtccption prtvucs actuellcmcnt est malhcureuscmcnt trfs incompl~te. Enfin, dans la plupart des cas, unc eouverture
sttrfo des sctnes aeparart indispensable.
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INDl-3
GEOLOGICAL AND GEOMORPHOLOGICAL MAPPING FOR
MINERAL EXPLORATION

Prlnclpml ""' 11fge"'.
NS.Mehta SAC, Ahrnc:rlabad,India

eo.rn. 11t1ae"'a:
A.S.Rajawat (a above)

~
Case studies in the use of C-band SAR for geological/ geomorphological mapping and mineral exploration.

Exper'.ment PIM:
Basemap; will be prepared from topographic map; and IRS/SPOT data. SAR imagery will be analysed for geological/
geomorphological information and CX>IDparcdand CX>IDbincdwith vistblc data. Corrclatiom with known mineral
:icposits will be attempted.
TestArca: 1. 74"25" - 74°45'E, 25° - 25"3S'N.

2. 75° - 75°40'E, 25°15' - 26°N.
3.91° - 94°E, 25° - 26"30'N.
4. 70°10' - 71°20'E, 26°45' - 27°40'N.

ERS-1DlllaAlqunnwllll:
5AR.PRI and pbotognlphic products required for all Bl'Ca.
5AR.GEC required for areas 1 cl 2.
~ mveragcs in Oct-Nov 91andApr-May92.
? scenes arc rcquin:d for areas 1 cl 2, and 10 scenes for areas 3 cl 4.

Repons on data analysis, interprctation methodologies and final results.
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ERS-1 Geology

UK2
MONITORING ARID ZONE SEDIMENTATION TRANSFER
PROCESSES USING ERS-1 AMI DATA

Prlndplil ~·- •.
G.Wadgc NERC Unit for Thematic InformationSys~ Department of Geography, University of

Reading, Reading RG6 2AB, UK
Tel: 734 875123 x7764 Fax: 734 755865

CcHmPlrtfgetora:
AMillington (Department of Geography, University of Reading), N Quannby (Nl.mS, Department of Geography,
University of Reading) .

ObjectMs:
(1) To detect temporal changes in surface sediment distribution in south central Tunisia from difference images
generated from ERS-1 AMI data.
(2) To understand these changes in terms of the physical parameters affecting backscatteringand the geomorphological
results of sediment transfer.
(3) To evaluate multidate SAR imagery as a monitoring tool for arid zone sediment transport in comparison with visible
and short wave infrared data and in synergistic combinationwith them.

ExpWllMlll Pl8n:
Multidata AMI images of a single SOCDC (100 x lOOkm)in south central Tunisia arc required.This scene covers the
northern part of the Chott Djcrid, a large playa, and the bordering mountaim (i.e scene centre= Long.: +00835 Lat. :
+03355).
Previous studies with Thematic Mapper and AVHRR data indicate that suhsb!ntialsedimentary changes occur on the
playa each year and to a much lesser extent in the billslopcs and alluvial ram. The expressionof this sedimentation in
~of backscattering response in the SAR data will be explored by field measurementsof surface roughness, soil
moisture and dielectric constant at control sites. Gcomctricaland radiometricalcomc::tiomwill be made to the SAR data
using a digital elevation model. The requirement from the PAF is thm for ortho-image products. The ortho imagewill be
oo-rcgistcrcd to contemporary and archive ThematicMapper data and their informationcontents analysed.

~1Dllla~
Multidata images of one scene of AMI SAR data from south centralTunisia acquired in the 35-day repeat cycle from
April 1991 to December 1992.
Multidata Frequency: April-May

June-Aug
Sept-May
June-Aug
Sept-Aug

1991
1991
1991-2 :
1992
1992

1 image/cycle= 2 images
1 image= 1 image
1 imagc/cyde = 8 images
1 image= 1 image
1 image/cycle= 3 images

Total = 15 images

F..._ to be Deployi8d
(1) Institute of Hydrology Capacit.mK%Probe for Dielectric Comt.mK%mcasurcmcnL
(2) Instruments built in-house for surface rougbJ1CS<i.mcasurcmcnL
(3) Field speetroradiometer (GER Single Field of View IRIS)

,,,tidp•Wd Rleulta:
(1) lncrCW<Iundcrs1andingof arid mnc sediment transfer proccsces,particularly for playas.
(2) An evaluation of the utility of multidate SAR data for geomorphological monitoring and cbai1gcdetection.
(3) New imights into methods of oombining gcoccdc:dSAR and vislblc/SWIRsensor data for improved information
extraction from mineral-rich~-

~
(1) Statm reports. January 1990 and every 6months to December 1992.
(2) ERS-1 workshoplconfcrcncc abstracts. As required.
(3) Papers in internationally refereed journals. 3-4 papers expccu:d during 1992-4.
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ERS-1 Geology

USl-8
(FAULT MAPPING IN LOW RELIEF TERRAIN

Prindplll lnuI "get!'.
J.P.Ford Tel: 818 3546735

Coh11•;e •••••
L.D.cartcr (USGS), F.F.sabim (Cbcvmn Oil Field Rcst.ardl Co.)

ObjectMc
Observe and interpret surface structure and previomly undetcct.cdfeatures in low-relief terrain, evaluate plate tectonic
relations and structural hazard potential.

Exper".ment PIM:
ERS-1 imap will be used to interpret structural amtrol of Jmiimcapefeatures. Studies to be made in tcctonic:allyactive
areas of low relief (e.g. northeast mctic coastal plain). Key elements include integration with field mapping and
oomparative analyses with optical and IR image data sets. Experience from coastal plain studies will be extended inland
(e.g. Yukon-Tanana lowlands).

