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Introduction

Satellite imagery has become an increasinglyuseful tool for large-scale
hazardmapping,which canprovidedata quickerand saferthan in-situ data
sources,where the information can have limited spatial and temporal
resolution(Clement,et al., 2017). TheSentinelsprovide an open-sourceof
high spatial and temporal resolution imagery, that have allowed the
developmentof near real-time large-scaleflood mapping,becauseof the
availability(Twele, et al., 2016).

The two main types of satellite imageryfor surfacewater monitoring are
OpticalandSAR. Opticalsensors,suchasSPOTor DMC,collectdataacrossa
variety of spectral bands, and the various bands display data imagery
differently for different land types(Clement., et al, 2017) Opticalimageryis
also passive,which meansthey are unable to penetrate cloud, and so are
weather dependant. SARsystems,such as TerraSAR-X and Sentinel-1, are
active,which meansthey emit the radar pulseand record the land surface
return (Clement, et al., 2017). The advantagesof SARis its ability to
penetratethroughcloud,makingit weatherindependent; makingit idealfor
immediateresponseflood mapping,evenif the areaiscoveredin cloud.

Most of the literature is focussedon large scale,rural flood mapping, in
areas such as India and Nepal, following major storm events.However,
becauseof the increasedcost risk involved with urban hazards,it would
seemnecessaryfor the monitoring of these as well, to a greater accuracy
(Guistarini. et al., 2013).

Themethod of changedetection, comparingbackscatterof an archiveand
crisis imageis quite widely used,and useful,due to its ability to separate
permanent water, such as ponds and lakes, to isolate the flooded area
(Brown,et al., 2016).
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of January,2018. The resultswere validatedagainstthe CopernicusEmergency
Management Service(EMSR265: Floods in Northern France). The TerraSAR-X
provided very similar results to the EMS, and as an addition, was able to
differentiate floodedareasfrom vehiclesusingpixelbasedbackscattersupervised
classification. However, to improve on accuracy,it would be useful to have
knowledgeof the topography,hydrologyandlanduse,prior to flood mapping.

Fromthe Sentinel-1 results,it is assumedthat the VVpolarisationwasaffectedby
rough winds, which is why permanent bodies of water have been detected as
flooded water. Further investigationwould be needed to be done in order to
validatethis.

Thenext stepof this studyis to understandhow the useof further datasets,such
as DEMs,LiDAR,hydrologicaldata etc, combinedwith a time seriesof events
could provide more accurate,and potentially automated results. Furthermore,
enabling the forecasting of future events and ensuring mitigation of future
disasters. Discussion

Asthis is an introductory study,there is a lot of SARsystemdiscussion,review of
current literature andideasfor future study.

The advantageof this method, without the SupervisedClassificationof other
featuresto flood extent, is that it is veryquickto produce,providingthe dataover
the AOIis available. Theintroduction of SupervisedClassificationdoesslowdown
the process,but with the advantageof accuracy. It is alsoa method that couldbe
usedfor the lessqualifiedanalyst,dueto its simplicity.

Twele. et al., (2016) and Clement. et al., (2017) stated that the VV polarisation
(Sentinel-1 polarisationis this case)indicatedthat under calmwind conditions,a
slightly higher thematic accuracy. However, it is argued that the lack of
backscatterconsistencyin Sentinel-1 (VV Polarisation)can also be blamed on
rough wind, which roughensthe water. As the floods were causedby a heavy
storm, it is likely that there was rough wind during the acquisitionperiod, and
thereforehascreateda differencein the archiveandcrisisSentinel-1 images. This
would explainwhy changewas detected in the permanentwater bodies in the
Sentinel-1 flood maps. And potentially for the abundanceof ΨŦŀƭǎŜŀƭŀǊƳǎΩ. An
interesting further study would be the combination of both Sentinel-1
polarisations(VVand VH)vs the HHTerraSAR-X. Thismay alleviatethe issuesof
roughwind artefacts. It is alsoarguedthat the useof C-Band(Sentinel-1) is more
challengingfor mappingwater surfacesdueto the longwavelength,andtherefore
lower classificationaccuraciescan be expected(Brisco, et al., 2008). It is also
widely accepted that the HH-Polarisation is more superior than other
Polarisations(I.e. the VV/VHPolarisationof Sentinel-1) for flood mapping(Brisco,
et al., 2008; Twele, et al, 2016). The short wavelengthX-Bandof TerraSAR-X is
argued to enable a more accurate identification of waterbodies. Although, its
disadvantagelies with the reduced ability of being able to penetrate through
densevegetation. However,when it comesto small shrubsand vegetation,the
signalreturn ishigh(Martinis& Twele., 2010).

