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Abstract

This report presents thérst results of the independent quality assessment of the new Global

Flood Monitoring (GFM) Product of the Copernicus Emergency Management Service, based

on a threemonth period of preoperational testing. The initial (i.e. Phase I) quality assessment
foOdza SR 2y (KS DCa t NRP-Raz@ly Observ¥d Flogd Eftednivhiclzi | &
provides a continuous monitoring of floods worldwide. The second (i.e. Phase Il) quality
assessment also included the validation of the GFM Product output layer Refereatee W

Mask, which delineates permanent and seasonal water. In the Phase Il quality assessment, the
general plausibility of the GFM Product output layer Exclusion Mask, which delineates areas
where SAmbased water mapping is not feasible (due to a varietytatic ground surface
characteristics), was also considered.



1 Introduction

The Global Flood Monitoring (GFM) Product of the Copernicus Emergency Management
Servicé provides a continuous monitoring aiorldwide flood events, by immediately
processing ath analysing in near reéime (NRT)all incoming Sentinel Synthetic Aperture
Radar (SAR) satellite imageKey elements of the GFM Product are the use bistorical
time-series (orddata cubé&) of SAR backscatter intensitgnabling high product timeiess

and implemenation of an ensemblemethod comprising three independenstate-of-the-art
SARvbasedwater andflood mapping algorithmsin order to improve the robustness and
accuracy of the flood and water extent maps and to build a high degreedahdancy into

the service (Salamon et al., 202atgen et al, 2020; Wagner et al2020).A brief technical
overview of the GFM Product is provided in Section 2 below.

In accordance wittthe Technical SpecificatioiES¥or implementing and operatinghe GFM
Product(European Commission, 202@)e technical and scientific quality tife NRTproduct
generation and product access and disseminatgoensured tlrough a weHldefined product
and service quality assuran¢®A)procedure Central to the QA mcedure is aset of Key
Performance IndicatorgKPIs)used forthe quarterly monitoring and reportingf various
aspects of the service and product delivery performanaed providing the basis forthe
annual product and service quality assessment remodf the GFM ProductThe amual
guality assessment reportwill provide a detailedquality assessmenbf the NRT product
generation and of the processed Sentindl archiveof flood events (see Section 2 below)

In addition to the annual product and séce quality assessment repdhat mustbe prepared
for each year of the implementation phase of the GFM Prodagire-operational product
and service quality asssnent report must also be prepared fahe setup phase of the GFM
Product focused specifally on the validation and assessment of the flood mapping
algorithm used in the NRT product generatiobhe present document constitutes thpre-
operational product and service quality assessment repbthe GFM Product.

As required by the TS, the KB Product Quality- which specifically refers to the thematic

accuracy of the output layer Observetbod Extent is measured through th€ritical Success

Index (CSI), which is commonly used to evaluate the performance of dichotomous (Yes / No)
classiications of lowF NBlj dzSy O&é S@gSyida o0Se3d ¢Sk GKSNI F2NE
FfFNXYaeg |yR aGYAaaSaed Ayidz2z 2yS a02NBod !'a &aLIS(
have a Product Quality af least 7080% as measured by the CSI.

Accordingo the TS the GFMProduct must operationally deliver, NRT Sentinell SARased
output layers of flood information that aref a high technical quality comparable with the
best that can be obtainegdgiven the current state of research and productiasgibilities As
stated inthe TS the thematicaccuracy of th&sFM Productust be validated and assessed
through regular offline interpretationsof the same Sentinel scene for selected flood
events based on comparison tfie D C a @o&erved Flood Extéwith an appropriate sample
of reference sites derived from automated and offline interpretation of selected Sefitinel

! https://femergency.copernicus.eu/
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images by experts, and using different data sourieavailable Furthermore, he GFM
Product validation must be performed for vario@entinell datasets acquired idifferent
environments and various geographic locatiottsoughout the world.

The quality assessmertf the pre-operational versiorof the GFMProductwas carried outor
two reporting periodsan initial (Phase)laccuray assessmenfcompleted in October 2021),
and a later(Phase )l accuracy assessmeirftompleted in March 2022)For the Phase |
assessmenbnlythe qualityof the output layerObserved Flood Extenwas consideredyhile
for the Phasdl assessmenthe quality of theReference Water MaskndExclusion Maskvas
alsoanalysed It should be noted thatluringthe setup phase of the GFM Produtgchnical
improvements werecontinuously made to the SARbased flood and water detection
methodology However, i was not within the scope dhe pre-operational product and service
quality assessmentreport to consider the effects on thematic accuracy dpecific
improvements in there-operational GFM Produehethodology.

In accordance with the T8e qualityassessentthat is described in this report includédth
systematic automated and planned offline quality checgsrformed continuouly and
considemg all aspects of the GFM Product output laydrem data ingestion to data
processing, data deliverin addtion to the thematic accuracy of the GFRtoduct.

The thematic accuragssessmenincludesthe two main outputlayers of the GFMProduct

a. The GFM Product output laye®Dbserved Flood Extentwhich provides continuous
monitoring of floods worldwidgbasedon the processing and analygisnear reaitime
of all incoming Sentinel SARsatelliteimagesacquired in Interferometric Wide Swath
(IW) modeand provided as Ground Range Detected (GRD) products.

b. The GFM Product output laydReference Water Maskwhich showspixels that are
classified as water, both permanent and seasobalsed onSentinetl SAR mean
backscatter intensity over tavo-year timeperiod.

As mentioned earlier, e quality assessmenincludes appropriate procedures for
systematicallyas®ssngthe productquality (i.e.thematic accuracyased on a representative
set ofUse Cases @forldwide flood evens. The derived analysis protocol for the GIFMduct
output layerObserved Flood Extent is designed to estimaldgectivelythe accuracybased
on independent sample datand to report on the service output qualithy means othe
proposedKPI forProduct Quality measured by the Critical Success Index .(CSI)

It should be noted that he employed QA procedures follow the main principles rf@any
validation exercise which are supported by the INSPIRE directive that describes standard
Implementing Rules (IR) to be adopted for Metadata, Data Specifications, Network Services,
Data, and Service Sharing and Monitoring and Repdititie GEO QAJ4E guidelines
describing the general principles for the validation and verification of Earth Observation
products, and the principles of the CEOS Land Product Validation (LPV) group which has also
definedthe principles for validation activities in agreentemith INSPIRE and QA4EO.

2 httpy/finspire.jrc.ec.europa.eu/
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The remainder of thigpre-operational product and service quality assessment repsrt
structured as follows:

The GFM Product has been developed and implemented under a Framework Contract with
9dzNR LISIFY [/ 2YYAaaAirzyQa W2Ayid wSag aNDK

idKS
Ay

I I v I >

Section 2 provideslarief technicadescriptionof the GFM Productncludingthe main
output layers of global floodthformation, the underlying statef-the-art SARbased
flood mapping algorithms, and highlightirgpecific aspcts designed toenhance
product quality i.e. the combination othe three flood mappingalgorithmsin an
ensemble approachand application of @ Exclusion Mask

Section 3lescribeshe procedure for assessing the thematic quality ofabgout layer
Observed FloodxXEent, including howthe reference datases generatedthe analysed
KPIs, and the validatiortrategy. As mentioned above he quality assessmenhas
been performedwithin two reporting periodgPhases | and JBnd based o sample
of Use Cases oivorldwide flood evens, coveringa diverse set of environmental
conditions.

Section 4describes e initial (Phase laccuracyassesment, includingan overview of
the six e Casesand the detailed accuracy results

Section 5describes thePhase llaccuracy assessmetthat was performed for an
additionalthree Use @ses and the obtained results

Finally, themainresults of the gality assessment of the pr@perational version of the
GFM Producére discusseth Section 6

| &
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partners:

EODC (Earth Observation Data Centre for Water Resources Monitoring GmbH);
GeoVile (GeoVille Information Systems and Data Processing GmbH);

TU Wen (Technische Universitat Wien);

DLR (the German Aerospace Centre / Deutsches Zentrum fiuhdfRaumfahrt e.V.);
LIST (Luxembourg Institute for Science and Technology);

CIMA (Centro Internazionale in Monitoraggio Ambientale Research Foundation).



2 Technical overview of the GFM Product

The Global Flood Monitoring (GFM) Product of the Copernicus Emergency Management
Service is an automated, global, flood monitoring system that provides a continuous {i.e. all
weather, dayand-night), systematic monitang of all major global flood events, in near real
time (NRT)based on the latest Sentin&lSynthetic Aperture Radar (SAR) satellite images.

For each newly acquired SentiFESAR satellite image, the GFM Product provides 10 output
layers ofworldwideflood-related information, which are shown Tablel. Central to theGFM
Productare three state-of-the-art algorithms forthe SARbased detection and delineation of
flooded areaswhich were developed by membeod the GFM consortioum (i.e. LIST, DLR,
TUW),and whichare briefly describedn Table 2.

In orderto ensure optimal accuracy of the derived flo@hd wate) extent mapsandto build

a high degree of redundey into the production servicéghe GFM Prodct deploys thethree
state-of-the-art flood mapping algorithmg\ Y dnsémbdg | LILINE | O M Breadi€.S NS 0 &
imagepixel) is consideredo be flooded if(a) t is classified as flooded lay least two of the

three algorithms in the normalcase when althree algorithms produce a resulfb) t is

classified as flooded hiyvo algorithms, in the exceptional case when only two of the three
algorithms produce a resul{Note that h the preoperational version of the GFM Product

which is the subject of teireport a slighty different ensemble approach wassed: inthose
exceptionalcaseswhen only twoof the threealgorithms produce a result, the classification

result of the algorithm witlthe lower classificationuncertainty was selected).

In order to gtimizefurther the quality of the results of the GFM Product, as can be seen in
Tablel an Exclusion Masks used to exclude those areas where $&RBed water (and flood)
detection is not technically feasible. T#M Exclusion Mask is created by combining global
information layers delineating the following ground surface characteristics:

1. No sensitivity areage.g. urban areas, dense vegetation), where Sertin8AR is not
sensitive to flooding (or any other typd change) of the ground surface.