6&1 0... Rlquhrnnll:
SAR data. Adjacent swaths for area of interest (e.g. nortbcast mctic slope; Yukon and Tanana lowlands) needed for
mosaiddng. Snow-me summertime scenes of lowlands preferred.

11/Jltl ilpet.d Allullll:
(1) More detailed structural intcrpretation in area that me unknown or mapped at rrmnmissancx: level
(2) Crit.criafor identifiratinn of pologic structurm in low-relief m:tic 1mBin.
(3) Relation of obscrYations to natmal Im.mm.
(4) Extension and reliDrment of p!a1etectonic models.

'1:16



ERS-1 Geology

USl-9
ANALYSIS OF THE ASH-FLOWS AND VOLCANIC
STRUCTURES IN THE NOVARUPTA/MT.KATMAl/10,000
SMOKES AREA (ALASKA) FROM ERS-1 AND OTHER
REMOTE OBSERVATIONS

JPL, 4800 Oak Grove Drive, Pasadena,CA 91109
Tel: 818 3542418

~
P.Mouginis-Mark (University of Hawaii)

~
(1) Structural mapping of both the Novarupta and Mt. Katmaivent areas, St.Augustine, and other Aleutian volcanoes
using ERS-1, Seasat, SIR-C and DC-8 radar data.
(2) Investigate the distribution of alteration products on the surface of the ash flow (using Landsat and SPOl) to provide
physical parameters that will then be used to model numericallythe emplacement of this deposit, thereby providing
additional imights into the dynamics of the 1912 eruption.

Expei.,1•1t PIM:
ERS-1 and SIR-C radar images and supplemental remote sensing data (visible, infrared and microwave) will be utilised
to further understanding of the regional characteristicsof explosive volcanic eruptions in the Alaskan Peninsula. The
primary study areas arc MLKatmai,which is the only historic caldera-forming eruption in the Aleutian volcanic arc
which occurred at Novarupta caldera in what is now KatmaiNational Park, and SLAugustine.

ERS-1Dlla~
SARdata.
3 day repeat coverage once a month April to September.
1 or 2 data sets October to march.

Anliclpemd RMulta:
(1) Maps of the distnbution of surficial faults and fissures in the Norarupta ~and on volcanoes in the less accessible
parts of the Aleutian chain.
(2) Maps of lithologic textural variation produa:d by the varying dcgrcc:sof welding of the ~-flow surface, and the
distribution of pbcatic explosion craters within the ash-street at Valley to Ten Thousand Smokes.
(3)Numerical models of proccsscs related to explosive volcanic eruptions.





XI Geodesyand Geodynamics



ERS-1 Geodesy and Gcodynamics

(

280



ERS-1 Geodesy and Geodynamics

AUSl
ORBIT DETERMINATION AND GEODETIC POSITTONING IN
AUSTRALIA USING PRARE

School of Surveying, University of New South Wales, P.0. Box 1, Kensington, NSW
2033, Australia Tel: 61 2 fHl 4192 Fax: 61 2 663 1222

Ob;ectives:
To operate one or more PRARE tracking systems in Australia, and to process the data, in conjunction with tracking data
acquired by other globally distributed PRARE stations, to determine high precision ERS-1 orbits in the Australian
region and the geodetic positions of the Australian PRARE station(s).

Experiment Plan:
The dominant focus of the project is to determine ERS-1 satellite orbits to a high precision for the support of radar
altimetry (RA) studies in Australian waters (selected projects under AUS-6). The project is largely one of software
development, followed by tracking data analysis.
1be Pl's organisation will be the operator of one PRARE receiver unit (owned by D.G.F.I, the German institute
responsible for the operation of PRARE), and the coordinator of a possible local experiment involving several PRARE
stations brought to Australia for a short campaign.
The PI will be working closely with other Australian RA investigators.

ERS-1Dlda Rlqunmenta:
Essential: 35 day repeat orbils for the entire mission.
(1) Local PRARE tracking from the Australian station(s).
(2) Global PRARE tracking data, through data transfer arrangementswith DGFI.
Desirable:
(1) Global "normal point" Satellite Laser Ranging (SLR) data, by arrangement with DGFI.
(2) Local RA data to be used as tracking data (to be obtained fromAustralian CI).
(3) PRARE data for 3 day repeat orbit period, by anangcmcnt with DGFI.

F-=ilitieato be o.pq.ct:
(1) By DGFI: one PRARE tracking station, to be located at either Townsville (for Tropical studies), or Hobart (for
Southern Ocean and Tasman Sea studies)
(2) By PI: computer, logistical and maintenancesupport for the PRARE station

Anticipatled Rnulta:
At an operational level, the Prs operation of the PRARE receiverwill assist DGFl's global operations (a network of 25-
30 stations). The data exchange will permit the Prs trackingdata analysis capability for high precision orbit
determination to be fully developed and validated. These orbits will assist Australian RA investigations. If a short
campaign involving imported PRARE receivers is mounted, high precision geodetic positioning of the stations could be
carried out as a by-product of the data analysis.

~
1990-91 Detailed planning of the experiment, including preliminary GPS survey of candidate tracking sites

(with DGFI) and testing prototype software on GPS data.
1991-92 Prepare and conduct experiment, including data collection by Australian PRARE station and

transmission to ESA Orbit Centre, and the validation of software using PRARE data (possibly at
DGFI).
Steady refinements, including incorporation of SLR and RA data, close collaboration with RA
investigations, execution of short multi-PRAREcampaign in Australia. Developing an operational
high precision orbit computation capability within Australia, and valuable tracking support for ERS-1
throu~ its mission life.

