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Abstract

This Technical Report presents the results of the annual product and service quality
assessment of the Global Flood Monitoring (GFM) product of the Copernicus Emergency
Management Servic€CEMS)which was performed on a quarterly basis during 20Phis

report is the second of its kind: thigrst (Seewald et al., 2023avas focused on th&FM
product and service quality assessment for 2022.

The main part of the 2023 GFM product and service quality assessment was the thematic
accuracy assessment of the GFM output layers Observed Flood Extent and Reference Water
Mask, for 12 selected Use Cases of worldwide flood events. Five of the Usev@asisod

events during 2023, which were mapped by the operational, neartie@ GFM product

while sevenof the Use Casewvere flood events during the period 2012021, which are
included in the GFM rprocessed Sentindl archive of worldwide observetbbd events and

water extent. The 2023 GFM product and service quality assessnadst includes a
gualitative assessment of the GFM results for the flood disdstEywingthe destruction of

the Kakhovka hydroelectric dam in the Kherson region of soutbé&mine, on 6 June 2023.

As requiredby the Technical Specificatio(iSsuropean Commission, 202@)e GFM product
shouldhave ahematic accuracy of at least 70%, computed based on the Critical Success Index
(CSl)Themainresultsof the GFM thematic accuracy ssssmentre summarized below:

A Regarding th®©bserved Flood Exteras shownin Table8, eightof the 12UseCass met
or exceeded the targedccuracy(CSE 69.9to 82.1%), and wo Use Casewere slightly
below the target accuracydSl= 616% and 64.29. Two Use Case (Morocco and
Myanmar)had very low CSI values (i¥L.0 and 18.1%]jor reasons that are exagined in
the relevantsections(4.2.2and4.2.3.

A Regarding the permanent water of tfReference Water Masksshownin Table9, seven
of the 12Use Case exceeded the targedccuracy(CSl= 72.4to 86.3%, and four Use
Cases were gihtly below the target accurad€SE 60.0to 67.5%). One Use Casbkad a
low CSvalue(32.8%)for reasons that are explained in thelevant section4.2.5.

The thematicaccuracieof the seasonal (i.e. monthly) water of the Reference Water Mask
are not presented since- aswas highlighted inthe 2022 GFM annual product and service
guality assessmen{Seewald et al., 2023a) this is generally very low, due to major
discrepancies between theeasonal water extent in th&FM product and the reference
datasets (The reasons for thes#iscrepancies are outlined in Section 4.1 of this report).

The results of the assessment(ajthe GFM service availabilitproduct timelinessand user
uptake and experienceand (b)the general plausibility of thé&xclusion Maskwhichwas
carried outas part of 203 GFM product and service quality assessment,adse presented

in this report.During 2023, the GFM service availability and product timeliness generally met
or exceeded the expected targets, while user uptake and experience improved compared to
the previous year (2022), dymartly to a significant system update at the beginning 023.



1. Introduction

Copernicusthe EU's Earth Observation programnea flagship componentf the EU space
programme (established by EU Space Regulation 2021/696js andrdinated and managed

by the European CommissiéiThe Copernicus Emergency Maement System (CEMB8he

of six services dfopernicusprovides information for emergency response to different types

of disasters, including meteorologicahd geophysical hazards, deliberate and accidental
martrmade disasters and other humanitarian disasters, as well as prevention, preparedness,
response and recovery activitieCEMS consists of the following three components:

A On-demand mappig (i.e. Rapid Maging, and Risk and Recovery Mappirfighm satellite
or airborne image data.

A Exposure mapping, via the Global Human Settlement Layer (GHSL).

A Early warning and monitang, via the following systems:

- European and Global Flood Awareness Systems (EFAS BA& 5o
- European Forest Fire Information Sys{&rFIS)
- European ad Global Drought Observatori@gDO and GDO)

The Global Flood Monitoring (GFM) product of CEdM8plements the existing CEMS
components for flood early warningsd. EFAS and GIoFAS) amddemand mapping, by:

A Enabling a continuous global, systematic monitoring of flood events.

A Enhancing the timeliness of flood maps for emergency response, since no user activation
request isrequired,and the process is fully automated.

A Improving theeffectiveness of Rapid Mapping activation requests through a better
identification of the area of interest, where additional information from contributing
missions and / or a higher spatial resolution is required.

