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Background

Flood Monitoring activities today foresee an ever increasing use of remote
sensing data, in particular for:

• Prevention - the modelling of river basin dynamics for future planning

• Monitoring - the mapping of flood events to help manage quick
emergency aid

• Relief - timely damage assessment and identification of risk areas

In recent years there have been many new developments in the field of SAR
(Synthetic Aperture Radar) image analysis, also taking advantage of the
uninterrupted availability from 1991 onwards of the data collected from ERS-1
the European Remote Sensing Satellite of ESA.

This data flow continuity is now ensured with ERS-2, the latest in the ERS
family, launched on April 21st 1995 from Kourou, French Guyana.

Objectives

ESRIN's aim in organising this ERS Working Group Meeting has been to
bring together parties interested in the monitoring and assessment of floods
using remote sensing techniques.

It is hoped that not only those able to produce the information, but also those
who utilise, or will utilise this type of data might benefit from attending.

The audience is made up from those representing the "Providers" of remote
sensing information, the "Users" and those Parties interested in improving or
expanding their sources to meet the flood management requirements.

The MEETING focuses mostly on the types, delivery and application of
remote sensing information, rather than on image processing techniques and
technicalities in general.





Two Open Floors for
Discussion of the Key Issues

of Each Day

Outline of Meeting

The meeting consists of:

j Five Sessions j

Two main Sub-themes
• Flood Monitoring
• Flood Prevention and Assessment

Two types of Presentation
• The experience of Satellite Information

providers
• UserViews

This is a collection of all material that the lecturers were able to provide to us
in order to allow redistribution at the meeting in almost REAL-TIME!





AGENDA

First ERS Thematic Working Group Meeting
on FLOOD MONITORING

26-27th June, 1995 - ESRIN, Frascati

Chairman of all sessions: W. Jensen, ESRIN
Co-Chairman of all sessions: Juerg Lichtenegger, ESRIN

After each presentation time 10 min. (or more, if needed) will be allocated for Questions and
Answers

Monday 26th June, 1995

9.00- 9.30 • Registration (at the Registration desk outside the Main Conference
Room)

9.30 -10.00 • Welcome by W. Jensen, Head ERS Exploitation Department, ESRIN

• Overview on the role of ESRIN in the Earth Observation Programmes of
ESA

• Background and objectives of the Meeting

SESSION 1: FLOOD MONITORING: THE EXPERIENCE OF SATELLITE
INFORMATION PROVIDERS

10.00-10.20 • The contribution of space technology to major risks

J-P Massue, EUR-OPA Major Hazards Agreement, Council of Europe,
Strasbourg

10.30-10.50 • Use of SAR (Synthetic Aperture Radar) data for flood monitoring and
mapping in Thuringia, Germany

A. Kannen, Deutsche Projekt Union, Eberswalde, Berlin, Germany

11.00-11.30 • COFFEE BREAK

Session 1 Continued

11.30-11.50 • FLOODNET- a Telenetworkfor acquisition, processing and
dissemination of Earth Observation data for monitoring anct:emergency
management of floods

K. Blyth, Institute of Hydrology,Wallingford, UK

12.00 - 12.20 • Monitoring flood events with remote sensing data: an example of ERS-1's
contribution to flood events in Northern and Southern France regions

N Tholey, SERTIT, Service Regional de Traitement d'lmages, lllkirch, France



L



E. Bonansea, CSI, Consorzio per ii Sistema Informative, Piemonte, Italy

SESSION 2: FLOOD PREVENTION AND ASSESSMENT: THE EXPERIENCE OF
SATELLITE INFORMATION PROVIDERS

12.30 - 12.50 • Mapping of 1994 flood in Piemonte Region: an example of remote
sensing and GIS application

13.00 • LUNCH

Session2: Continued

14.00 - 14.20 • Assessment of flood mapping capabilities with the aid of ERS-1 SAR
data: an experience in Germany

R. Oberstadler, GAF, Gesellschaft fuer Angewandte Fernerkundung,
Muenchen, Germany

SESSION 3: FLOOD MONITORING: USERVIEWS

14.30 - 14.50 • Studies of runoff processes by the use of remotely sensed data (including
1993, 94, 95 floods experience in the Rhine Basin)

F. Partmann, Federal Institute of Hydrology, Koblenz, Germany

15.00 - 15.20 • Overview on the cartography of inundable areas, as part of the activities
of the Geology Data Bank Service in Piemonte Region

G. Bellardone, Assessorato alla Pianificazione, Regione Piemonte, Italy

15.30 - 15.45 • COFFEE BREAK

Session3: Continued

15.45 -16.05 • Overview on technical needs of insurance and re-insurance companies,
with emphasis on flood risk aspects

M.T. Piserra, MAPFRE - RE, Madrid, Spain

16.15 • OPEN FLOOR DISCUSSION ON T..HEKEY ISSUES OF THE DAY

17.15 • END OF SESSIONS

17.45 • COCKTAIL AT ESRIN





9.00 - 9.20 • Identification of flooded areas in the Rhone and Var river valleys, France,
using ERS-1 data

Tuesday. 27th June. 1995

SESSION 4: FLOOD PREVENTION AND ASSESSMENT: THE EXPERIENCE OF
SATELLITE INFORMATION PROVIDERS

(cont. of session 2 day 1)

S. Delmeire & L.Marinelli, Geoimage, Sophia Antipolis, France

9.30- 9.50 • ERS SAR and LANDSAT Thematic Mapper data application to flood
prevention and damage assessment in Italy

H. Macintosh, University of Florence, Italy

10.00 - 10.20 • Issues of hydraulic model validation and design using remotely sensed
data

P. Bates, Department of Geography, University of Bristol, UK

10.30 - 10.50 • Potential capabilities of microwave satellite information for the
assessment of run-off risk over Mediterranean soils

C. King & A.Company, Bureau du Recherche Geologique et Miniere,
Orleans, France

11.00-11.15 • COFFEE BREAK

Session4: Continued

11.15 - 11.30 • EARTHWATCH: a service provided by EURIMAGE - The flood case

R. Biasutti & A. Lombardi, Eurimage Consortium, Rome, Italy

11.40 - 12.00 • Characterisation of flood inundated areas and delineation of poor
drainage soil using ERS-1 SAR imagery

M. Badji, Faculte Sciences Agronomiques, Univers. de Gembloux, Belgium

SESSION 5: FLOOD PREVENTION AND ASSESSMENT: USERVIEWS

12.10 - 12.30 • The use of remote sensed data in the study of flash floods and their
effects

D. Risser, Centre Europeen sur les Risques Geomorphologiques,
Strasbourg, France

12.40 - 13.00 • Estimation of discharge from three braided rivers using ERS-1 SAR

L. Smith, Cornell University, Ithaca, New York, USA





L. Janssen, Rijkswaterstaat, Delft, The Netherlands

13.10 • LUNCH

Session5: Continued

14.15 - 14.35 • Utilisation of airborne and spaceborne data for flood monitoring and
assessment: present and future user requirements in Holland

14.45 - 15.05 • Operational, research and development aspects in the management of
natural risks in general and floods in particular: the role and activity of the
European Union

D. Vassaux, DG XII, European Union, Brussels, Belgium

15.15 - 15.35 • Flood Modelling in the financial sector: Is satellite data the answer?

A Mitchell, Greig Fester International, United Kingdom

15.45-16.00 • COFFEE BREAK

16.00 • OPEN FLOOR DISCUSSIONON THE KEY ISSUES OF THE DAY

17.00 • CLOSURE OF THE MEETING
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THE EUR-OPA MAJOR HAZARDS AGREEMENT
OF THE COUNCIL OF EUROPE :

SPACE TECHNOLOGIES FOR RISKS MANAGEMENT

by J-P MASSUE
EXECUTIVE SECRETARY

OF THEEUR-OPA MAJOR HAZARDSAGREEMENT

In Morch 1987. the Committee of MiniStersof the Council of Europe adopted
Resolution(87) 2 estot>lishingon intergovemmentol Open PortiotAgreement. Itsmoin
oim isto reinforce co-operation berween Memt>erStctesino ml;lti-dis::iplinorycontext
to ensure oetter prevention. protection end orgcnisotion ot relief inthe event of mojor
ncrurc: or techno!ogicol disasters.

Tl1is Open ?ortiol Agreement named •EUR-OPAMojor HozordsAQreement' hos
to dote 23 member Stotes: Atoonio. Atgeric. Armenia. Azerbaijan. Belarus.Belgium.
Bulgoric. Fronce. Georgie. Greece. tsroel. Italy. torvic. Luxemoourg. Motte. Monccc.
Morocco. Portugal. Russia.SenMorino. Spain. Iurxev. Ukroine.Jccon hos the statusof
ccserver.

TheEuropecn Commission.UNESCO. WHO ond the UnitedNct!onsDeoortment
of Humonitorion AffairsporticipoTe in the Agreement. The tntemotionol Federation of
Red Crossenc Rec Cres::ent sccienes rscssocicreo :n itswork.

The main oim of the Agreement is-to p~re-cooperotion oetween member
Storesov collinQ uoon present day resourcesenc knowledge to ensure on efficient
ond interdependent moncgement of rncior disosrers. ThisAgreement is ncmeo
·ooen· beceuse ony non-member Stote of the Council of Europe moy cppty to
ccceoe to it.

There ere three levels of action :

1. the politico! 1eve! witli me periodical meetings of the Ministers of the
Agreement end o~ the Committee of Permonent Corresoonoents which
determine the co-operation poncv corresponding to me objectives of the
Agreement:
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2. the scientific· end techniccl level with :

. the ·europecn EorlyWcming System"

. the ·europecn Advisory Evoluotion Committee tor Ecrthquoke Prediction·

. the Network of ·spec:olised European Centres"1;

One of the focol points of thiSAgreement isthe Quest tor ensuring o direct interest end
pcrncipcnor, of the memoer stores by fostering the erection of European Centres.
These structures focllitcte c concrete contrioution from the different partners. with
common objectives. throwgh the implementction of European intormction. trcining
end research progrcmmes.

3. specific programmes whose chcrocteristlcs differ in relet ion to the cctivities of
the first two levels in thct they ccn coil upon vctuntcrv finoncicl cor.tributions.

During the 5th Ministencl meeting of the Agreement. the Minisrers cccorec the
Moscow Cncrrer enc cgreed the following:

··to use the EUR·OPAMo;or Hczcrds Agreement of the Council of Europe cs
c si..::tcele plottcrrr: fer cc-coercneo :::>etweenEcsrerr.Europe. the scorn of the
Mediterrcneon end Western Europe ir. the fieic of r.icjcr ncturc: end
technoicgiccl csosrers.

- met co-ccercnon oe7'ween the member countries of the EUR-CPA Major
Hczcrcs Agreemer.r snail cover scientific resacrcn ccnvrnes end the trcining of
spectcusts in the tieid of risk sciences. to oe ccocucrec by the Europecr.
Centres of tne Agreement end trcinir.g estctiisnmer.rs. cs well cs crccncci
ir.tercc~ion ir. emergency situcticns usir.c new technciogies end the results of ,.
miiitcry corwerncn processes:

- rnct the cc~ivities of the EUR-OPA M.:jor !-iczcrds Agreement shell be
crgor.iSed in keeping witn this politico! resolve enc. in ccrncuicr. in such o wcy
cs to ovoid cnv ovenec with the work of ether internctionol orgcnisoticns.

Durlr.g the oth Ministerlc! meeting of the Agreement held in Brusselson 6
occrcer 199~.the MiniSterscccctec Resolution 2 on the use of socce technology to
cssn riskmcnogement.

i. • The Hi~her 1nst1n..1etor emergency Planning. FloriVCI. S.:;ium
• ~e :urcpecn Cemre on Sei$t'nicend ~eomorpncio;icol ~sics.StroSbourg. Fronce
• 'The Europeon Centre on Insular Coastal Oynomies. Vo1eto. Mclto
• il"le Eurcpeon Centre ~erNol"l-unear Oyncm;c::s end 'Theoryof Seis:·nicnlSk. Moscow. ICussio
·The E·..:ropecn Centre on Ncr..ircl Oisosters.Ankmo. T1.1i<ey
-The Europeon Centre tor Oiscs:•rMedicine. SenMcr.r.o
- lhe European LJr.iversiryCentre tor me Cultl.Tct Hentoge. Raveuo. ltoiy
• lhe European Cenrre tor Geodyncmlcs ond Seismolcg-,r. Luxembourg
·TI-le European Observatory en Oceonoiogy. W.oncc:>
· h European Cenrre on lntormction Teemques to me ~t>Uc:in Emergency Situations.
Mcdrid. Spain
- The European Centre on Prevention and Fereecsnnw or EcnhQuokes. Athens. ~reece
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Toking into cccount extsting or planned progrcmmes using soccs ecuiornenr
to csssr riskmonogement cs port of the Europecn Union. the European Spece
Agency. the United Nctions and notional progrcmmes.
The Resolution request :

I. The continuction of the prospective study being uocerrcken on tne use of
spcce technology for me purposes of risk mcncgement. concerning
monitoring. novigotion. telecommunications cs well cs ccrc collection end
trcnsmission.

2. Irie implementction of c series of sigr.ificont cernorstrcnon projects using
space equipment s1,,;ppiementcry to other technicues in rhe cree of ncrurc'
end tecnnotogicol hazards.

Thecocmcnot cuccetcrv lmolicotions cf tr.ese cctivities ere to rerncin seccrcre
from the SpecicJ Europec:'i Fwr.d of the .A.greemenr.

PROSPECTIVE STUDY

The :uropecn Spece Agency hes agreed to implement the croscecnve srucv
in comcnctlcn with the Commission of the Ewro~ecnComm1,.:nities. It will be ccrrlsc
out in four chcses:

Priase t.
idemificoticr. cf the informction needs cf cecslon-mckers irl the crec of risk
rncnccernent.

P'"icse 2:
inventcrv of existing or plcr.ned socce ~ecr.r.olcgy f:::c:litiesin Eostern enc
Western :urope one i~ crrer ccenrnes whic.i rnig~tcor.trlb:...;reto cssstcncs fer
cec:sior'l-mok;ng :n riskmcr.cgement:

P.'1ose3:
On the assumption tnct ocnrncl use is rncce of existing socce tecnooiocv
tccilities one tn=r the neec fer ccottionci scccs segments iscerncosnctsc. Cr"1
Ecst-West sccce •col wili be defined re meer users· neecs.

Phose 4:
Cost-benefit cncivsa. A steering corrrnittee. co-cncrec by the Eurcpecn
Spece-Agency end ~t'\eCommission of The E..,;rooecnUnicn. hos been sei up
to run the prospective sruov.

Scheduling of phcses:

- Phcse 1 from November i99A to beginni~g Jwly 1995.
- P~cse 2 from November 199A to beg:n~ingJur.e 1995.
- Pncse 3 from end Jun: 1995 to enc Mc~c~ 199c.
- Phase A from end November 1995 to enc Mcrch 1996

The resultsof the prospective study concccrec by the Ei..iropeonSpece Agency
in conjunction with the Cornmlssion of the Eurcpecn Union ere due to be presented
ct the !"!extministeriot session of the EUR-OPAMcjcr Hozcrds Agreement in April 1W6.
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In porcllel to the prospective study ond on the basis ot the results of
progrcmmes clrecdy implemented or activities run within o limited tlmesccle ond
geograpt'licol oreo. c number ot demonstrotion prciecrs ere being conducted with
o view to illustroting how spcce technologies con contribute to riskmanagement. The
following demonstration projects ore to be concucted in the field of noturcl end
technological nczcrcs:

NATURAL HAZARDS

1. Floods

The oim of this proiect is to excmine common methodologies which con ce
used. with the help of sccce technology fccilities. to menage two types of flooding:
ncsn-noccs end p!oins fleecing. It will be c ~rcr.co-Russicn co-coerction project
comprising tour oncses:

1. Updating moos of zcres ct risk: respons;biiity ot Frcnce with Rl.!Ssionsccocrr
(piiot site: sor..rrn-ecstern rrcnce).

2. SL:polementing wcrnir.g systems tnr01..:gnthe satellite trcnsmission ot ccrc
iogged by nvcrotocrcc: crcrtorrrs.

3. Throwgnour the period of flooding:

- identificction of ncccec creos by ;'.)rccessir:gscte!llre imcges cctcmec
by ell rr.e scie!lites covering the fleeced creo (Ressurs0 ere F.Merecr.
i<L:Ssicn c~ciSCie!lite.S?OT.ERS1enc 2. NOAA. Argcs collecting Sy57e:-n
end Merecsci).

- sctemte tr::ns:":"lis_s:onof crittccl cctc from the ncccec creo to tr.e
controi centre: responsibiiity er Frcnce,

- ioentificcticl"l ev Russ:o of one or two siresof poter.tiol s~ring flooc:ng.

4. Post-c:isiscncvss. evciecnon of rhe consequences.

ilie fine: report is to be preser.tec bv 10 Morch i996.

2 Ec1rc~ckes

The oim of this oerncrstreuon pro;ecr is to show how the use of 'geogrcphic
informction systems' (GiS)end cctc obtained thrcugn space technology con tccilitote
seismic riskmcnogement. In prccncci terms. the project will seek to oernorstrcre the
value cf G:S in the moncgement cf dcto relevant to seismic rislcS,the imporrcnt
contribution of remote sensing end G?S cctc cs c supplement to existing ground
dote. enc the fundomentcl rote ot sctellite telecommunicotions systems. Different
geogrc;:>hic information systems from Russioend Western Europe ore to be used end
several test regions token inro cccount (North Ccucosus end Western Europe). Ine
main ;:>crtnerswould be:
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. Russia.

. Fronce (SPOT Image. IGN Espoce. BRGM Morseille. SCOT Conseil. CESG
Strasbourg)
. Greece (EorthQuoke Pfenning end Protection Orgonisction Athens. Notionol
Kopodistrion University Athens)
. ltoly Clstituto de Richercno sul Rischio Sismico di Mitcno) .
. Europeon Space Agency .
. CERCO CEurapeon Committee of Heeds of Officio! Mopping Acencies).

Budget support hos been recuesrec tor this demonstrction project within the
framework of the TACIS-.BISiROprogrammes of me European Union.

TECHNOLOGICAL HAZARDS

ironsoor:"ction of donoerous s:.:t:!tcnces

Two demonstration projects ere oicnnec. ·

i. "UKRAINE"oemcrsrrction ~roject. Thiser.toils co-ccercnce between Beigium.
Ukraine end the Europecn Spece Agency cimee ct exciciting The PRODAi sys7emin
corucncnon witti space tecr.nology focilities to monitor seven ve?"licles rrcnsporting
toxic products C2lorries cr.d o reccnncsscrce venicle trcr-.sporting rectc-ccnve wcsre
from Cliernobyl. 2 lorries trcns::orting liGuic cbicnne end 2 lorries trcnsportir.g
ommonio).

The orgonisctions responsible for im~;e!"':'1enting me project inch.;ce: the
E~ropeon Spece Agency fer 7he scoce sector. Mcrecs A. SAITsvsrerns or 3el~ium s
project rncnccer end PROD.A.:communicoticns coereror. the Higher Technc:ogtes
· ··• • t u· · d ...,""" .•,,.., ··•h · •....t ·h o"or-.A-t ""'11nsTi1U1eo icrc1ne. on r-.r\1~·••••••y wi ,;c; 1sresj:cnsi...,te or . e . 1~ 1.,,1 ; ermrr. •••.s.

The oroject is scbecuiec to n.:noetweer, Morch 1995end J1.:ne1995,with the
finai report crcrtec in J~iy ~995.

2. Frcnco·Russion project: tiiis involves monitoring Clcngerous ccrcoss with the
help of Russian end French secce technology systems:ARGOS.COSPAS-SARSAi. KURS.
METEOSAT,GONETS. COS?AS-WCH. Beacons will oe ciccec ct strategic points en tr:e
l<ussion end French roil systems. ihe ccse pcrtners ere RKA (Russia) enc CNES
(Fronce).

Survemcnce of nuclecr power sroticns

Following up the propose! presented by the R1.'SSionMinistry for the Environment
in conjunction with Germen cermets \IR!S/Russio project). en initiol operction hes
tecesec on the nucleor power stenon in Stnotens~ end c preiimincry report hes been
ocsseo on to the Executive Secretcrict.

Tetemedicine end emeroencv situotions

A project hos been prepared with the crn of usinQsatellite tetecommunicotions
to enoble Russian end French cectors to confer on dic;noses of children possibly
suffering from cancer· ot the thyroid glof:ld cs o result of the Chernobyl occident.
Funding is now being reQuested for the project.









Andreas Kannen
Deutsche Projekt Union GmbH

D-16225 Eberswalde
Tel./Fax: +493334-59245

USE OF SAR DATA FOR FLOOD MAPPING AND

MONITORING IN THURINGIA, GERMANY

In the last years several events of severe flooding along major rivers of the
world resulted in deepened interest of governments and public in watershed
management issues. In Germany beneath the areas along the Rhine and its
tributaries other watersheds like Elbe and Werra/Weser experienced extreme
water levels and flooding.

A key tool to improve flood management and minimize damages is
appropriate land use planning. This requires accurate knowledge of flood
extent as well as information about the dynamics of flood development.
Within a DARA financed project the Deutsche Projekt Union (DPU) Ltd.,
Eberswalde, uses SAR data (XSAR, ERS-1.SAR) for flood extent mapping as
well as monitoring flood stages for the flood event in april 1994 along the
river Werra, Thuringia. This flood mainly resulted from a combination of high
rainfall, snow melt and high saturation of soil water capacity.

This flood event offers excellent possibilities for a general study because
aerial photography from flood peak are available for comparision with results
of spaceborne SAR data analysis. The approach of this project is based on
joint analysis of the different data sources, especially ERS.SAR and XSAR
data. Usually it will not be possible to analyse large scale flood events just
using one kind of data. For example cloud cover often limits the availability of
airborne data. Combination of remote sensing data with other digital data
sources offers the best methodology for analysis of flood dynamics.

Image processing for flood monitoring can be based on basic techniques like
preparation of ·multitemporal data sets and visual ·tnterpretation but also
include digital classification of multi-sensor data using texture based
classifiers like EBIS or ANN for time efficient multitemporal monitoring.

The data set available for this study includes beneath airphotos from
15/04/1994 (day of peak flow), one XSAR data set from 14/04/1994 and
ERS-1 data from 18/04/ and 24/04/1994. Additionally XSAR and LANDSAT
TM data covering normal water flow are available for data merges and
visualization purposes. Combination of images covering flood situation and
images covering normal water flow clearly depicts flooded areas by change
detection. Usually water areas appear dark in SAR images while areas not





covered by water are characterized by lighter grey colours, resulting from
higher radar backscatter of the surface.

Thus, in the XSAR image from 14/04/ water areas appear in black (Ill. 1). To
improve mapping accuracy this image was combined with XSAR data from
09/10/1994 which covers the normal water level of the Werra. Adding the
ratio of both images enhances the flood information. In this combined image
flood areas are clearly visible in dark blue (Ill. 3), which characterizes areas
with high radar backscatter at 09/10 and low backscatter at 14/04. This
multitemporal backscatter behaviour characterizes flooded areas.