1992

Coordinldor: Nilaon
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ERS-1 Geodesy and Gcodynamics

CND8 .....,.

THE THERMAL-TECTONIC EVOLUTION OF THE
CANADIAN SlllELD AS CHARACTERISED BY ERS-1 RADAR
DATA

r
•••

"rincipal lnYestigatlDr:
v .R.Slancy CCRS, 2464 SheffieldRoad, Ottawa, Ontario, C.anada

Tel: 613 952 2742 Fax: 613 952 9783

~:
r.W.Head/K.D.Card/ A.Davison/ W.Fahrig/ RAF.Grieve/ A.Rena./ P.B.Robertson/ J.Garvin/ P.D.Lowman/
\.E .Beswick/ D.H.RouselVV.Singhroy/ B.C.Dressler/B.Bruce/ J.Harris/ J.Hornsby

)bjectiYea:
Ihis is a geological investigation of parts of the Canadian PrecambrianShield using ERS-1 data with other supporting
iigital data sets. The study has four components: 1) structural mapping problems, 2) association of brittle fractures and
Iiabase dyke swarms with plate tectonic concepts, 3) the Sudbury Impact Structure compared with other impact sites, 4)
=.ngineering-Terrain mapping and the location of industrialminerals.

::xperiment Plan:
TheSAR imageswill be coregistered with geology, geophysical, geochemical and terrain elevation data for qualitative
ind quantitative analysis. Analysis techniqueswill be developed and evaluated. Derived thematic maps will serve as a
oasisfor fieldwork.
rest sue Latitude N Longi.tudeW Area
SudburyRegion 45"30'-47"30' 8000'-8300' 250x250km
SudburyBasin 46°35' 81°10' ti0x40km
\ianicouagan 51"23' 68°42' 200km circle
:Iearwater West 56°13' 74"30' 64kmcircle
:Iearwater East 56°5' 74°7' 44kmcircle
Mistastin 55°53' 63°18' 54kmcircle
Charlevoix 47°32' 70°18' 92kmcircle
SlaveProvince 650-660 110°-112"30' 120x120km
NelsonFront 54"30' 98"30'-99° Northern limit

560 97°-97"30' Southern limit
80x200km

•...

ERS-1 Data RBquirementa:
SAR images. For all sites other than the Sudbury Basin, a single coverage in B:Cnding and descending orbits is required
betweenMay and October. For the Sudbury Basin, 3 ascending and 3 descending coverages are needed in the months of
April, July and October.

Anticipatlld Relultll:
(1) A good understanding of ERS-1 SAR and the ~of geological information that may be extracted from it.
(2) Development of a comprehensive digital database of the Sudbury Region.
(3) A better understanding of how plate tectonic processes contributed to the formation of the Structural Provinces of
the C-anactianShield. Brittle fracture studies will demonstrate how such fractures are formed and how they are
genetically linked to diatme dykes and to the movements of crustal plates.
(4) A 3D model of the Sudbury Basin will be created to compare with Magellan radar images of Yem~ and to develop
an understanding of the constraints to crater survival and the relative stability of cratonic areas.
(5) Engineering-Terrain studies will provide an improved understanding of how SAR interacts with the terrain
morphology, with soil moisture and with vegetation.

r,

Mi~
1989-91 Acquisition, digitisation and geocoding of relevant datasets.
1991-92 Receive and incorporate SAR data into the database. Database analysis.
1992-93 Fmal assessment. Model development. Final report.
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ERS-1 ~and Gcodynamic:s

D3-1
CALIBRATION AND VALIDATION OF THE ERS-1 RADAR
ALTIMETER USING GPS ANDA PRECISE GEOID OVER THE
NORTH SEA

~ lnwlligatnr:
G.W.Hein Institute of Astronomical and PhysicalGeodesy, UniversityMunich,Wemer-Heisenburg-Weg

39, W-8014 Neubibcrg, Germany

()tJjec:tlwa:
(1) To calibrate the radar altimeter using Global Positionmg System (GPS) observations in a buoy array laid out in the
North Sea.
(2) To determine a high-precision geoid in the North Sea for validation purposes, using all available gravimetric and
altimetric data.

Experiment Plan:
(1) Determination of instantaneous sea surface and wave heights using differentialGPS in three buoys (and one GPS
station on land) at the crossover point 56°2'N, 7°44'E during the ERS-1 commissioningphase assuming a precise orbit
through laser tracking.
(2) Computation of a high-precision geoid from a combination solution using all availabledata.

~1Daa~
(1) Raw altimeter data and precise laser-tracked orbits during the commissioningphase.
(2) Comparison with RAgeophysical records,

F8dliliea to be Deployied:
Four GPS receivers and tilt sensors (three on buoys).

Anlicipmd~
(1) Most precise calibration of the radar altimeter during the commissioningphase.
(2) Validation of the radar altimeter in the North Sea.

~
August 90 Successful GPS test in the North Sea.
May-July 91 Observations for instantaneous sea surface and wave height calibration.
July 91-July 92 Analysis
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ERS-1 Geodesy and Gcodynamics

D3-2
SPECTRAL ANALYSIS OF ERS-1 RADAR ALTIMETER DATA
FOR GEOSCIEN'I'IF1C PURPOSES

:>rincipal lnvHtigal!nr.
D.Lelgemann Institute for Geodesy and Pbotogrammetry, TIJ Berlin, Seier.H12, StraBedes 17 Juni 135, D-

1000 Berlin12 Tel: 030 314 3205

~
Radaraltimeter data over the sea are the total sum of several signals with different spectral behaviour, in particular the
-adialcomponent of orbit perturbations, earth and ocean tides, sea surface topography due to oceans currents etc., and
he geoid undulations. Theoretically derived spectral expressions of the different signals, in particular the quasi
.tationary part (e.g. mean sea surface) and the orbital penurbation part due to the gravity field will be compared with the
.pectrumof the real data.