2. Water lookalikes (e.g. flat impervious areas, sand surfaces), which are
indistinguishable from flooded areas due téoav backscattersignature.

3. Areas with strong topography (and low probability of flood occurrencekgretihe

Sentinell signals are affected ligpographic distortions

Radar shadowsast by mountains, high vegetation canopiesrman-madestructures.

Areas withlow coverage(revisit frequency) of Sentindl observations, where there is

an inadequate histacal time-series of SAR data available.

a s

Finally,as specified in the Technical Specificatiomgddition to theNRT generation of the 10
output layers of flooerelated informationthe GFM Product must also be used to generate a
processed archive avorldwide observed flood events and water extent, from 1 January 2015
(until the start of the implementation of the NRT flood monitoring).

Full technical details on the GFM Product are providediramn in the Product Definition
Document [ittps://extwiki.eodc.eu/GEM/PDP
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Tablel: The GFM Product output layers of global flosdlated information, generated in near real
time based on Sentinel SAR satellite imagery

#

GFM PRODU(
OUTPUTAYER

DESCRIPTION AND NOTES

Observed flool
Extent

Flooded areas mapped by applying the GFM ensemble flood mapping algorithm
latest Sentinell images of SAR backscatter intensity.

Observed wate
extent

Open and calm water mapped as theion of the observed flood extent and the referer
water mask.

Reference wate
mask

Normal (i.e. permanent and seasonal) water mapped by applying the GFM ensembl
mapping algorithm to a historical timseries of Sentinel images of SAR backser
intensity.

Exclusion mask

Areas where SARased water mapping st technically feasible, due to no sensitivity (
urban areas, dense vegetation), low backscatter (e.g. flat impervious areas,
surfaces), topographic distortions, radsttadowspr low coverage of Sentindl.

5 |Likelihood value Estimated likelihood of flood classification, for all areas outside the exclusion mask.
6 |Advisory flags |Flags indicating potential reduced quality of flood mapping, due to prev
environmental conditions (e.g. wind, ice, snow, dry soil), or degraded input data ¢
due to signal interference from other SAR missions;
7 |Footprint  anclmage boundaries of the Sentingél data used, and in addition information on t
metadata GYSUMERF MoSd AYF2NNIGAZ2Y 2y (KS-1datlpsed 2
8 |Schedule Next scheduled Sentindl data acquisition.
9 |Affected Number of people in flooded areas, mapped by a spatial overlay of observed flood
population andgridded population, from the Copernicus GHSL project.
10|Affected Land cover / use (e.g. artificial surfaces, agricultural areas) in flooded areas, mapp
Landcover spatial overlay of observed flood extent and the Copernicus GLS land cover.
Tade2Y h@SNIBASSG 2F (K Sind®@I@rastateMitie-dzlalg@ithmsifds SidEbased

flood mapping.

GFM MAIN TECHNICAL FEATURES SCIENTIFIC
ALGORITHM REFERENCE
Algorithm 1 -  Hierarchical splibased approach enablirrg-calibration of parameter Chini et al. (2017)
(LIST) in NRT based on the most recent pair €f Bnages.
- Uses a highly innovative sequence of hierarchical image spl
statistical modelling and regiegrowing to delineate and classify ar¢
that changed their floodingelated backscatter response between t
image acquisitions from the same orbits.
Algorithm 2 |- Fuzzy logibased approach enabling a pedassification and regio|Martinis et al
(DLR) growing, taking advantage of topographerived indices in addition {(2015)
SAR backscatter.
Algorithm 3 - A fully automatic, pixebased flood extent mapping workflow whiBauer
(TUW) exploits perpixel full Sentinell signal history in a data cube (tinMarschallinger €
series) of backscatter measurements; al. (2022)
- Enables a very fasind scalable production of flood and water ext
maps through precomputed global parameters at high quality.




3 Quality assessmeninethodologyfor the pre-operational GFM Product

In accordance with the Technical Speaificns (TSfor implementing and operating the GFM
Product (European Commission, 202@)e Key Performance Indicator (KPI) feroduct
Quality (i.e. thematic accuracyyvhich ismeasuredhrough the Gitical Success Index (CSl), is
assessed through regulaffline interpretations of theGFMproduction data i(e. Sentinell)

for selectedglobal floodevents(Use Casespand an offline interpretation of selected events
using other data sources (optical, radar, anesitt measurements where available). The
guality assessmentnust bebased on an appropriatglobalsample of reference sites that are
representative, in space and time, of the different scientific challenges to be addressed by the
DCa t NP R-tzSdtffoédd mapping algorithms.

TheGFM Producoutput layers to be validated athe Observed Flood Extent and Reference
Water Mask, which are the two main outputs generatgdhe GFM ProductObserved Flood
Extent indicates flooded areas mapped in near—teak from Sentinefl satellite imagery, and

is derived from an ensemble approach integrating three algorithms developed independently
by three leading research teams. The three algorithms run in parallel and have access to the
same preprocessed Sentindl input data.The three generated flood andater extent maps

are systematically combined into a single prodiet @ O 2 y & S y & Bidafly, ¥dchiléelin ®

the combined producis accepted as flooded when a majority rule classifies it as flooded, and
then subtractingthe permanent or seasonal wet grid-cells

The GFM Producbutput layer Reference Water Mask, also validated for a defined area
covering the selected flood events, delineatks permanent and seasonal water bodies. The
Reference Water Mask is produced once every year and consséertinell data from the

two previous years. The permanent water extent mapping is based on the mean backscatter
of all Sentinell data from a reference period of two years. The seasonal reference water
mapping uses as input the median backscatter ofailtiSel1l data from a given month over

the same reference period.

3.1 Validation procedurefor the pre-operational GFM Product

The validation(i.e. thematic accuracy assessmepipcedure takes the following workflows
and related aspects into consideratio(it) Sampling desigrspecifying the protocol for
selecting locations at which the response (or reference) data are to be acq(2)eRlesponse
designspecifying the protocol used to determine the reference or ground condition label(s)
and the definition othe agreement for comparing the map label(s) to the reference label(s);
(3) Analysis desigdescribing the set of analysis procedures and formulae for estimating the
accuracy metrics of interest and their associated standard errors.

3.1.1 Samplingdesignbasedon Use Cases ovorldwide flood events

The contents (i.eall pixels and or objects)includedin the GFMoutput layersObserved Flood
Extent and Reference Water ddk are too large for a complete suryegnd sampling is
therefore required to validate thee output layers. The sampling needs to be carefully
designed regarding the distribution and types of samples to be taken. The selection of a proper



and efficient sampling design must adhere to procedures that ensure statistical rigor, yet still
accommodag practical realities in terms of cost and time constraints.

The Use &sebased evaluation is performed for a selected numberofldwideflood events.

For this set of particular events, a manually derived flood extent reference dataset within a
locallyconfined area enables a pixedsed comparative analysis. The Global Environmental
Stratification, as proposed by Metzger et al. (2018,) is used to ensure that the selésted
Case are well distributed. This approach distinguishes 125 relatively homogerstrata in
bioclimatic conditions and can be aggregated into 18 environmental zéiggrél). Such a
dataset allows us to group the samples into meaningful categaresirata), enabling us to
identify issies within regions of similar environmental conditions. Furthermore, such a
stratification makes the usease evaluation more systematic than an approach that selects
Use Case randomly and ensures that an-aepth analysis of flood cases will be spread
throughout the various environmental zones.

-
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Figurel: Global Environmental Stratification (Metzger, 2018).

4§
4

Table3: The nine Use Cases of worldwide flood events selected for the Phase | and Phase llcgccura
assessment of the ig-operational GFM Product.

PHAS|USE DATE OF FLO(LOCATION OF FLOOD EVENT CONTINENT
CASE |EVENT
I 1 12.10.2021 Shanxi and Hebei, NorfBastern China Asia
2 15.09.2020 Bangi, Region of Tahoua, Niger Africa
3 07.11.2020 Villahemosa, States of Tabasco and Chiapas, sou{North
Mexico America
4 14.07.2021 Liege, Wallonia, Belgium Europe
5 25.10.2021 State of Kerala, southern India Asia
6 27.10.2021 Northern Luzon island, the Phillipines Asia
Il 1 16.11.2021 Bellingram and Mount Vernon, Washington State, U{North
America
2 22.11.2021 Bentiu, Unity State, South Sudan Africa
3 02.03.2022 Grafton, New South Wales, Australia Oceania




As stated in the TS, the accuracy assessment of the GFM Pradhtiot performe  d through
regular offline interpretations of the same Sentirflekcene for selectedlobalflood events
(Use Casesjhat are representative ofdifferent environments and various geographic
locations throughout the worldThe nineUse Casethat were selectd for the Phase | and
Phase Il accuracy assessment of theqgerational version of the GFM Product are listed in
Table 3, while the distribution of the selected Use Cases within the 18 global environment
zones 6 Metzger et al. (208) is shown iTable 4.

Table4: Distribution of the nine Use Cases selected for the Phases | and Il accuracy assessment within
the 18 global environmental zones of Meger et al. (208).

# ENVIRONMENTAL ZONES PHASE | USE CASES PHASE Il
USE CASES

1 2 3 4 |5 6 1 2 3

Arctic

Arctic

Extremely Cold & Wet
Extremely Cold & Wet
Cold & Wet

Extremely Cold & Mesic
Cold & Mesic

I oM m o O | >

Cool Temperate & Dry

Cool Temperate & Xeric

Cool Temperate & Moist X

Warm Temperate & Mesic X

Warm Temperate & Xeric
Hot & Mesic

Hot & Dry X
Hot & Arid

Extremely Hot & Arid

Extremely Hot & Xeric X X X

D|O|T0|OolZ2|Z2|r|XR|«

Extremely Hot & Moist X X X

3.1.2 Response Design: Reference Dataset for the GFM Product output layers

The analysis of the near redlA YS DCa t NP a&ayesOdbsedved Fldoid Exdeit arfd
Reference Water Mask compares the results of the ensemble approach with a locally trained
and manually enhanced flood water mask. The masks were created independently and
without any knowledge of the methods used for theegicted map. The creation of the
reference datasets is described below.