Photo hardcopies of this image in 1:25000 scale were used for visual
mapping of flooded areas on 14/04/1994. This covers flood extent some
hours to one day before peak flow. Comparision with flood extent derived
from airphoto digitization demonstrates two aspects:

1. In some areas flooding is still a developing process and maximum level has
not yet been reached. Clearly visible are weak points in the embankment
system along the Werra where spill over leads to backward flooding into
agricultural areas.

2. At fixed points like road embankments the mapping accuracy from
spaceborne SAR data seems to be nearly as good as from airborne black and
white photos. Some limitations should be made in urban areas where the
much higher geometric resolution and the visibility of single buildings in
airphotos lead to higher mapping security. On the other hand in some parts of
the SAR image also very small flood areas can be delineated with help of
topographic maps or airphotos (also from non-flood situations), combining
their geometric resolution and topographic information with the spectral
information from the SAR data.

Between the peak of the flood at 15/04/1994 and 18/04/1994 the extent of
the areas covered by flood water strongly decreased. Analysing the ERS-1
image from 18/04 enables the detection of areas which are only for a short
time covered by water and areas where the standing water stays for a longer
time. Partly the flood dynamics becomes visible in areas which were not flood
affected on 14/04-,-bat were flooded on 15/04 and still are water covered on
18/04 (Ill. 2). In the ERS-1.SAR image of 24/04/1994 only very few and
small areas which are still covered by water can be detected. These
observations from visual analysis are confirmed by automatic classification of
a multitemporal data set consisting of XSAR from 14/04 and ERS-1.SAR from
18/04.





ILL. 1: XSAR image from 14/04/94

ILL. 2: ERS-1 image from 18/04/94, yellow = flood line from 14/04/94
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ILL. 3: red = XSAR 14/04194, green= XSAR09/fo/94, blue= ratio
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BACKGROUND

FLOODNET: A TELENETWORK FOR ACQUISITION, PROCESSING AND
DISSEi.'\flNATION OF EARTH OBSERVATION DATA FOR MONITORING Al'!l)

EMERGENCY MANAGEMENT OF FLOODS

K.. Blyth
Institute of Hydrology

Wallingford, UK

INTRODUCTION

The aim of FLOODNET will be to provide a communications and data distribution facility
specifically designed to meet the demanding temporal requirements of flood monitoring.
Currently, remotely sensed data are not fully utilised for flood applications because potential
users are not familiar with the procedure for acquiring the data and do not have a defined
route for obtaining help in processing and interpreting the data. FLOOD1'i"ET'Nill identify the
potential user groups within the EU and will, by demonstration. education and the use of
telematics, increase the awareness of users to the capabilities of Earth observation and the
means by which they can acquire it. The network will encourage a user community and will
facilitate cross sector information transfer, particularly between 'flood experts' and
administrative decision makers.

The all-weather capability of high resolution satellite radar sensors for monitoring floodwater
extent bas been well demonstrated over the last few years when extensive flooding has
occurred in many EU countries. Much of the satellite data recording floodwater extent has
been collected on an ad-hoc, opportunistic basis and many of the likely end-users probably
did not know of its capabilities prior to seeing photographs in the national press or other
publications.. Of those that did, many would not know how to acquire the data or extract the
necessary info.rmation from it. As more suitable sensors come on line within the next few
years, such as on the ERS-2, Radarsat and Eavisat satellites (Figure 1), together with the
growing availability of sophisticated airborne sensors, a quick-response system which can
cope with the specific requirements of the flood management comm.unityis badly needed. The
aim of FLOODNET therefore, is the development of an EU-wide communications network
which will help in the coordination of requests for Earth observation data required for
monitoring river and coastal floods, and to determine how the data can be most efficiently
processed, interpreted and disseminated to a wide range of hydrological and administrative
organisations having different requirements.

USER NEEDS AL""«> APPLICATION AREA

Each year, river and coastal flooding, worldwide, results in major loss of life and property.
A requirement for two levels of flood extent monitoring-can be identified which would
augment current flood forecasting procedures which have been established over many years
using conventional hydrological information. The first is a broad-brush approach which would
look at the general flood situation within a river catchment or coastal belt with the aim of
identifying areas at greatest risk and in need of immediate assistance. This type of information
would be of great value to central government offices in assigning priorities to the overall





TECHNICAL ASPECTS OF FLOODNET

flood response For major floods especially, where ground communications may be severed,
there is a need for rapid overview information on floodwater extent to prioritise :

• downstream warning response
. rescue/evacuation of residents and livestock
• supply of food/medical aid
• strengthening/repair to flood defences
• repair of communications
. repair of water supply, power and other infrastructure

. The second, less time-critical requirement, is for detailed flood extent maps which are
needed for:

. hazard assessment

. input to hydrological I land use models

. insurance I risk evaluation

Both requirements are time critical and major savings in losses can be expected if suitable
information can be distributed. to the key authorities at the outset of flooding. It has been
found that such information cannot be readily determined from the ground because of
inadequate manpower availability and restricted access caused by floodwater and remote
sensing by satellite and aircraft is now able to supply a more efficient method of flood
mapping. Figures 2 and 3 show typical requirements in terms of satellite resolution and data
delivery for different application areas.

In the longer term, derailed information of floodwater extent for floods of differing return
period are required for the production of hazard assessment maps and for input to various
types of hydrological and land use models. As a result of a number of major flood events
'Withinthe EU in recent years, insurance companies are taking a critical look at the flood
insurance sector and represent a major potential customer for the type of information which
could be assembled within FLOOD NET. Clearly then, there are a wide range of users to be
identified and user needs to be addressed before a satisfactory design for FLOODNET can
be evolved.

FLOODNET will act as a filter between users and satellite operation planners (Figure 4) by
applying criteria. previously agreed by users, to the requests for satellite coverage of flood
events. Requests will be assigned a level of importance, perhaps on scale of 1-5, after
applying the criteria and will then be passed on to the satellite operators for consideration.
This arrangement will be mutually beneficial as the satellite operators will be spared the task
of assessing the importance of each request as it comes in, on the basis of little or no
background information, whilst the users will be assured of receiving the highest priority for
major flood events.

Technical aspects of the FLOODNET demonstrator will be guided by the results of a user
requirements study. Some basic functionality can be defined, but this will have to be adjusted
according to user needs.





----------- ----------

The first users who will have information indicating that significant inundation may occur are
the authorities responsible for rivers and coastal regions. It is envisaged that FLOODNET will
be closely integrated with ground-based radar networks and river catchment rainfall / runoff
models which can provide early warnings of saturation within contributing areas. Wamings
would be issued to a central server which would interrogate European and other relevant
satellite acquisition progranunes to determine if the area under threat was programmed to be
imaged by suitable satellite sensors. If no suitable satellite coverage was planned, requests
could be placed for acquisition of data via the relevant space agencies. A previously agreed
methodology for assigning a priority rating for each acquisition request would have to be in
place, together with agreements covering payment for the data. The users would benefit by
having a pre-defined methodology for requesting satellite coverage at short notice and the
space agencies would benefit from a priority indicator of the importance of each request.
Priority levels would increase as the prediction of flooding became firmer.

The FLOODNET information server will be based on Intemet/W\VW technology. On the user
interface side, the choice is between a standard browser software (e.g. Mosaic, Netscape) or
the improved European Wide Service Exchange interface currently developed by the Centre
for Earth Observation team at JRC, Ispra. The choice will depend on the user needs which
may either opt for a standard but less comfortable system (e.g. Netscape, Mosaic) or a more
advanced, but still new and less proven system such as EWSE. For users who have no access
to Internet, there will be a two options approach: either they will install an Internet connection
(most likely with modem dial up) or they will receive the information via 'appropriate
technology' means (e.g. via a fax server, e-mail, erc.). A special fax server 'Willbe installed
for that purpose, which extracts information retrieved from the Internet-based (and well
networked) system and distributes this in fax form to relevant flood early warning I
emergency centres. On the data distribution side, the network would enable satellite data to
be either delivered directly to the user who would process it to his own specification, or via
an intermediary who would undertake this work on his behalf. The intermediary could be a
national remote sensing centre or other government organisation, university or commercial
company.
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MONITORING FLOOD EVENTS WITH REMOTE SENSING DATA :
AN EXAMPLE OF ERS-l'S CONTRIBUTION TO FLOOD EVENTS

IN NORTHERN AND SOUTHERN FRANCE REGIONS
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Service Regional de Traitement d'Image et de Teledetection, SERTIT, Pare d'Innovation,
boulevard Sebastien Brandt, 67400 Illkirch, France
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P. DE FRAIPONT*, S. CLANDILLON*, K. FELLAH*, H. YESOU*

* SERTIT, Pare d'Innovation, boulevard Sebastien Brandt, 67400 Illkirch, France

1. Flood events as seen through remote sensing

Presentation of case studies in the north-east and southern part of France :

- the Vaison-la-Romaine region and the Ouveze river flood of september 1992,
a cartographic approach

- the Alsace and the Ill river flood of february 1990,
a remote sensing approach using optical data

- the Camargue flood event of october-november 1993,
a remote sensing approach using ERS-1 radar data

2. ERS-1 data's advantages

The primary advantages of ERS-1 SAR data in flood event recording and studies are presented:

- its high spatial resolution
- its good temporal coverage frequency
- its all weather day and night coverage
- its sensibility to soil moisture content which allows for the mapping of water bodies

3. What flood related information can be produced ?

Different kinds of flood related information can be produced, on one hand while exclusively
using ERS-1 data and, on the other hand, within a GIS by merging ERS-1 derived information
with other spatial information.

Using uniquely ERS-1 data:

First ERS Thematic Working Group Meeting on Flood Monitoring,
26-27th June 1995, ESRIN Frascati

- with one image :
- one image of the flood zone can lead to the mapping of water bodies





First ERS Thematic Working Group Meeting on Flood Monitoring,
26-27th June 1995, ESRIN Frascati

- with multi-temporal images:
- historic images of flooding period and non flooding period permits the
distinction between permanent water bodies areas and flooded areas which gives
the map extent of the flood;
- several images of the flooding period allow the monitoring of a flood's
evolution, both its rise and dissipation.

ERS-1 data within a GIS :

Complementary flooding and landuse impact studies can be carried out with the ERS-1 derived
information after the integration of these data into a GIS with other thematic spatial information.

- with cartographic data such as administrative boundaries like communal limits, the
flood affected communes can be listed ; with infrastructural maps, flooded roads can be
pointed out.
- with up-to-date thematic information layers derived from remote sensing , the

landcover of flooded and non flooded areas can be extracted and analysed.

4. Flood zone management within a GIS

- historical data allow a multi-year database management and analysis of flood prone
areas and facilitates a flood risk evaluation assesment.

- via GIS modelisation, identification of risk areas and their flood hazard designation can
be made using multi-thematic information available within the GIS; land slides risks, for
example, and other information pertinent to hydrological models, can be estimated
depending on sol types, landcover, slopes, rainfall.. ..

5. Application examples

- the Alsace flood event of february 1990

- the Camargue flood event of october-november 1993





First ERS Thematic Working Group Meeting on Flood Monitoring,
26-27th June 1995, ESRIN Frascati
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ERS-1 image : the Camargue october 1993 flood
Southern France (Camargue)





Flood extent derived from ERS-1 image
Southern France (Camargue)
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Landcover affected by flood
Southern France (Camargue)
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Landcover of the upper Ouveze basin
Southern France (Ouveze Basin)





© CNES - Distribution SPOT Image - Traitement SERTIT

Vegetation Landcover of the upper Ouveze basin
Southern France (Ouveze Basin)





Digital elevation model and slope model of the upper Ouveze basin
Southern France (Ouveze Basin)
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Image of the alsatian once-in-a-century february 1990 flood
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ERS-1 data : multitemporal color composite of the central Alsace flood zone
Northern France (Alsace)









Mapping of 1994 floods in Piemonte Region, Italy: an example of remote sensing and GIS
application

E. Bonansea - CSI Piemonte - Settore Territorio - Torino (Italy)

The flood occurred in Piemonte (Northern Italy) on the days of 4th, 5th and 6th November 1994 was
the most studied natural event "in the recent years.
It has been, indeed, one of the worst disasters ever happened in the Region during the century.

The areas interested by the phenomena are those corresponding to the basins of the main rivers of
Piemonte, i.e. Tanaro, Belbo, Bonnida and also (partially) the Po river.

The primary goal after the flood was the generation, in the shortest possible time delay, of a correct
map of the flooded area, to derive a first assessment of both, order of magnitudo and damages.

Remote sensing image interpretation proved to be the unique useful instrument to achieve such a
goal, considering the wide flood extension (affecting approximately 2/3 of the entire Region), the
emergency needs, and the urgency to study and evaluate the disaster extent and consequences.

Bad weather conditions during and after the flood, represented a constraint to the utilization of
passive remote sensed data. In fact the first useful SPOT panchromatic data recording was on
November 23. On the active sensors' side, instead, it was possible to use ERS-1 SAR data taken
already on November 9.

Using SPOT data information, an entire map of flooded areas was obtained by means of visual
interpretation. The high data resolution allowed the identification of dynamic river processes, such as
meanders cutting, river bed changes, fluvial sedimentation and vegetation destruction.

ERS-1 SAR data represented, instead, a first control tool to verify in part the SPOT information. All
areas in dark (low pixel values) were classified as still inundated areas at the date ofERS-1 satellite
data recording (Fig. I).

Radar technology proved to be a new interesting tool for environmental monitoring, with a great
potential in several aspects of the earth surface change detection in general, and in flooding events
monitoring, in particular.

The interpretation and classification work was supported by a GIS software able to compare quickly
data taken at different time intervals, as well as to handle various GIS coverages related to rivers,
roads, towns, land use and potentially inundable areas, and to generate new thematic maps as input to
the final cartography.

The result is a map at 1:100.000 scale of the main alluvial plains in the Centre-South of Piemonte,
generated directly from a numerical video output.

The map is integrated into the regional geographic information system and can be used in further
studies and projects aimed at the evaluation of agricultural damages, at the comparison of today's
situation with the town expansion in flooded areas during the past century, as well as for land use
planning and monitoring activities in general.





Fig.I - ERS-1 image of the Tanaro river 3 days after the flood in November 1994.
On the left. in light colour, is Asti, one of the most damaged towns.
Close to the river (direction east), the dark colour throughout corresponds to still inundated areas.
The classification of these areas, together with ground truth information and photointerpretation
techniques, led to the generation of a thematic map.

Fig.2 - The Tanaro river, near the town of Alessandria
This map's section contains GJS information (raster based) combined with SPOT panchromatic and
ERS-1 SAR data interpretation.
As a good example of multi-sensor data use, the SPOT image interpretation made from the
panchromatic data collected only 17 days after the event, allowed to map the entire damaged area by
means of the sensor response to the fine material sedimented during the flood. ERS-1 SAR data
availability in almost near real time (November 9), allowed, instead, the flood event monitoring event
soon after its occurrance. The various inundated areas (well visible in green) correspond to paleo
meanders of the Tanaro.

The fluvial dynamic in these areas has always been considerable, compared to the less consistent
urban growth, as it results from a research carried out on historical river bed changes. Considering
the strong impact that fluvial dynamic can have on the environment, a systematic application of the
GIS and remote sensing techniques already used in the above mentioned research, together with
traditional cartography, can help significantly to monitor and control the phenomena.
(Extract from "The flood event of 4-6 novembre 1994 in Piemonte: first map of flooded areas
identified by means of satellite remote sensing techniques" - Processing CSI Piemonte, copyright
Assessorato alla Pianificazione Territoriale, Regione Piemonte)





Fig.I - ERS-1 image of the Tanaro river 3 days after the flood in November 1994.
On the left, in light colour, is Asti, one of the most damaged towns.
Close to the river (direction east), the dark colour throughout corresponds to still inundated areas.
The classification of these areas, together with ground truth information and photointerpretation
techniques, led to the generation of a thematic map.

Fig.2 - The Tanaro river, near the town of Alessandria
This map's section contains GIS information (raster based) combined with SPOT panchromatic and
ERS-1 SAR data interpretation.
As a good example of multi-sensor data use, the SPOT image interpretation made from the
panchromatic data collected only 17 days after the event, allowed to map the entire damaged area by
means of the sensor response to the fine material sedimented during the flood. ERS-1 SAR data
availability in almost near real time (November 9), allowed. instead, the flood event monitoring event
soon after its occurrance. The various inundated areas (well visible in green) correspond to paleo
meanders of the Tanaro.

The fluvial dynamic in these areas has always been considerable, compared to the less consistent
urban growth, as it results from a research carried out on historical river bed changes. Considering
the strong impact that fluvial dynamic can have on the environment, a systematic application of the
GIS and remote sensing techniques already used in the above mentioned research, together with
traditional cartography, can help significantly to monitor and control the phenomena.
(Extract from ''The flood event of 4-6 novembre 1994 in Piemonte : first map of flooded areas
identified by means of satellite remote sensing techniques'' - Processing CSI Piemonte, copyright
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Assessment of the mapping capabilities of ERS-1 SAR data for flood
mapping: an experience in Germany

Abstract

The company GAF (Company for Applied ~emote Sensing). is actually investigating
(under contract of DARA) the applicability of microwave satellite imagery for flood
monitoring and mapping purposes under operational conditions. SAR data is used to
map the flood event in the Rhine valley in winter 1993/94. The principle topic of the
project is a comparison between the accuracy of manual field mapping practices and
computer-aided mapping techniques usingERS-1 SAR data. Different methods will be
assessed including visual and automatic classificationprocedures to retrieve the flood
boundary and the total flooded area.
Close contact to the data producers and users (e.g. water authority boards. insuran
ces and local communities), help to develop a user-specific operational concept for
flood mapping wich can cope with the different geometric and temporal requirements
of the various users.
Aerial photographs, Landsat TM imagery, digital mapsheets and Digital Elevation
Models are further tools to be included as part of a GIS or adigital processing chain
in order to achieve the ability for flood map production, calculation of corresponding
flooded landcover, flood modelling (time series) and to deal with additional user
requests.
Finally a future model tor operational flood mapping on the basis of ERS-1 SAR data
will be outlined.

1. Actual practices of flood mapping by the water authority boards

In Germany the supervision of the main waterways (Rhine. Mosel, etc.) is in the
domain of the navigation offices which are the only competent authorities tor flood
mapping. Consequently the registration, mapping and control of flood events is part
of their responsibilities. The actual practice to aquire flood data is to send out field
workers who strike plugs every 500 m at the highest water level. Afterwards the plugs
are measured whereby the geographical reference is achieved by striking the plugs
in the profil. However an exact local reference of each plug is not provided.
This method is very precise and produces data sets that show hight precision ranging
between 5 and 20 cm. Decimeter accuracies are essential for further calculations of
the water volume. planning of dykes and groyne. for the establishment of retention
areas and embarkement constructions.
Despite the high accuracy achieved through this method the water authority boards
think about new possibilities of measuring the highest water level, because there are
some negative aspects inherent to this method:

· the method is expensive because it is time-consuming and stau-iruensive





• the data processing time is different for each country and takes about one year or
more

- the mapping teams do not always catch the peak ot the highest wave. e.g. 1f the
wave arrives during the night or during holidays

• pedestrians often abuse the plugs though gaps in the data base arise

- no geographical reference exists for the plugs

• the highest water level is only marked in the profil: areas where the water has flown
behind the dyke are neglected.

SAR data cannot provide datasets with decimeter accuracy, but they are appropriate
to overcome some of the difficulties the navigation staff has to cope with: they can be
obtained relatively quick enabling an immediate overview of the actual uooc situation,
the geographical reference is available and the data are easily combined with digital
information like digital maps.

2. Investigation of ERS-1 C-Band Radar for flood mapping

The database for this investigation are three ERS-i SAR scenes showing the flood
event in Dec./Jan. 1993/94 on the Rhine river:

• ERS·1 SAR GTC product of 25.12.1993
- ERS-1 SAR GTC product of 31.12.1993
• ERS·1 SAR GTC product of 03.01.1994

The first scene demonstrates the situation of the worst flood peak which happened at
the 25th of December. The following scenes document the decrease of the flood
amount.
GTC products were chosen to ensure a good geometric quality and to enable the
combination and modelling with digital maps and elevation datas.
The scenes which cover an area of 100 x 100 km between Duisburg and Koblenz
show an acceptable radiometric quality. The resolution is about 30 m. the pixel size
12.5 x 12.5 m.
Three different river sectionswere chosen as project testsites, each of them covering
an area the size of a mapsheet of 1:25.000. In accordance with the navigation offices.
the testsites should meet special requirements: they should cover river shores which
are not protected by walls or very steep and they should include areas where the
water had flown behind the dyke as it has been the case at the Sieg river.
The topographical maps 5611 Koblenz ( 5511 Bensdort), 5208 Bonn (including the
Sieg river) and 5108 Cologne-Perz ( 5107 BruhI) seemed to be suitable tor an in·
vestigation.





Koblenz was chosen for a first investigation because the testsite was also covered by
areal photographs which were useful for a training and a check of the visual inter·
pretation. Therefore all ongoing results refer to the Koblenz testsite.

During flood events Koblenz always suffers from inundation. The Neuwieder Becken
north of Koblenz functions as a retention area; therefore parts of it are most of the
time inundated during floods. However also the city of Koblenz is permanently affec·
ted from flooding, especially the housing areas around the "Deutsches Eck" and Ober·
werth.

Settlements and torsted areas like in the Neuwieder Backen are critical areas for an
investigation with radar data. because the bright backscatter of the houses and the
leaf cover of the trees overlay the signal of the water. In addition wet arable land
shows similar backscatter to flooded landcover.
Therefore Koblenz is an interesting testsite including different difficult interpretation
situations.

An ERS· 1 imagery from June (GTC, 19.06.1994) with low-normal water level. a
Landsat TM ( 196/25, 04.09.1991) scene as well as aerial photographs were used as
reference data.

2.1 Interpretation

2.1.1 Visual Interpretation

After converting each scene from the UTM reference systems to the Gau13-Kruger
system the absolute coregistration with the digital topographic map layers was execu
ted. The geometric correction was necessary for combining the sateliite data with
different additional data layers registered by different authorities as e.g. profiles,
hectometer coordinates or elevation data.

Secondly each scene was visually interpreted. producing three different flood ccunoa
ries which document almost the highest water level and the decrease of the level of
inundation.
The interpretation was carried out on the basis of the combination of one scene (e.g.
GTC of 25. 12.93) and a difterence image between the imagery under investigation
and the imagery of 03. O1.1994. which provides best the normal situation and therefo·
re the best difference. This data combination improved the interpretability of the single
image. The imagery ot June was used as radiometric reference.
The signatures of the flooded regions mostly can be separated from the remaining
landuse classes. As mentioned before problems were caused by steep areas produ
cing radar shadows and forests showing backscatter values as water. To disinguish
between flooded areas and forest or radar shadows the information of the correspon
ding mapsheets proved to be useful. Interpretation problems were also caused by
inundated settlements and one-family-housing areas with a high percentage of trees.
The high backscatter of settlement completely overlays the signal of the inundated
roads which sometimes are also to small to produce an own signature. Therefore a
correct interpretation of these areas is problematic.