:xperiment PWI:
1) Derivation of analytical spectral expressions of the different types of signals e.g. orbital penurbations.
2) Definition of those parts of the signals which cannot be expressed in terms of harmonic functions e.g. second order
nbit perturabations, development of reduced algorithms.
3) Spectral analysis of the observations using Fast Fourier techniques and least squares spectral analysis techniques;
nvestigations of specific problems such as data gaps over land.
4) Comparison of the theoretical and real amplitudes and frequencies,and determination of orbital corrections.
5) Comparison with and validation of standard products.
6) Combination with Seasat, and in the future with Topex data, to obtain a better separation and determination of
liffcrent signals.

:RS-1 om fequnmenta:
HobalRA data, level 2; data from 4 complete 3 day cycles is requested.

ll1ticipmd Rleulla:
1)Algorithms and computer programs for the analysis of RAdata in the spectral domain and for determination of
~eoscicntificrelevant information.
2) A better insight into the information content of satellite tracking data for geoscientific problems.
3) Validation of standard products for the test period using a completely different analysis technique.
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ERS-1 Geodesy and Geodynamics

D3-3
DETERMINATION OF THE TIME VARAIBLE SEA SURFACE
TOPOGRAPHY WITH RESPECT TO THE GEOID

Prlncipel lrMlstigalDr:
K.RKcx:h Institute for TheoreticalGeodesy, University of Bonn, Nussallcc 17, D-5300 Bonn 1,Germany

CcHweatigalDra:
NArent/ G.Hilckelheim/J.Rieken.'F.Zurawski (as above)

Qbiectivea:
The altimeter measurements of ERS-1, togetherwith the orbit computation of the satellite, provide the heights of the
ocean topography above a referenceellipsoid. The heights shall be analysed to separate the component associatedwith
ocean currents from the component associatedwith the gravity field of the earth, and so to determine the the ocean
geoid.

Experiment Plan:
The ocean currents are modelled by the quasi-geostropic equations, an approximation of the Navier-Stokes equations.
The unknown parameters are the heights of layers of this model at an initial state. The heights refer to the geoid. To
estimate the heights of the geoid and the heights of the model, the quasi-geostropic equations have to be integrated
numerically, and statistical methods using prior information have to be applied.

ERS-1 Dllla RBquinNnenta:
Altimeter data for the 35 day repeat cycle in selected ocean areas, including the North Atlantic.

Anticipmd RMulla:
Gcoid undulations for selected ocean areas.

~:
1991 Development and testing of the analysismethod.
1992 Evaluation of data.
Coordinator: Koch
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ERS-1 Geodesy and Gcodynamics

D3-4
SEPARATION OF GEOID AND SEA SURFACE TOPOGRAPHY
IN SHALLOW WATER REGIONS

Principal lm:eltigmt:
E.W.Grafarend GeodlltischcsInstitut clerUniversitAtStuttgart, KcplerstraBc11, D-7000 Stuttgart 1

Tel: 711121 3390 Fax: 711121 3500

~
M.Metzner ( Institut filr Mccreskunde clerUniversitat Hamburg )

Objec:tiwa:
Analysing Radar Altimeter (RA) data to separate the marine gcoid and the sea surface topography in shallow water
regions in the North Sea, the Baltic Sea and around islands of Indonesia by taking into account both local and regional
effects on the sea surface.

Experiment Plan:
The dominant focus is to use a database with a very high resolution for sea areas, cg. ERS-1 RA data , for determining
the geoid to a high precision in shallow water regions.
The project is largely one of software development, followed by verifying data analysis in ronjunction with results of an
ocean circulation and gravitational model.

ERS-10...~
(1) Regional RA data for determining the time independent gcoid and sea surface.
(2) Regional wind data of the scattcmmctcr as forcing for an ocean circulationmodel.
(3) Regional PRARE data to determine high precision ERS-1 orbits.
Main requirement is for data from 35 day and 176 day orbits, because of the dense coverage of the study areas.
Data from the 3 day repeat orbit is required for validating the software and to study rapid changes of the sea surface
topography.

Anticipmd Rnulta:
(1) Improvement in knowledge of the marine gcoid in shallowwater regions.
(2) Study of the time scale and special variability of the sea surface in order to determine the vertical datum, especially
for the islands of Indonesia.

'-t~
1990-91 Development of computer programs: graphical routines and programs for correcting RA data (initially

with GEOSAT data), for analysing the future RA data, preprocessing of bathymetric data.
l991 Validation of software usin&the first available ERS-1 RA data.
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ER.S-1 Geodesy and Gcodynamics

D3-5
DETERMINATION AND UNIFICATION OF VERTICAL
HEIGHT DATUMS

Prlndplll Im; 11tlgatnr.
E.Groten Institute of Physical Geodesy,TechnicalUniversity Darmtadt, Petcrscmtr. 13, D-61Cl0

Darmstradt

Objec1l¥ea:
Use of ER.S-1altimctry and precise orbit information for determinationof mean sea level in the European region and
deriving a common vertical reference level for Europe.