For the prediction area and the reference dataset, thee Casarea and date to be validated
were the same. The comparison was conducted on a pixel level (binary fhaoitbod fa the
Observed Flood Extent, respectively watemo water for the Reference Water Mask) and
sampled on a dense regular grid of 200m. Further steps included:

A All nodata pixels have been excluded from the validation.
A All pixels marked by the exclusion rkdsave been excluded.
A Uncertainty values have not been considered.

(a)Reference datasdbr the GFM Product output layé€dbserved-lood Extent

To create the reference datasets for the observed flood extent, we used an independent semi
automated procedre combined with additional visual enhancements to get a {gjghlity
reference flood mask. Therefore, dynamic local thresholding methods, mainly following the
process described in Ludwig et al. (2019) and Twele et al. (2016), have been applied to
Sentinell imagery. For the generation of the reference dataset;@cessed Sentindl data

was used (e the GFM Product Definition Documéninder Satellite data prprocessing and
ancillary data preparation).

The threshold derivation to distinguish betwewrater and noawater pixels was conducted

by tiling the preprocessed S1 images into 100x100 pixel patches which were further tiled into
four subpatches. Tiles that contain permanent water bodies (compared with an occurrence >
TP: Ay (KS \Veee/ Water LByeratdsdt) werelzdoved beforehand from the
threshold computation to ensure that only flooded pixels were considered. Tiles which
potentially contain water are selected by analysing statistical relations between tiles and sub
tiles (Twele etl., 2016) Additionally, the Height Above Nearest Drainage (HAND) value for
each patch was derived. The HAND index is used to exclude patches from the tile selection
which cannot be flooded based on physical considerations. Therefore, only patches are
considered with at least 20% of pixels with a HAND vébweer than 15. The watef non-

water threshold was computed by applying the Otsu algorithm (Otsu, 1979) at each of the
selected 100x100 pixelts® CAY | € f 8% | I NI A3l yQa oredchiiledoSa i oI
measure the bi/ unimodality per tile (HartigaandHartigan, 1985).

The thresholds were then filtered by comparing the tile statistics with the statistics of the
whole image and the Dip test values with a threshold that indicates higbdmality. The ten
most viable tile thresholds were then averaged to get the final global threshold ultimately
applied to the input backscatter image.

To facilitate the comparability of the predicted and reference flood masks, the created
reference water masks were masked with the same layers (exclusion mask, permanent
seasonal water, topographic shadows) as the ensemble product.

Furthermore, manual enhancement was performed using SerBnelagery to remove false
positives from the reference flood mask

3 https://extwiki.eodc.eu/en/GFM/PDD
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(b) Reference datasdbr the GFM Product output laydReferencéVater Mask

The generation of the reference dataset to evaluate the Reference Water Mask uses dynamic
thresholding methods on both opticahd SAR imagery separately, as described in igueliv

al. (2019) and Martinis et al. (2009), making use ofgmecessed Sentindl andSentinei2
imagery. Sentine? L1C data are atmospherically corrected using the Sen2Cor Processor
(version 2.8), clouds and cloud shadows are masked applying the 3&8@@e Classification
(SCL). An additional clowsthadow detection is applied on the whole time series to overcome
omission errors due to the similar spectral behaviour of clshddow and water areas
(Ludwig et al., 2019). Further, seeded region growsngerformed to fill gaps in incompletely
detected shadows. Additionally, commission errors are removed by applying the Cloud
Displacement Index (Frantz et al., 2018). Monthly images are then combined to image
composites calculated by the geometric medid&olerts et al., 2017). Depending on the
environmental conditions, the quality of the Sen2Cor classification can vary leading to
artefacts in the resulting composites due to undetected clouds. In such a case, the optical
water detection is performed on sitggimagery instead of image compositesy.Greenland).

Multispectral indices used for water detection (hamely the Normalized Difference Water
Index, Modified Normalized Difference Water Index, and MBiéthd Water Index) are derived

from monthly image emposites or single scenes. The choice of which multispectral indices
are used depends on the land cover characteristics at the area of interest. The optical water
detection is applied on equally sized tilesy.100x100 pixels) of the aggregated multispral
indices, whereas only those tiles with meaningful HAND values and variances higher than the
95th percentile of all tiles are considered to determine the global threshold using the median.
The global threshold is then adapted for each tile by weighiinwith the mean of the
neighbouring local thresholds.

The SAR water detection uses monthlypélarized backscatter statistics as input. Sentihel
images are prgrocessed using SNAP (Version 8). The processing steps are:

Orbit corrections

Thermal/ Border noise removal

Custom border noise removal (if needed)
Radiometric calibration to Sigma Nought
Terrain Correction

Speckle noise reduction

I v v > >

The water detection algorithm combines global and local image thresholding, seeded region
growing and fuzy logic postprocessing. Thresholding is performed as described above, except
that instead of local Otsu thresholding, an adaptive thresholding method is used (Baadley
Roth 2007). Omitted water pixels are added to the water masks by a seeded regwingro
algorithm which is applied to each water body separately. Finally, a-gosessing
procedure, described in Martinis et al. (2009), is conducted to remove commission errors such
as terrain shadowsThe corresponding S1 and S2 water masks are fusexbiopning all

water pixels.
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3.13 Analysis design: Measures used to quantify the quality of the GFM Product

As outlined in the Technical Specifications (TI%) basisfor the accuracy assessment thie
pre-operational GFM Productis the 2x2 error matrix (also calledconfusion matrix or
contingency tablg asillustratedin Table5. As can be seenhé error matrixis a simple cross

tabulation of the class labeBLOOD and NO FLO@Bich areallocated by theGFM flood

mapping algorihm, against those ithe reference dataet,for each Use Cas&heerror matrix

organises the acquired sample data to summarise critical results and aids in quantifying
accuracy.The main diagonal of the error matrix highlights correct classificationde vofft
RAF3A2y I f StSYSyida akKz2g a2 Yas axldrnedbelowhy iRaind O2 Y Y A
accuracy metrics which can be derived from they22 error matrix shown in Table 5, are
summarisedn¢  6f S cd ! f G K2dAK (KS YSDER ODOHANS MR | IN
used in the quality assessment of the geerational GFM product, they are included in Table

6 for the sake of completeness.

Table5: lllustration of the 2-by-2 error matrix usedin the quality assessmento compare the
sample points(total = A+B+C+Pin the reference(observed) and classified (detectedptasets for

each Use Case.

Observed
FLOOINO FLOO
T | FLOOD| A B
©
(]
©
O NOFLOO C D

Table6: Summary of themain accuracy méics which are derived from the2-by-2 error matrix.

ACCURACY METRIC

DESCRIPTION

COMPUTATION
(seeTableb)

Overall Accuracy

Proportion of the total number of sample
points (FLOOD and NO FLOOD) that
correctlyclassified

[A+D]/[A+B+C
D]

3 SND &

Proportion of classified FLOOD pixels t
are FLOOD in the observed pixels.

[A]/ [A+B]

Commission Error(or

Proportion of classifiedFLOOD pixels the

[B]/[A+ B], or

are FLOOD in the classified pixels.

false positive, over| are NO FLOODiIn the observed pixels.| [100% - | & S
detection) (@YLX SYSy( 27F ).! &S NJXAccuracy]
t N2 R dzOS NXI2 & | Proportion of observed FLOOD pixels th [A]/ [A+C]

Omission Errofor false
negative under
detection)

Proportion of observed FLOOD pixels t
are NO FLOOD in the classified pix
(¢ 2YLX SYSYyG 2F tNER

[C]/[A+C], or
[100%-t NP R d:
Accuracy]

Critical Success Indé
(C3

Proportion of the total number of observe
and clasified FLOOD pixels that a

correcty classified.

[A]/[A+B+C+0O
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Bias or bias ratio (b) | Indication if errors are due to undel [A+B]/[A+C]
detection (b < 1), ovedetection (b > 1), 0
are neutral (b =1).

Additionally, accuracy estimationsan be improved by using stratified estimators (for
stratified random sampling) or postratified estimators if simple random sampling is used
(Card, 1982; Olofsson, 2013). This means that the overall andaes accuracy estimations
used to evaluatehte output products should include the known areas of each map category
to improve the estimation of the proportion of correctly mapped samples. However, in the
usecasebased evaluation, as performed, no stratification and weighting were necessary
becausehe validation performed on pixel level is equivalent to a very dense random sampling
scheme.

The error measures explained above to satisfy the principles of equivalence of events,
flood and noflood cases, are equally important. However, the latikrss is usually dominant
outside the flood extent, and the reported measure would likely indicate a biased result
(towards noflood accuracy). Therefore, th@ritical Success Index (GS)so known as the
threat score (Wilks, 2011), is a measure thatadicularly useful when classified events occur
substantially less frequently than the natcurrence of the event.

CSl is the number of correct observations divided by the number of occasions on which a
particular event was either detected or observéidcan be viewed as a proportion correct for

the quantity to be detected after removing correct ndetected events from consideration

The CStangesbetween 0 (worst) and 1 (best).

In addition to the classicaccuracymetrics (i.e2 IS NI f f >3 LBINPRR ddsSS\NIBa | O O dz
the CSI, another useful measure is thasor bias ratio(b). A bias ratio of b= 1means that

0KS YSI &adzZNBR SNNEBNE | NB day S dzjosifivéd & omigsionk S NNE
(false negativesof the samemagnituce. Cases with b <dr b > lindicate, respectivelyan
under-detection orover-detection of events. Therefore, the bias can be used to report the

relation between both errors in a single metric and thus also helps to find an optimal (desired)
solution betveen both cases.

The accuracy metricdescribed above will report the product performance in terms of
thematic accuracy, and are used to compute-8&#1KRBb, KPBc, and KP8d (seeTable7
below) for both the GFM Product outpt layersObserved Water Extent and the Reference
Water Mask i¢e. permanent and seasonal water).

Table7: KPIs to assess the thematic accuracyled GFM Product output layer Observed Flood
Extent.