TheGFMproductprovides a continuous matoring of flood events worldwide, by processing
and analysing in near retdime all incoming Sentind Synthetic Aperture Radar (SAR)
satellite imagery,utilizing a data cube(or time-series) approach enabling high product
timeliness, andmplementingan ensemble flood mapping approach thategrates three
independent stateof-the-art SARbased flood mapping algorithms, to improve robustness
and accuracy of the flood and water extent magsd build a high degree of redundancy into
the servicg(Salamon, et al., 2021(Matgen, et al., 202Q0YWagner, et al., 2020)

Implementing and operating th&FM productrequires a set of procedures to ensure the
technical and scientific quality of the GFM output layers of flood informatan of the
generating servicein orderto deliver the GFM output layers.€. Observed Flood Extent,
Reference Water Mask, Exclusion Mask.) with the best possible quality

! https://www.copernicus.eu/en
2 https://emergency.copernicus.eu
3 https://www.efas.eu/en , https://www.globalfloods.eu/
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The GFM product and servicquality assessmenprocedures include both systematic
automated and planned offline quality checkensidering all aspects of the production, from
data ingestion to data processing, dataligery, and the thematic accuracy of the main GFM
output layers.Central to the quality assessment is a seKey Performance IndicatorkKRI3
that are used for the quarterly monitoring and reportingtbe followingaspects of the&GFM
service angroduct delivery performance

A The thematic accuracy of th@bserved Flood Exteand Reference Water Mask.

A The product timeliness with which the GFM output layers are delivered.

A The availability to users of all service components of the GFM product,lbasasespects
related to user uptake and usability of the service (i.e. unique visitors, total visitors, total
downloads, and service performance experience).

A The general plausibility of thExclusion Maskwhich denotesareas where SARased
flood and waer mapping is not technically feasible.

Themain part of the GFM produciand service quality assessment is the thematic accuracy
assessment of th®bserved Flood Exteand Reference Water Maskhistask is performed
systematically using appropriate procedures, based representative Use Case of
worldwide flood events. The analysis protocol is designed to estimate the accuracy
objectively based on independent sample datand is appliedaccordingto the main
principles for any validatiorassupported bythe following standard specifications

A The INSPIRE directf/@lescribing standard Implementing Rules usein the areas of
Metadata, Data Specifications, Network Services, Data and Service Shanmithg
Monitoring and Reporting.

A The GEO QA4EO guidelihedescribing the general principles for the validation and
verification of Earth Observation products.

A The framework developed by th€EOS Land Product Validation (LPV) §ralgfining
several principles for validian activities in agreement with INSPIRE and QA4EO.

This Technical Report describes the GFM annual product and service quality assélatent
was performed on a quarterly basis for 20P8eviousy, the GFMannualproduct and service
guality assessmenwas performedfor 2022 (Seewaldet al., 2023). A product and service
guality assessment was also performed for tire-operationalversion of the GFM product
(Seewald et al2023). The remainder of thi§echnical Repoit structured as follows:

A In Chapter2, a brief technical overview of the GFM product is presented, including a
description of the main GFM output layers of global floethted information andof the
underlying stateof-the-art SARbased flood mapping algorithms, and highlighting
specific aspects designed to enhance the thematic accuracy, for example the
combination of the three flood mapping algorithms in an ensemble approach, and
application of an Exclusion Mask.

4 https://inspire.ec.europa.eu/inspire -implementing -rules/51763
5 https://earth.esa.int/eoq ateway/activities/gscb  -and -Itdp/ga4eo -guidelines
& https://lpvs.gsfc.nasa.qgov/
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In Chapter3, the following main components of the methodology uded the GFM
product and service quality assessment, are described:

The KPIs used for the quarterly monitoring and reporting.

The 12 Use Caseof worldwide flood events used for the quality assessment of the
Observed Flood ExtenReference Water Mask aritkclusion Mask.

The reference datasets used for the quality assessment ddtieerved Flood Exteand
Reference Water Mask.

The computation of the KPIs fdBFM service availabilitproduct timelinessand user
uptakeand experience

In Chapter4, thevalidationresultsfor the Observed Flood Exteaind Reference Water
Mask, forl2 Use Caseof worldwide flood events, are presented and discuss&luapter
4 alsoincludes a qualitative analysis tife GFM results for thélooding disasterthat
followedthe destructionof the Kakhovka DagsouthernUkraineon 6 June 2023

In Chapter5, the results of the assessment of the GFM product timeliness, service
availability and user uptake, are presented and discussed.