Exper'"'*lt PIM:
The·project will focus on the evaluation of ERS-1 altimetry data concerning the sea level surrounding Europe.
Additionally, high precision orbit determination as well as a global altimctry data set will be nccdcd. These data will be
combined with tide guage readings, GPS observations at tide guages and gravity field information as well as levelling
data.

ERS-1DmaRBqunnwda:
(1) ERS-1 altimctry of the whole mission.
(2) High precision orbits.

Anticlpmd Rleulta:
Computational methods for unification of different vertical datum systemswill be developed and tested. As a fust step,
height of tide guage stations around the Baltic Seawill be computed ming a mmmon system.

~
1~ 1 Software development, theoretical studies, GPS survey of tide guagc stations in the Baltic Sea region.
1991-2 Evaluation of altimctry data and collectionof additional data (tide guagc readings) in the Baltic Sea

region. Combination with gravity field information.
1992-3 Investigations and tests concerning the application of a European unified vertical datum system.



ERS-1 Gc:odcsy and Geodynamics

D3-6 (

PRECISE RELATIVE GEODETIC POSffiONING WITH
PRARE IN THE GERMAN GEODETIC NETWORK

:>rinclp.a •.••11tlgetor:
:.H.Rcigbcr German Geodetic Research Imtitute, Marstallplatz 8, D-8000 MOochcn 22, Germany

Tel: 08923031 x106

Jbjec:tMa:
Ihe capability of PRARE for precise positioning will be evaluated by directly comparing the results with an already
:xisting high precision geodetic three dimensional network in Germany. This geodetic network Imbeen established by
:JPS.

:xperiment PIM:
)ata analysis will be based on three different evaluation procedures:
1) Dynamic orbit determination.
2) Short arc techniques.
3) Differencing techniques exploiting the simultaneity of PRARE measurements,

:RS-1 cm A1qu1rwnenta:
>RAREfull range and range rate data. ERS-1 predicted and precise orbit.

lnticipmd AMulla:
1) Interstation vectors of various lengtm.
2) Estimates for internal and external precision resulting from analysis precision estimates and comparison with results
rom independent tccbniqucs.
3) C.Omparisonof various analysis techniques (dynamic, semi-dynamic and geometric modes).
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ERS-1 Geodesy and Geodynamics

D3-7
GEODETIC-GEODYNAMIC INVESTIGATIONS WITH PRARE
IN THE CENTRAL MEDITERRANEAN

Princlpm P-tigeW:
C.H.Reigbcr German GeodeticResearch Institute, Marstallplatz 8, D-8000 MOncbcn22, Germany

Tel: 089 23031 x106

QJjedMa:
The PRARE system will be used to observe a geodynamic network in the Mediterranean,which has alraedy been
repeatedly surveyed by GPS. This will provide a amtribution to the IDC$WC1DCntof the motions of plates in the
Mediterranean and to the understanding of the mechanismof the causal processes.

Exper'.rnent Plan:
A network of about 12 ground stations in an area of about 600 x 600kmwill be repeatedly observed with PRARE
observations. One observation period will take one week to one month. depending on the availability of equipment.
The repetition frequency is once a year, throughout the ERS-1 mission lifetime.

ERS-1 Dllla Rlquinlmenta:
PRARE Precise range and range rate data. Precise orbit determination.

Anticipat8d RMutta:
~ aresult of a single observation campaign, precise (relative) positions of the observation station will be obtained. The
accuracy of the computed ooordinates is estimated to be in the centimeter level. From a series of repetitive campaigns, a
linear velocity of point motions to the same level of accuracy.will be derived.
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Principal lnwltigmr.
G.Weber Institute for Applied Geodesy, Richard Stra~ Allee 11, Frankfurt am Main, Germany

06963331

ERS-1 Geodesy and Gcodynamics

D3-8
MEDITERRANEAN ISLAND RADAR ALTIMETER
CALIBRATION:LAMPEDUSAEXPERIMENT

~
P.Wilson (as above)

Jbjec:tivee:
Thecalibration of the radar altimeter by a mobile laser positioned on the Isle of Lampcdusa is proposed.

=.xperimentPlan:
fide guage ol:l'iervatiomwill be available. A precise gcoid exists and GPS ol:l'iervatiomwill be made for positioning.

::RS-1 Dlda Alqunmenta:
PRARErange and range rate data obtained during the 35 day cycle.

·~
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ERS-1 Geodesy and Gcodynamics

DK2
GEODESY PROPOSAL FOR: GEOID DETERMINATION,
MAPPING OF GREENLAND ICE CAP SURFACE AND SEA-ICE
EFFECTS ON RADAR ALTIMETER..

Prlncip.i lmreltign>r.
C.C.Tscheming Geodaetisk Institute, Geodaetisk Afdeling I, GamlehaveAllt 22, DK-2920 Charlottenlund,

Denmark Tel: 45 1631833

CcHnvestigalora:
R.Forsberg, P.Knudsen/F.Madsun/N.Gundestrup (Geodaetisk Institut), F.5anso, B.Benciolini,R.Barzaghi, B.Beni
(Institute di Topografia, Milan), R.H.Rapp (Dept. Geodetic Science and Surveying, Ohio State University), D.Arabel~
(Dept. Geodesy and Surveying, University ofThessaloniki), M.Vermeer (Finnish Geodetic Institute)

Objectives:
Use of the radar altimeter, PRARE and lasers for carrying out a full geodetic exploration of the North Atlantic and
Norwegian/Greenland Seas(Lat. 54°N to 81°N), the North Sea, the Baltic Sea, the MediterraneanSea and on the
Greenland Ice C.ap.