KPI # Title Description Target K1 values

KPt3a | Critical Success IndeCommonly used indicator to evalué70-80 %
the performance of dichotomous (Yé
No) classifications of |odfvequency
events
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KPt3b Bias Ratio informing about underor over|1
detection of flood extent areas

KP#3c Overall accuracy Proportion correctly detecte>95 %
considering permanent and seaso
water bodies as well as flooded areag

KP3d Omission anMiss rate(i.e. omissionerrors)andfalse<5 %
commissiorerrors  |alarm rate commissionerrors), cause
respedively by under and over
detection of flooding.

3.14 Automatedfile quality checksof output datasets of the GFM Product

The automated file quality checks are performed to ensure the consistent quality of all output datasets
of the GFM Product. Theraf®, each file is compared to the product technical specifications, which
cover: geometric (spatial) resolution; coordinate reference system (CRS); coverage (extent of raster
file); data type; raster coding; metadata; data format; and-fiéening. The technal specifications for

iKS DCa t NBRdz2OG 2 d@fLMAIR t IREEBENEL EGhSoRE SaNZBBtision |y R
a | a dreshown inTable8, Table9, andTablel0 below.

Table8: Technical specifications GFM Product output layer Observed Flood Extent.

PARAMETER DEFINITION

Product @ronym: ENSEMBLE_FLOOD

Geometric resolution: Pixel resolution 20m x 20

Coordinate Reference System (CRCRS of corresponding Senthiedcene
Coverage: Extent of corresponding Sentinglscene

Data type: 8bit unsigned raster with LZW compression
Raster coding (thematic pixel valug0: no flood 1: flood 255: nodata

Metadata: JSON File (.json)

Data format: GeoTIFF (.tif)

Filename: [PRODUCT ACRONYM]_[SENTINEEZENE ID]

Table9: Technical specifications GFM Product output layer Reference Water Mask.

PARAMETER DEFINITION

Product &ronym: REFERENCE_WATER

Geometric resolution: Pixel resolution 20m x 20m

Coordinate Reference System (CRCRS of corresponding Senthiedcene

Coverage: Extent of corresponding Sentinglscene

Data type: 8bit unsigned raster with LZW compression

Raser coding (thematic pixel value{0: no water 1: permanent water2: seasonal wate
255: nodata

Data format: GeoTIFF (.tif)
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Filename: [PRODUCT ACRONYM]_OUT_S1 IW_GRDH_
[START DATE]_[END DATE]_MONTH® tif

Tablel0: Techical specificationsgy GFM Product output layer Exclusion Mask.

PARAMETER DEFINITION

Product @ronym: EXCLUSION_LAYER

Geometric resolution: Pixel resolution 20m x 20m

Coordinate Reference System (CRCRS of corresponding Sentiiedcene

Coverage: Exent of corresponding Sentindl scene

Data type: 8bit unsigned raster with LZW compression
Raster coding (thematic pixel valugO: not excluded aredl: excluded are&255: nodata
Data format: GeoTIFF (.tif)

Filename: [PRODUCT ACRONYM]_[SENTIISEIENE ID].tif
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4 Phase bhccuracy asessmenbf the pre-operational GFM Product

ThisSection describes in detail the Phase | accuaasgssmentf the preoperational version
of the GFM Product, which was carried out in October 2@2t, which considerethe six
selected Use Caseswbrldwide flood evens which are listed imrablell. The siXJse @ses
are outlined and further discussed $ectiord.1 below

Tablell: List of Use Cases for the Phase lumacy assessment of the preperational GFM
Product.

# | LOCATION QFSE CASE DATE OFLOOD EVEN
1 | ShanxandHebei, NorthREastern China 12.10.2021
2 | Bangi, Region of Tahoua, Niger 15.09.2020
3 | Villahermosa, States of Tabasco and Chiapas, southern M 07.11.2020
4 | Liege, Wallonia, Belgium 14.07.2021
5 | State of Kerala, southern India 25.10.2021
6 | Northern Luzon island, the Phillipines 27.10.2021

4.1 Use @sesfor Phase | accuracy assessment

ThisSection provides a short overview of thesixinvestigatel Use @sesof worldwide flood
events,in terms of time location,anda brief description of causing effects of the event

4.1.1 Use Casé: Hood event in China(12.10.2021)

Flood event 12.10.2021
Location ShanxandHebei, NorthREastern China
Coordinates  36° 58' 28" N, 115° 46' 55" E

Global Env. = K¢ Warm temperate and mesic
Stratification

Description  Throughout 2021many flood events occurred in China. In October 2(
heavy rainfalls caused floods and landslides in the provinces of Shan
Hebei, facing 120,000 people to be displaced and 60 coal mines to sus
operations.
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Figure2: Area of interest for the flood event in China (120-2021).

4.1.2 Use Case: Hood event inNiger(15.09.2020)

Flood event 15.09.2020
Locatian Bangj Region of Tahoua, Niger.
Coordinates  6°7'44"E, 13°37'20"N

Global Env. Q¢ Extremely hot and xeric
Stratification

Description  After heavy rainfalls, the Niger River flooded surrounding areas. The f
caused the bursting of dams and dikes gdhe river and vast volumes

water to engulf people's homes, farms, and other buildings without warn
The floods destroyed 30,000 houses.

4.1.3 Use Cas8: Hood event inMexico(07.11.2020)

Flood event (07.11.2020

Location VillahermosaStates ofTabasc@and Chiapassouthern Mexico
Coordinates  92°54'30"W, 17°59'19"N

Global Env. = Q¢ Extremely hot and xeric, &Extremely hot and moist
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Stratification
Desciption  Heavy rainfalls (>200mm rain in 24 hrs) triggered landslides, blocked r
and the overflow of several rivers. Significant floods in Villahermosa
avoided by intentionally conducting water from dams to low areas.

nitedfStatestofyAmerica

(Giatemalal

Bondunas]
ElSalvaton
Figure4: Area of interest for the flood event in Mexico (071-2020).

4.1.4 Use Casd: Hood event inBelgium(14.07.2021)

Flood event  14.07.2021
Location Liege, WalloniaBelgium.
Coordinates  5°46'31"E, 51°342" N

Global Env.  J¢ Cool tempeate and moist
Stratification

Description  Due to persistently high moisture supply and slowly moving weather patte
heavy rainfalls caused floods along rivers in the Wallonia region. The
floods in decades caused 41 fatalities.

Netherands]

Belg um)

Figureb: Area of interest for the flood event in Belgium (14.07.2021).
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4.1.5 Use Casé: Hood event inlndia (25.10.2021)

Flood event 25.10.2021

Location State of Kerala,aithern India

Coordinates  76°26'40"E, 10°38'17"N

Global Env. R¢ Extremey hot and moist

Stratification

Description  Days of heavy rainfall led to landslides and rivers overflowing. Dams
opened to reduce the risk of dangerous overflows. Wetlands and lakes
once acted as natural safeguards against floods have disappeared bece
increasing urbanisation and construction.

Bhlitan!

Nepall

Bangladeshl

tSnifllankal

Figure6: Area of interest for the flood event in India (250-2021).

4.1.6 Use Casé: Hood event in thePhilippines(27.10.2021)
Flood event : 27.10.2021
Location Northern Luzonsland, thePhillipines
Coordinates  121°3'37"E, 16°38'47"N
Global Env. = R¢ Extremely hot and moist
Stratification
Description  Tropical storm Maring hit Luzon Island, flooding large parts of agricultura
and causing high losses for farmers.
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indagesial
Figure7: Area of interest for the flood event in the Philippines (20-2021).

4.2 Resultsof Phase hccuracy assessmeifdr the six Use Cases

The Key Performance Indicators (KPIs) which were achieved for the six Use Gaskesvide
flood evens included in the initial Phase | accuracy assessment, are summaabkxi2. As

can be seen, the targeted value for KJal (Critical Success Index), could not be reached for
any selected cases based on the provided data. (i§hismarked contrast with the good
results achieved in the Phase Il accuracy assessment, as reported in Sdetiow).

Further visual analysis shows that, especially for the selected flood events in China and
Belgium, results are generally good ataseto the targeted KPIs. The Big&P43b) indicates

a general undedetection of flooded areas for the selected Use Cases. Considering the KPIs
overall accuracy, it is evident that this metric is not very meaningthlemrcontext of relatively

rare events such as flooding, a®n-flooded areas dominate the result.

The omission and commissioarrors are more usefylas they specify the number of false
alarms and missed events in more detail. Again, for the investigated areas anddrates
omission ad commission errorghe results indicate that th&FM Bsemble generally under
estimates the flood extent.

Somefurther points regarding the presentedesultsof the Phase | accuracy assessment are
considered andliscussed belown Sectiom.3, andin Section6.

Table12: Achieved KPIs for the six Use Cases in the Phase | accuracy assessment.

KPI # |Title China Niger Mexico
KPt |Critical Success Index 65.8 % 50.1 % 28.5 %
3a

KPt |Bias 0.7131 0.5279 0.3032
3b

KPH3c|Overall accuacy 99.9 % 98.5 % 90.7 %
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KPt |Omission errors (no floodflood) |0.02 % 28,69 %0,15 % 47,21 %0,89 % 69,68 9

KPt |Commission errors (no flood|0,07 % 10,49 %1,33 % 9,36 %|8,97 %/ 17,28 9

3d  Iflood)

KPI # |Title Belgium India Philippires
KPt |Critical Success Index 69.3 % 54.9 % 25.2 %
3a

KPt |Bias 0.8262 0.6003 0.8569
3b

KP3c|Overall accuracy 99.8 % 99.9 % 99.7 %

KPt |Omission errors (no floodflood) (0,09 % 17,38 %0.02 % 39,97 %0,33 %/ 14,31 9
3d

KPt |Commission errors no flood /|0,08 %/ 18,9 %|0.08 %/ 13,5 %|0.02 % 73,64 9
3d  Iflood)

4.3 Discussion ofesultsof Phase | accuracy assessméntt the six Use Cases

The validation resultdor the Phase | accuracy assessmeimbw a wide range of thematic
accuracy values, psdally when looking at KBa (Critical Success Indewhich has a target
value of 7680%.As is shown iTablel2, this target valuevasnot reached for the selected
Use @ses Howeversome general pointshould be notedand the Use @ses themselves
should be closely considered,orderto interpret correctlythe results of the Phase | accuracy
assesment.