To test the reliability of the visual interpretation aerial photographs were interpreted.
The comparison of both boundaries was surprising: the flooding lines were quite fitting
despite the problematic sectors mentioned before.

On the whole the visual interpretation seems to be an appropriate method to get a
quick overview on the flood situation and to derive the boundary of the flooded arable
land and with some restrictions of settlement areas.
A comparison with the actual flooded area derived from the field measurements finally
will demonstrate the accuracy of both. the water-boundary gained from the visual
interpretations and the classification.
This is possible. if the flood boundary from the peak flood measurements of the water
authority boards had been calculated which is still under work.

2.1.2 Automatic classlflcation

For classification a new evidencebased classificationalgorithm called EBIS (Evidence
Based Interpretation of Satellite lmages)(Lohmann, 1991) is used. The EBIS- ctasslti
cation. recently implemented as a new version in the ERDAS Imagine software
package. is based on the mathematical concept of "evidentional reasoning" according
to the "Dempster-Shafer-Theory". This structural, pixelbased algorithm deals with
cooccurrence matrices as well as local histograms as feature spaces. These matrices
describe in which frequency specific neighbourhood-relations a group of pixels occur.
All feature spaces show an individual polynomial distribution from which the program
simulates its own structured but randomly distributed class. Different distribution
functions can be applied like the Gaussian distribution and the multinomial. window
based distribution. No enhancement or filtering is necessary to be applied before.
Such operations would have a negative effect on the classification accuracy.
As it takes textural information into account EBIS is a sophisticated tool for the
classification of radar imagery.

The first preliminary classification result was achieved by classifying two images. the
GTC of the 25. 12.1993 and the GTC of the 03.01.1994. Classification tests with only
one acquisition data or with all three dates in combination produced poorer results.
The classification of each scene demonstrating the decrease of the floodil"'gwill be
worked out later.
Solely water and non-water classes were classified using about 1o different training
classes applying the local histogram and multinomial distribution.
Concerning the accurate classificationof the flooded landcover and the waterways the
preliminary results were promising. However various water-misclassifications occured
in the arable land. But though the exact delineation of the inundated area is of impor
tance. the wrongly classified water inside the non-water classes can be neglected.
This first result demonstrates that EBIS is useful for a classification of radar data
producing relatively quick acceptable results.

After classification various filtering steps were applied to make the flooded region
more homogeneous, to close gaps inside the water and, if necessary. to extend the
outer water boundary, because normallywith EBIS the class boundaries are poorly re-





presented. The outcome of the filtering process was encouraging. A great amount of
flooded surfaces could be adjoined to water.
Additionally the wrongly classified water inside the arable land had also increased.
These areas were removed manually according to the topographical mapsheet.

To compare the classification accuracy with the results of the visual interpretation, the
outer water-boundary of the filterd result was derived and overlayed with the boundary
of the visual interpretation. The comparison shows that most of the obvious inundated
areas had been classified. Forest and one-family-housing area as well as steep areas
had also been included into the water class. Moreover all water-class boundaries had
been poorely classified.
The preliminary classification result with EBIS brought encouraging results though
they need to be improved. Especially tor the problematic areas solutions have to be
found to overcome the existing problems. Possibilities for an improvement could be
the combination of the data with a digital elevation model, the application of further
image enhancement steps or the use of additional data layers.

3. Planned further steps

The next steps will be the calculation of the flooded landuse classes combining the
ERS-1 classification result with a Maximum-Likelihood classification result of corre
sponding Landsat TM data. Moreover the datasets of the water authority boards will
be integrated to produce the flood line of the field measurements.
Also an integration of a digital elevation model is planned to calculate the water hight
out of the SAR data.
Finally solutions for the critical interpretation areas as well as an analysis and compa
rison of the costs and the duration of the data production will be worked out. The final
product will be a proposal for a suitable processing chain.

Literature:
LOHMANN. G. (1991): An Evidentional Reasoning Approach to the Classification of
Satellite lmages.-DLR. Forschungsbericht FB 91-29.
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Abstract

In hydrological modelling of runoff processes including water balance several parameters
and input data can be estimated or acquired by the use of remote sensing techniques.
Synoptic areal information acquired by remote sensing is a key issue in hydrology, although
ground-truth reference data are still needed. Especially all-weather cloud penetrating
microwave techniques are promising tools for flood monitoring.

Hydrological models calculate runoff/water balance in drainage areas and do flow-routing
within the flow channels. For the first issue - apart from hydrometeorological information -
land use, soil moisture, digital terrain models are important. For the second issue, water
level information, geometric information - e.g. of cross-sections for normal and for flood
conditions, coefficient of roughness, velocity of flow and its distribution within the cross
section are required. Water level information (lower level and upper level) is additionally
needed for shipping, and for design purposes.

During the last two major floods in Germany - December 1993/January 1994 and especially
January 1995 - several areas on the River Rhine and in its drainage basin were covered with
RS data (ERS1 and airborne radar, multifrequency microwave/TIR/UV-scanner, aerial
photographs) during high flood conditions. The results still need to be fully evaluated. The
co-ordination of the evaluation is done by the Federal Institute of Hydrology.
The following RS data were acquired:
12/25/1993 ERSl (orbit 12778 I frame 2583), evaluated by GEOSPACE and GAF
01/30/1995 ERSl (orbit 18531 I frame 2565)
01/30/1995 multifrequency microwave radiometer, TIR, UV - scanner

··(platformby the navy)
01/28-29/1995 SAR-radar (platform by DLR)
01127-02/01/1995 b/w-Pan, b/w-NIR aerial photographs (platform by the air force)

At a test site in Northern Germany, the Federal Institute of Hydrology is studying the
possibility of soil moisture estimation using ERS-SAR data. In an April 1995 campaign, soil
moisture ground-truth data from TDR-probes were acquired parallel to an ERS scene
(04/27/1995, orbit 19778, frame 2529).
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1. General data requirementsin hydrologicalmodelling

In hydrological modelling of the quantitative part of the water cycle (Fig. 1), point
information and areal information of several parameters and input data are fundamental
elements. Often areal information is only derived by simple generalization from point data.
Although hydrological models are of very different types and therefore require different sets
of input variables and parameters, some generalizations can be made as to the basic features
which have to be covered:

- characterization of hydrometerological situation
- uniform or distributed precipitation depth or precipitation intensity, often needed as
mean value for individual sub-basins
- radiation I radiative balance
- air temperature
- humidity I saturation of the air
- wind speed

- characterization of catchment area
- land use
- infiltration capacity, maximum soil moisture content, derived from soil maps
- actual soil moisture, e.g. as percentage of maximum soil moisture content
- slope/aspect of terrain, e.g. derived from a digital elevation model (DEM)
- elevation (important for snow melt calculations and for differentiation of liquid or
solid precipitation)

- characterization of flow channel
- slope I longitudinal profile
- geometry of cross-sections including potentially flooded areas
- coefficient of roughness (Manning's n-value)

- water level and discharge at specific gauging stations.

For the calculation of water balance, the hydrometeorological and catchment data are the
most important, for the calculation of runoff in drainage areas, besides hydrometerological
and catchment data, flow channel and water level I discharge data are important, whereas
for flow-routing and hydraulic computation only flow channel and water level I discharge
data are needed.

The task of flood forecasting and flood assessment is done by mainly deterministic rainfall
runoff models and by hydraulic or stochastic flow-routing models. For these aims the high
water level of a flood is required for calibration purposes, e.g. for calculations of volume
for instationary models. Normally, the water level at the channel line (location of peak flow
within an cross-section) is required, but only the levels at the banks can be measured, with
a difference in height of -20 up to -30 cm. In Germany, usually the high water level is
marked by pegs at 500 m intervalls, while high level gauges are rarely used. Due to
difficulties of access and the time-consuming task of positioning the pegs, possibly several
times during a flood, the pegs are not always positioned directly on the river banks nor in
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regular intervals. So water level information, gained by survey after the flood has gone
down, is not representative at all locations and has to be carefully evaluated and selected. RS
techniques such as aerial photographs and SAR or altimeter information promise to help in
this case.

Apart from the use in flood forecasting and flood assessment, water level information is
required also for shipping and for design values in water resources.
In Germany, for shipping two characteristic water levels have to be determined:
1st equal value water level (GLW, gleichwertiger Wasserstand)

i.e. the (lower) water level fallen below on average at 20 days a year, calculated
from discharge values

2nd highest water level for shipping
category I: shipping not allowed near the margins of the water courses
category II: terminal highest water level, no shipping allowed.

In water resources, flood water levels for specific return intervals are needed for
1st design of dam heights
2nd water level information for riverside residents.

Water levels are also needed for hydraulic 2D/3D models for the assessment of change due
to planned structures in the water course.

2. Applicationof SARand other RS informationfor floodmonitoring

In the hydrological cycle (Fig. 1), several data needs can be covered by SAR and other RS
data:
- soil moisture content
- generation of an digital elevation model via SAR interferometry or radar altimetry
- extent of water bodies and flooded areas
- land use
- rainfall I cloud cover.

For flood monitoring, actual information on rainfall/cloud cover, soil moisture content and
extent of water bodies and flooded areas are especially important. Rainfall still cannot be
estimated with sufficient accuracy from radar or satellite cloud cover and ground-truth data
is still required.
For soil moisture and extent of water bodies, areal information derived from RS data would
be an valuable source of -information. Especially cloud-penetrating SAR, microwave
radiometer or IR data are promising, as sunshine at the time of floods cannot be expected.

3. SAR and other RS data gathered during the 1993/94and 1995floodsin the
Rhinebasin in Germany

During the last two big floods in Germany - December 1993/January 1994 and especially
January 1995 - several areas on the River Rhine' and in its drainage basin (Fig. 2) were
covered with RS data (ERS1 and airborne radar, multifrequency microwave/TIR/UV-
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scanner, aerial photographs) during flood peak conditions.

The following RS data were acquired:
12/25/1993 ERSl (orbit 12778 /frame 2583), evaluated by GEOSPACE and GAF
01/30/1995 ERSl (orbit 18531 I frame 2565)
01/30/1995 multifrequency microwave radiometer, TIR, UV - scanner

(platform by the navy)
01/28-29/1995 SAR-radar (platform by DLR)
01/27-02/01/1995 b/w-Pan, b/w-IR aerial photographs (platform by the air force)
The results still need to be fully evaluated. The co-ordination of the evaluation is done by
the Federal Institute of Hydrology.

During the 1993/94 flood, data acquisition was not co-ordinated, so only one ERSl-SAR
scene covering the Cologne/Bonn Lower Rhine area on the 25th December could be
evaluated by GEOSPACE and GAF regarding the flood mapping capabilities (see separate
presentation on this meeting). The flood was generated by above-normal rainfall after the
soil had already been saturated by preceeding rainfall. The rise was not instantaneous at all
gauging stations, and Northern Germany was less affected (Figs. 3a and 4a)

During the January 1995 flood, several airborne sensors could acquire data during the high
flood level between the 27th and 30th January, whereas the only valid ERS1-SAR scene only
covers the Lower Rhine at the German/Dutch frontier but not the Cologne/Bonn area. On
this flood event, the same effect of pre-saturation took place, combined with snow melt. The
water level at several gauging stations rose at about the same time, while the spatial
distribution of the floods was different from that one year before - the Neckar catchment was
not extremely affected, the Cologne/Bonn area was more affected, especially by "therise of
the River Sieg (Figs. 3b and 4b).

The data have not already been catalogued with respect to coverage and data quality, so only
preliminary results of focus areas on the River Rhine are presented, especially the mouths
of the River Main west of Frankfurt(Main) and the River Sieg near Bonn into the River
Rhine.
The navy platform (Do228), originally designed for oil spill detection, carried scanning
devices with multifrequency microwave radiometer (MWR, 18.7, 36.5, 89 GHz, i.e. 1.6,
0.82, 0.33 cm, resp.), thermal-IR(TIR, 8.5-14 µm)- and UV(320-380 nm)-detector, besides
an SLAR whose data were not transmitted.
The DLR (German Institute for Investigation in Aviation and Space Technology) - platform
carried an C-band VV SAR device.
The air force platform carried b/w-Pan and b/w-NIR camera devices with different viewing
angles and lens systems.

On the 30th January at the inundated mouth of the River Main into the River Rhine, a
riverside build-up recreation area was flooded (Figs. 5 and 6,' taken from front-looking video
camera on the navy aircraft). The C-band VV SAR imagery (DLR-platform) shows some
inundated areas (Fig. 7), but with no reliable delineation of flooded area (Fig. 8 in dark blue
I deep purple with possible confusion with vegetation). The MWR, TIR and UV of the navy
platform shows interesting details (Fig. 9): The 89 GHz(0.33cm)-band with an geometric
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resolution of 4.5 m clearly shows inundated areas, while the TIR marks the colder water
temperature of the Main with respect to the Rhine, showing the right bank being inundated
by water of the Main. The other MWR bands have less geometric resolution.

Some kilometers downstreams, the Island of Mariannenaue, clearly shows inundation by the
SAR imagery (Fig. 10).

At the mouth of the River Sieg into the River Rhine, just downstreams of Bonn, the SAR
imagery shows inundated areas (Fig. 11, in blue). An example of the b/w-NIR aerial
photograph (air force platform) is given by Fig. 12 (in preparation).

Though the delineation of flooded areas was quite good, especially with the MWR at 89
GHz/0.33cm, the geometric resolution given, microwave data up to now are not capable of
fully replacing the conventional data.

4. SoilmoistureestimationusingERS-SARdata

As the examples of the 1993/94 and 1995 floods in Germany show, soil moisture content
and perhaps saturation is an key variable for flood prediction and warning. Though, it is
only available at very few points. The surface penetrating capability of radar and the
dependency of the backscattering on the water content are the key promising factors for soil
moisture estimation using SAR data. At a test site in Northern Germany, near the River
Elbe, the Federal Institute of Hydrology is studying this possibility using ERS-SAR data
(Figs. 13 and 14). On 27th April 1995, soil moisture ground-truth data from TDR-probes
were acquired parallel to an ERS scene (orbit 19778, frame 2529). The values gathered by
the TDR-probes showed good accordance with gravimetric results (Fig. 15). The results of
the ERS scene (Fig. 16, in preparation) have not yet been evaluated.

5. Summary,prospectsand future requirements

The preliminary results of the 1993/94 and 1995 floods show that important information,
especially the extent of flooded areas can be acquired by the use of SAR or microwave data.
Additional RS data are valuable for interpretation, e.g. TIR for the mixing of flows. For the
exact delineation of flooded areas required for hydrological models, microwave data still can
not fully replace conventional data due to its geometric resolution. The combination with a
digital terrain model (DTM, a DEM including relevant features) seems promising for the
future, while actually available Raster-DEMs with an resolution of 20x30 - 50x50 m2 may
miss hydrological relevant linear features like small natural dams.
During the 1993/94 and 1995 floods, missing co-ordination of data acquisition was
encountered. It was not evident, whether e.g. DLR and ESA would organize SAR data
acquisition by themselves. So, as a consequence, it is proposed to prepare cooperation for
cases of floods. In cases of flood warning, important warning data should be readily
distributed and steps be taken to prepare data acquisition for the time needed. An European.
co-operation seems to be necessary.
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ANALYSIS OF FLOOD EVENTS AND THEIR ASSOCIA 1ED PROCESSES

OVERVIEW ON THE CARTOGRAPHY OF INUNDABLE AREAS, AS PART OF THE
ACTIVITIES OF THE GEOLOGY DATA BANK SERVICE IN PIEMONTE REGION:
FLOOD INVESTIGATIONS, AVAILABLE TOOLS AND THEIR USE, OBJECTIVES AND
RESULTS

G.Bellardone - Geologic, Meteorologic, Seismic Risk Prevention Sector of Assessorato Pianificazione,
Regione Piemonte - Italy

The objective of the analysis is to evaluate the effects of floods occurrence inside and outside the
banks, and to relate them to human activities in those areas, thus being able to establish the mutual
interference of flood passage and infrastructures.

The result is the generation of final thematic cartography at 1:5.000 and 1:10.000 scales and the
availability of information as input to the various computerised archives.

Aerial photographs and field analysis are utilised to achieve such output. The former are useful to a)
monitor the effects of the flood within the channel; b) follow the directions of water propagation in
the alluvial plain; c) observe the most evident flood effects, in general.

Area surveys are needed to verify the precise extent of flooded areas, in lack of easily identifiable
morphologic features, and also to distinguish land areas flooded by the river from land surfaces with
water stagnation due to granularometric characteristics of the soil.
The water level of the alluvial plain is measured during the ground survey, and information on the
flood propagation as well as on historical floods is collected.

The availability of maps containing such information allows a better planning of the interventions for
both, the reconstruction of damaged or destroyed infrastructures, installations, etc. -, and wider, long
term initiatives. These may include land use utilisation changes according to the damage extent and
to the delimitation of the areas to be left to the river course (downflow water ways), in the case of
floods over banks.

The maps are also used to verify the satellite image interpretation, as well as to set up processing
methodologies aimed at achieving an improved flood cartography of the areas, which becomes
particularly important when the catastrophic events involve wide extensions.

By integration of the flood cartography with historical information, statistics on the events occurrence
and on their spatial distribution can be derived.

A further goal is to use the obtained information to calibrate numerical models of the flood peak
propagation for further utilisation by the civil protection. Such model inputs will remove the
uncertainty connected with the selection of other parameters of the model itself.
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ABSTRACT

The insurance and reinsurance industry is becoming aware of the great importance of
the natural risks and perils that threaten the accurate control of their businesses. The
insurer, directly responsible for the losses that arise from natural events in their
portfolios in an individual country; and the reinsurers, as the supporters of the direct
insurance companies distributed in many parts of the world. The cover for natural perils
(floods, earthquakes, volcanic eruptions, tsunamis, hail, snow weight, etc) is given in
many countries as an addendum to fire policies, these being extensively spread, but
concentrated mainly in the cities and surroundings.

In respect of floods, many of the big conurbations of the world are usually located on
floodplains or near the river mouths, where the landscape kindly offers flat areas, sands
and water, good ingredients for a city to be erected.. However, these settlements
introduce a supplementary factor on the flood peril turning it into flood risk.

Although being conscious of the severe consequences that floods might cause on an
insurance or reinsurance portfolio, their problem is the flood accumulation control of their
policies, the study of the likely loss scenarios and the mostly accurate location of every
individual policy. There is a point where the binomium insurers-reinsurers and scientists
converge, where the former should be able to explain the latter their needs and what
they could be provided with. On the other hand, scientists must do their best to delete
the difficult formula and the long demonstrations, and be able to present easy applicable
conclusions.

Several big aims of the insurers-reinsurers regarding remote-sensing facilities could be:

• the knowledge of the cost of catastrophic events in different loss scenarios in
respect of their portfolios

• the simulation of different events (floods, earthquakes, etc) and evaluation of
economic losses in their portfolios

• the perfect geographic location of their policies
• the assignment of different data to previously defined geographic units
• the possibility to use all the data, manage and combine them as required

All these ideas will be also illustrated with the recent experience of the A.F.R.A.l.D.
project (A Flood Risk Analysis for Insurance Damages) developed by Nuova
TELESPAZIO and promoted by an Italian insurance company, Cattolica, an Italian
reinsurance broker, Ital Ri, an European reinsurance company, C.l.A.R., a Spanish
reinsurance company, Mapfre Re and Nuova TELESPAZIO itself.
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As a scientist working for the reinsurance industry, I think it is very wise
of you to convoke providers, researchers and likely users. of the satellite
information with the aim of promoting a better knowledge of the possible
applications and the availability to cope with the needs of the present
world.

I have been asked to expose to you the point of view of the insurance and
reinsurance industry in this context. First of all, I had to learn what kind of
information can or could be provided by the satellites that might be useful
for us. The recent launch of the ERS-2 and the previous ERS-1 have
opened a wide range of information that before was only available after
collecting huge amounts of data in many singular places of the world.
Now, a complete view of the planet is easy with the puzzle of satellite
photographs.

Natural catastrophes are one of the nightmares of insurers and reinsurers
because of the immense loss potential in a matter of hours. We normally
become involved in what it is called "catastrophe business" through the
fire cover, which is normally bought by most of you for your homes,
industries or small businesses. In most of the countries that are exposed to
one or several natural hazards, the possibility of buying catastrophe cover
against earthquake, flood, windstorm, volcanic eruption, tropical cyclone,
etc, is offered.

Insurers are usually involved in a single country market, but most of the
reinsurers take shares in many countries, as their main task is to "insure"
the "insurer" and their aim is to spread the risk; the wider, the better. As
natural events never take into account the international borders, it is very
common that a loss scenario includes several countries where a reinsurer
is involved.

Historically, insurers and reinsurers have estimated a PML, Probable
Maximum Loss of their portfolios in an individual country or in the scenario
loss area which consisted on a percentage of damages depending on:

• class of business (homeowners, industrial, commercial, .. )

• type of building (year of construction, building code, .. )

• maximum··expected event

• geographical location

I imagine that the last two points must be familiar for you, because they
could be the intersection between satellite information and the insurers
reinsurers needs.





1. MAXIMUM EXPECTED EVENT

Our memory is not as good as it should be. We often consider the
maximum expected event as the last one we can remember. That is the
case of the Mexican earthquake of 1985, the Chilean earthquake of 1985,
the Northern Europe windstorms of 1990, the hurricane Andrew of 1992,
the Los Angeles earthquake of 1994, the Kobe earthquake of 1995, etc.
Insurance and reinsurance underwriters usually consider these as the
biggest, until they realize that an even greater loss has been caused by a
catastrophic event.

Good research has already been done by engineers, seismologists,
geologists and architects in respect of earthquake vulnerability of
structures. But whenever a new tremor trembles the Earth, a new focal
mechanism or an unknown fault is discovered.

But the behavior of our atmosphere and its implications onto meteorology
and climate, escape our control. The climate change, the effect of El Nino,
the Ozone Hole and the Greenhouse effect are concepts that began to
reach the normal people when a wave of strong wind events (Gilbert
1988, Hugo 1989, Northern Europe Windstorms 1990, Andrew 1992, lniki
1992) struck long distanced parts of the planet.

We are not always aware of the advance of Science, so once I have
summarized for you, our stormy relationship with natural hazards, I will try
to relate our needs with your facilities.

WHAT INFORMATION SUPPLIEDBY THE SATELLITE CAN BE USEFUL FOR
INSURERSAND REINSURERS?

Everything related to prevention, prediction, assessment of hazards and
risks, monitoring -and evaluation of losses. A .very simple division could be
made for those activities related to oceans, to the atmosphere and to the
Earth and the possibilities of these risks being insured and reinsured:
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+RELATED TO OCEANS

• Monitoring of iceberg tracks. Optimization of maritime r~utes
Weather forecasting on the sea.