Experiment Pieri:
Pre-Launch
(1) Computation of sub-decimeter geoids for the areas.
(2) Development of a versatile software package for ultra-precise geoid determination using any combination of gravity
field-related data.
(3) Refinement and implementation of recent theoretical developments in the field of geodetic utilization of satellite
altimetry.
(4) Investigate the use of satellite altimetry for geophysical exploration using Scasat data and geophysical data from the
North Sea and the Norwegian and East Greenland Ice Shelf.
(5) Collection of supplemental information (levelling, GPS, gravity, bathymctry, ice-heights).
(6) Preparation of data collection programs at coastal sites and at oil-drilling plattonns in the open sea.
(T) Acquisition of PRARE ground station to be operated in a network with several Norwegian receivers.
Commissioning phase
(8) Participation in the validation of the altimeter by providing sea surface heights and tracking data for an area between
Norway, Faroe Islands, Denmark and Scotland.
(9) Providing reference heights and tracking data for a selected area on the Greenland Ice C.ap.
Post-Launcn
(10) Updates of the preliminary geoids every half year.
(11) Production of new gravity maps for areas with sparse sea-gravity coverage.
(12) Mapping of the Greenland Ice C.aptopography for the update of existing maps.
(13) Study time variations of the height of the Ice C.apin a selected area.
(14) Study sea-ice effects on radar altimetry using data in the Greenland and Baltic Seas.
(15) Operate and maintain the PRARE station.

ERS-1Data~
A global altimeter data set is required.

Fecllltieato be~:
PRARE ~und station.

291



ERS-1 Geodesy and Gcodynamics

F5
GEOPHYSICAL (SOLID EARTH) INVESTIGATION WITH
ERS-1 ALTIMETER DATA

Prinap.l lrwI ltigatnr:
A.Cazenave Group de Rccbcrchc de Geodesic Spatialc (GRGS), CNES, 18Av. E.Bclin. 31055,

Toulouse, Ccdex, France Tel: 61332901 or 61332922

Co-lrweetigalDn
G.Balmoino, S.Howy, M.Rabinowicz, K.Dominb, M.Monncrcau (as above)

Objectives:
To conduct gcophysic studies relative to the structure of the oceanic lithosphere and mantle: Formation and evolution of
coastal plates (crustal accretion at mid-ocean ridges, thermal and mechanicalstructure, interactionwith mantle plumes);
Mantle convection (small-scale convection).
Thesephenomena produce mainly short-wavelength signatures in the geoid and need dense coverage of the oceanic
geoid to be studied.

ExperimentPIM:
(1) Analysis of altimeter data: computation of 20 gcoid and altimeter-derivedgravity map; using classicalmethods of
interpolation and inverse methods.
(2) Development oftbcorctical models (ex. convection models).
~3)Quantitative comparison between observed and predicted gcoid; Determination of~t-fitting models parameters;
:Jcophysical interpretation.~10...~
~ssenlial
'I)A full year of ERS-1 Altimeter data of the 35 days orbit (global coverage).
:2) ERS-1 Altimeter data of the 176 days orbit (global coverage; full cycle).
'Jesirable
~months of ERS-1 Altimeter data of the 3 days orbit (global coverage).

~RS-1Altimeter data from the fiIStpart of the mission (3 and 35 day orbits) will be used with GEOSAT ERM altimeter
lata to compute 2D gcoid and gravity maps, 'Mean arcs' will be computed on a global basis by averaging individual
ycles over selected periods (ex one year, for the 35 days orbit altimeter data). This will allOW'part of the scientific
1bjectiv~ to be fulfilled while waiting for the 176 day ERS-1 Altimeter data.

lltticipallld Rleults:
Iigh resolution gcoid data will be used together with other geophysical data (bathymctric, magnetic, seismic, etc.) to
onstrain geophysical models. Anticipated results will concern:
1)Accretion processes at mid-ocean ridges.
2) Properties of the shallow low-visccsity woe beneath oceanic plates.
3) Small-scale convection and mantle plumes.-~'re-launch Analysis of the ERM GEOSAT data.
-2yr. Analysis of the 3 and 35 day orbit ERS-1 altimeter data (pre-processing and filtering). Computation

of a global gcoid using combined ERS-1 and GEOSAT data. Preliminary scientific anal~.
-4yr. Analysis of the 176 day orbit ERS-1 altimeter data. Computation of the high resolution gcoid. Full

scientific inv~ti.S!,tion.
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14
[usE OF SAR DATA FOR SOLID EARTH PHYSICS STUDIES

Prlndplll lr•111tigatnr.
G.Sylos-Labini Piano Spaziale Nazionale, CNR, V. le Regina Margherita 202, 00198 Roma, Italy

Tel: 06 4767 x217/231

~
ACaporali (Dept. of Physics, Padova University, 35131 Padova), F.5anso (Politccniro di Milano, Milano), S.Z.Crbini
(Dept. of Physics, Bologna University, 40127 Bologna)

ClbjectiYea;
A combined analysis of PRARE laser ranging and radar altimeter data for precise orbit determination of ERS-1,
monitoring of regional geodetic networks and calibration of the radar altimeter.

Experiment Plan:
(1) Geophysical validation of the PRARE data by direct comparison with laser ranging data. The setup requires
rolocation of a dual frequency PRARE receiver with the laser and VLBI station at Matera using both software and
logistic facilities already available from a recent rolocation experiment.
(2) Precision orbit determination using data from all stations tracking ERS-1, and intensification of the WEGENER
geodetic network in Southern Italy, Northern Africa, Ellenic arc and Turkey using PRARE data from fiducial (i.e. with
known coordinates) and test stations.
(3) Exploitation of the on-board positioning capabilities of PRARE using two different networks: a small net in southern
Italy already surveyed by GPS terminals and a medium size reference network identified as the MEDLAS site visited by
European mobile laser systems,
(4) Calibration of the radar altimeter by laser and PRARE tracking from a site to be established on the island of
Lampcdusa.