As outlined earlier, thanalysisapproachis based on Use Case&ccording togood practice
guidelires (e.g. Olofsson et a013 and2014),productvalidation can bdasedeither onan
independent higher quality Reference deset, if available, oron an independent higher
quality production methodologyBecausen independent, higher quality Reference Dataset
was not availald for anyUse @se the quality assessmembnducted here applies a higher
guality methodologyto the production dataFor this purposea semiautomated approach
was used(seeSection 3.1.2), tuned to thecontext of the Wse Casesand visually controlled
(and adjusted where requiredh orderto createa ReferenceDatasetof the best possible
guality. However, due to thdarge areas of the six Useasgs we cannot claim that the
ReferenceDatasetis error-free. Therefore,while the RferenceDataetis used for validation
potential errors stemming from the serautomated approach will contribute to the analysed
errors, and lower theKPlvalues of the KPI$n other words it may occur thata flood is
correctly deectedby the GFM Produdiut not in the Reference Dataset

Afully manual mapping of the presentédse @ses i®bviouslynot feasible due to the large
areas covered and the uncertainty of exact delineation of contiguous flooded regions based
on the Sennel-1 backscatter datalherefore a complete picture of the achieved accuracy
will only beavailable based on th@lannedvalidation approaclbhased on sample point¥hose
investigated areaswill be carefully selectedand confined for future usecasebased
evaluations, allowing for the begtossible visual controkurthermore a plausibility approach
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based on visually interpreted sample points at a larger scale and spatial context is less affected
by a singlepixel noise and hgher accuraciesan therebre be expected

Despite the shortcomings of the approach used for the Phase | accuracy assestnsent
preliminary evaluatia indicates that the target70% CSI may not be achieved for all regions
using the current configuration of theGFM flood detection algorithms. Extendingthe
evaluationto the entire water extent (.e. permanent and temporary watg@mwould enable a
more indepth analysis, by considering afeas of water occurrence for the validation.

A final general observationwhich applies toall six Use @sesin the Phase | accuracy
assessmentis that theflood detection is characterised dyoth omission and commission
errors. While the sensitivity of the GFM algoritsnspreads in both directionghere isa
tendency to underestimate the floodxtent (.e. detectedflood areas are statistically more
minor than in the Reference Datase). A more sensitive detection might reduce these
underestimationsbut will likely increase the detection of falgmsitive events.

Allof the abovegeneral pointsnust be borne in mingvhen intepreting the validation results
(i.e.the KPIs and especially the Critical Success |md#éxa targetvalue of 7630%).

Figure8, Figure9, Figurel0, andFigurellprovide a visual comparison of the SB&sed water
detection resultsobtained for the GFM ensembkggorithmand the Reference Datasetnd
the corresponding Sentinel backscatter images and resultignission and commission
errors (if any), for four of thdJse Cases in the Phase | assessmantthe flood events in
China on 2.10.2021, Mexico on 07.11.202Belgium on 14.07.2021, and the Rjiflles on
27.10.2021(Note that inFigure9, which presents theesults forthe Mexico Use Case¢he
Exclusion Mask has NOT been applied to the displayed Reference Dataset).

As can be seen ifablel2, for the Phase | assessmetie two Use Casein Mexico and the
Philippines showthe lowest Critical Success Indemlues £8.5% and 25.2%espectively).
Looking atthe Mexico floodevent, it is evident inFigure9 that the ExclusionMask used for
the GFM Bsemble covers large areakherefore, nany areas which are detected as waier
the Reference Btaset are excluded from the FM Bsemble. Figure9 also clarly showghat
the GFM ensemble approachows some omission errar§he validation results for the
Philippinesflood event (Figure11) how mainly commission erroras the GFMEnsemble
covers moe flooded areas lang the river.Unfortunately,due to the given short timeframe
for the Phase | accuracy assessménther refinement and analysis of the Referenca@set
were not possibleFurthermore the cloud cover fothe given flood event prevented timely
visud and manual interpretationln this case anore indepth analysisvould be required in
orderto provide concrete and reliableonclusions fronthe validation.

As can be seeim Tablel2, the best result$or the Phase | accuracy assessmemete
achieved for the flood events in Belgium (CSI 69.3%) and China (CSI BbtB&wase of
Belgium, the GFMrisemble andReference Datasgiroduce similar resultéseeFigurel0).
As can be seenididsalong theriver are inundated andtheseflood areasare successfully
covered by both approache$he validation results for th€hina floodevent tell a similar
story Figure8). In this caseseveral different flood events occurrever a large area, and
both the GFM Bsemble andhe ReferenceDatasetcaptured a similar extent of floods.
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Manyretention basns along rivers were inundatednd herethe GFM Bsemble and
Reference Btaset show idntical results (se€igure8).

China
GFM Ensemble Reference Dataset

Sentinel-1

GFM Ensemble - : 2 Sentinel-1

/' Ragar
Backscatter
-

. ok

% Jrt foorech G
Ghital g 133 g

Figure8: Hood eventin China(12.10.202) - SARbased water detection results from the GFM
Ensemble (left) and Reference Dataset (middle), and Sezkil backscatter image (right).
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Figure9: Flood event inMexico (07.11.2020 - SARbased water detection results from the GFM
Ensemble (topeft) and Reference Dataset (tepght), Sentinetl backscatter image (bottonteft),

and omission/ commission errors (bottorrright).
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FigurelO: Flood event inBelgium(14.07.202) - SARbased water detection results from the GFM
Ensemble (topeft) and Reference Dataset (tepght), Sentinetl backscatter imagé¢bottom-left),
and omission’ commission errors (bottorrright).
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Figurell: Flood event in thePhilippines(27.10.202) - SARbased water detection results from the
GFMEnsemble (todeft) and Reference Dataset (tepght), Settinel-1 backscatter image (bottom
left) and omissiory commission errors (bottorrright).
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5 Phase Ihccuracy assessmepf the pre-operational GFM Product

This Sectiomlescribesthe Phase Il accuracy assessmeiiihe pre-operational version of the
GFM Prdud, for the three selectedUse Casesf worldwide flood evens that arelisted in
Tablel3 below. For each Use Cagie time, location andcausing effects of thood event

are first outlined.Then,for each Use Caghe valication resultsfor the GFM Roduct output
layersdObserved Flood Exte@ind cReference Water Maskandincluding the results of the
general product checks for &FM Producbutput layers are summarizedlhe resultsof the
Phase Il accuracy assessmanatthen analysed and discussaufurther detail.Finally, a short
analysis of the general plausibility of the GFM Product output layer Exclusion Mask, for the
three selected Use Cases, is presented. It should be noted that the general remarks on the
validation procedurewhich were presented earlier in SectidrB, are equally relevant for the
Phase Il accuracy assessment

Tablel3: List of Use Cases for the Phase Il accuracy assessment of tkmpprational GFM
Product.

# | LOCATIN OF USE CASE DATE OF FLOOD EVI
1 | Bellingham and Mount Vernon, Washington State, | 16.11.2021
2 | Bentiu, Unity State, South Sudan 22.11.2021
3 | Grafton, New South Wales, Australia 02.03.2022

5.1 Use Cases for Phase Il accuracy assessment

5.1.1 Use Casé: Hood event inUSA(16.11.2021)

Flood event|16.11.2021
Location  Bellingham andMount Vernon, Washington State, USA

Coordinates48° 27' 23" N, 122° 20" 11" W

Slscene |S1B W _GRDH_1SDV_20211116T142056 20211116T142121 029614 C
BO7E

Global EnvJ¢ Cool temperate and moist
Stratificatio

n
Description | British Columbia (Canada) and Washington State (W8rgaffected by seriou
floodings in November 2021 following days of severe rain caused |
atmospheric river. The selected Sentindl scene from Neember 16, 202]
covers floodings around Bellingham and Mount Vernon in Washington Stat

4 ESA (2021), Washington state flooding

[https://www.esa.int/ESA_Multimedia/lmages/2021/11/Washington_state_floodi ng], accessed
18.03.2022; NASA Earth Observatory (2021), Severe Flooding in the Pacific Northwest,
[https://earthobservatory.nasa.gov/images/149100/severe -flooding -in-the - pacific - northwest], accessed

18.03.2022.
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|:|Sentine41 scene  Area of Interest

Figurel2: Area of interest for the flood event in USA (16.11.2021). (Basemap: Bing satellite
imagery).

5.1.2 Use Case@: Hood event inSouth Sudar{22.11.2021)

Flood event 22.11.2021

Location | Bentiu, Unity, South Sudan

Coordinates9° 11' 41" N, 29° 38' 56" E

Slscene S1B IW_GRDH_1SDV_20211122T034954 20211122T035019 029695 (

9E17

Global EnvQ ¢ Extremely hot and xeric
Stratificatio

n

Description | South Sudan experienced severe floodings throughout the country in

starting in May with the beginning of the rainy season. Bentiu is amongst the
impacted states.The identified area of intest covers a flood event recorded
November 22, 2021 close to Bentiu.

° Floodlist (2021), South Sudan i Over 8000 00 Affected by Worst Flooding in 60 Years,
[https://floodlist.com/africa/south -sudan -floods -update -december -2021], accessed 18.03.2022 ; CNN
(20221), The worl dos newes:t nati on i s bot h
[ https://edition.cnn.com/2021/12/06/africa/south -sudan -floods -climate -cmd -intl/index.html ], accessed
18.03.2022.
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DSentinell scene  Area of Interest

Figurel3: Area of interest for the flood event in South Sudan (22.11.2021). (Basemap: Bing
satellite imagery).