The possibility of collision with an iceberg must be avoided in
commercial and transport maritime routes. Cargo, material damages,
accident and life insurance are involved.

• Sea level changes.

Many coastal areas are threatened by a possible elevation of the sea
level. Many small towns, big cities, agricultural areas, industries and
ports can be inundated. Flood insurance is involved.

• Monitoring of oil spills.

The oil spill extension can be monitored continuously and so, it is
possible to apply the suitable countermeasures to avoid or reduce
material and ecological damages in the surrounding areas. Cargo
insurance, material damages and contamination insurance are
involved.

• Measurement of the height of waves.

The design of oil platforms as well as those tubes that conduct
waste waters offshore, sometimes depends on the highest wave
that can hit them. The simultaneous measuring of the height of
waves during big storms on the sea can help to reach the correct
standards of construction. Material damages, accident and life
insurance are involved.

• Temperature of the sea water.

There is a well known oceanic area at tropical latitudes where the
sea temperature can reach 27°C or more. This is a marvelous
environment for the tropical cyclones to develop. If these areas are
enlarged because of the climate change towards higher average
temperatures, they should be carefully monitored to simulate new
scenario loss areas. Insurance for wind and flood is offered in most
of the tropical countries. The historical tracks give some guidelines
to imagine the likely groups of countries that might be affected by a
single event. More studies about return periods, likely intensities,
landfalling hurricanes and tracks are required.
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• Oceanic stream variations.

Coastal climates as well as fish production are greatly dependent on
oceanic streams. Any change in the normal pattern should be
detected in order to prevent negative consequences as much as
possible. A northwards drift of the Kuro-shivo stream in the Pacific
Ocean was observed some years ago. It usually carries warm and
salty waters, as the Gulf Stream. There still remains the doubt
whether the heavy rains of 1993 summer in Mississippi are related
to this episode.

+RELATED TO THE ATMOSPHERE

• Hurricane tracks, wind direction and speed.

Once a tropical depression is formed, an accurate monitoring must
be followed in order to organize the preventive measures in the
threatened areas. Teams of insurance and reinsurance adjusters
must get ready to visit the loss areas so that indemnizations can be
agreed as soon as possible.

• Atmospheric temperature.

Some climate evolution models predict an increase in the average
temperature in the Poles more important than in the Equator. This
would probably disturb the existing air-flow patterns and the
moderate climate we enjoy in these latitudes.

• Atmospheric pressure.

One of the procedures to detect a "El Nino" event is the different ·
distribution of high and low pressure in New Zealand and India:
during normal times, atmospheric pressure over the South Pacific is
high, while the pressure above the Indian Ocean is low; this
difference in pressure boosts the Monsoons. When this situation is
inverted, no rain-carrying Monsoons materialize over India.

• C02 content.

The content of C02 in the atmosphere is increasing since the
industrial revolution. The possible influence on the climate change
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has to be proved. C02 is also expelled to the atmosphere by
volcanoes.

• Water vapor content.

In general terms, high water vapor content combined with an
increase in average temperatures, can contribute to trigger more
precipitations and flooding, thunderstorms, hailstorms and also
tornadoes.

•RELATED TO THE EARTH

• Accurate terrestrial orbit determination.

There are several theories that relate the periodical slight changes
(millions of years time) in the orbit variation with ice ages and
climate change. The accurate determination of the terrestrial orbit
will be useful for future climate evolution predictions.

• Terrestrial surface minimal variations.

The monitoring of the pulse of the Earth will detect any modification
on the surface as a consequence of internal volcanic activity. This
swelling as well as magnetic, gravimetric and thermal anomalies, will
contribute to allocate likely volcanic eruptions. Loss of lives and
economic damages can be saved. Volcanic eruption insurance cover
is involved.

Another application of the synthetic aperture radar (S.A.R.) could b-2....
the control the:.'subsidence caused by all means, such as isostatic
uplift, weight of sediments, droughts (this happened in Great Britain
some years ago and the insurance companies had to pay millions of
pounds).

·• Continental drift measurements.

Continental drift is mostly important in geological terms, but perhaps
it is not essential for the daily life to know that the distance
between Europe and America is increasing two centimeters every
year because of the sea floor expansion. The theory of the constant
radius of the Earth would say that two new centimeters in the
·Atlantic ocean plus the new nine centimeters of the Pacific ocean
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created in the oceanic ridges would implicate that more oceanic
crust should be consumed in the subduction zones. In general terms,
this means more earthquakes, but perhaps it becomes science
fiction. In any case, satellite images are useful to estimate the
affected area after an earthquake. Earthquake insurance cover is
involved.

• Crops prediction.

The consequences of the availability of predicting the quality of the
crops are basic in the economic and social sense. For example, if is
is possible to detect a El Nir'io event, several countries would be able
to design a suitable cropping plan in respect of the rain that they
will probably receive. Agricultural insurance is involved.

In respect of environmental problems, spaceborne remote sensing
facilities will be able to detect the advance of desertification in
several parts of the world.

• Tropical forests studies.

Tropical forests are usually covered by clouds, so that their study
was difficult by means of aerial photographs. Satellites will provide
data to allow suitable studies of the tropical areas.

• Bush and forest fires.

The location of fires in non populated areas as well as the estimation
of damaged areas will be possible during bush and forest fires. Fire
brigades and means would be ready to work as soon as the fire is
identified and located.

• Land use planning.

The plan for land uses is designed with different data, such as
topography, which can be provided by satellite photographs. Land
use planning is :essential f:or those .areas that can be flooded. The
correct use of soils and the suitable allocation of cities is elementary
to prevent damages caused by floods.

• Floods prediction ·and loss evaluations.

My recent experience of the use of satellite data related to floods is
summarized in the A.F.R.A.l.D. Project.
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The presentation of the A.F.R.A.l.D. Project will take place in Rome
the zt= of June of 1995 in the L.U.1.S.S. University of Rome. The
acronym of the project was given by the scientists of Nuova
TELESPAZIO, the space agency per le telecomunicazioni spaziali,
who have played the main role in this joint venture. You might
imagine that the insurers, reinsurers and brokers who have
participated in the AFRAID project would never have chosen such a
name, but it could be a lucky name for the project to be successful.

AFRAID means "A Flood Risk Analysis for Insurance Damages" and
it is the result of a Consortium comprising an Italian insurance
company Cattolica, the Italian reinsurance broker Ital Re, the
European reinsurer and participated company of Mapfre Re C.l.A.R,
Mapfre Re itself and Telespazio. The project has been developed by
an interdisciplinary group composed of mathematicians, geologists,
hydrologists and experts in computer design cartography.

Floods have already become a very important peril and risk in many
parts of the world and especially in Europe and particularly in Italy.
Although we could make a simple classification of the factors that
characterize the causes and effects of floods in Northern Europe and
in the Southern Mediterranean countries, the question is how to deal
with them, how to face the consequences, how the rivers and rains
behave and where they will accumulate.

The main tool of this study has been the data provided by the
satellite photographs and remote sensing technologies that offer the
facilities to manage all the selected data. Italy is completely
digitalizated and so, the morphology of the river basins and the
topography are absolutely controlled.

An additional difficulty is the scale of the study. The flood map will
include the whole country, it will be based on a scientific map but it
must be useful, accessible and user-friendly for the insurance and
reinsurance underwriters.

That is why we have decided to design, firstly a map with a "pixel"
as the minimal information unit with a resolution of a square
kilometer, secondly a map of sub-basins of 200 to 300 square
kilometers and finally, a map of flood hazard levels assigned to small
provinces as the administrative division and useful unit. Anyway,
this must be a decision of the insurance Italian market, as it will be
the base of their accumulation control system for floods. As we are
moving from pixel, to sub-basin and to province, we are loosing
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quality in the information, but this is the only procedure that we
have imagined.

We then had the Geographic Information Systems (G.l.S.), which
allow the assignment of different data to every minimal information
unit. This data would influence in the development of a flood, and
summarizing, these have been chosen:

All these are more or less easily available after a period of collection
but the difficult step forward is how to mix them and interpret the
result of the Flood Hazard Coefficient.

At present, the methodology has been applied ·to an individual river
basin and it is being compared with other two. Our intention for the
next 27th of June is to expose the methodology we have designed
as a contribution to the knowledge of the behavior of floods. It
could also be applied to other countries with the additional and
necessary adaptations to every geographical area.

After summer and once the map is validated by all the interested
parts, it is intended to print the final map with an additional memory
which will detail the methodology applied .

•CORRELATION OCEAN - ATMOSPHERE - EARTH

• "El Nino" - Southern Oscillation (E.N.S.0.)

Somebody has called the Pacific as "the weather kitchen of the
Globe" because of its great influence in the meteorology of all over
the planet. Once .Jt is identified, it is possible to predict its
development for, at least, the following eighteen months, although
the last one is lasting longer. Some of the direct effects of a El Nino
event on insurance and reinsurance could be:

• Floods, windstorms and lightning can cause heavy damages
on broadcasting equipment and transmission lines due to
signal and reception interruption.
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• Flash floods in arid and low-lying areas might cause erosion
in foundations and collapse in tunnels or ditches for
underground pipelines.

• Higher chances of rainfall or windstorm could lead to more
cancellation of sports games, open air concerts and other
outdoors events.

• Port and harbour installations are very vulnerable to storm
surges, high tides, coastal flooding, erosion and severe
hurricane. Docks and boats are also subject to damages due
to warming waters and their increase in volume and height.

• Climate Change. Greenhouse effect.

The possible evolution of the climate towards an increase in the
annual average temperature would accelerate the atmospheric heat
engine, so that tropical cyclones, precipitations, flooding,
thunderstorms, hailstorms and tornadoes would become more
common and severe. This means that perhaps, not only the climatic
conditions of the very well known countries that have been
historically affected by all these phenomena will change, but also
many new countries and areas will experience different catastrophic
events. The first reaction of the population when suffering big
losses from natural hazards is the growth in demand for insurance
cover. The local insurance industry might react launching new
policies without the technical and actuarial basis to develop a
healthy portfolio, but their main problem is to find international
reinsurance cover. After hurricane Andrew in 1992, there was a
shortage of catastrophe reinsurance capacity, and this meant that
international reinsurers were not interested in writing this kind of
business for two reasons, among others:

+ Insufficient premiums: these risks cannot be properly rated
is there is not enough loss experience.

+ The worrying predictions of the climate evolution during the
following decades.

In spite of the pessimistic predictions, the reinsurer depends on the
worldwide catastrophe capacity, never on the uncomfortable
predicted future. It is a balance between supply and demand, the old

. story in every business.

In many countries, after the lack of international reinsurance
capacity, the governmental institution in charge of the insurance
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companies control (such as ANIA in Italy), have taken the initiative
of creating a "pool of natural risks" following different schemes. In
Spain, we have the Spanish Consortium of Insurance Compensation,
which provides economic compensation for material damages
caused by floods, earthquakes, windstorms, etc.

Should the private insurance and reinsurance industry or the
governmental institution be responsible for the natural peril losses, a
suitable technical and cartographic basis is fundamental.

2. GEOGRAPHIC INFORMATION SYSTEMS (G.l.S.)
Many businesses depend on geographic information. The development of
insurance and reinsurance business is closely linked to geography. Here are
some applications:

• Marketing strategies:

• To plan the extension of portfolios to new areas where the
competitors are already involved.

• To analyze the suitability of a new product in respect of the
characteristics (level of population, communication routes,
standard of living) of an area.

To plan the availability of assistance facilities (electricians,
plumbers, hospitals, travel assistance) in case of loss or accident.

• Rating per zones: to analyze the suitability of tariffs in respect of
different zones (cities-towns, natural hazards).

• Allocation of risks

The underwriter of catastrophe business must have a suitable tool to
allocate every risks he writes. Every risk has a sum insured for
earthquake and/or ·flood .and/or wind, etc .. Every insured sum must be
distributed into the reinsurance contracts. All this information must be
managed over the geographic base.

• Evaluating catastrophe exposure.

The G.l.S. are a very interesting application for risk management. Because
spreading risk is critical to any insurance-related strategy, it is important to





identify possible overexposure in those areas where any natural hazard is
particularly high.

Once the hazards have been mapped, an overlapping with the portfolio will
allow one to know the potential loss at any moment.

CONCLUSIONS

Summarizing, here are shown the weather conditions that might have
direct and indirect influence in insurance and reinsurance:

Windstorms, Floods, Hail, Lightning, Droughts, Ice-Drift, Subsidence,
Snow and Fog

IN

Agricultural, Homeowners, Industrial, Marine, Aviation, Engineering,
Motor, Credit, Health and Life insurance

Independent of the traditional underwriting tools (charging a suitable price,
deductibles, liability limits, improvement of claims settlement), the
assessment of natural hazards can be considered as a triple problem:

• Risk and hazard evaluation and management.

• Knowledge of the phenomenon.

• Exposure modeling and accumulation control.

Disregarding the effects of a possible climate change, greenhouse effect
and El Nino events, the statistics that are yearly published by the
international reinsurers Munich Re and Swiss Re show a dramatic increase
in losses due to natural disasters. The reasons that are usually attributed
are:

• Increasing insurance demand and geographical density

• Improvement of standard of living

• Enormous concentrations of people and values in cities

13
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• Rise in population

• Vulnerability of big cities

• Concentration of industrial businesses in areas exposed to natural
hazards.

Insurers and reinsurers must prepare themselves for the increasing
catastrophe risk, one way is the promotion of safety through lobbying for
improvements in building codes in respect of natural forces, although the
main role is played by market associations whose influence area is much
wider. These usually publish brochures on different topics and provide the
market with technical studies.

To demonstrate the important role of insurance and reinsurance industry to
promote safety, just to remember that in April this year, the Climate
Summit was celebrated in Berlin, during which, several European reinsurers
made an important commitment, pledging to integrate environmental
consideration into their business priorities. They will share environment
related information on a regular basis and at present, they are in process
of drawing up a "Statement by the insurance sector on the environment
and sustainable development", which will identify insurers· commitments
to environmental protection. This group will operate under the auspices of
the United Nations Environment Programme (UNEP).

Let us hope that initiatives Rlee~ like this and meeting like this, will
promote a better understanding between scientists and the insurance
reinsurance industry.
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Identification of flooded areas in the Rhone
and Var river, France, using ERS-1 data.

by day or by night, and specially
whatever the cloud cover may be.
Moreover, the sensitivity to determine
areas under water is a most important
advantage concerning the cartography
of the flooded areas.

J.NOYELLE t,S.DELMEIRE :j:, L.MARINELLI :j:

t :Ministere de !'Environnement - FRANCE.
:j: : GEOIMAGE - Sophia-Antipolis - FRANCE.

INTRODUCTION

Following the numerous torrential
floods which have affected the Southern
"departements" in France since 1992,
the Environment Ministry has
reinforced its legislative policy
concerning the prevention of natural
risks and in particular of flooding, it has
also initiated a programme of
knowledge and cartography of the risk
in relation to the rise of waters and to
the urban rain flow in the thirty most
concerned "departemnts" of the
Mediterranean arc.

The previously established means
which were based on a historical,
geomorphological and hydraulic
approach served to set up the first
prevention and protection measures
over the most vulnerable areas. But this
type of study is not exhaustive.and must
be limited to certain areas due to the
high cost involved.

Faced with this problem, the
GEOIMAGE company endeavours to
bring a solution to it by using remote
sensing. The studies which
GEOIMAGE carries out in this field
aim at evaluating the rapidity and the
trustworthyness of the flooding
cartography with-the 'help of satellite
data.

GEOIMAGE has a particular interest
in the data resulting from Synthetic
Aperture Radar (SAR). In actual fact,
the acquisition of data from
conventional satellites (passive sensor)
is seriously limited by the presence of
clouds during the periods of flooding.
However, the SAR which is an active
sensor allows the acquisition of images

In our study, we used the radar
images from the European ERS-1
satellite because it offers an interesting
geographical cover of the Rhone and of
the Var valleys (South of France) and
the available acquisition dates over
these two zones correspond to the dates
of the floods we wanted to map.

The aim of this study is to test and
compare the cartography of the flooded
zones from SAR images for both types
of existing flooding : the oceanic floods
which are slow and lasting floods,
stretching over extensive areas and the
torrential floods which are of high
intensity but of short duration.

The selected test zones are the Rhone
valley during the October 1993 and the
January 1994 floods which show the
characteristics of an oceanic flood and
the Var valley during the November
5th, 1994 flood which presents the
characteristics of a torrential flood.

·-METHODOLOGY

We used a multi-temporal approach
to set out the flooded areas. That is to
say, we use several images of the same
area at different dates. One of the dates
which is used must be after and the
closest possible to the maximum of the
flood. It is possible then, with the help
of the characteristic response of the
zones under water in the SAR images
and by using one or two other images
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(which were acquired before or after the
flooding) to map the land under water at
the time of the acquisition of the image
showing the rise of the waters.

The response of the zones under
water in the radar image will
differentiate the cartography of an
oceanic flood from a torrential flood
one In actual fact, in the first instance
the zones under water will be
characterized by a low intensity
response (dark pixels in the image),
because in this type of flood the water
being calm and flat will play the role of
a mirror. On the contrary, during a
torrential flood, the turbulence of the
water will generate a response of high
intensity in the radar image (light pixels
in the image).

The images which we used are ERS-
1 images in PRI mode. Before
combining these images to extract the
flooded areas we carried out some pre
processings.

Their aim was :
- to re-code the images on 8 bits to

allow a processing with the GEOimage
digital mapping workshop,

- to filter the images in order to
diminish the noise caused by the
speckles using a Lee's filter with a 7*7
window size,

- to modify the histograms in order
to increase the contrast of the zones
under water,

- to make the multi-temporal images
perfectly overlapping.

These pre-processings are going to
help us create a coloured composition
from two or three images.

STUDY AREAS

The Rhone Valley - October 1993
and Januazy 1994

The important floods which
happened along the Rhone Valley in
October 1993 and in January 1994
triggered many reactions concerning the
need of having quick information at
one's disposal to be able to understand
the extent of the phenomenon.

GEOIMAGE was contacted at the
time by various organizations which
wanted to find answers to precise and
urgent needs, as well as to evaluate to
which extent remote sensing was able to
represent a trustworthy means of
mapping the flooded areas which could
also be integrated as a standard tool in
the study of such a phenomenon.

The Envirnment Ministry, through
the DGE and the DGAD, wished to
have a quick cartography of the flooded
zones in order to have at their disposal a
document which could be opposed to
the SNCF, presenting the crossing
between the flooded areas and the
planned line of the Mediterranean High
Speed Train.

The Compagnie National-e du Rhone
also wanted to have a cartography of
the flooded areas over the whole of the
Rhone Valley, between Lyons and the
sea, and a cartography of the land use to
be able to evaluate the impact of the
flooding in economic terms.

Other more local requests also
involved the same problem study. The
coverage of such an important zone,
even from satellite images, could
represent for each of these
organizations a very high cost, although
a lesser one compared to the cost if the
work had been carried out through
traditional methods. For this reason, and
as far as these various requests involved
the same study area and concerned the
same problem study, GEO IMAGE
suggested to bring them together round
a common data base and a part of the
common processing.

The data base consist of :
1- a 1/50-UOOthspacemap cover in 7

segments of the zone under study,
2 - a cartography of the land use

according to the same cartographic
gridding,

3 - a cartography of the flooded areas
at the two previously mentioned times.

Concerning the January 1994 flood,
we used 3 ERS-1 images. The first one,
was acquired on January 3rd 1994, 4
days before the rise of the waters. This
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image enabled us to locate the areas
permanently under water. The two
others were acquired during the
flooding on January 12th and 15th.

Concerning the October 1993 flood,
we used 2 images. One was acquired on
October 16th, that is to say during the
flooding and the other on November
16th 1993.

Plate 1 : Coloured composition on
three dates over the Camargue (lower
part of the Rhone Valley)

The date-channel associations are
the following :

- 3rd January : red channel
- 12th January: green channel
- 15th January : blue channel

Since we are dealing with an
oceanic type flood we must point out
that in an image the zones under
water will appear dark. From this
statement we can draw the following
analysis:

We can observe the rivers in black:
the small Rhone and the large
Rhone, the Vaccares, Malagroy and
Imperial water stretches as well as
various marshes.

These water surfaces form the
areas which are always under water
therefore never flooded.

The magenta represents the areas
under water on 12th January 1993.
Therefore these areas correspond to
the beginning of the flood in
January. They are essentially located
along the waterways and are
probably caused by their
overflowing.

The red represents the areas
which were flooded on January 12th
and 15th.We can see a large red spot
located on the North-West part of
the Etang de Vaccares, It is located
in the neighbourhood of marshy
areas which are, therefore, more
prone to flooding.

We can also observe areas which
were flooded at the two dates all
along the Rhone Valley. They are the

result of a water surplus from the
Rhone.

We can see, North of Aries, a
completely straight limit of the
flooded area. It corresponds to the
banking of a railway line which
limited the flooding and thus
protected this line.

The yellow areas correspond to
the areas which were only flooded on
January 15th.We can locate them for
instance round the big spot located
on the North-West of the etang de
Vaccares.

Three hypotheses can be surmised
concerning the presence of this water

- either it rained again between
January 12th and 15th,

- either water coming from the
previously flooded Rhone Valley
came down and spread over
already flooded zones thus
increasing the affected area,

- or both phenomena occured
simultaneously.

Plate 2 : Spacemap of the Camargue
(lower part of the Rhone Valley)

This spacemap was obtained
through LANDSAT TM images
from July 1993 which were
satisfactory for a cartography of the
vegetation and from 1Om SPOT P
images from February 1993 to
determine the built up areas and the
infrastructures.

On this spacemap we
superimposed in orange the zones
which were flooded on January 12th
and 15th, 1994, and in yellow
hatching the zones under water on
-October 16th, 1993. These data
come from two coloured
compositions which we produced
from the ERS-1 images.
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Plate 3 : Spacemap of the Avignon
region (Rhone Valley)

This spacemap was obtained as
previously from the combining of
LANDSAT TM and SPOT images.

The areas under water on January
12th and 15th, 1994 were added in
orange hatchings and the areas under
water on October 16th, 1993, in
yellow hatchings. The digitization of
flooded zones on aerial photographs
from 9th and lOth October 1993
allow a complementarity with the
results which were acquired from
ERS-1 images. These images are
added to the spacemap and
represented by an orange gridding.

Plate 4 : Spacemap of the Orange
region (Rhone Valley}

This spacemap was also
acquired from the combining of
LANDSAT TM and SPOT
images.

To this spacemap were
superimposed in orange hatchings
the areas under water on October
16th, 1993. In the same way as
previously the areas under water
acquired from photo-
interpretation of aerial
photographs on October 9th, 1993
were added in orange gridding. It
can then be noted that the zones
under water which were detected
through SAR images and through
aerial images correspond to each
other. Thus, the cartographic
technique of the areas under water
from ERS-1 which is used in the
case of oceanic type flooding is
validated.