ERS-1Data Allqunnwnta:
Minimum requirements arc the data from all available PRARE stations together with coordinates.
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Princ:ipmlirw.tigmDr:
J.M.Dow ESA/Europcan Space Operations Centre, Robert Bosch Strasse 5,6100 Darmstadt, Germany

Tel: 49 6151 886-272

~RS-1Geodesy and Geodynamies

£NT3
(INVESTIGATION OF PRECISE ORBIT DETERMINATION

Cbjectivea:
This investigation concerning precise orbit determination for ERS-1 includes activities for processing of ERS-1 tracking
data and altimetry which will build on and apply the tools and experience gained in a multi-year programme initiated in
ESOC in 1985 to develop the capability to support future ESA missions having stringent requirements on orbit
accuracy. The project is centred around internally developed software for orbit determination and covariance analysis
containing state-of-the-art models for awide range of orbit perturbations and measurement types, and permitting
estimation and error analysis of geophysical and geodetic parameters in addition to the orbital states of the satellites.

Experiment PIM:
Precise Ephemeris Generation: All available tracking data types (laser, PRARE, altimetry, S-band) will be considered
in the solution, and the best possible accuracy compatible with that of the tracking data and the availablemodelswill be
sought. An intensive period of data assessment, solution intercomparison and model tuning is forcsc:enduring the first 6
months after launch. This will include a limited investigation on gravity model tuning; however, development of a
complete gravity model for ERS-1 is excluded. Special emphasis will be given to the development of an improved tidal
model for the satellite dynamical motion. Normal points will be generated from the raw laser and PRARE data.

Operational Precise Orbit Determination: The emphasis will be on providing a fast, reliable response to user
requirements for precise orbits. This is therefore an analogous activity to the routine orbit determination support being
provided by ESOC in its capability as MMCC for ERS-1. An automated approach is envisaged as far as possible. A
regular evaluation of the various tracking types will be generated in this process.

Aliimetry Processing: Altimeter data will contribute to at least one of the orbit solutions to be derived. This will require
computation of appropriate measurement corrections and generation of cross-over differcnc:csfrom the direct height
measurements. A bi-product of the use of altimeter data in the orbit solution will be a spherical harmonic development
of the mean sea surface topography, and possibly additional terms to cover the main lunar tides. There will be a strong
emphasis on the cross-over technique as a means of monitoring and reducing radial orbit errors,

ESA S-band Network: Precise orbit solutions will be used to obtain improved estimates of the geocentric coordinates of
stations of the ESA S-band network. A related investigation will aim at analysing and improving the accuracy of
ionospheric model corrections for the S-band tracking data.

ERS-1om Rlq'*8menta:
Rapid access to the laser and PRARE tracking data.
Fast delivery altimeter data will be available directly in the MMCC. Processed altimeter data for limited periods of the
mission may also be required.

~
Following the ERS-1 launch, a period of 6 months will be dedicated to initiation of the various investigations and
studies.
An operational phase will cover the remaining year and a half of the nominal mission.
Coordlnmor: Minster
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N6
GEODETIC APPLICATIONS OF THE ERS-1 PRARE, RA AND
LASER SYSTEMS

Prtnclpelft I lligatnf.
K.Aksncs Institute of TheoreticalAstrophysics, University of Oslo, PO Box 1029, Blindcrn, Oslo 3,

Norway Tel: 29 2 456515 Fax: 49 2 456505

~
P.H.Andcrson (Norwegian Defence Research&tablishmcnt), T.Olausscn/L.Pettcrsson(Nansen Center for Remote
Sensing), B.Engcn/O.B.Kvammc (NorwegianMapping Authority), B.Farrclly (Norsk Hydro), Arne Gi~kebaug
(Gcopysical Institute, University of Bergen)

~
To use PRARE, laser and radar altimeter data for accurate orbit determination, point positioning and gcoid
determination over Norway and Norway's economic ocean zone.

Exper'.mentAM:
Global ERS-1 orbits will be computed with NDRFs orbit software based on all availablePRARE and laser data during
selected intervals. In support of point positioning and altimetry in the area of interest, very precise short orbit arcs will
be derived from near-simultaneous PRARE measurementsat 3 referencestations at Stavanger, Troms_, Jan Mayen
and/OrSvalbard. A fourth mobile PRARE station will monitor the positions of tidal guagcs along Norway's ooastlincand
of an oil platform offshore.~10...~
(1) Mini.mumrequirement is RA and PRARE data over the ocean betweenNorway and Iceland. The data arc required
from all passes during at lCMt10 cycles of the 3 and 35 day orbits and on all aca.ssil>lepasses of the 176 day orbiL
(2) RA and PRARE data with the same frequenciesas above for the ocean between N.Norway and Grccnland. provided
that a PRARE station will be operating at Swalbard.

F-=illlieetDbe~:
Tidal guagcs along the roast of Norway and on oil platfonm for routine oollcctionof mean sea surface data.
1brcc or four PRARE stations.

At~Aleulla:
Simulatiom have shown that with simultaneous data from three PRAREstations at Stavanger (or Svalbard), Troms_and
Jan Mayen the satellite height over roughly the area between the statiom can be determined to between 5cm and lOcm,
assummg a range error of 5cm nm. The same accuracy can be cxpcctcd in the local gcoid derived from the RA data and
in the point positioning. For the global orbit, an accuracy of between 30cm and 50cmappears achievable.