Astudywasconductedby Panchagnula, et al. (2012), whichaimedto optimisethe
threshold ranges,in order to speedup the processof flood mapping,and aim
toward an automated process. And though their backscattervalues for each
polarisation was quite similar to what was used in this study, there was no
mentionof anomalousbackscatterbeinggeneratedby anythingother than water.
Whena Radarpulsehits a smoothsurface,it producesvery low backscatterand
createsa dark appearancein the image. Thisis known asspecularreflection and
tends to occur on bodies of water, as well as other smooth surfaces,such as
vehicles,solar panelsetc. So even if the threshold value range is more or less
correct,there maybe other featuresthat producea similarbackscattervaluethat
ƛǎƴΩǘwater. Therefore,the use of an analystmay help produce more accurate
resultsthan an autonomousmethod. Although,it is alsocorrect that an analysts
solution would generallytake longer than if the processwasautonomous,using
pre-programmedthresholdvalues. In the situation of Panchagnula, et al. (2012),
where they usedthis method for large flood extents in India, it would be ideal,
due to the speed,coveringa huge area and water volume. However, for the
smallerscaleurbanfloodsof Paris,the enduserǿƻǳƭŘƴΩǘwant to mistakeflooded
areaswith other features. higherresolutionof the TerraSAR-X,it wasfar easierto
identify areasof high backscatter,purely down to the fact that the individual
pixelscoveringa smallerarea. However,due to the built up areaof Paris,there
are still issuesof needingto understandtopographicand land use,which would
barean impacton the results(Giustarini. et al., 2013) Havingknowledgeof this

Anothersteptoward consistentmonitoringandrapid responseof flood hazardsis
the fusionof datasets(Giustarini. et al., 2013) . Thiscanbeachievedusingvarious
approaches. Thefusioncanoccurat pixel level,featureanddecisionmakinglevels
(Sgahaier. et al., 2018), althoughit is arguedthat pixel basedfusion is the most
intuitive wayto combineinformation (Sgahaier. et al., 2018). Thismethodenables
dataacquisitionto be a little more flexible,whichallowsfor an improvedspeedin
whichanalysisof floodedareascanoccur. Again,this notion canalsocoincidewith
the above,of introducingdatasetssuchasDEMs,LiDAR,hydrologicaldatasetsetc
for improvedaccuracy.

A disadvantageof SARis its sidelookingnature. Thisproducesradar layoverand
shadow, mainly caused by vegetation and man-made features; buildings.
Although,it hasbeenarguedthat it is possibleto detect flooding in urbanareas,
usinghigh resolutionSARusingdoublescatteringbetweenbuildingwallsand the
surfaceof the floodedarea. (Mason. et al., 2014) Certainlysomethingto consider
for future study.
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Methodology
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Objective

Theobjectiveof this preliminaryresearch
is to determine whether pixel based
change detection and Supervised
Classification (Thresholding) is an
accurate method for small scale Flood
Inundation Mapping within an urban
area. Thereis alsoa focuson the ability
to use this method to differentiate the
backscatter produced by the flooded
area and vehicles(i.e. cars and boats).
The results of this study will determine
the next steps. I.e. Will the use of
multiple datasetsimprove the accuracy,
or are the pixel thresholds accurate
enoughto write an algorithmto createa
semi-autonomousapproach?