5.1.3 Use Cas@&: Hood event inAustralia(02.03.2022)
Flood event|02.03.2022
Location |Grafton, New South Wales, Australia
Coordinates29° 36' 50" S, 153° 0' 36" E
Siscene |SIA_IW_GRDH_1SDV_20220302T190635 20220302T190700 042146 (
23F0
Global Env.|N ¢ Hotand Dry
Stratificatio
n
Descripton|L y al NOK HAHHI | SihthedsBlednslafdi NeS/ISéuth Wal
was hit by severe floding affecting thousands of people. The rainfall everas
associated with the La Nina eveérthisUse Caseoversfloodingaround Grafton
New South Wales, on March 2, 2022.
& Copernicus Emergency Management Service i Mapping (2021), EMSR567: Floods in Queensland Australia,
[https://femergency.copernicus.eu/mapping/list -of-components/EMSR567 ], accessed 18.03.2022.
7 Copernicus Emergency Management Service i Mapping (2021), [EMRS567], Gr afton: Delineation Product,
Monitoring 1, version 1, release 1, RTP Map #01, [ https://femergency.copernicus.eu/mapping/ems -product -

component/EM SR567_AOI08_DEL_MONITO01 rl RTP01/1 ], accessed 18.03.2022.
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Figurel4: Area of interest for the flood event in Australia (02.03.2022). (Basemap: Bing satellite
imagery).

5.2 Results of Phse Il accuracy assessment for the three Use Cases

521 Resultsfor flood event inUSA (16.11.2021)

For the flood event in the US/AWashington State, th&ey Performance Indicator&RI$
guantifyingthe thematic accuracy of th&FM Product output layel®bsrved Flood Extent
and Reference Water Masfwhich comprises both permanent and seasonal watarg
presented inTabk 14, Tablel5, andTablel6.

As can be seenpf both the Observed Flood Extent and the permanent water class of the
Reference Water MaskPi3a Critical Sucess Index or QSshows very good results that
exceed the target value (#80%). As can be seenTiabk 14, the CSI for the Obsved Flood
Extent reaches 86.8 %, while K3BI(Biag indicates a slight undetdetection compared with
the independent reference dataset.

The Reference Water Mask that was evaluated and considered for the flood event was
computed considering the years P® and 2020. The permanent water class was computed
across all Sentindl images available in 2019 and 2020, while the seasonal water mask is
based on all Sentindl images for each respective month in 2019 and 2020.
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Concerning the Permanent Water class can be seen imable 15 there is very good
agreement (CSI = 98%, Bias = 1.01) between the GFM Product and the independent reference
dataset.In contrast, as can be seenTiablel6, the twelve Seasal Water classes show a low

CSI (< 10%). The Bias is constantly below 1.0, suggesting that the seasonal water classes
underestimate the water extent compareudth the monthly independent reference datasets.

The CSI shows even a value of zero for the Jaasosial water mask, and the Bias is not
applicable, as the reference dataset does not include any seasonal water pixels within the
defined, validated area.

However in the case of the seasonal reference mass,overall low results for KB and-

3b should be considered cautiously. Our general observation is that the Seiitineted
computation of the reference water extent underestimates the true water extent, paeity

along river courses. The validatiproduct considers both optical and radaragery, and from

the investigatedJse Casg the optical data supplies additional observations to compute the
seasonal reference masks and seems to track rivers more accurately. On the other hand, static
water bodies i(e. lakes) appear slightly overestingt by the radatbased methodology
compared to optical imagery. In addition to that, it is evident that some rivers show substantial
intra-year variability.

Therefore, the question diow to bes map seasonal water occurrenehich explainsome

of the significant differences observdd.g. sed-igurel5) - needs to be raisedrhe resulting

& & darfd-(JS LILaSfét&nces in the monthly water occurrences along the wateon-water
pixel borderexplainthe general low CSI and off Bias values when only considering the
month-specific water extent (i.eobserved waterextent for a particular month minus the
permanent water). If we also considered those gart the monthly reference maybat are
permanent water bodis yeasround, the resulting CSI and Bias would be clos¢htse
computed forthe permanent water mask.

Intra-annual variations of riveflow are highlighted irFigurel5, which shows the river flow
differencesbetween November 2019 and November 2020 for the Use Case in USA, and also
compares the seasonal Reference Water Masks computed by the GFM algorithm (based on
SAR data only) and the Reference Dataset (which combines optical and SAR data).

For the Use Casa USA, atomated file quality checks for th&FM output layer©bserved
Flood ExtentReference Water Maskand Exclusion Mask show that the files follow the
technical specifications regarding resolution, data format, and further quality parameters.

Tabk 14: Flood event in USA (16.11.20213chievedKPIsfor Observed Flood Extent

KPI # [Title Observed Flood Exte
KPt3aCritical Success Index 86.8 %
KPi3bBias 0.987
KP¥3c/Overall accuracy 99.1 %

\KPP3d Omission errors (nflood/ flood) (0.4 % 7.7 %
KPt3d Commission errors (no floodflood) 0.5 %/ 6.5 %
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Tablel5: Flood event in USA (16.11.202dachieved KPIfor permanent water of the Reference

Water Mask
‘KPI # |Title Permanent Wate
KPt3aCritical Success Index 98 %
KPi3b Bias 1.013
KPt3c Overall accuracy 99.4 %

‘KPLSd

Omission errors (no watdrwater)

0.7 % 0.3 %

‘KPLSd

Commission errors (no watémwater)

0.1% 1.6 %

Tablel6: Flood event in USA (16112021)- achievedKPIsfor monthly masks of seasonal water of
the Reference Water Mask

KPI # Jan Feb Mar Apr May Jun
KPt3a [%] 0.5 0.7 0.2 0.5 5.1 0
KP3b 0.093 |0.131 |0.087 |0.156 |0.171 NA
KPH3c [%] 99.8 99.8 99.9 99.9 99.8 100
KPt3d om. [%]|0/ 99.4 |0/99.2 [0/ 99.8 |0/99.4 |0/94.3 |0/ NA
KPH3d com. [%0.2/ 93.70.2/ 94.20.1/ 97.40.1/ 96 |0.1/ 66.90/ 100

KPI # Jul Aug Sep Oct Nov Dec
KPt3a [%] 6.6 7.4 5.9 2.8 0.3 0.2

KPI3b 0.186 |0.197 |(0.175 |0.201 |0.119 |0.073
KPH3c [%] 99.9 99.9 99.9 99.9 99.9 99.9
KPt3d om. [%]|0/ 92.7 |0/ 91.8 |0/ 93.5 |0/96.7 |0/99.7 |0/99.8
KP#3d com. [%0.1/ 60.60.1/ 58.40.1/ 62.80.1/ 83.80.1/ 97.10.1/ 96.8
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Figurel5: Flood event in USA (16.11.2021Permanent and monthly reference watebr (a)
November 2019 and (b) November 2020, and seasonal water computed by (c) théb&del GFM
water detection algorithm, and (d) the Reference Dataset, which ubeth optical and SAR data.

5.2.2 Resultsfor flood event in South Sudan (22.11.2021)

For the flood event in South Sudan, the Kdtlantifying the thematic accuracy of the GFM
Product output layers Observed Flood Extent and Reference Water Mask (which comprises
both permanent and seasonal water), are pretszhin Tablel7, Tablel8, andTablel9.

For both the Observed Flood Extent and the permanent water class in the Reference Water
Mask product KP43a (Critical Success Index CS) shows very good results that exceed the
target value (7680%). As can be seen Trable17, the CSI for the Observed Flood Extent
reaches 76.9 %, while the Bias (BP) of 0.88 indicates an underestimation compared with
the independent reference dataset.

The Reference Water Mask that was evaluated and considered for the flood event was
computed considering the years 2019 and 2020. The permanent water mask was computed
across all Sentindl images available in 2019 and 202(iler the seasonal water mask is
based on all Sentindl images for each respective month in 2019 and 2020. Concerning the
permanent water class, as can be seed @blel8there is a good agreement (CSI = 75.5%)
between the GFM Rduct and the independent reference dataset, while the bias of 1.15
suggests that the permanent water class is slightly overestimated compared with the
independent reference dataset.

As can be seen ifiablel9 - and similar to tle previously describedse Case the USA the
twelve seasonal water masks show a rather low CSI value, ranging bed@e2bP6 for most
months. KRBb (Biag is mostly below the target value of Which indicatesthat the water
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extent has been underestiated compared with the independent reference datasets. A more
detailed analysis and explanation of this observati@asprovidedearlierfor the Use Case
USA(seeSections.2.1).

For the Use Case in South Sudan, automated file quality checks for kheo@put layers
Observed Flood Extent, Reference Water Mask, and Exclusion Mask show that the files follow
the technical specifications regarding resolution, data format, and further quality parameters.

Tablel7: Flood event in Sailh Sudan (22.11.202%) achieved KPIfor Observed Flood Extent

KPI # [Title Observed Flood Exte
KP3a Critical Success Index 76.9 %
KPi3bBias 0.879
KPt3c/Overall accuracy 99.6 %

‘KPLSd

Omission errors (no flootflood)

0.1 % 18.3%

‘KPLSd

Cammission errors (no floodflood)

0.3% 7%

Tablel8: Flood event in South Sudan (22.11.20219chieved KPIfor permanent water of the

Reference Water Mask

KPI # [Title Permanent Wate
KPt3aCritical Success Index 75.5
KPi3bBias 1.151
KPt3c/Overall accuracy 99.8

‘KPBd

Omission errors (no wateérwater)

0.1% 7.4 %

‘KPl3d

Commission errors (no watémwater)

0 %/ 19.6 %

Tablel9: Flood event in South Sudan (22.11.202139chieved KPIfr monthly masks of seasonal
water of the Reference Water Mask

KPI # Jan Feb Mar Apr May Jun
KPi3a[%] 9.5 102 |75 106 |125 |14
‘KPBb 0.695 |1.307 1.262 1.076 |0.69 0.564
‘KPBC [%0] 99.8 99.8 99.8 99.8 99.9 99.9
\KPP3d om. [%] 0.1/ 85.30.1/ 78.60.1/ 84.30.1/ 802/0.1/ 81.20/ 80.7
KP#3d com. [%00.1/ 78.80.1/ 83.60.1/ 87.50.1/ 816/0.1/ 72.80.1/ 65.8

KPI # Jul Aug Sep Oct Nov Dec
KPia[w] 1197 156 (163 (137 124  |17.2
‘KPBb 0.655 10.476 0.495 04 0.369 0.651
‘KPBC [%0] 99.9 99.9 99.9 99.9 99.8 99.8
\KPBd om.[%] 0/72.8 0/801 0/79 |0/831 0/849 |0.1/75.8
‘KPBd com. [%0.1/ 58.50-1/ 5820.1/ 57.60.1/ 57.70.1/ 59 |0.1/ 62.8
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5.2.3 Resultsfor flood event in Australia (02.03.2022)

For the flood event iustralia, the KPIs quantifying the thematic accuracy of the GFM Product
output layers Observed Flood Extent and Reference Water Mask (which comprises both
permanent and seasonal water), are presented able20, Table21, andTable22.