1990-91 Detailed planning of experiment, oomplctionand testing of software, deployment of PRARE stations.
1991-92 Prepare and conduct experiment, initiate data analysis.
1992-93 Fmish data acquisition and analysis.
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Prindplll lnVIlllgetnr.
AJ.Andcrson Imtitute of Geophysics, Department of Geodesy, University of Uppala, IWlby, S-75592

Uppsala, Sweden Tel: 4618117927

'j;,

ERS-1 Geodesy and Geodynamics

Sl

'

ARCTIC GEODYNAMICS: ERS-1 SATELLITE ALTIMETER
EXPERIMENT

~
H.G.SChcmcck,G.Marguaut (~above)

ObjedMa:
Tomeasure the gravity field in the Arcic Ocean and related arctic 8l'C3 and carry out an interpretation in respect of the
geophysical and geological litbospbere, mantle structure and dynamics, and arctic tides.

ExperimentPl.n:
Obtain all related satellite altimctty, available surface gravity, shipborne gravity and bathymctry data, and to deduce a
aetailed gravity and gcoid map of the arctic region. Based on thcs results, to carry out interpretations ming litlophcre
andmantle rheological numerical modeling.

~1Dlda~
Essential
AJlERS-1 Altimctry data above 60°N latitude.
Desirabk
AJlERS-1 Altimctry data (global), related sea-ice SAR data from the arctic area above 60°N latitude, Pn:dsc PRARE
Jrbit data abovc 60°N latitude.

.C·

=acilltlea to be OepkJred:
o\rcticsurvey ship may be available for gravity survey.

~AIUla:
:i)Gravity model of the Arctic Ocean.
::Z) Models related to geological structure of Arctic Ocean scafloor and related arees together with a gcodynamic
nterprctation.
:3) Detailed gravity data useful for geophysical analysis.
:4) Arctic tide analysis.·~L990-91 Detailed cxpcrimcnt planning.
L991-92 Altimeter data analysis.
l993-94 c.ompletion of gravity modeling and geophysical interpretation.

-

••
<-l
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UK17
[GEODYNAMICS STUDIES USING ERS-1 ALTIMETRY.

Principal lnveatigator:
B.Parsons Departmentof Earth Sciences,Universityof Oxford, Parks Road, Oxford OXl 3PR, UK

Tel: 44 865 272017 Fax: 44 865 272072

CcHrwatigatDra:
W.F.Haxby (Lamont-Doherty GeologicalObservatory, Palisades,USA)

Clbjec:tiwa:
To use ERS-1 radar altimeter data to study small-scalemantle convection, the tectonicsof mid-ocean ridges, and the
thermal evolution of the oceanic lithosphere,

Experiment Plan:
Multiple passes of ERS-1 altimeter data along a single ground trackwill be averaged. These mean arcs will be mixed
with existing Geosat meana res, adjustmentswill be made to minimisecross-over errors, and global and regional gravity
fields derived using both simple transformand inversemethods. Ship gravity will be incorporated in the latter method,
if doing so significantly improves data coverage.
At the same time, numericalmodels of mantle convection and mid-ocean ridge processeswill be developed, and possible
observables, e.g. gravity and surface topography, derived from the models. Qualitativecomparisons with the ERS-1
derived geoid and gravity fields will enable significant effects to be identified. Where the form of observed behaviour
and that predicted by the models is sufficiently close, the estimationof model parameters may be warranted.

ERS-1 om Rlquinlmenta:
Global coverage of radar altimeter data for 35 and 176 day orbits are needed. It would be desirable to also have global
coverage of altimeter data from the 3 day orbit. Geophysical analyseswill make use of mean sea-surface heights
obtained by averaging multiplre passes along a common ground track. At least a full year of 35 day orbits will be
needed before robust averages can be obtained. Tbe mean sea-surface heights from the ERS-1 35 day repeat cycle,
together with those from the Geosat 17 day cycle, will enable the objectives to be met, at least partially. Definitive
results require the 176 day cycle which will provide the dense coverage, and hence high resolution.

Anticipated Rleulta:
The improved coverage of altimeter data that will be provided by ERS-1 itself, and in oombinationwith existing
altimetry (e.g. Geosat), will reveal features in the short-wavelength gravity field that have not been mapped to date. The
recognition of features identified as due to small-scaleoonvectionwill be mapped in more detail, and it is possible that
these will be found in areas than tbose known at present. The improved coverage will enable the gravity field over mid
ocean ridges to be systematically explored, and questions about mid-ocean ridge tectonics like the dependence on
spreading rate, the effect of nearby upwellings in the mantle, and the relationship of along-ridge variations to off-ridge
features like those due to small scale convection, will be addressed.

~=
1990
1991

Development of programs and methods of analysis using Geosat data.
Assuming a launch date in January 1991, preparatory work will oontinucuntil altimeter data begins to
be delivered, when pre-processing will commence.
When a full year of 35 day orbit data has been received,mean sea-surface heights along each ground
track will be derived, mixedwith mean sea-surface heights from Gca;at, and a global geoid and
gravity field produced. Geophysical analyses can begin at this poinL

1992

The mean sea-surface heights will continue to be updated as more altimeter data is received. Global
and regional gravity fieldswill be recomputed periodically. When a full cycle of 176 day orbit
altimeter data is available, this will be adjusted to fit the accurate reference grid provided by mean sea
surfaces from the ERS-1 35 day cycle and Geosat 17 day cycle. A high resolution gravity fieldwill be
derived at this ~int.
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