Var Valley - November 1994

The area of the Alpes-Maritimes on
which GEOIMAGE had an important
data base from remote sensing was
selected due to the topographical and
hydrological characteristics which are
favourable to torrential type flooding.

At the beginning of 1994, a water
rise of the most important river of the
Var "departement" took place. We,
then, tried to map this water rise. To do
this, we acquired two ERS-1 images.
One from November 6th, 1994, that is
to say the day after the beginning of the
water rise. The other one before the
water rise dating from October 20th,
1994.

But in this type of water rise, the
cartography of the flooded areas seems
to be more difficult than the
cartography of an oceanic flood. In
actual fact, in the case of the Var
Valley, the rise was quickly limited by
the relief and did not spread very much.
Therefore, because of ERS-1 resolution,
the floods generated by this type of
water rise are not easily noticeable.
Moreover, the lower part of the Var
valley is located in an urban periphery
and therefore, the strong spectral
response of the buildings in the image
.affects its distinction from the water.

However, GEOIMAGE has started a
study in collaboration with the
Environment Ministry to establish a
cartography of the flood risk.

To do this, a data base of the risk has
been consituted from :

- a Digital Elevation Model produced
from SPOT stereoscopic couples

- the land use

Taking the DEM into account it is
possible to describe the relief by
determining the slopes, the drainage
basins and the hydrographical network.

All these parameters will then enable
us to modelize the potential local or
cumulated flowing into the
hydrographical network. From this
modelization, we can get a realistic
simulation of a flood.

6
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This simulation takes into account :

-the DEM
- the hydrographical network
- the water heights in the network

which are determined from the real and
weighed flow by real pluviometrical
data;

The use of real data enables us to
calibrate the model.

Plate 5 : Coloured composition of 2
dates on the Var Valley

The date-channel associations
are the following :

- 6th November 1994 : red
channel,

- 20th October 1994 : green
channel,

- 20th October 1994 : blue
channel.

Since we are dealing with the
case of a torrential type water rise,
we must point out the in an image
the areas of the water rise will
appear light. From this statement
we can draw the following
analysis :

The areas of the water rise
appear in red in the image. But we
can notice as we remarked
previously, that it is diffcicult to
distinguish the areas under water
which are located outside the river
bed. Normally, the Var river only
occupies part of its bed.

Plate 6 : Realistic simulation of a
flood in the Var Valley

In the drainage basin of the
Var, we superimposed several
simulations of water rise over a
land use map. In dark blue, we get
the limits of a flood in the case of
a flow at the mouth which was
obtained during a centenial water
rise. In order to emphasize the
visual effect, we placed in light
blue the water rise obtained from
a flow ten times higher and in
cyan the water rise obtained from
a flow 100 times higher than the
centenial water rise one. By
crossing the results with the land
use, we can, in this way, deduce
information about the potential
damages caused by a flood.

9





FLOODING Sll\1ULATION IN THE
CATCHEMENT AREA OF THE VAR RIVER

LIABLE TO FLOODINGAREAS
- Mouthflow2165 m3/s.

(centennial flood)

- First hypothesis:
ten times upper flow

- Second Hypothesis:
hundred times upper flow

Plate 6: Realistic simulation of a flood in the Var Valley
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CONCLUSIONS

The cartography of the torrential
type floods from SAR images does not
give obvious results in the case of our
study on the Var Valley. This is due to
the small surface of the areas under
water and to the difficulty in
differentiating the response of the water
from the land above water. The
simulation can then be a help to the
cartography of such floods.

However, in Camargue, where the
perios of settling and removing of the
phenomenon are spread over several
weeks (oceanic type flood), even over
several months, the radar datum offers a
quick and precise mapping tool of the
the zone which is affected by the flood.

In order to explore deeper into the
possibilities of the radar images to map
the flooded areas within oceanic or
torrential type water rise, the CNES and
the Compagnie Nationale du Rhone
carry out a research programme, led by
GEOIMAGE, on how to determine
from radar or optical images "flood
reoccurence" zones. In actual fact, if the
radar images allow the discarding of the
cloud cover problem, they are still
affected by constraints of periodicity of
acquisition. During the October 1993
floods, the ERS1 satellite was in image
acquisition phase over the same
geographical zone every 35 days. In the
case of a torrential water rise, it made it
nearly impossible to have images at a
date sufficiently close to the maximum
of the flooding in order to map the
limits accurately. Therefore, it was
necessary to try and set out in a direct
way the submersion of a given area
during the maximum of the flooding but
which was not submerged at the
(ulterior) date of the acquisition of the
satellite image. Such a reoccurence
phenomenon was already set out from
optical (Spot XS) images during an
important water rise in 1989 in the Sidi
Bou Said region in Tunisia. The aim of
the methodological study led by
GEOIMAGE is to try and set out this
same phenomenon on radar data which
are acquired before and after the water
rise.
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Applications of Landsat TM and ERS SAR data
to flood prevention and flood damage assessment

Macintosh H., Profeti G.
Dpt. of CivilEngineering, University of Florence, Florence, Italy

Remote sensing data has recently become an important source of information for
hydrological applications. In particular, the use of satellite imagery has been
fundamental in the field of flood prevention and flood damage assessment. This paper
is related to the current research activity of the Civil Engineering Department of
Florence University on this field. The Department is presently co-ordinating a research
project aimed at developing an advanced monitoring system of the Amo River basin
(Tuscany, Italy). On this behalf, two investigationshave been carried on concerning the
use of remotely sensed data both in monitoring flood risk and in analysingflood events.
These projects have been sponsored respectively by EOSAT and Eurimage. The
following paragraphs deal mainly with the practical applications of the results,
describing it to hydrologists which are looking for new sources of infol'IJR{f1on.

Flood Prevention

The application of satellite data to flood prevention concerns the modelling of
hydrological processes in a river basin. This task has a fundamental importance in river
catchments characterised by fast response to storm events. In such basins, structural
works are not sufficient to avoid the danger of floods, and real-time monitoring
systems are necessary to improve flood danger forecasting and give the necessary
advance notice to competent authorities.
Real-time monitoring systems are based upon hydrological models that are able to
describe the processes occurring in a river catchment as a consequence of a storm
event. Once the hydrological processes have been modelled with sufficient accuracy, it
is possible to use rainfallmeasurements acquired on the ground and sent in real time to
the processing centre to evaluate the risk of flooding. The modelling stage represents
the main difficultyin building such a warning system. In recent times, the availabilityof
powerful computer resources allowed the development of distributed hydrological
models. In such models, the study area is divided into cells of adequate size, and for
each cell both hydrological parameters and rainfall input are defined. Distributed
models allow to describe the hydrological processes taking into account the spatial
variability of soil properties in the study area and the distribution of rainfall in time and
space.
The crucial problem in developing distributed models is related to data availability.
Distributed models require the knowledge of hydrological parameters with high
resolution in space and/or time over the study area.
Remote sensing represents the most promising solution to this necessity. Remote
sensors do not measure directly hydrological parameters; however, they offer areal
measurements, high resolution in space and/or time, and are economical. Space-borne
sensors measure the average radiance reflected or emitted from a portion of the earth's





surface. They do not therefore measure directly hydrological parameters but provide
information that may be related to them. Also, satellite data are areal measurements
that are acquired at the same point in time on a regular grid. This represents an
improvement upon the traditional ground measurements which are point based.
A research project on the applications of Landsat Thematic Mapper data to
hydrological modelling has recently been carried on at the Civil Engineering
Department of Florence University. The research has been sponsored by EOSAT's
Grant Program.
The purpose of the work was to use Landsat TM images to obtain information on
model parameters, such as maximum and minimum infiltration velocity, and model
variables such as soil moisture. The sensor TM mounted on-board the actual Landsat
satellite is able to detect and record the solar energy reflected from the earth's surface
with a ground resolution of 30m by 30m in six wavelength intervals belonging to the
visible and infra-red regions of the electromagnetic spectrum. It measures also the
radiation emitted from the earth in one thermal infra-red channel with a ground
resolution of 120m by 120m. The study area was the ValdiNievole watershed, a sub
basin of the Amo River basin (Tuscany, Italy).
The results obtained may be summarised as follows:
• Hydrological parameters

In the present work, a correlation between hydrological parameters (infiltration
velocity and accumulation capacity) and several indexes obtained from TM images
has been carried on. A good relationship has been found. Once established, this
correlation has been used to obtain estimates of hydrological parameters for
neighbouring areas characterised by similar pedological and vegetation conditions.
This methodology has been applied to two sub-basins of the ValdiNievole; the
results obtained are visible in Fig. 1.

• Soil moisture
The determination of soil water content is one of the main steps required in the
simulation of watershed response to a storm event. Appropriate treatment of
Landsat TM images allows to map soil moisture with a sufficient accuracy for
modelling purposes. The best results have been obtained using spectral
decorrelation techniques to extract soil response from the signal. It leads to good
results if the training stage is carried on a set of several TM images acquired during
a year, to obtain spectral signatures of surfaces in different vegetation cover
conditions. An example of a soil moisture map is shown in Fig. 2.

The correlation between TM data and hydrological parameters/variables are related to
the pedological class of the area under examination, and cannot be applied to areas
characterised by different kind of soils. However, the methodologies proposed have
general validity and may be applied to the hydrologicalmodellingof anywatershed.

Monitoring Activities: a case study

Landsat TM data is widely used to inventory flooded terrain's. Their usefulness is
however limited by the·presence of clouds over the damaged areas. Clouds interfere
with the visible and infra-red radiation, and thus prevent this type of sensor from
obtaining an image of the earth's surface. In this case, images acquired by radar
systems are used.





Relief

A space-borne active radar system transmits signals in the microwave range of the
electromagnetic spectrum. In contrast to visible and infrared remote sensing, imaging
radar's generate and transmit a signal toward the surface and receive the returned
signal after its interaction with the target. The radar signal can penetrate cloud cover
mainly due to the fact that clouds are composed of droplets with a typical diameter
much smaller than the microwave wavelength. Images acquired by radar sensors are
very useful when bad weather conditions affect the area to be sensed as commonly
occurs during and after a flood. This is particularly important in creating an inventory
of the flooded areas immediatelyafter the event.
This research was aimed at testing the utilisation of ERS-1 SAR (Synthetic Aperture
Radar) imagery in discriminatingflooded areas immediatelyafter a flooding event.
In radar images, the strength of the returned signals from the surface is influencedby a
number of ground parameters, the most important being the average surface roughness
of the sampled area. Horizontal smooth surfaces, such as inland water bodies, reflect
nearly all incidence waves away from the radar. The weak return signal is represented
with a dark tonality on radar imagery, and it is easily distinguishable from the higher
response of vegetation and land. The penetration capabilityof microwave radiation (up
to several metres depending on the media type) allows for the precise location of
swamped areas even if the water only partially covers the vegetation. Some difficulties
may be found only when the flooded terrain is covered by a dense wood of tall trees. A
high ground resolution (12.Sm by 12.Sm) is another advantage which enables the
analysis of even the smallest events.
The study area is the Nievole River Basin, a sub-catchment of the ValdiNievole
(Tuscany, Italy).
The time of study was during a period of heavy rainfall and consequent flooding in
October/November 1992. Two SAR images were obtained for this period, one before
the flooding occurred (16/10/92) (see fig. 3a), the other 4 days after the flood
(04/11/92) (see fig. 3b).
Visually, the images showed a distinct temporal difference in the region of study, the
post flooding image having a much darker tonality with greater coverage area. This
feature of SAR imagerywas used to obtain the following separate results:
1) the inventory of the flooded areas by the visual analysisof the image.
2) the prediction of the extent of flooding by the analysisof the signalvariations.
The first method involved obtaining the level of correspondence between the ground
truth data and the data received in the form of an image. The ground truth data was
obtained by the human observation of the flooded areas and then drawn on to a map.
These maps of the flooded area were digitised and then overlain onto the images. The
ground truth data was found to have inaccuracies due probably to the use of only one
map and one outline of flooding to. show.three years of flood data. .
Past surveying methods as described above have proved an inexact art and are often
time consuming. The research has therefore involved the development of a variety of
methods to extract the cells that represent the flooded areas of an image. This can then
be used in the production of a flood extent map (see figs. 4a and 4b).

Relief is perhaps one of the most important aspects of flood monitoring. The need to
know the flood affected area, the amount and type of damage sustained, and what is





needed to relieve the immediate consequences, is uppermost. The swift evaluation of
the situation would therefore allow more time to be allocated to the relief of the flood
instead of the assessment. SAR imagery can provide such information (see below) as
obtained by the research.
The flood extent map can be used in combination with the pedological map (fig.Sa),
the land use map (fig.Sb), the digital terrain model (DTM) (fig.Sc), and the channel
network vector layer, and any consequent combination of these, to provide more
detailed information on the flood statistics. Information such as average flood height
and volume for each individual soil type and land use class can be provided and prove
useful for the estimation of crop or structure damage. Flood path and life can be
evaluated if there is a sequence of images covering the flood event. An example of
information which can be provided is given below in the form of flood risk and
damage assessment maps.
The flood extent map was firstly combined with a digitised pedological map of the
area. The proportion of flooded area of each individual soil type to; total study area,
total flooded area, and total area of respective soil type, was then obtained. From this,
areas of high flood risk were determined. The area which was shown most at risk
produced an 8S% increase in water coverage and the area which was the least at risk
only a 1% increase. It was shown that the high risk areas at this time, four days after
the flood, were those occurring towards the outlet of the Padule, as would be
expected. The final flood risk map, (see fig. 6a) contains, in order, the areas of soils
which show a greater increase in water coverage at the time of the flood, and not the
soils which have a greater percentage of their area under water since it is more
important to know which areas would be the most affected. A vector layer of the
channel network has been overlaid onto this map to demonstrate that the areas most at
risk are also near a denser assembly of channels.
The same processes were carried out with a digitised land use map. With these results
an assessment of the damages to crops and structures involved was determined and a
map of the damages produced (see fig. 6b). The major casualty was the pastures and
unproductive land with a 39% increase. These are already well known as flood risk
areas and are therefore left uncultivated to lessen the economical effects of flooding.
On the contrary, areas with greenhouses are located on land with a very small flood
risk.

Conclusions:

Remote sensing data is a powerful tool for the provision of information for flood
control purposes. Their application to flood prevention regards mainly the estimation
of hydrological parameters and variables to build distributed hydrological models. A
guideline methodology has been proposed to estimate such data, but their effectiveness
depends on the characteristics of the study area and on the availableground truth.
The use of remote sensing data in the stages of flood extension monitoring is more
standardised and is therefore of a greater value to the post flood relief The final
products can also be produced within a short time period. The flood extent maps can
be ready within 1 day while more sophisticated analysismay require up to 3 working
days from the time of acquiring the images (if ancillary data is already available). This
efficient procedure improves dramatically the time needed for the survey evaluation.
There is an availabilityof a variety of formats such as traditional cartography output on





paper or digitally, e.g. - raster: - ERDAS format, generic binary data, tiff; vector: -
ARC/INFO format, dxf; or other specified by the client. Modem communication
systems allows data to be transmitted electronically via modem, network or fax. The
combination of all of these factors leads to a fast and efficient provision of a precision
product to aid flood prevention and flood damage assessment.
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Issues of hydraulic model validation and design using remotely sensed data

P.D. Bates and M.G. Anderson, Department of Geography, University of Bristol, University
Road, Bristol, BS8 lSS, UK. Tel: +44-117-928-7875 Fax: +44-117-928-7878

Abstract

A critical problem in the application of sophisticated high resolution hydraulic models to

flood prediction problems is the poor availability of suitable validation data such as water

surface elevations and time sequence maps of flood inundation extent. Until recently, the

only sources for these data have been water stage recorders and infrequent air photography

campaigns, both of which have relatively limited spatial coverage and may be susceptible to

failure during extreme flow conditions. Remote sensing techniques now offer an opportunity

to produce parameterization and validation data at a resolution commensurate with model

predictions. This ability is shown to raise issues of hydraulic model design based on a more

detailed specification of current modelling limitations.

1. Introduction

The construction of accurate prediction models for river flood flows remains a major research

problem in hydraulics and hydrology. Such schemes can be of significant benefit to

environmental managers engaged in engineering design, insurance risk assessment, hazard

management or real-time forecasting, thus enabling more effective use of available resources.

However, such benefits only accrue when model predictions and forecasts can be made with a

sufficient degree of reliability.
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Over the last decade two major developments have enabled the specification of a new

generation of hydraulic models forriver channel and floodplain flow. Firstly, field and

laboratory process studies have led to a greater understanding of the flow structure. A

number of complex mechanisms have been identified including momentum transfer between

main channel and floodplain flows (see for example Knight and Demeteriou, 1983; Shiono

and Knight, 1991), complex flow interactions across meander loops (see for example Willets

et al., 1990; Sellin et al., 1993; Ervine et al., 1994) and turbulence effects (see for example

Krishnappan and Lau, 1986). Secondly, numerical algorithm development and increases in

computer power have enabled this enhanced process understanding to be translated into ever

more sophisticated mathematical models.

Recent modelling developments have made available sophisticated flow prediction schemes

capable of high resolution simulation of flood extent and water velocity over relatively long

river reaches. However, these developments have occurred without commensurate

development of data capture techniques. Traditional data sources may not provide sufficient

information to fully validate such models and our ability to provide reliable model predictions

in this critical area may therefore be compromised. It is in this respect that remote sensing

techniques may provide a key input to the modelling process. This is the focus of this paper

where we explore data needs for flood flow modelling, the utility of remote sensing

techniques in the provision of this data and the potential for model re-design on the basis of

this information.

2. Data requirements for flood hydraulic models.

Until recently the standard analytic tool for modelling river floods has been based on 1-

dimensional flow equation (Samuels, 1990). This describes the river reach as a series of

cross sections at which the model equations are solved to give a prediction of discharge and

water surface elevation. Thus flow is simulated in the downslope direction only and complex

topography between cross sections cannot be represented. Given these deficiencies models

based on finite element solutions of the 2- or 3-dimensional flow equations would appear to





offer a number of significant advantages. This is due to their representation of complex

topography with a minimum number of computational points and their ability to simulate

known flow processes to a higher degree of resolution.

Two and three dimensional finite element models have therefore been the subject a major

research effort to enable their application to river flood flows at a scale appropriate to

management problems. This has necessitated numerical algorithm development to increase

their maximum scale of application from 1-2 km to 10-60 km (see for example Gee et al.,

1990; Bates et al., 1992; Bates and Anderson, 1993) and to enable the inclusion of dry areas

within the computational domain. This latter development is essential if the lateral advance

and recession of an inundation front is to be accurately simulated.

Application of such models to actual river channel/floodplain problems has now been

achieved (see Anderson and Bates, 1994; Bates et al., 1995) for a number of river reaches.

Figure 1 shows a finite element mesh consisting of 6 500 computational points for an 11 km

reach of the River Culm, Devon, UK At each computational point the elevation of the bed

has been specified from an experimental 10 x 10m Digital Terrain Model (DTM) developed

by the UK Ordnance Survey. This gives a three dimensional reconstruction of the river

channel topography. For this site a 1 in 1 year recurrence interval flood that took place over

15 hours on 301111990 has been simulated using 27 000 time steps of 2 s duration. A two

dimensional finite element model, TELEMAC-2D (Hervouet, 1989), was then used to

calculate two dimensional flow velocities and water depths for each computational point at

each time step. This gives a total of 5.26 x 108predicted data values.

Traditional methods of evaluating this predicted data set involve the use of water stage

recorders to measure flow variables and air photography campaigns to delimit the flood

inundation extent. Using such sources model predicted at-the downstream end of the mesh

was compared to observed values (see Figure 2) and a reasonable comparison shown. Next a

time sequence of floodplain inundation was obtained from the model (see Figure 3) and

compared to air and ground photos taken during the event. This showed that the model

predicted a pattern of inundation extent that was broadly correct, however maximum flooding

was overestimated by 20%. It can be seen that while available data indicates considerable

3
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potential for such a modelling approach, predictive reliability and future model development

is perhaps limited by the lack of a high quality data source commensurate with the model

resolution. In this example a model data set consisting of millions of predicted data points is

compared to approximately 50 observed values. Thus errors associated with traditional data

sources due to their limited spatial coverage, the difficulty of synoptic measurements and

their susceptibility to failure during extreme flow conditions are currently a major

impediment to progress in the practical application of high resolution hydraulic modeis of

river flood flow.

3. The potential for remotely sensed data in river flood modelling

In this paper we consider two example applications of the use of remote sensing data in river

flood modelling.

3.1 Topographic data

Topographic data is one of the major driving parameters necessary for the application of

hydraulic models. However, current methods of estimating topography may include a number

of uncertainties, particularly in low lying areas such as floodplains. The solution to this has

traditionally been an extended field data capture programme using geodetic levelling.

However this has considerable resource implications both in terms of cost and time. In this

respect LiDAR (Light Detection And Ranging) techniques may offer a number of a

significant advantages. This is an airborne system in which a laser beam is fired at the ground

surface at a frequency of up to 2000 'shots' per second. Detection of the reflected beams and

a precise knowledge of the aircraft position in three dimensional space is sufficient to obtain a

very accurate picture of the ground surface topography. The University of Bristol has begun

to explore the use of such data in a collaborative project -with the US Army Corps of

Engineers. This has entailed the development of a TELEMAC-2D flow model of 60 km of

the Missouri River, South Dakota, USA (see Figure 4a) in order to simulate the large floods
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of June/July 1993. The surface topography for this model was obtained using a LiDAR

scanner and resultant steady state velocity vectors computed. Figure 4b shows an example of

such velocity vectors at the confluence between the Missouri main stem and the James River.

From this it can be seen that high resolution topography data allows complex flow features

such as recirculation zones to be resolved in a manner that has not, hitherto, been possible.

3.2 Flood extent data

As noted in Section 2 a critical problem in the practical application of high resolution river

flood flow models is the poor availability of suitable validation data. In particular synoptic

time sequences of flood inundation extent are difficult to obtain using conventional sources

yet are very easily extracted from model predictions. A possible solution to this problem is to

use SAR (Synthetic Aperture Radar) data from the ERS-1 and ERS-2 satellites to delimit

flow field boundaries. This is the subject of a joint project between the University of Bristol

and the NERC Unit for Thematic Information Systems (NUTIS), Reading, UK to further

develop algorithms to extract flood inundation extent from satellite images (see for example

Touzi et al., 1988). Such algorithms typically involve a first pass procedure to find a rough

division between land and water. This mask is then used to exclude areas of the SAR image

in order to reduce computational requirements. A more elaborate second phase edge detector

can then be applied in areas of uncertainty and the full boundary determined. This may then

be registered to ground co-ordinates and compared to predictions obtained from the numerical

model. Work on algorithm and model development is currently under way and initial results

are expected within 12months.