As can be seen ifiable20, the CSI for the Observed Flood Extent is 87.6 %, thereby exceeding
the target value of 7@80%, while the bias slightly belotvindicates anunder-detection
compared with the independent reference dataset.

The Reference Water Mask that was evaluated and considerethi®iflood event was
computedbased onyears 2019 and 2020. The permanent water mask has been computed
across all Sentindl images available in 2019 and 2020, while the seasonal water mask is
based on all Sentindl images for each respective month in 2019 and 2020. Concerning the
Permanent Water class, as can be seemahle21, similar to the GFM Praxtt output layer
Observed Flood Extent, the CSI value of 95.8% indicates large agreement between the GFM
Product and the independent reference dataset. A Bias8KPof 1.03 implies that the extent

of the permanent water class is similar to that of thee@pendent reference dataset.

As can be seen ifiable22, similar to the findings for th&lJse Casein USA and South Sudan,

0 KS Dveldsgasonal Water Masks show a low CSI value, and a Bias that is constantly
below the targe value of 1jndicatingthat seasonal water is undexstimated compared with

the monthly independent reference datasets. A more detailed analysis and explanation of this
observation has been provideghrlierfor the Use Casen USA(Sectionb.2.1).

For the Use Case in Australia, automated file quality checks for the GFM output layers
Observed Flood Extent, Reference Water Mask, and Exclusion Mask show that the files follow
the technical specifications regarding resolution, data format, and further quaditgmeters.

Table20: Flood event in Australia (02.03.2022achieved KPIfor Observed Flood Extent

KPI # [Title Observed Flood Exte
KP#3a Critical Success Index 87.6 %
KPi3bBias 0.895
KPt3c/Overall accuracy 98.3 %

\KPBd Omission errors (no flootflood) 0.2 % 11.5 %
KPt3d Commission errors (no floddflood) 1.8 %/ 1.1 %
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Table21: Flood event in Australia (02.03.2022)achieved KPIfor permanent water of the
Reference Water Mask

‘KH # |Title Permanent Wate
KPt3aCritical Success Index 95.8

‘KPl3b Bias 1.03

KPt3c Overall accuracy 99.6

\KPBd Omission errors (no watdrwater) 0.3 %/ 0.7 %
\KPBd Commission errors (no watémwater) 0.1 %/ 3.5 %

Table22: Flood event in Australia (02.03.2022)achieved KPIfor monthly masks of seasonal
water of the Reference Water Mask

KPI # Jan Feb Mar Apr May Jun
KPt3a [%] 1.3 2.9 3 3.3 2 2.7
KPt3b 0.176 0.8 0.39 0.508 0.722 0.604

KPt3c [%] 99.9 99.9 99.9 99.9 99.9 99.9
KPE3d om. [%] 0/ 98.4 [0/95 |0/96 |0/95.2 0/96.7 |0/95.8
KP#3d com. [%0.1/ 91.1/0.1/ 93.7/0.1/ 89.70.1/ 90.60.1/ 95.40.1/ 93.1

KPI # Jul Aug Sep Oct Nov Dec
KPt3a [%] 1.8 1.8 0.3 1.3 0.7 1.9
KP13b 0.433 0.451 0.085 0.309 0.147 0.335

KP#3c [%] 99.9 99.9 99.9 99.9 99.9 99.9
KPtd om. [%] 0/ 97.5 |0/ 97.5 |0/99.7 |0/98.3 0/99.2 |0/97.5
KP3d com. [%0.1/ 94.20.1/ 94.40.1/ 96.50.1/ 94.7/0.1/ 94.60.1/ 926

5.3 Discussion ofesults ofPhase Ikhccuracy assessment for the three Use Cases

5.3.1 Discussion ofesults for flood event inUSA (16.11.2021)

As can be seen HRigurel6 below,the GFM Producbutput layer Observed Flood Extesaid
the independent Refrence Dataset show a high level of agreenfenthe three mainflooded
areasthat have been detected within thé&se CaseAsis shown inFigurel7, the GFM
Ensembldiffers from the independenReference Btasetonly for small @atches and border
pixels, but the overall flooding patternvgell captured.

The validation results for the permanent water class of the GFM Product output layer
Reference Water Mask, also indicate considerable agreement between both datasets. As can
be ®en inFigurels§, slight differences exist for example, sometimes what is classified as
permanent water by the GFM Product is classified as seasonal water in the Reference Dataset,
and vice versa. This appliesparticular to border pixels of water bodies, transition zones in
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river deltas and coastlines, as is highlightedrigure18. This is presumably due to the
uncertainty in selecting the threshold between water amsh-water areas. Based on a visual
inspection of the data, and without access to very high resolution reference information for
the flood events, it is not possible to specify exactly the correct threshold.

In Figure 18, which shows the reference (i.enpanent and seasonal) water for the month of
November, the indicated omission errors are classified in the GFM dataset as seasonal water
for most months throughout the observation period.

As was mentioned earlier (Secti@®.1), differences in the referee (i.e. permanent and

seasonal) water between the GFM Ensemble and Reference Dataset are particularly evident
along river sections. Rivers are generally well detected in both datasets. However, in some
cases (sefigurel9) the GFM Product tends to underestimate river sections in the permanent

water class, instead classifying them in some of the seasonal (monthly) masks. Including
Sentinel2 data with 10 metres resolution in the processing chain of the independent
WSFSNBYyOS 5FiGlFrasSi 602YLI NBR gA0GK GKS DCa t NP
better detection of such areas. Conversely, the GFM Product classifies some water bodies as
permanent water which are not covered by the Reference Dataset.
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Washington State, USA
GFM Ensemble

@ Joint Research Center
Global Flocd ManRaring

Figurel6: Hood eventin USA(16.11.2021} SARbased water detection results from the GFM
Ensemble (todeft) and Reference Dataset (tepght), Sentinetl backscatter image (bottonrteft),

and omission / commission errors (bottomight).
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" correct No Floo Correct Floo@ Omissior  Commission

Figurel7: Hood eventin USA(16.11.2021) difference map betweerthe GFM output layer
Observed Water Exterdind the Reference Datasgshowingomission / commissin errors, and
flood and no flood agreement.

Washington State, USA
GFM Ensemble

Validation

Reference Dataset

Figurel8: Hood eventin USA(16.11.2021); monthly Reference Water Mask for November from
the GFM Ensemble (left) and Reference Dataset (middle), amission / commissiorerrors for
permanent and seasonal water (right). Omission errors along the coast are clear.

39



A

Washington State, USA
GFM Ensemble

Reference Dataset

Figurel9: Hood eventin USA(16.11.2021), monthly Reference Water Mask for November from
the GFM Ensemble (left) and Reference Dataset (nejldand omission / commission errors for
permanent and seasonal water (right). Omission errors along the river are clear.

5.3.2 Discussion ofesults forflood event inSouth Sudan (22.11.2021)

As can be seen iRigure20, for the flood event in South Sudathere is good agreement
between the flood extent captured by thé&5FM Productand the independent Reference
Dataset Only smaller patches are ovend underestimatedbythe GFMEnsemble compared
with the Referenc®ataset(with a tendency to undeestimate the flooded areaas suggested
by a bias of 0.8&s showrnn Tablel7?).

Similar to the Use Case in USA, for the flood event in South Sudan both the GFM Product and

the independent Re&frence Dataset are largely in agreement regarding the permanent water

class of the Reference Water Mask. Again, some differences arise due to water being classified

as permanent water in the Reference Dataset, but as seasonal (monthly) in the GFM
Ensembleand vice versa. This is illustratedrigure21 and Figure22 below. InFigure21, the

map on the right highlights (in red) thesareas that are permanent water in the Reference

Dataset, but not in the GFM Product. However, these areas are mostly captured in the monthly
6asSlrazylrfo glFrGSNI 2F GKS DCa t NP RdzORigra22,wS T S NB
GKAOK aK2ga (GKS DCa tNRRddzOGQa NBFSNBYyOS 06LISN
four selected months (i.e. January, April, August and December).
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ol

" Correct No FlooM Correct Flood Omissiorerrors  Commissiorerrors
Figure20: Hood eventin South Sudarf22.11.2021} difference map between the GFM output

layer Observed Water Extent and the Reference Dataset, showing omission / commission errors,
and flood and no flood agreement.

I"Correct No Permanenwater Ml Correct Permanent Watel Omission errors
Commissiorerrors

Figure21: Flood event in South Sudaf22.11.2021) difference map between the permanent water
class of the GFM Ensemble and the Reference Dataset (rightysig omission / commission
errors, and water and no water agreement along a river area.
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( ) Copernicus Emergency Management Service

ho waterlll permanent watel™ temporary water

Figure22: Flood event in South Sudaf22.11.2021);, examples of the monthly Referece Water
Masks for Januarytp-left), April top-right), August bottom-left), and Decemberliottom-right)
generated by the GFM Ensemble. These areas are mostly permanent water in the Reference
Dataset.

5.3.3 Discussion ofesults for flood event inAustralia(02.03.2022)

Again br the flood event in Australigd2.032022), good results were achieved. As can be seen

in Figure23andFigure24, the G-M Product and the independeReference [ataset produce
similar results, with the GFM Product underestimating the flood extent for lsmphtches,
compared with the Referencediaset.Regarding the reference (i.e. permanent and seasonal)
water extent, as can be seenkigure25, the GFM Product tends to overestimate slightly the
extent of the permanent water compared with the Reference Dataset. As can be seen, rivers
are well captured by both datasets, with the GFM Product again slighthestimating.
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Queensland, Australia

Reference Dataset

@ Joint Research Center
Global Floed Moakoring

Figure23: Flood event in Australig02.03.2022) SARbased water detection results from the GFM
Ensemble (togeft) and Reference Dataset (tepght), Sentinell backscatter image (bottonrteft),
and omission / conmission errors (bottomright).