In Chapters, the results of the generallausibility analysis of thExclusion Masfor the
12 Use Caseof worldwide flood events, are presented and discussed.

Finally, inChapter7, the main conclusions of thi2023GFM product and service quality
assessment, and thepdatesthat have beermade tothe GFM producin 2024, as well
as planned evolutionsare summarized.

TheGFM produchas been developed and implemented under a Framework Contract with
GKS 9dzNRPLISIY [ 2YYAA&ah AFudpean\VZBnnyssior2028)abg anNID K

AVGSNY I GA2Yy Lt O2yaz2NlAdzy oGKS G9ELISNIG Cf22R

oI I I D D

EODC (Earth Observation Data Centre for Water Resources Monitoring GmbH)
GeoVille (GeoVille Information Systems and Data Processing GmbH)
TUW(Technische Universitat Wien)

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

CIMA (Centro Internazionale in Monitoraggio Ambientale Research Foundation)

~
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2. Technichoverview of theGFM product

The Global Flood Monitoring (GFMpduct of CEM$s an automated, glob&lood monitoring
system that provides a continuous (i.e ~atather, dayand-night), systematic monitoring of
all major global flood events, in neggattime (NRT) based on the latest SentingélSynthetic
Aperture Radar (SAR) satellite imagBse GFM produds accessednainlythrough (a) the
GloFAS Map Viewgror (b)a dedicated singlepage web application, for defining areas of
interest, and dowfoading GFM output layetsA brief technical overview of th@ FM product
is provided below. Full technical details on t&&M productare provided odine in the
Product User Manual (PUM) and tReoduct Definition Documer(PDD}.

For each newly acquired SentifeEAR satellite image, ti&M producprovidesten output
layers of global floodelated information, which are shown Tablel below. Central to the
GFM productare three stateof-the-art algorithms for the SABased detection and
delineation of flooded areas, which were developed by memslof the GFM consortium (i.e.
LIST, DLR, TUW), and whichamamarizel in Table2 below.

Tablel: The ten GFM output layers of global floa@lated information, generated in near
real-time based on Setinel-1 SAR satellite imagery.

#| GFM OUTPUT DESCRIPTION
LAYER
1 Observed FloolFlooded areas mapped by applying the GFM ensemble flood mapping algorithm
Extentlatest Sentinell images of SAR backscatter intensity.
2| Observed WategOpen and calm water mapped as the union of @leserved Flood Exteand the
Extent|Reference Water Mask
3| Reference WatgNormal (i.e. permanent and seasonal) water mapped by applying the GFM ense
Mask [water mapping algorithm to an historical, fiyeartime-series ¢r data cubg of
Sentinell images of SAR backscatter intensity.
4| Exclusion Mas{Areas where SARased water mapping is not technically feasible, due to no sensi
(e.g. urban areas, dense vegetation), low backscatter (e.gnffarvious areas, sand
surfaces), topographic distortions, radar shadows, or low coverage of Sehtinel
5| Likelihood ValuegEstimated likelihood of flood classification, for all areas outside the Exclusion Mg
6 Advisory FlaggFlags indicatingotential reduced quality of flood mapping, due to prevailing
environmental conditions (e.g. wind, ice, snow, dry soil), or degraded input data
quality due to signal interference fno other SAR missions.
7 Sentinell|{lmage boundaes of the Sentinel data used, and in addition information on the
Footprintandd YS G RFGF €3 A®Sod GKS | Ol dzlaianused 2y LI N
Metadata:
8 Sentinetl|Next scheduled Sentindl data acquisition.
Schedule
9 AffectedNumber of people in flooded areas, mapped by a spatial overl@bsérved Flood
Populatiort|Extentand gridded population, from the Copernicus GHSL project.
10 AffectedLand cover / use (e.g. artificial surfaces, agricultural areas) in flooded aregsedhaj
Landcoverby a spatial overlay ddbserved Flood Exteand the Copernicus GLS land cover.

7 https://global _-flood.emergency.copernicus.eu/glo
8 https://portal.gfm.eodc.eu/
¢ https://extwiki.eodc.eu/GFM/

fas - forecasting/
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Thetwo main GFM output layers arthe Observed Flood Exterdndthe Reference Water
Mask The main features of both output layeaise briefly described below:

A The Observed Flood Exterindicates flooded areas mapped in near rmie from
Sentinell SAR satellite imagery, using an ensemble of three algorithms (developed
independently by three leading research teams) that run in parallel and access the same
pre-processed Sentinel input data. The resulting three flood maps are then combined
Ayiz2 2yS a02yaSyadza YILESI Ay 6KAOK I LIAEST
classifies it as such. The final flood map is generated by subtracting the permanent or
sea®nal water bodies, as delineated by the Reference Water Mask (see below).