As an extension to this work it has been proposed (Corr, 1983) that the combination of SAR

flood inundation extent data and model simulations can be used to refine available Digital

Terrain Models (DTM's). Here the elevation of the land/water boundary determined from the

SAR image is assumed to be equivalent to the water surface elevation predicted by the

numerical model at this point. In this way a sequence of images can be used to augment

existing topographic data sources and undertake model refinement.
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4. The future: model validation and design

An increased understanding of the ranges over which model predictions can be considered

reliable is critical to the practical implementation of recent developments in hydraulic

modelling. In particular, this paper has attempted to show that remote sensing techniques

have the capability to overcome current major limitations in the application of high

space/time resolution hydraulic models to river flood flow problems. Specifically, example

applications have been presented which demonstrate the . improvements in model

parameterization and validation that can be obtained with the use of LiDAR and SAR data.

This does however raise questions regarding the design and future development of hydraulic

models for river flow processes. This can be achieved in two ways. Firstly, remotely sensed

data can be used to refine existing models For example, the augmentation of topographic

parameterization data described above. Secondly, and perhaps more fundamentally, critical

evaluation of model capabilities facilitates revision of all aspects of the model structure. For

example, it was noted in Section 2 that in order to apply high resolution flow models to river

channel/floodplain problems a major research effort has been the development of algorithms

that simulate the advance and recession of a wetting front over an initially dry area. A

number of such schemes have been developed (see for example Lynch and Gray, 1980;

Kawahara and Umetsu, 1986; Tchamen and Kawahita, 1994) however assessment of their

relative merits at scales appropriate to flood inundation problems has been constrained by

lack of data. Reliable synoptic time sequences of flood inundation data may allow modellers

to discriminate between such approaches and suggest methods for their future development.

The major advantage of remote sensing techniques in hydraulics is thus their ability to force

refinement of modelling approaches
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Illustrations

Figure 1: Two dimensional finite element model of the River Culm, Devon, UK.

Figure 2: Comparison of model derived predictions of flood discharge for a 1 in 1 year
recurrence interval flood event with actual observations for the River Culm, Devon, UK.
Three model scenarios are shown obtained using a variety of numerical solution algorithms
and mesh resolutions.

Figure 3: Model predicted time sequence of flood inundation extent for a 1 in 1 year
recurrence interval flood event on an 11 km reach of the River Culm, Devon, UK.

Figure 4: (a) Two dimensional finite element model developed for a 60 km reach of the
Missouri River, USA. (b) Model predicted steady state velocity vectors.
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A test site in the south of France (fig.l~ is a Mediterranean
catchment basin where vineyards are wide-spread. This
cultivation is particularly sensitive to runoff and erosion
processes under the control of three levels of roughness : the
relief (macro-roughness), the orientation of vine rows
(periodic roughness) and the random roughness of the bare
soil due to farming practices (Company A. et al., 1995).
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for the assessment of runoff risk
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Abstract

The recent problems of flooding in Europe can be issued from two different phenomena : one occur in alluvial
conditions and is well illustrated by the hudge flooding of last winter in the northern Europe (Netherlands,
Belgium, France); the other is a concentrated runoff in torrential flow (as an example in France : Vaison la
Romaine in 1992 ). The main causes of these problems are different in every case, then the description of the
catchment basins must be adapted. For prevention and predicting such phenomena, two main key points have
to be monitored : (1) the causes of the creation of flood, and (2) the conditions of spreading, including the
evolution of the drainage flow and the shape of the areas easily flooded.

Concerning the causes, the knowledge and monitoring of the precipitation are the most important requirement
and are regularly controlled by specific meteorological organisms. But another factor could be taken into
account and is not very often used as an help to the prevention of flooding : the potential of runoff of the
catchment basins. This factor partly determines the net rain transformation into flows. Several studies are in
progress for developing general deterministic or semi-empirical models, based on hydrological processes that
result from the interaction between climate, relief, soil properties, unsaturated and saturated zone conditions,
vegetation and farming methods (Bathurst J.C.1986, Foster G.R., 1990, Morgan R.P.C.et al., 1994; ).

Remote sensing could provide one or several parameters required as input in such models. Nowadays, the relief
is delivered thanks to operational way through stereoscopic pair or in a near future by interferometric technic,
as shown in the third part of this workshop. Furthermore it seems clear that vegetation coverage, land use and
several indications on farming practices can be provided by optical satellite images (SPOT, Landsat) (De Jong
S.J., 1992 ; Puech C., 1993 ; Leek R., 1994, King et al. 1994). A monitoring of the temporal variations of
catchment basin parameters will provide a possible indicator of a new risk of runoff.

Roughness of soil surfaces is a important component which drives the dividing between runoff and
drainage. ERS SAR images could contribute to the assessment of runoff contributing areas because of the
signal is sensitive to soil roughness as established by theoretical modelling and demonstrated by previous
experimental measurements (Ulaby et 1982, Beaudoin et al. 1990, Oh et al .1992, Fung et al.1992,
Rakotoarivony et al.1994).

fig. 1 Reart Basin Localisation





The random roughness due to agricultural practices affects the backscattering : the higher the roughness, the
higher the backscattering (fig.2). But an important confusion exists and forbids the retrieval of the parameters
by a first order inversion. A potential improvement is under study by using statistical parameters like RMS (s)
and length correlation (1),which give a more accurate measurement of the soil roughness.

Our experiment tried to attempt the discrimination of the two last roughness using radar data. A temporal
series of seven ERSI SAR images has been acquired between april 92 and september 94 with simultaneous
ground survey. These images have been overlaid and filtered thanks to adaptative filtering (MAPSAT software
of Cril Ingenirie). In a first step, the crO of only flat plots has been studied.

The periodic roughness modifies the backscattering too : it increases with the azimuth angle between the vine
rows and the beam of the SAR antenna (fig 3) and confirms the results obtained thanks to airborne SAR data in
L band and X band (Company A. et al., 1994).This approach would help to complete the description of
catchment areas in terms of runoff through the discrimination of vineyards which gain access to a new
parameter : the main directions of runoff.

These results are promising but not sufficient until now for the retrieval of all roughness parameters required by
runoff models. For instance the best way for using ERS data for the characterisation of a catchment basin is to
know a level of roughness for studying the other. In the future, the potential of multi-incidence of new SAR
sensor like A-SAR could provide several configurations allowing the correction of relief effect on crO and the
extraction of roughness without preliminary knowledge. The final goal is to use SAR data as an help for
characterize catchment basin in term of potential runoff.
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Earth Watching from Eurimage

An "eye" on the world
The flooding case
Biasutti Roberto - Earth ObservationEngineer

Eurimage Technical developmentdepartment - Italy

Each year storms cause flooding that does much damage to towns, roads and
agriculture with a very high cost in lives.During these emergencies one of the biggest
problems is to obtain an overall view of the phenomenon, getting a clear idea of the
extent of the floodingand, if possible,predicting the way the floodwill develop. Aerial
surveys are often impossible due to the extreme weather conditions and, even when
they are possible, wouldrequire longflyinghours.

Eurimage has developedthe Earth Watching service for twomain reasons: to supply
satellite data and pertinent information quickly in cases of natural disasters; and to
demonstrate the benefits of remote sensing applications during emergencies, through
images and articles. In short, Eurimage's Earth Watching program is all about
stimulating awareness.

Satellite data can provide an overviewof the situation quickly, as large areas can be
covered in one pass, indicating zones already affected and those in danger. And once
the situation has returned to normal, satellite data can be used to assess the damage,
map affected regions and help deviseprevention plans for the future.

The European Space Agency'sERS-1 and ERS-2satellites carry a Synthetic Aperture
Radar (SAR)instrument, which can collect data independently of weather and light
conditions: it is an excellent choice for tracking the catastrophic winter floods that
occur each year in Europe, as the weather at such times is always cloudy, dark and
rainy.

Once alerted, the Earth Watching team quicklyprocesses the data (within one day) to
produce simple black and white images that can be used by the mass media and by
the civil protection authorities to examine the situation. Image interpretations are
prepared to accompany the images, and colour versions are prepared {within a few
days) for use by magazines, etc.

The Earth Watching Structure

The Earth Watching Team is very small: just four, who, on receiving the alert, stop
their normal work and start collectinginformation about the disaster through press
agencies and through the Eurimage distributor network (39 distributors located in 27
countries covering Europe, North Africa and the Middle East). At the same time a
satellite acquisition plan is made and the team prepare a fast data reception channel.

First ERS Thematic Working Group Meeting on FLOOD MONITORING
26-27 June, 1995 · ESRIN, Frascati ·Italy





Once an image is generated, a low resolution image (whole or part) is put on Internet
where it is accessible through the standard World Wide Web graphical interfaces (e.g.
Mosaic or Netscape). Laser copies are quickly sent to newspapers and, if a magazine
or TV station is interested, a photographic product is created. Normally the team are
able to produce an image within 5-6 hours from acquisition.

The best tool for identifying flooded areas is a multitemporal image, using at least one
ERS SAR image taken from before the flooding commenced, and at least one during
the flooding. A merged image obtained by adding data from an optical sensor (like
Landsat TM or Spot) is also often used to improve the clarity of the final image. One
problem that we face is that it is often more difficult to obtain and process a archived
reference image, than it is to acquire a fresh image of the disaster zone. To counter
this we are contemplating the preparation of a reference archive of zones most liable
to flooding so that we have good images ready to hand when we need them.

To better help people understand the image (most people are not very familiar with
SAR images), an interpreted image is made, showing towns, highways, railways and
rivers. Sadly, given our need to prepare these images quickly it is not possible to add
a real GIS layer to the image, make a georeferenced image or make ground
corrections through Digital Elevation Models.

Products used

Depending on the extent and the location of the phenomenon, different products are
used and production paths followed. For ERS data we have used three different
systems:

Product Reception system

Lowresolution images
Fast Delivery images (UI16)
Precision Images

Internet
BDDN
Off-line

1) Lowresolution images
The Norwegian Tromsa Satellite Station is able to produce LowResolution SAR
images (100m pixel size) in 16bits within four hours from acquisition. The only
constraint is that they normally need to be alerted some days before the data are
required. However,for a special event, such a flooding,we have successfullyused
their data, without any prior warning, suffering a delay ofonly a fewhours.

With this product it is possible to detect the flooded areas and give a very fast
assessment of the damage. These images were successfully used for the
Christmas '93 floodingover Cologneand Bonn (Germany) giving an overviewin
just a few hours: during the acquisition of the 25 December it was raining and
snowing, so an aerial recognitionwas impossible (seeFig.I).

2) Fast Delivery images (UI16)
ESA has developed a high speed BDDN link (Broad-band Data Dissemination
Network) between the Fucino and Kiruna ground stations and with its archiving
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and processing centres. With this link a full resolution Fast Delivery SAR image
can be sent in 10 minutes from the station to the ESA I ESRIN facility we made
image processing. The constraint is that the transinission is planned once a day
for each station near midday. If the need for the acquisition arises in the early
afternoon we have to wait nearly 24 hours to receive the data. On very special
events .it is possible to plan another transmission to obtain data.

For a first flood assessment it makes not a big differencewhether a SARFast
Delivery or a PRI product are used, because beam and atmospheric corrections
add no other information about the flooded areas. An example of this use was
during the January '94 in the Camargue area (France); the satellite acquisition
was in the morning and few hours later the data were available in ESRIN (see
fig.2 and fig.3).

"3) Precision Images
Due to the proximity ofESA I ESRIN to the FucinoGround Station, sometimes it
is more convenient to ask the station to send an HDDT tape with raw data via
courier, and processed them at ESRIN. This is a special procedure that can be
used only when the other two systems are not available. This system was used
for the flooding that hit France, Belgium and the Netherlands at the end of
January 1995.Both ascending and descendingpasses over a period of a few days
were used to create multitemporal images (seefig.5).

Conclusions

The Earth Watching Team after 18 month of activities in different fields (flooding,
fires, oil pollution) has forged a strong link with ESA that allows us to receive and
disseminate data in very short time scales, as requested by the mass media.

However,improvements can always be made, in particular in the followingareas:

The launch of new remote sensing satellites can dramatically improve the
availability of data over the target areas.
The diffusion of Internet connections,particularly at newspaper offices and TV
studios, can simplify the distribution of the images, avoiding the very expensive
production of high quality photographic prints, that requires some days. New
higher speed connections will allow higher resolution images to be distributed
more quickly.
The distribution ofsatellite data fromground stations in countries not coveredby
the ESA ground stations is very problematical and to date it has not proved
possible to operate the Earth Watching service in these areas. An improvement
in International network throughput is needed to quicklyobtain these data.
A closer collaborationwith the mass media can greatly improve the use of remote
sensing data in these cases, revealing the value of these data to the general
public and interested authorities with no previous experience of remote sensing.
This in itself will help to put pressure on space organisations to launch other
remote sensing satellites, especially with radar instruments, to better monitor
our Earth.
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Fig. 1 Cologne area (Germany) - Christmas 1993 floods

This scene over Germany, composed of 3 Low Resolution SARImages acquired at
the Tromse Satellite Station (N), shows the Rhine crossing from south-east to north
west. The round-shaped town of Cologne and the town of Bonn, marked by a
bright area and their bridges, are situated near the centre of the image.
The weather situation was at all acquisitions very cloudy: on 25December it was
snowing down to 300m. The flooded areas or the hills covered by the fresh snow
(top right) are shown in magenta.
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ABSTRACT

River flood observation and analysis by means of ERS-1 SAR imagery were made during the
two successive winter periods of 1992-93 and 1993-94. This activity was carried out in the
framework of a research/development project aimed at river flood extent assessment and
mapping using ERS-1 SAR imagery, and at getting a better insight of dynamics of flood
development. The analysis is based on SAR geocoded image pairs from which flood extent
was assessed and mapped, and inundated areas characterized internally. The flood extent
assessment and mapping were directly achieved through application of color composite
techniques. The benefits for land use planning of such a remote sensing information are
obviously the updating of river flood inundation maps. As regards the knowledge of dynamics
of flood development, an index for multitemporal images was developped and applied to
internally characterize the inundated areas. This index has proved to provide a means for
inland waters (water courses, lakes) mapping. Moreover, a detailed comparison with soil class
maps has shown that this index could be applied to delineate poor internal drainage soils
defined by Belgian National Soil Survey Committee as soil classes c through i. Keeping in
mind that poor internal drainage soils are characteristic of wetlands, and that wedland map
is essential in land use planning, one can state that this finding provides an additional asset
of ERS-1 SAR imagery for natural resources management.

l. INTRODUCTION AND OBJECTIVE

ERS-1 SAR imagery is used to study the development of flooding along the Lesse river
located in the ecological region of Famenne-Ardenne (Southern Belgium) following a period
of high rainfall at the beginning and the end of 1993. SAR data are known to provide a
synoptic view of these events which would be very difficult to gain in any other way under
the cloudy conditions prevailing in the region during winter periods.
This study forms part of an ERS-1 Pilot Project (BEDS l078) aimed at hydrological
applications of SAR imagery to the Lesse river catchment in Southern Belgium.
The principle is based on the fact that land and water surfaces generally have very different
backscatter characteristics, thus providing the driving force to monitor the spatial development
of a winter flood on the portion of the Lesse river between Houyet and Wanlin. The overall
objective of the study is to demonstrate the feasibility of flood research project which could
include other major Walloon lakes and rivers.
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2. DATA BASE

2.1. Complementary data set

The complementary data base set to ERS SAR imagery consists of the following spatial and
point data:

- a digital stream course map. It was constructed from the digitizing of a II 10000 topographic
map of the test-site. After digitizing, a raster layer with the same geometry and pixel size as
the ERS-1 data set is created.

- a digital floodplain boundary map which was digitized from the Belgian National Soil
Survey Committee 1/20000 maps. The soil maps are derived from 1/10000 topographic maps
and are based on data which was gathered on a 75 m grid. These soil maps provide, among
other data, information on soil texture, internal drainage and distinguishes clearly soil on
floodplain. It is this latter information which is used to delineate the floodplain within the
Lesse river catchment before digitization. The internal drainage class is.a combined effect of
many factors which influence the water table depth. This depth is conditioned by soil
permeability and topography. The most common internal drainage classes within a floodplain
are: class c (moderate internal drainage), class d (moderate to poor), h and e (rather poor), i
and f (poor), and g (very poor).

The digital stream course map overlayed with that of the floodplain boundary is shown in
Fg.3

- stream water levels measurement at different gaging stations. The gages along the Lesse
river are regularly monitored by the Hydrologic Services of the Walloon Region. It was
therefore possible to access the information on streamflows for any period, within the year
or month, and to pick up the actual time of occurence of flood events. The data set related
to the water levels at different gaging stations along the river during the months of January
1993 and December 1993 has confirmed the good fit of ERS-1 SAR image pair which was
selected for the study.

2.2. ERS SAR images

- a pair of SAR geocoded images taken during the Phase C of ERS-1. These images result
from a rectification of corresponding Precision Image products (PRI). PRI products are 3
looks georeference, digital images, corrected for antenna elevation gain pattern and range
spread loss. The pixel size of the PRI products is 12.5 x 12.5 m. The rectification is
performed in relation to UTM/WGS 84. The image pair is constituted of:

8 December 1992 (frame 2601), taken before the flood event
12 January 1993 (frame 2601), taken during the flood event

The data was calibrated based on the factors contained in the image report (header) files and
converted into cr0.





3

3. SPATIAL DATA ANALYSIS

The analysis of The ERS-1 SAR data set in combination with the ancillary geographic
information system-based data on land is aimed to derive spatial patterns of flood inundation
of the test-site. The approach underlaying the assessment of flood extent and analysis of the
effect of soil internal drainage class is statistical.

3.1. Assessment and mapping of flood extent

Inundated areas are clearly seen on ERS-1 SAR image. This is a result of the fact that the
generally smooth surface of inundation water gives a nearly specular reflection and will
appear in dark gray tone. However, in areas characterized by a well marked relief, SAR
images can show shadows, located at the foothills, which will also appear in dark gray tone
resulting in a possible confusion with inundation water surfaces. That is to say that unless we
apply change detection techniques to SAR imagery of the same ascending or descending
phase nature, it will be rather difficult to distinguish between shadows and inundation water
surfaces. Thus a change detection technique is recommanded (Badji et al., 1994) for flood
inundation assessment and extent mapping where the relief is rather not flat.

In a case, like the assessment and extent mapping of flood inundation areas along rivers in
non-flat topographic zones, and when a simple cartographic image has to be generated, the
visual image enhancement is of most importance. As a consequence the change detection
based on interpretation of colour composite image is the proper technique to apply. Fig. I. is
a colour composite from a layerstack image made of the two ERS-1 SAR data of 8
December 1992 and 12 January 1993. The flood inundation areas are represented in red.

3.2. Approach to poor internal drainage soil delineation

3.2.1. Methodology summary

Change in surface reflection conditions can also be detected by applying difference in pixel
values between two consecutive images. A radiometric enhancement independent of the
degree of precision in assessing the parameters is given by the normalised difference index
(ndi). This index approach is applied to characterize internally the flood inundation areas in
order to get some more insight of the flood development dynamics. The applied expression
for ndi is as follows :

where cr0r0 and C5r0 are retrodiffusion coefficients of image at off- and during flood event
period respectively, and Eis a small positive constant introduced to prevent the denominator
from becoming zero.

3.2.2. Interpretation

Microwave remote sensing directly measures properties of the surface that are of interest to
earth scientists like hydrologists and geographers. The strong dependence of dielectric
properties of the earth's surface layer on its moisture content (Van De Griend and Engman,
1985; Ulaby et al., 1986) is the basis of this technology. Thus, measurement of the reflection
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of microwave energy should indicate the moisture state of the earth's surface. It is important
to recall that, in addition to moisture content, microwave response is dependent upon other
target characteristics such as surface roughness, soil grain size and geometry and vegetation
cover as well as characteristics such as wavelength, polarization and incident angle. This
response will therefore show a complex non-linear pattern.
For any given wavelength, polarization and look angle, surface roughness, soil texture and
structure and vegetation cover, radar backscatter coefficient increases as the soil moisture
inscreases (Badji et al., 1994; Normand et al., 1994). Consequently a wet soil will induce a
higher radar backscatter than a dry one.

A wetland, due to the rather poor internal drainage of its soil, will tend to remain moist for
a long time. It will therefore result in a radar backscatter characterized by a high intensity
value. When the area is inundated, because of the specular reflection nature of the smooth
water surface, the resulting radar backscatter will have a very low intensity. By applying
change detection principle based on normalised difference index, the soils which have
remained moist before or after the flood event will be highlighted. As a consequence, this
provides an interesting means for mapping wetlands in a floodplain. Fig.3. illustrates the
distribution, within an inundated area, of soils different to each other from their backscatter
characteristics which are -likely related to soil internal drainage.

4. CONCLUSION

Floodplain inundated area can be assessed and its extent mapped by applying change detection
based on interpretation of colour composite image. This method of flood inundation detection
relies on the fact that colour change will occur in answer to the presence or the absence, in
a multitemporal image, of an information which has actual influence on the land
backscattering properties. This approach cannot be applied to achieve the goal of
characterizing the inundated areas, through the delineation of different contributing soils, for
some more insight of flood development dynamics. To this end, a more quantitative approach
must be applied. This can be achieved through application of a normalized difference index
to the multitemporal data set of ERS-1 SAR. Indeed, this index can be applied to highlight
soils with rather poor internal drainage. These soils are characteristic of wetlands. As a
consequence, it can be used to generate maps of wetlands within a floodplain from ERS-1
SAR images.

5. PROSPECTS

A contract applying the methodology above presented was implemented for the Walloon
Ministry for Equipment and Transportation. It was aimed at providing inundated area map
updates along the main rivers that are seen on ERS-1 images of Wallonia. These rivers are
mainly the Meuse and two of its principal tributaries (Sambre and Lesse ). ERS-1 SAR images
are first used to delineate flood inundated areas along the rivers and main inland water bodies.
The second step consisted in overlaying this information with a digital topographic map
provided by the Ministry. An example of the achievement of the project is shown in Fig. 4.
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1. Flood extent along the river Less (Southern Belgium), between Houyet and Wanlin,
assessed through application of color composite technique on ERS-1 SAR images of
winter 1992-1993.

2. Internal characterization of a flood inundated area in the test zone through a
normalised difference index.

3. Excerpt of digital floodplain map of the test-site produced on the basis of 1/20000 soil
types map of Belgium Soil Survey Committee

4. An example of inundation map along the river Sambre in the neighbourhood of
Merbes-Le-Chateau, Walloon Region of Belgium. Inundated area (dark blue) is
assessed through application of a normalised difference index on ERS-1 SAR
multitemporal data acquired during Phase D 3-day cycle.





Figure 1

Flood extent along the river Lesse (red wide strip layer) between
Houyet and Wanlin (color composite technique).
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Figure 2

Soils of different poor internal drainage highlighted by the internal characterisation of an
inundated area assessed from ERS-1 SAR multitemporal data of Phase D (3-day cycle).
(Yellow= very poor; Blue r= moderately poor; Reddish= poor)





Digital floodplain map of test-site between
Houyet and Wanlin
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Figure 3





Figure 4

An example of inundation map along the river Sambre in the neighbourhood of Merbes-Le
Chateau, Walloon Region of Belgium. Inundated area (dark blue) is assessed through
apllication of the a normalised difference index on ERS-1 SAR multi temporal data acquired
during Phase D 3-day cycle.