43



A

Queensland, Australia
Validation

Q 5 10 km @ Joint Research Center
) fcbal: Fod:Hankaring

Figure24: Flood event in Australig§02.03.2022); Example highlighting the high level of agreement
between the GFM Ensemble and the Reference Dataset (blue), and the slight underestimation of
the GFM Ensemble compared with the Reference Dataset (red).
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X

ICorrect no permanent watdll Correct permanent watclll Omission errors
Commission errors

" No waterl Permanent wate ™ Temporary water
Figure25: Flood everiin Australia(02.03.2022); Difference map (topright) between the monthly
Reference Water Masks for March computed using the Reference Dataset (boet&fthand the
GFM Ensemble (bottoanight), showing commission errors along a river.

5.4 Plausibility analgis of the Exclusion Mask for the three Use Cases

This Section provides a brief analysis of the general plausibility of the GFM Product output
layer Exclusion Mask, feomeUse Casareas selected for the Phase Il accuracy assessment.
As explainedearlierin Section 2the Exclusion Mast#tenotes areas where SARsed water
detection and flood mappingre not feasible andis createcby combiningnformation layers
describindivetypes ofdstatict ground surface characteristiaso sensitivity(e.g. urbarareas,
dense vegetation); water loedélikes (e.g. flat impervious areas, sand surfaces) duewo
backscatter areas where the Sentindlsignals are affected lgpographic distortions radar
shadows and areas withow coverageof Sentinell observatios.

Regarding the flood event ime USA (16.11.23, the main characteristics of the Exclusion

Mask for this Use Case area are summarizethinle23. As can be seen Figure26, in this

Ol a8 GarSS/ achyi2h OA & ¢ £ | & adbindutles flokdBrond &rédé sigh kL y  a |
agricultural areas along rivers and vegetated rlvanks. The same issue is also highlighted in

the case of the flood event in Australia (02.03.202), as dasdibelow.

Table23: Hood eventin USA(16.11.2021), Overview of the GFM Product output layer Exclusion

al 81 F2NJ GKAa a8 /1asS I NBI® bajeSodedap.i a2YS 27F
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4.900x10°

4.850x10°

4.800x10°

4.750x10°

4.700x10°

4.650x10°

6.350x10° 6.400x10° 6.450x10° 6.500x10°
X

Area of Interest 70,297 km2(total)
Excluded area 12,987.0km? (18.5%)
No sensitivity area 11,0604|km2(15.7%)

Low backscatter area  119.9  km2 (0.03%)(Not includingpixels fromthe sea- 255 in
Exclusion Mask)

Topographic distortion 10.898 9 km2 (15.5%)
area

Radar shadow area 105 kmz2 (0.01%)

Figure26: Flood event in USA (16.11.20213entinet2 image on 16.11.2021 of the Use Case area,
2OSNI AR gAGK (K SYRAtGdedM AR ¢a I & @ENI OWR3/ NBROI 6K
vegetated areas a@ng a river.
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Regarding the flood event iSouth Sudan(22.11.2021)the main characteristics of the

Exclusion Mask for this Use Case area are summarizédbie24. For the defined area in

South Sudan, th&xclusion Msk seems lpusible and the various input layers do not show
any inconsistencies.

Regarding the flood event in Australia (02.03.2022), the main characteristics of the Exclusion
Mask for this Use Case area are summarizdchbie25. For tre defined Use Case in Australia,
K282 3INI LIKAO RA&G2NIA 2 geemsiplausiBeNBoxeéver,iakcadn b E Ot d:
seen inFigure27 andFigure286 St 2 ¢ ¥ 2 ( & S vy yeriohti® Exclasion Mask seems

to be very strict, and covers agricultural areas near rivers, as well adbadsrand rivebanks

along the river, thereby masking out flogmone areas.

Generally speaking, for all of the considered areas of intere§, tha G 2 LJ2 I NJ LIKA O RA
YR GKS aft2¢ ol O01alOFGdiSNE 1 &@8SNE 2F (KS DCa
be reasonable and plausible for all areas of interest, and do not excludeflooe areas.

The highest uncertainty, however, seems todbg’ ( KS 9EOf dZAA2Y al &1 Q& ¢
as was shown above in the Use Case areas for the flood events in USA (16.11.2021) and
Australia (02.03.2022), where agricultural areas and #baarks, for example, are partially

excluded from the flood detgion even thogh these are floogbrone areas.

Table24: Hood eventin South Sudarf22.11.2021), Overview of the GFM Product output layer

9EOQt dAA2Y al a1 F2NJ GKAA ' a8 /1 4S8 | Ndparsder2 G S G KFI

6.140x10°

6.120x10°

~6.100x10°

6.080x10° 1

6.060x10°

6.480x10° 6.500x10° 6.520x10° 6.540x10° 6.560x10° 6.580x10° 6.600x10° 6.620x10°
X

Area of Interest 27,514.0 km2 (total)

Excluded area 5552.4 km?2(20.2%)

No sensitivity area 5,683.4 km?2 0.7%) Note:nitial no-sens
Low backscatter area 1.3 kmz(0.00%)
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Topographic distortion area

0.053

km2 (0.0002%)

Radar shadow area

NA
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Table25: Flood event in Australig02.03.202) ¢ Overview of the GFM Product output layer
[ &S | Ndgdrsdvettap.i S

9EOtf dAAZY al &1

F2NJ GKA&a ! as

6.400x1¢° 1

6.350x10° |
>

6.300x10° 1

6.250x10° +
9.000x1¢°  9.030x10°  9.060x10°
X

9.090x10°  9.120x10°

Area of Interest 16,067.0 km? (total)
Excluded area 11,622.1 km?2 (72.3%)
No sensitivity area 8,872.49 km2 (55.2%)
Low backscatter area 247.87 km? (1.5%)
Topographic distortion area 9,408.93 km?2 (58.6%)
Radar shadow area 119.72 km?2 (0.75%)

153.250

153.250

nosensi
Band 1 (Gray)

|
153,300

-29.400

Figure27: Floodevent inAustralia (02.03.202pcSentinet2 imageon 01.03.2022f the Use Case
g A0 Ka SYKEBA DEDKE DB 2ty &ad NTQEY GBSy 0
covers agricultural fields, therefore excluding typical flogmone areas.
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162.710

-29.540

-29.550

-29.560

-29.570

162710

162720

162720

162730

162730

-29.540

-29.550

-29.560
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6 Conclusiomls and Outlook

Thisreport presentsthe first results of the independent quality assessmenthef newGlobal
Flood Monitoring (GFMProduct of the Copernicus Emergency Management Service, based
on a threemonth period of preoperational esting The initial (i.e. Phase 1) quality assessment
focused onthe DCa t NEvRidzDipud kyer- namely Observed Flood Extentwhich
provides acontinuous monitoring of floods worldwidel'he second(i.e. Phase II) quality
assessmenalso includedhe validation of the GFM Product output layer Reference Water
Mask which delineatepermanent and seasonal watdn the Phase Il quality assessmehg
generalplausibility of the GFM Product output layexdiuson Mask, which delineates aae
where SAbasedwater mapping is not feasible (due to a variety of static ground surface
characteristics), was also considered

The quality assessmenapplied appropriate sampling procedures in order to assess
systematicallythe thematic qualityof the GFM Produchased on a representative set Oke
Casesof worldwide flood evens. The output qualityof the service is measuregsingthe

mandatory Key Performance Indicat®rKP43), i.e. Product Qualityor thematic accuracy

While the validationexercise has baeperformedinternally by theconsortiumresponsibole
for implementing and operating the GFM Produttte independenceof the processwas

ensured through validation by a partnirthe consortiunthat was not involved in thactual

methodological developmd or product generation

In the Phase | quality assessmgsik selectedse Cases aforldwide flood evers have been
evaluated with regard to th6&FM Product output layedbserved Flood Extent. Althougbr

the six Use Cases in the Phase | assessiientiargetedthematic accuracyf 70-80%(based

on the Critical Success Index CSlwasnot reached, a visual analysis of all selected flood
eventsshowedpromising results and accuraflmod mapping, especially fahe flood events

in Belgium CSI 69.3 %)and China (CSI = 65.8. %)

In the Phase Il quality assessmehtee additionalUse Cases oforldwide flood evenswere
assessedThis assessmentwhich also evaluatedthe GFM Product output layer Reference
Water Mask,showed overall good results forboth ObservedFlood Ktent as well as the
reference water mask with CSI valug exceeding the targeted valudvaluation of the
seasonal watepart of the reference water masksulted n low CSI values for most aresasd

all considered months. Thismainly dueto the fact thatthe seasonal water extergwhich is
computedasmonthly observedvater extent minus permanent waterxtent- is smalin area,
andso pixetbaseddtnoise has abigimpact on the summary statistics.

Throughout the setup phase 6 the GFM Product, various technical improvements were
continuously mad key elements of th&ARbased flood ad water detection methodology.
However,it was not within the scope of ik pre-operational product and service quality
assessment report to coider the effects on thematic accuracy of specific improvements in
the pre-operational GFM Product methodology.

It should be noted that, in accordance with the Technical Specifications (TSprehe
operationalquality assessment which is described in tieigort was applied to thealidation
and assessment of the flood mapping algorigimsed in the near realtime product
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generation during the setip phaseof the GFM ProductAs required by the T$or each year
of the operationalrunningof the GFM Produg¢the thematicaccuracyof the output layersof
globalflood information, whity arecontinuouslygenerated in NRT&re constantly monitored
and reported- togetherwith other performancerelated aspects of the service and product
delivery (e.g. timelinessf production, stability of service)on a quarterly basjgand published
each year in an annual quality assessmepiort.

Finally as was mentione@arlierin Section 2jn addition tothe continuous,NRTgeneration
of output layers ofglobalflood information,the GFM Products also beng usedto process
the entire time-series ofSentinell SAR imagerfcovering the perio®0152021), in order to
generate an archive of observadoridwide flood evens. The thematic accuracy of the
generated archive foflood eventswill alsobe assessetbasedon a visual interpretation of
sampling locationsand reported in the annual quality assessment reports
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