The study area is Paris, in Northern
France,following heavy rainfall on the
22nd of January,2018.

Figure 4: Top and bottom left: Example TerraSAR-X Vehicle Classification Map

Top and bottom right: Example Sentinel-1 Vehicle Classification Map

Results

ChangeDetection

Theresultsfrom the changedetection were quite straight forward, where the imagewasproducedfrom a
subtractionof pixel from the archiveimage,againstthe crisisimage. Thisdisplayedfeaturesfrom the crisis
image,that werenot presentin the archive. I.e. Floodedareasandvehicles.

FloodClassification

Pleaserefer to figure3 for anexampleof the resultsof the flood maps.

TheSentinel-1 data,comparedto the TerraSAR-Xseemsto havea lot ofΨŦŀƭǎŜŀƭŀǊƳǎΩΣwhichappearsasspots
in the image. TheSentinel-1 data also seemto identify permanentwater bodiesas change,and therefore
havebeen pickedup as flooded areas. TheTerraSAR-X, however,appearssmootherand to have lessflood
affectedareas. Overall,the main flooded areasare that around permanentbodiesof water. Theredo not
appearto be anymajor flood areasin the centreof the city.

Overall,the Sentinel-1 doesidentify virtually the sameflooded areasas the TS-X,but there are manyΨŦŀƭǎŜ
ŀƭŀǊƳΩlooking areaswhich would affect the accuracyof the imagery. Somethingthat may be resolvedif
topographic,hydrologicalandlandusedatawasavailable.

Results

VehicleClassification

Pleaserefer to figure4 for examplevehiclesclassifications.

Using the Supervisedclassificationtool in ArcMap, a sampleset of perceived
vehicles,likely to be boatsandcars,with an abnormallylow backscatter(under-
25 dB). Both the Sentinel-1 and TerraSAR-Xproducedresultswith areasthat you
would expectan abundanceof (larger)vehicles. I.e., the airports and alongthe
river in Figure 4. However, much like the flood classifications,the Sentinel-1
produced quite large shapes,which is likely that it has identified a group of
vehicles,asopposedto individual. TheTerraSAR-X hasproducedresults,though
very difficult to see,which may suggestthat theseare individualvehicles. I.e. A
boat on the river,or anairplane/caron the airport runway.

Forvalidationof this exercise,it would be usefulto usesameday,highresolution
opticaldata,suchas0.5m Pleaides,providingthe weatherwouldallow it.
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ConclusionandFutureStudies

TheTerraSAR-X flood map doesdisplaya clear differencebetween the flooded
area and permanent water body which does coincide with the EMScharter
image. TheTerraSAR-X alsoproduceda classificationof vehicles. TheSentinel-1,
instead,managedto identify the areasof very low backscatter,but due to the
resolution, seemed to group the areas of change,as opposed to individual
vehicles.

To conclude, I believe that the method of thresholding and supervised
classificationis a useful technique for small scale flood mapping, using high
resolution data. The TerraSAR-X producedresults that appearedmore accurate
than the Sentinel-1. And the method is relatively easyto use,even for the less
experiencedanalyst.

Asa future study,anda comparisonup againstthe paperof Brown,et al (2016), it
couldbe worth usingthe WorldDEMDigitalElevationModel, insteadof LiDARto
accuratelyproduceflood surfaceelevationdata. Thisway, the volume of water
could be calculated,and flooded areascould be categorisedby how badly they
have been affected. The combinationof havingsurfacedata, alongsidea time
series of events could help produce models for future events and , and set
mitigationstrategiesout to preventdisastersin the future.

Figure 3 Top and bottom left: Example TerraSAR-X Flood Map

Top and bottom right: Example Sentinel-1 Flood Map 
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