0 2 4km

N

A

Faculte Universitaire des Sciences Agronomiques de Gembloux
Unite d'Hydraulique Agricole
Tel.: +32 (0) 81 622184 Fax.: +32 (0)81 622181









I

THE USE OF REMOTE SENSING DATA IN THE STUDY OF FLASH
FLOODS. THE CASE OF THE OUVEZE RIVER FLOOD THE 22nd OF

SEPTEMBER 1992 AT VAISON-LA-ROMAINE

D. RISSER
Centre Europeen sur les Risques Geomorphologiques.
European Centre on Geomorphological Hazards.

Strasbourg - France

ABSTRACT

After the catastrophic flood of the Ouveze river (south of France) in september 1992,
the European Center on Geomorphological Hazards started an hydraulical and hydrological
study of the Ouveze basin to understand the causes of this catastrophe. The purpose of the
approach is to result in an effective prediction of other similar events with the help of a
rainfall-runoff relation, and in the definition of some preventives actions.
The data used are the following:

- SPOT data for the definition of the basins' morphological and biophysical
characteristics (DEM, land-use,...) and for a potential runoff index of the Ouveze basin;

- Weather Radar data to restore the rainfall dynamic on the whole basin.
The hydrological modelling uses the runoff informations and can give, for ungauged basins, a
coherent flood hydrograph.

INTRODUCTION

The devastating flood, which hit the town of Vaison-la-Romaine (Vaucluse) on
september the 22nd 1992, raised questions as to phenomena which caused the inundation:
extremes rainfalls, land use, hydraulical desorders,...

The analysis of the phenomenan circumstanses began as soon as october 1992 and
ended, in 1994, in an estimation of the discharge flood at the level of Vaison-la-Romaine
thanks to hydraulic and hydrological study. The remote sensing data were integrated in this
process; they complement the model and are usefull to balance the Transfer Function Basic
Difference (TFBD)1 coefficients in the hydological study.

I. AIM OF THE WORK

The stormy event of september 1992 didn't concern all the upstream basin of the
Ouveze river (Figure 1)with the same intensity (from 142.6 mm at Buis-les-Baronnies to 300
mm at Entrechaux). More over, the rainfalls measured in the Meteo-France raingauge stations
do not correspond to the real heights in the whole basin. Finally, the estimation of the flood
discharge by a deterministic modelling (THALES soft based on St-Venant's equations)
requires the upstream (discharge) and downstream (water level) conditions.

That's why we set off a work method (Figure 2) the aim of which is the estimation of·

1 in French: Difference Premiere de la Fonction de Transfert: DPFT (principe de convolution).
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the flood discharge. The remote sensed data (Wheater Radar and SPOT) were used as a link
between the theorical models and the facts in the fields.

II. THE REMOTE SENSING DATA

1/.1. SPOT pictures :

SPOT data are available on the Ouveze drainage basin and prove particularly
intersting:

- a couple of stereoscopic multispectral images, with a spatial resolution of 20 m,
recorded during summer 1992;
- a panchromatic image, with a spatial resoluton of 10 m, recorded at the beginning of
october.

The pictures provide informations on :
- the perennial streams and water areas;
- landscapes and land use (nature}biotopes, agriculture, human settling, communication
networks, ...).

Each generic topic (hydrology, vegetation, inorganic areas) can be described according to the
geographical fields or the environment:

- in the forest estate with informations on the species and the planting structures;
- in the rural estate by the analysis of parcel cultivation and the vegetation state;
- in urban areas with the structures and kind of buildings associated to the
communication networks.

From the SPOT recordings, two kinds of analysis can be settled:
- by computed photo-interpretation;
- by image processing.

The second step was kept for ·the information treatment in an approach aimed at data
integration:

- integration of the multisource data in order to provide an informative visual document;
- integration of the derived levels of each source in a data basis for a Geographical
Information System-like approach.

Those informations over the whole basin furnished the data usable for the study of the
biophysical occupation of the ground, and helped to produce, using the stereoscopical data, a
Digital Elevation Model (DEM). Obtained thanks to ISTAR computation, the DEM has a 40
m resolution and.allows the relief.analysis (gradient, surfaces.and.slope of the basins,...). The
mapping of the land use (multispectral data) makes it possible to value the vegetable cover
and to estimate the runoff tendency of the different surfaces. Those two approaches permit to
combine the spatial analysis of the slopes with the biophysical occupation of the ground. The
combination of those data planes allows to define a potential runoff index associated to runoff
paths. This index can than be affected to each sub-basin.

11.2.Radar data :

The MELODI Weather Radar (S-band) data of Nimes-Manduel (ARAMIS network of
Meteo-France) used in the hydrological modelling have a time step of 5 minutes and a pixel
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of I km2• The radar data were used to restore the rainfalls dynamism, the accumulation being
confirmed by pluviometric data collected at ground level in the different networks. A
hyetograph can thus be elaborated for the Ouveze basin and the sub-basin upstream Vaison
la-Romaine. This method brings in an important uncertainty but permit a spatial treatment of
the pluviometric information.

III. HYDROLOGICAL AND HYDRAULICAL MODELLING

Ill. l. Hydrological analysis :

The analysis, which is based on the principals of the Transier Function Basic
Difference1, tries to show the transformation of precipitation in flood discharge. Therefore,
we used the informations from the Weather Radar of Meteo-France, which, after processing,
gave hyetographs available for each sub-basin. The information becomes then representative
of an area.

The coefficients of the TFBD1, which enable the reckoning of the transfer function
and the effective rainfalls, are balanced by the potential runoff index issued of the image
treatment processing. The model can thus provide coherent runoff hydrographs relevant to the
different measures available in the Ouveze basin.

Ill.2. Hydraulical analysis :

The representation of the propagation phenomenon of a flood wave needs a
deterministic hydraulic modelling. It appeals to a transitory hydraulic model: THALES the
formulation of which is set on the equations of Barre de St-Venant. A previous knowledge of
the stream geometry and the upstreams and downstreams conditions is needed. The results
issued of the hydrological modelling made it possible to initialize the model. The simulation
supplied hydrographs and limnigraphs all along the different streams. As to the event of
september, the 22nd 1992, the flood discharge could thus be estimated to 1200 m3/s.

IV. THE FUTURE NEEDS OF REMOTE SENSING DATA

In all natural hazards management or observation system, the geographical
information is in the limelight. It allows to locate, to measure and to spatially represent some
phenomena. In the hydrologic estate, the morphological and biophysical characteristics of the
basins have a determinative action on flows and their dynamic. An analysis of those
conditions at the scale of the basin is frequently difficult to bring into play. Remote sensed
images are a solution for this approach which registered in a proceeding for hazards forecast.

IV.1. The needs of SPOT data :

The importance of the morphological and biophysical factors in a basin hydrological
response submitted to a storm, as well as the use of the basins' physiographical characteristics
(altitudes, slopes, land use,...) in the hydrological models, led us to think about the satellite
images ability (specially for SPOT) to provide this kind of informations. The current research
aims at determine a way to exploit the SPOT images in order to extract, by image processing,
relevant index usable in an hydrological modelling.





6.

The needs of images can be the following:
- multispectral images recorded at any seasons so as to evaluate at best the land use,
essentially agricultural areas which roughness is changeable.

Concerning the Mediterranean domain, its possible to be limited to images recorded at
Autumn, unexpected arrival period of flash floods.

- a digital elevation model of the basins, with a good spatial resolution, in order to
study, at best, the basins' morphometry.

IV.2. The needs in Weather Radar data :

The additional information, produced by . the weather, radar, must authorize the
amelioration of the hydrological forecast quality. Indeed, the estimation of rainfall mean
values over basins with the help of radar images, is validated by the rainfalls collected at
ground level. The approximation problems of the classical interpolation methods are so
avoided.

The using of radar data offers two approaches for the hydrological modelling:
- in real time: using, as soon as they are generated, the meteorological informations
born of the detection of areas affected by rainfalls.

This approach offers only a little interest for the flood management and prevention,
particularly for areas subject to flash floods. There is no significant time profit in the warning
procedure.

- in forecast: some experimental methods try to forecast, for some hours, the rainfalls
able to affect an area.

Those methods, complex to bring into play and sensitive to the storm's size, make their results
being with difficulty integrated in a reliable rainfall-runoff relation. However, current
researches, as the development of the Meteo-France radar network, let us think that those
methods will be more and more used in rainfall-runoff relations definition.

CONCLUSION

The results, issued by the different models, permit to specify the circumstances of the
flood, but the values (discharges) have a dubiousness which can, with difficulty, be evaluated.

The principal interest of the methodology is in the comparison and in the
complementary of the approaches: surface, hydrology and hydraulics. The analysis of the
informations obtained by remote sensing data constitutes a proceeding which can be
integrated in a research and localisation of flood hazards areas program. An applying on a
geographical large scale area is achievable.
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Estimation of discharge from three braided rivers
using ERS-1 SAR
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The water surface area on an unconfined braided floodplain increases or
decreases in response to total river discharge. Field measurements on the
braided Iskut River in British Columbia show that width is more sensitive
than either depth or velocity to changing discharge. These effects are
integrated over a two-dimensional area when total water surface area of a
braided reach is measured and correlated with the total discharge through the
reach. The surface area contributed by transient channels (which is also highly
dependent upon discharge) is thereby included in the water surface area
measurement, which is readily obtained using remote-sensing methods.

ERS-1 imagery and simultaneous ground measurements of discharge
reveal a strong correlation between discharge and total water surface area for
the Iskut, Taku, and Tanana rivers in NV\7British Columbia and Alaska. The
satellite-derived 'area-discharge' rating curves integrate discharge-dependent
changes in inundation area over km-scale reaches of braided floodplains and
display little temporal or spatial variability, unlike at-a-station
width/ discharge relationships obtained in the field for individual braid
channels. Differences in rating-curve slope indicate each river's propensity for
widening, which appears to be a function of longitudinal river slope, grain
size, and braid intensity.
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Effective width vs. Discharge: lskut, Tanana,
and Taku Rivers
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2. Relationship between satellite-derived effective width (floodplain inundation
area divided by length of reach) and ground measurements of river discharge for
three large braided rivers. Each point is determined from a single ERS-1SAR
image. The Taku and Iskut rivers are located in northwest British Columbia, the
Tanana River is in central Alaska.
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ongoing research [Krigstrom,1962;Fahnestock. 1963:Church.
1972;Mosley, 1983; Young and Davies. 1990:Maizels. 1993;
Warbunon and Davies. 1994].but the end result of these pro
cesses is a relatively flat, unrestricted surface covered with
multipleshallowchannelsthat maintainsimilargeometriesand
flowdepths despite frequent lateral shifting.Unlike singleme
andering channels that adjust primarily through ftow depth
(unless their banks are overtopped), braided streams accom
modate changes in discharge through channel widening and
adding or subtracting channels to the braid complex. Field
measurements in small braided streams indicate that channel
widths vary strongly as a function of discharge [Rice, 1979;
Mosley, 1983;Leopold, 1985],a relationship also observed in
experimental flume studies [Schumm et al.. 1987].
Advances in satellite technologyhave sparked efforts to as

sess river hydrologicconditionsfrom space.Bryan [1981]iden
tified lakes, wetlands, and rivers using Seasat and airborne
syntheticaperture radar (SAR) imagery.Koblinsky et al. [1993]
used Geosat radar altimeter waveformdata to measure river
stage in the Amazon.Solomon [I993]recommendedthe use of
ERS 1 SAR for delineating river networksin denselyforested
areas, while Brakenridge et al. [1994]used ERS 1 to obtain
stage estimates from the 1993flooding along the Mississippi
River. Although braided rivers are not well suited for tradi
tional stage-recording devices, their spatial sensitivitymakes
them highly amenable to using remote sensing to detect
changes in discharge. In this study. total water surface area
withina IO km x 3 kmcontrol sectionon a braided glacialriver
in BritishColumbiawas repeatedly measured usingmultitem
poral SAR imagery acquired by the first European Remote
Sensing Satellite (ERS 1) in 1992and 1993.These satellite
derived valueswere then compared to field measurements of
r.iverdischarge-measuredby a Water Surveyof Canada gauge
located IO km downstream from the control section. Their
strong correlation indicates that it is possible to obtain good
estimates of flowrates from space using this approach.
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Estimation of discharge from braided glacial rivers
using ERS 1 synthetic aperture radar: First results
L. C. Smith, B. L. Isacks, R. R. Forster, A. L. Bloom, and I. Preuss
Institute for the Study of Continents, Department of Geological Sciences. Cornell University, Ithaca. New York

Abstract. Using multitemporal ERS 1 synthetic aperture radar (SAR) satellite~imagery
and simultaneous ground measurements of streamfiow, a strong correlation (R- = 0.89)
was found between water surface area and discharge for a braided glacial river in British
Columbia, Canada. Satellite-derived effective width (W.,) was found to vary with discharge
(Q) as w•.= 27.5Q0·42, where w•.is defined as the total water surface area within a 10
km x 3 km control section, divided by the section length. This "area/discharge rating
curve" yields instantaneous discharge estimates with a mean error of =.275 m3/s for
ground-measured fiows that ranged from 242 to 6350 m3/s.

Introduction

Increased interest in the hydrologicprocesses of the cryo
sphere has been stimulated by general circulation model
(GCM) modeling, which predicts amplification of a C02-
inducedglobaltemperature increase towardthe poles [Manabe
and Wetherald, 1980;Manabe et al., 1991].Thiswidelyaccepted
premise is supported by a recent small increase in northern
hemispherehigh-latitudetemperatures [Follandet al.; 1990].It
has also been suggested that early indication of a global tem
perature change may best be observed in the cryosphere be
cause of the sensitivityof snowand ice to climate [Hall, 1988].
River dischargemeasurementsare essential for detecting such
effects, as runoff is the primary mechanismby which mass is
removed from snowpacksand glacier ice. Glaciers adjust to
climatechangesbystoringor releasingwater, producinghigher
mean streamflows during recession [Young, 1985; Lawson,
1993].Meier [1984]suggestedthat the current global sea level
rise of 1-1.5 mm/yrmay be partly explained by the observed
shrinkageof the world's smallglaciers.Runoffmodelingfor a
glacierizedHimalayanbasin predicted at least a 30% increase
in summer streamftowsas a result of a simulated 2°Cincrease
in temperature [Fukushima et al., 1991].However, efforts to
characterize river flowsfor most glacierizedbasins have been
severelyrestricted by a paucityof dischargeobservations.This
problem is due to a combinationof (1) harsh weather condi
tions and lowaccessibility,(2) highcostsassociatedwithmain
taining stream gauges in these remote areas, and (3) typical
conditions of high bed load and rapid discharge fluctuations
that create shallow,shiftingbraided systemsthat are virtually
impossibleto gauge using traditional stage-recordingdevices.
In recognition of these difficulties,Lawson [l993].concluded
that in order to understand the relationships among climate,
glaciermassbalance, and hydrology,newremote-sensingtech
niquesare needed to replace expensive,labor-intensiveground
measurements. Development of such techniques would also
permit study of remote, high-latitude rivers for industrial or
water supplypurposes.
The complexhydrologicand sedimentologicprocesses that

interact to form a braided channel configurationare topics of
Copyright 1995 by the American Geophysical Union.

Paper number 95WR00145.
0043-1397/95/95WR-00145S05.00

ERS 1 Satellite and the Study Site
ERS 1was launched July 17, 1991,by the European Space

Agency.In imagemode its Cband (5.3GHz) SARproducesan
80-I03 km swath with a processed pixel spacing of 12.5m.
ERS 1 is placed in a near-circular,polar, and Sun-synchronous
orbit with 3-, 35-, and 168-dayrepeat cyclesduring its various
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tion of data values typical for the control section. Although a
bimodal distribution distinguishingwater from gravelwas not
observed.the mode tends to behaveas an inflectionpoint.with
distribution density to the left of the mode increasingwith
water surface area. Its relativelystable position at - 10.5dB
permitted uniform application to all imagesacquired over the
control section. From visual assessment. thresholds set lower
than -10.5 dB tend to miss some water surface area: higher
thresholds classifynoncontiguouspatches that do not appear

57" -f to be channels.
Specklewas reduced using a 3 x 3 bimodal majority filter

that was applied to each image to remove anomalous bright
pixelsfrom the channels and dark nulls from the surrounding
floodplain surface: this approach is similar lo that used by
Kellndorfer et al. [1993].Followingcalibration. classification.
and filteringof each image (Figure 2). total water surfacearea

. within the control section was computed from a simple pixel
count of cellsclassifiedas water. Divisionby the length of the
control section (10 km) was used to normalize these areas.
yielding an "effectivewidth" (in meters) of the total water
surface for each ERS 1 image.

ISKUT RIVER. BRITISH COLUMBIA

@ Glacier 0 30Ian

• Stream Gauge
[_! Control Section

Figure I. Map of the study area: Iskut and Stikine Rivers,
British Columbia.

missionphases. SAR sensorsare wellsuited for multitemporal
hydrologicstudies owing to their cloud-penetratingcapability
and strong sensitivity to surface moisture conditions. The
former is a tremendous asset in chronicallycloudyregionssuch
as the Coast Mountains along the Alaska/British Columbia
border. The Iskut River (approximately57°N, 131°W)drains
9350km2 of this heavilyglacierizedarea (Figure 1). Five he
licopter-servicedstream-gaugingstations have been installed
in nonbraided reaches by the Water Surveyof Canada. One of
these stations is located only a fewkilometers downstreamof
the prominent braid complexused for the control section in
this study. Using two overlapping repeat pass orbits, ERS 1
SAR imageswere acquiredover the control section fromApril
1992 to December 1993 by the NASAAlaska SAR Facility
(ASF) in Fairbanks.

Data Processing
Using an ASF-provided program, each ERS 1 image was

radiometrically calibrated to permit comparison of actual
backscatter(u0) valuesbetweenmultitemporalimagesand also
within a single scene. The calibration process removes varia
tions in backscattercausedbysensor antenna pattern, range to
target, and incidence angle for each image, using a satellite
derived noise versus range function and three calibration co
efficients[Bicknell, 1992].This information is provided in the
Committee on Earth Observation Satellites (CEOS) format
header file that accompanieseach ERS 1 data take processed
byASF.All radiometricand geometriccorrectionsare fitted to
the ellipsoidalsurface of the Goddard Earth Model (GEM06)
geoidmodel. Surfaceelevationor departures of the true geoid
from the ellipsoid are not considered, producing small but
uncertain errors in mountainous regions.
Unlike lakes which can return a wide range of radar back

scatter intensitieswith varyingsurfacewind conditions [Olm
sted, 1993;Hall, 1995],rapidlyflowingstreamssuchas the lskut
tend to have backscatter values that are spatiallyand tempo
rallyconsistent.An upper threshold of -10.5 dBwas used for
classificationof the water surface. This value approximately
coincideswith the mode of a right-skewedGaussian distribu-

Results
Twenty-eightERS 1 SAR imageswere acquired over the

Iskut River control section from 1992to 1993.Hourlystream
flowsmeasured simultaneouslyon the ground ranged from 242
to 6350m3/s, includingan extreme floodevent on October 27.
1993,the largest recorded in the 34-yearhistoryof the gauging
station. Peak annual flowsnormallydo not exceed 2000 m3/s.
·Effectivewidth of the braided channel networkgrowsor con
tracts in response to changing river discharge.as can be seen
from three sample images in Figure 3. Satellite-derivedeffec-

(A) (B) (C)
Figure 2. Processingof ERS 1 SAR data: (a) radiometric
calibration;(b) water classification(-10.5 dB):and (c) speckle
filtering.Braid complexis approximately10km x 3 km.





Oct 27, 1993
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May 5, 1993
Figure 3. Three ERS 1 SAR images acquired over the Iskut River in 1993. Water surfaces are dark: river
discharge increases from left to right. May 5 and May 24 are typical: October 27 was an extreme flood event.
Each image is approximately 15 km x 8 km. ·

tive widths and actual river discharges are plotted in Figure 4.
The relationship is log linear with 89'/c of the variation ex
plained by the equation We = 27 .5Q0·4~. using a 95'/c con
fidence interval. This plot constitutes a satellite-derived ..area-

1200
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Discharge (cubic meters/second)
Figure 4. Relationship between satellite-derived effective
width (We) and river discharge measured on the ground. The
equation of the best fit curve is We= 27.5Q0A: (R: = 0.89).
Each point is determined from a single ERS 1 SAR image.
Outlier is an extreme flood event: maximum annual flows do
not normally exceed 2000 m3/s.

discharge rating curve" for the control section with a mean
error of =.275 ~3/s.

Changes in the braided network can ·be tracked through
time. Although the main channels of the Iskut appear to be
relatively stable. secondary channels appear and disappear.
often with a new configuration. River ice can also be moni
tored. but this technique can not be applied during winter
conditions because there is no unique relationship between
river ice area and discharge. Ground discharge measurements.
when available at all. are also of poor quality during winter
conditions. Frozen channels typically appear bright instead of
dark. but melting snow and ice during March and April cause
low backscatter returns from much of the floodplain. including
areas between channels. The extensive dark patches that result
have low backscatter values and are easily misclassified as open
water. For these reasons. only ice-free images (Table 1) were
used to produce Figure 4.

Discussion
Previous studies have noted the strong correlation between

channel width and discharge in the braided fluvial environment
[Rice. 1979:Mosley. 1983: Leopold. 1985:Schumm er al.. 1987,
chapter 5]. The relationship is typically described as a function
of the form

W= aQ~

where W is braid channel width. Q c is channel discharge. and
a and b are constants. The responses of channel depth and





deviations superimposed on a larger, relatively smooth trend
that is remarkably similar from year to year. For this reason.
discontinuous instantaneous discharge estimates tend to ap
proximate the annual bydrograpb more closely for snowmelt
and ice melt rivers than for rainfall-controlled watersheds. It is
hoped that future work will indicate some transferability of
satellite-derived rating curves from gauged watersheds to un
gauged rivers of similar morphology. If not, potential still exists
for inferring relative changes in streamflow for a particular
ungauged site, even if absolute values are not obtainable with
out a period of ground calibration.

Spacebome SAR's such as the currently operating ERS 1
and Japanese Earth Resources Satellite (JERS) 1, and the
anticipated ERS 2, JERS 2, and Canadian RADARSAT. are
excellent sensors for multitemporal hydrologic studies due to
their cloud-penetrating capability, high spatial and temporal
resolution, and strong sensitivity to water. While it is not sug
gested that satellite-derived values will ever approach the ac
curacy or sampling frequency of traditional gauging methods,
approximate and intermittent estimates of discharge from
braided glacial outwash streams will provide assessment of
bydrologic conditions at a regional scale not currently possible
for these remote, climatically sensitive watersheds.
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Table 1. ERS 1 Synthetic Aperture Radar Scenes Used to .
Produce Figure 4

ERS 1 Orbit ASF ID Date

4424
46%
5197
5426
5698
6199
6428
6929
9434
9706
9935
10207
10436
10937
11209
11438
11939
12211

75634
27431
83322
77526
75759
81831
81861
81981
83388
83425
83435
83458
83488
83530
83565
83606
83833
86023

May 20 1992
June 08 1992
July 13 1992
July 29 1992
Aug. 17 1992
Sept. 21 1992
Oct. 07 1992
Nov. 111992
May 05 1993
May 24 1993
June 09 1993
June 28 1993
July 14 1993
Aug. 18 1993
Sept. 06 1993
Sept. 22 1993
Oct. 17 1993
Nov. 15 1993

ASF ID is Alaska SAR Facility (ASF) image identification number,
and date is Greenwich Mean Time date of acquisition.

flow velocity are described by similar functions. The value of
the width exponent b is an indicator of the sensitivity of a
channel's width to changing discharge. Field measurements in
small braided channels (with flows of the order of 1-15 m3/s)
and flume studies have yielded width exponents that range
from 0.07 to 0.58, with typical values around 0.22-0.45 [Fah
nestock, 1963: Church, 1972; Cheetham, 1979;Rice, 1979;Mos
ley, 1983]. The satellite-derived width exponent of 0.42 for the
Iskut River is similar, despite the much larger scale (flows of
hundreds to thousands of cubic meters per second) and inte
gration over all channels in an entire braided reach. Width
depth ratios also tend to be similar among rivers of similar
scale [Fahnestock, 1963; Church, 1972], but more comparative
studies are needed to assess the potential of this technique for
application to ungauged braided systems. Construction of ef
fective width/discharge curves for other gauged watersheds will
permit comparisons with the one derived in this study.

Layover, foreshortening, and radar shadow are common ef
fects in SAR images acquired over areas of steep topography.
Radar returns from the glaciers and mountain slopes sur
rounding the Iskut River valley are significantly affected by
satellite position, requiring the use of repeat pass imagery for
study of their changing surface conditions. However, minimal
topographic distortions were found over the flat, wide flood
plains of the Iskut and Stikine Rivers. Changes in viewing
geometry do not significantly affect the detection of water
surfaces, permitting the use of overlapping orbits to increase
the temporal resolution of a monitoring program over these
low-relief valley floors. The presence of river ice, however,
presents a severe difficulty for both satellite and ground-based
discharge estimates. This problem is mitigated by the fact that
as much as 95% of the total yearly discharge for glacierized
basins is released during the summer [Lawson, 1993], making
winter measurements less critical to the assessment of annual
water cycles. For the Iskut River, winter contribution to total
annual streamflow is consistently less than 10% each year.
Annual streamftows in glacierized basins follow a predict

able pattern, unlike watersheds dominated by stochastic rain
fall events. Mean discharges swell over a period of months
during the summer melt season with small, highly random

Conclusion
With our rapidly improving satellite technology and the

prospect of abundant multitemporal data in the next century,
new spatially based discharge estimation techniques show great
potential for improving our understanding of hydrologic re
gimes in remote areas. ERS 1 SAR classifications of water
surface area correlate well with ground discharge measure
ments for a braided river in British Columbia, indicating that
approximate discharge estimates can be made from space. Po
tential exists for satellite monitoring of large remote or high
latitude glacial rivers, where flows may be sensitive indicators
of regional or global climatic conditions.
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Lucas L.F.Janssen
Rijkswaterstaat, Survey Department

P.O.Box 5023
2600 GA Delft

the Netherlands

Utilization of airborne and spacebome observations
for flood monitoring purposes

Organization with respect to rivers

Riikswaterstaat
Responsible for the river area between the dykes.
entities involved:
- local maintainance and construction depts ('dienstkring'): dredging, river bed
- RIZA: Measuring SysteemWater (real time, 50 stations) and predictions (curves,
modelling)
- DNZ: remote sensing aircraft

Provinces (local water authorities)
Responsible for dykes and river neighbouring areas: maintaince of dykes

What happens in case of potential flood

Local & regional crises centra are established by the Provinces. Their main
information sources are the real time data from MSW and the daily predictions (by
RIZA).

During an actual flood

The information sources during an actual flood are:
- on-the-spot information, field survey (most important)
-MSW
- predictions from RIZA
- aerial photography (bl/wh) for mapping of flooded areas (during and post)

Potential of RS for operational purposes

In the past two years the Survey Dept has been promoting the use of aircraft remote
sensing for flood monitoring purposes. Potential applications appear to be:
- aircraft TIR: determining the stability of dykes (seepage locations)
- aircraft SLAR: mapping of flooded areas (especially during bad weather conditions)
- aircraft MSS: mapping of sediment (spatial extent) ·





RS for research purposes

Aircraft remote sensing (detailed)
- optical data (photography, scanning): sediment, currents
- laser altimetry, dig. photography, SAR interferometry: DTM (volumes)
- along track interferometry (PHARUS): currents (velocity)

Satellite remote sensing (larger areas)
meteorology & hydrology

- hydrological modelling
RIZA: Int. Com. for the Hydrology of the Rhine: lowland part
-> lowland model based on RS-derived land use

potential use for calibration/validation purposes on parameters:
- evapotranspiration
- soil moisture

Project 'RS and catchment modelling' (VU, RIZA, MD)

What can be expected of present and future ESA/EUMETSATmissions for
determining soil moisture and evapotranspiration ?

Evapotranspiration
based on thermal data
. clouds
. atmospheric correction
. model inversion requires albedo/NOVI
. spatial resolution
. availability of models (non-crop specific)

Soil moisture
based on SAR data
. only for 'bare soils'
. model inversion requires soil roughness
. relative inaccurate
. relationships between surface and sub-surface soil moisture









OPERATIONAL. RE.SEARCH AND D£VELOPMEST ASPECT'S JN TRE
MANAGEMENT OF NATURAL RISKS N GENERAL AND FLOODS IN
PA~TICULAR : 'l1IE ROLE AND ACTIVm' OF THE EUROP£AN UNION.

D.Vassaux, DG XII· European Union. Brussels ·Belgium

To respond to emergencies caused by natural and technological disasters. the Member
States have taken steps to prevent disasters and to be bener prepared for those which do
occur, and, in panicular, have drawn up disaster relief plans to enable them to manage
such emergencies.

As some problems are common to all Member Stares, or similar. cooperanon in the field
of civil protection has been developed at Community level.

The general objective of Community action in the field of civil protection is to help
provide better protection for people. the environment and propeny in the event of natural
and technological disasters. In line with the subsidiarity principle, these objectives are
attained mainly by establishing a technical network of those responsible for cavil
protection in the Member Stat~s and by the extensive sharing of experience among them.

In practical terms, technical instruments are being developed (operational manual and
pilot projects) as well as initiatives aimed directly at those involved in civil protection
which help to increase their degree of preparedness (trainini. exchanges of experts and
simulation exercises). The proposal aims in particular at consolidanng and strengthening
the development of pilot projects, which will be carried out pnrnanly by small and
medium-sized enterprises.

In addition to these actions. the EC has co-financed research and development activities.

The specific programme "Environment and Climate" of the 4th Framework Prorramme,
will include several area covering issues related to natural hazard questions ·

development of technologies to forecast, prevent and reduce natural risks;

methodological research and pilot project related to space techniques.

The specific programme of telernancs does include activities related to the development
of Integrated Environmental Emergency Management systems .

These R and D activities are a follow-on of 3rd Framework Programme projects.









Forward

Flood Modelling in the Financial sector:
Is satellite data the answer?

A. Mitchell -
Greig Fester International Ltd.
London, UK

The Operating Environment
The insuranceoperating environment haschanged. Natural hazards
are becoming increasinglysignificant. Not only are we more aware
of natural disastersthrough swift and widespreadmedia reporting,
but also that exposureis constantly increasing.
This is due to:

• increasein the world population
• development of technology and its application in exposedareas
• growing concentration of values in large cities and industrial areas

Thesehaveall greatly increasedcatastrophe potential.

The Business Environment
The insurancebusinessenvironment continues to change.
There is:

• ever greater demand and expectation of profit from
shareholdersand investors

• increasedpressureto maintain high solvencymargins
• the needto match growth with underwriting control and selection

. - • . ever increasingcompetition ~nthe market place

Increasedavailability of information exacerbatesthese pressures.
It is only by the effective management and utilisation of information
that insurancecompanieswill stay aheadof their competitors.

The Future
In managing the changing environment. insurersare using every
option available to gain competitive advantage.Options which give
competitive advantage are neededto manageportfolios efficiently,
purchasereinsuranceeffectively, and ultimately to increaseprofits.





Geographic Analysis Project

Geographic
Analysis Project
The increasednumber of natural catastrophesaffecting more
concentrated accumulations of risk hasproduced an
unprecedented lossrecord.

Thishashighlighted the needfor a more preciseand scientific
approach to analysing exposuresand accumulations of risk.
In particular there is a need for:

• analytical tools to promote better understanding of exposure
• lossestimate models for windstorm and flood
• data to devisebetter informed rating and marketing strategies
• reassessmentof reinsurancerequirements

To this end, Greig Fester'sUKDivision have developedsome
of the most sophisticated and advancedrisk management tools
that are currently available to insurersin the UK.

GAPencompassestwo main areas:

• risk management
• portfolio management

Risk management comprisestwo models for investigating natural perils:

• flood model
• storm model

Both modelsare capableof producing lossestimates for worst case
scenariosat a currently unparalleled level of resolution and accuracy.

Portfolio management comprisesa seriesof tools for
investigating insuranceportfolios particularly with reference to:

• distribution
• market share
• rating
• sum insured
• socio-economic modelling





East Coast Flood Study AiTa

Th' illustration shows th' rang' of
Ordnanct Survry 20km tiles containing

th' h'ight data
0usrd

to construct th'
mod'I (blank tiles aiT suffici,ntly high
'nough ground to be 'xclud,d)

Coastal Flood Study
Coastal Flood Model

Background

Historical information concerning flood is scarce.Therehasonly
beenone major EastCoastFlood this century, in 1953.However,recent
floods in Perth,Towyn,Chichesterand Paisleyhave provided valuable
information aswell as highlighting the seriousthreat that flood poses.

Objective

To investigate and quantify the risk of flood on the EastCoastof England
at the highest resolution and with the greatest possibleaccuracy.

Method

Thecoastal flood model investigatesan area from just north of the
Humber to RomneyMarsh in Kent and as far up the Thamesas
Dartford (seediagram below). Futureareasto be incorporated will
provide analysisof. other coastsand estuaries.

- form lines
- contour lines





-- form linrs
- contour linrs

area 1km2

Step 1- calculating a 3-D surface

The area is divided into 20km by 20km squareswhich are then
subdivided into Sm by Smsquaresfor further investigation.
All these squaresare referenced using the National Grid.

A three dimensional surface is calculated using raw height data
from the Ordnance Survey.

Data used to calculate the three dimensional surface include:

• contour lines: at 10m intervals
• form lines: similar to contour lines, but provide extra information

concerning heights in between the regular contour intervals;
such as ridges, cliffs and river beds

• spot heights: individual points accurate to 1m
• detailed coastline: height details at 1Sm intervals

From these known height data we make a height calculation for
each Smsquare on the ground. Different amounts of data are available
for different parts of the study area.

The accuracy of the height calculation is dependent on how much
data is available.

This surface has been calibrated and checked against Ordnance Survey
sheet maps to ensure its accuracy and integrity.

Benefits

Greig Fester'sthree dimensional surface is significantly more accurate
than "off the shelf' models (which are generally accurate to only ±Jm).

The surface produced has been calculated specifically for our own purposes
allowing greater flexibility for further modelling.

Digital height data in a "flat• or 2-0
format from the Norfolk a~a (taken
from OS tile TG 22)
Thedata is used to construct th'

_,
3-0 surface shown on pag' ' •





Royal Mail postcode structure

zone example number also know as

area

district
sector
unit

SW

SW11
SW11 5
SW11 SHA

123 outward

2,900 • outward
9,200 • inward

1,588,000 • inward

• These numbers are approximate
since changes are made to the
system Nery month as property is
built or demolished or the use of
the postal service changes.

Step 2 - locating policies to ±100m

Greig Festerhas calculated a dataset that details the location of every
residential and non-residential property in the UK to an accuracy
of ±100m. This dataset splits the UK into a grid of approximately ten million
200m by 200m squares.

In addition, Greig Fester has developed a model to "dis-aggregate"
insurance data by postcode district. sector, or unit and estimate a point
distribution of risks basedon the 200m by 200m squares in the grid surface
described above.

Re-allocation is achieved through a weighted statistical model.
Insurance data that are redistributed in this manner include the domestic
and commercial policy count and sums insured.

Theseprocessesare described in more detail on page fourteen.

Step 3 - calculating height of policies

The three dimensional surface or Digital Terrain Model is overlaid with
the property redistribution produced in step 2. This processallows
us to attribute a height value to all unit postcodes,and hence to a
property, which fall within the flood study area.

3-D surface constructed from height
data as shown on page !.,.
In this illustration the 'Verticalheights .
have been exaggerated by a factor of ten
for easy viewing.Theartificial river flood
in the valley obscures the form lines.

- contour lines
-- grid lines
-·artificial flood





land not flooded

- floodtd land

- sea

Step 4 - simulating the flood

The three dimensional surface complete with property can then be "flooded."
The National RiversAuthority hasmade available to Greig Fester two datasets:

• detailing the height of water along the EastCoast in the event of a
1 in SO,1 in 100and 1 in 2SOyear flood

• the SeaDefenceSurvey,detailing the location, height and state of repair
of all flood barriers along the EastCoast.

At present, this data hasonly been used to simulate the effects of the
1 in 2SOyear flood. Theheight of water along the EastCoast is combined
with the calculated height of the coastline and the land to determine
the region that would be affected by a 1 in 2SOyear flood (seediagram).

For every Sm by Smsquarewe are able to calculate:

• the number of properties affected
• to what depth those properties are affected

A significant proportion of the EastCoast flood barriers fall below
the 1 in 200 year protection level. Consequently flood defenceswere not
considered when simulating the 1 in 2SOyear event.

Dttail from East Coast flood modtl
The extenr of flooding from a 1 in 250
vear flood on part of tht Suffolk coast





Flood depth bands
A different unit loss figu~ is used for
each band to calculate the o~rall loss to
a portfolio

Step 5 - calculating the damage

A damagescale- derived from lossadjusters'experience including
reports from the Perth,Towyn and Chichesterfloods - details the average
financial lossassociatedwith different depths of flooding.

Thisallows us to calculate an overall lossfigure. Thedamagescalewill
be supplemented in the future by the findings of a detailed study of the
Paisleyflood of 1994.

I 0-0.5 I 0.5·1 I 1-2 I 2+ I • depthof floodingonmeters
I I

surge

~------m..;a;...•_im....;;.u_mspringtide

Conclusion

No other flood model hasattempted to investigate EastCoastFlood
at such a detailed level of resolution.

GAPhasbroken new ground in terms of calculating a realistic loss
estimate for EastCoastFlood,both for the UKproperty market asa whole
aswell as for individual insurancecompanies.





sn
c: ~
o
·- QI
@' E
••.....Q
~:i2
::J QI- •....Wm
. . ::J
- C"wwm
Oo
00
-owm <D
WN

••





I -1 ••
I -~~z:. I I • I! I i I I!

!
_,._

8 0 :as::;"i I a~11n:i~ •..!!!uiS 2*~d • I :! t 1 i 111 8. I iI 0 •; - • • 'Ii '"'II"' ····t '88 ... •• le •....; -G I. an~ I I I0411N I I . . ! ••e 1 f ..-.....•..:;o •..- •••, ; ••un .. I a 1 ! i •• •• •• •• §o~t o• •
c. in io l ••• -~><'0 ·-><:<' a •• !Jo 2 ~ I :;1: G i !t I ! ••••Lf < !/ < - :: ..• 3 • 0

••• llllll .e ' ~..""......: "" '·- -, :t c ' c ..• ! ,. ... ... o I I •. fi

-'ii 'ii 'ii - - -~I I I I I I I -1 i I II





; ~Ill!:J~
f' •• ,...•
cO-.,'IOG

I!

i
i
~
8.

ic
"

(I)
CJz
i~
Cl
"O
.!l
CJ
.!!
I)
(I)

ClJ:
(I)::i
(I)
I)
E
I)
£j
I)
::>=CJ
Cll

J:·r1 II; 2g Cll: ~•• !!
'ii ~

I)
(/)

I!

i"'e.
; "'~o§
: I

• •"' "'8 8
!D !•••

11111 I I I





I I I e ~ct

i I i • I ~ I !! I
_,._

;~ft~J~ ~~~g~ ~~~i~ • I .I " I 8 0 I "'0 0
Iii 8. ·ii i c ••••:4 •

! I I C: A 8. i 0 I ; -.. ......• "' .... ·1 "8 8 •• Q. " • . I :; I "'o= •·f ~~~;: :~,:.~::~ ;~~iSi .• .
o e I I 8 " ~ : " " I " " I § o...;: g o• . io i•"

..
" • I -, ·-,·- <; 0 •, '':>' 8 •.• l)D i i I I i1 g ""!I t I !. • • • ! .-\,;'/'....,./! .»>.< - I .• .• • *

'-i
c: I '.'.: ~• " I

•• .2 ·,, ..•...,......_ CJ '>,<,,, ~ I c ti .c •• " CL G.L: I o a
I -; ..,I I I I I I .., I I ..,

j~,~ ~I I





•• !.I!

±





1;'•.
~i .••

o e
ii E...

- $!..1111:11:: ~~ ~s•.•
••... - ". • " . .i;
:~,'...~::: ;~~~ii !
• -.,"',,'....._<; 0 <,:<,'' 8

••i '<:<< ! ~~:=<<<;
---i "j!

• ••. •.
0 0i~-.i
C..--- c..

"j!









..
-! I !I " I . 0;; I:' • i5 fl ti !! . "
c .• "' - I .ii !! I 8 11 ~ o M:!s
~~!'!~Ill~:&;; ••~!ll&l!:i ~@~d.,::!i. ~. ~ a j i g~.~'5
,.if z,,.,. "' '"'"l't!l :II 11 "'" cg -'I
iii• -f1t0GN'lfe1110GNltllll'ooootl1 "'o 1:11 o •••I .• c:~:-
0 e co - "-oca .• o,.. -."'.., 5 o Cit~ -o. •• t .: ~ •• • • v : : . s: o =i o o. g""•! ·....-,o ..>>'ll'"'•- ~ti ti'£ •••• I'" .. ,.B ' ! ••• ~ .:-'<< 1 ?. -,< - I : ; ~D II: ; ; c llD ll :l !!I s ~ .:
• 1111 "" • , - ,_ , (,I ~•• '- <, •.••_ =i c ill .c •• ,. "' :1 a. a..-.~ I o ~ - w

1111 ~ ---, 111 ii i I ~ ~ I I I~ ~ ~





i
~
0...
0•i

i
~
8.

Ic:
"

!!

i
•I...

•I...





I I I
I I 0 .D ..

I
.. •••I "0 II 0
••

~~~:
" I " &. i ~·s, •

I
1il N ~ ~I IN .. ..

c 0 "
.. 0 !~::.! "!"ti ... . . . " =i: 8 I ~ " " I IC " ~o-o i "~D .. k 3 I c g= • El e :::JI ~ I ~ t,• g N 0 ~

"' c I "
..__ ... I s 0 a ;;. :i

'ii 'ii -i - - - ---; I 'ii 'ii 'ii I 'ii





!
I "
~ "8 m
! go' .i •••.c

···1 11

!!

i
I i
:D !D
I -1

i
'"':;. :

! =

- I'll - ".,.
• 'O " 'O 'O 'O 'O

H .i HH ..
:. ..·••·:···Ii! ::~::;::::~
-1 ~

•..





•....
0.,,
Cll•...
i~
-c

I ~I
I! I! I .!!0

I
CllI " ! - .. -N..,~ in

N i. ..• .... ..• '0'01'0 Cll8 ; ; g I Ii 0 Ii lilili -6•. •••• a A 000 0e o I o I =11 . "<: .l!l•110·-·~o I :: . ; "II f!: :U : uI 0 •• Cll
I "iJ I ~ '\ii Ii.,,

c::::l





I I ·~·• e I I e . -~.

l!!a:s~ !!11111ii ud • 1 · Il j I ~I j ;u~• • .•• • • • •••• • • • • •••• ..Ii .s: a I t • 1 •••1 f t.•-.
I •••••• i •• ••N ~. ti .• •• • • I c ~~ ' --•••.••••••••.. - ••••• 1u11 • a , " i : "' • ~..- :.:.;1

1 •••• ,.;::<<<<I<<<<<: · i; !a I I I I.10 to 11 i 'i,1'1 t t ;
-, -, -,-,-,'ii-, -, -, 'ii 'ii -, -, -,-, 'ii 'ii'ii -,





•. I .I i i.
a ' ;: • sa~ ..••• • •••

I
I! I I i I !i 1 • ! I I

i i i I. lo io

..,..,..,..,









Kjeller, 14 June 1995, Dan Johan Weydahl (Senior Scientist),
Email:Dan-Johan.Weydahl@ffi.no
Norwegian Defence Research Establishment

Flood Monitoring in Norway using ERS-1 SAR

At themoment, we are having amajor flood in the Eastern part ofNorway. It is probably
the worsein this century here inNorway. The flood has caused large damage in agricul
tural areas as well as in towns located along the rivers. The two main rivers involved
in the flooding arecalled "Gudbrandsdalslagen" and "Glomma", and they runmore than
300 km from the highmountains in South-Norway, to the sea south of Oslo. The rivers
have risen by several meters during the flooding period. The flood started at the very
end of May, and is still present, although the culmination was on the 7 June.

Wehave ordered severalERS-1 FRI SARimages (processed atTromse Satellite Station
in Norway) from the 4 and 7 of June. The images are from descending satellite pass and
are covering large parts of the flooded areas.

From analyzing these satellite SAR images by using change detection techniques, we
are drawing the following conclusions;

1)It is an advantage to have a SAR sensor because this is working independent of cloud
and daylight conditions. In flooded areas there is likely to also be rain and clouds.

2) Combining the flooded image with other remote sensing images in a multitemporal
manner, makes change detection possible in the flooded areas. However, the flooded
areas will only be "visible" where the wind conditions are favorable with respect to
detecting changes between land cover and water surface. This normally means that the
wind should be very slight.

3) The present satellite systems are operating with a too low repetition frequency in
order to aid the flood-release-team in the time-critical phase that normally lasts for only
a few days.

4) It would be an advantage to useL-band rather thanC-band SAR. This is because the
water surface normally gives a smaller backscatter in L-band images than in C-band
images.

5) If C-band is to be used, it wouldbe and advantage to use higher incidence angles than
23 degrees (ERS-1 SAR) so that the water surface could give a smaller backscatter, also
when the wind is blowing.
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