A TheReference Water Mastelineates permanent water bodies, mapped based on the
median backscatter ofa recent fiveyear time seriesdr data cubg of Sentinell SAR
image dataaswell asseasonal water bodies, mapped based on the median backscatter
of all Sentinell data from a given month, over the sarine-yearreference period.

To ensure optimal accuracy of th@bserved FloodExtent and to build a high degree of
redundancy into the service, th&FM productdeploysits three stateof-the-art flood
YI LILIA Yy 3 | 3endembieaypioach, ywherelfgadhgrid-cellismapped aglooded
if (a) it is classified as flooded ly least o of the three algorithms in the normal case
when all three algorithms produce a result, () it is classified as flooded two algorithms,

in the exceptional case when only two of the algorithms produce a result.

In order to optimize further the quality of the results of ti&~M productas can be seen in
Tablel, an Exclusion Mask is used to exclude those areas wherd&# water (and flood)
detection is technicallyhot feasible. TheExclusion Masks created by combining global
information layers delineating the following ground surface characteristics:

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

A Water lookalikes €.g.flat impervious areas, sand surfaces), which are indistinguishable
from flooded areas due to lmw backscattersignature.

A Areas with strong topography (and low probability of flood occurrence), where the
Sentinetl signals are affected lgpographic distortions

A Radar shadowsast by mountains, high vegetation canopiesram-madestructures.

A Areaswith low coverage(i.e. lowrevisit frequency) of Sentindl observations, where
there is an inadequate historical tirseries of SAR data available.

Finally,as well aghe NRT generation of theten output layers of flooerelated information
listed inTablel, the GFM producis alsoused to generate a processed archive of worldwide
observed floods and water bodies, from 1 January 2015 @0@1 Aswill be seen, lhe
thematic accuracy assessment of ttdserved Flood Extersnd Reference Water Mask
which is described in this report, includgdse Casefrom the GFM processealrchive.During
2024,the archive will be rgprocessedor the years2015to 2023 usingupdated algorithms.
An extensiveguality assessment of the rprocessedproductswill be performed and the
results ncluded in the next GFM Annual Product and Service Quality Assessepamt.R



Table2: Overview of theGFM producQ & (1 K Nd-he-ait algoiitins forSentinetl (S
1) SARbased flood mapping.

GFMFLOOD MAIN TECHNICAL FEATURES SCIENTIFIC
MAPPING REFERENCE
ALGORITHM
Algorithm I A Hierarchical splibased approach enablirg-calibration of (Chini, et al., 2017
(LIST] parameters in NRT based on the most recent pairbdfifSages.

A Uses a highly innovative sequence of hierarchical image split
statistical modellingand regionrgrowing to delineate and classil
areas that changed their floodirglated backscatter response
between two image acquisitions from the same orbits.

Algorithm 4 A Fuzzy logibased approach enabling a pagassifiation and (Martinis, et al.,
(DLR) regiongrowing, taking advantage of topographegrived indices |2015)
in addition to SAR backscatter.

Algorithm 4 A A fully automatic, pixebased flood extent mapping workflow |(Bauer
(TUW) which exploitghe per-pixel fullS1 signahistory in a timeseries [Marschallinger, et
(or data cube) of backscatter measurements. al.,2022)

A Enables a very fast, scalable production of flood and water e
maps through precomputed global parametersit high quality.

On 2 January 2028ersionV2.0.0of the GFM productvasreleased®. Thisversionincluded

A Modification of the GFMensemble flood mapping algorithto use a consensus/€rsus
split-decision)approach if only two of the three individuahlgorithms produce a result

A Updates of theGFM individuaflood mapping algorithmdor improved performanceof
the TUW algorithm, antdetter handling of thescale factor for the DLR algorithm.

A Updates of he sublayers of theExclusion Masldelineatingareas of nesensitivity, lav
backscatter, and radar shadoywssing thelatest methods and auxiliary datancluding
the latest CEMS Global Human Settlement Layer (Gla&lsets

A Update of theReference Water Maslby extending thewo-year reference peria for
the Sentinell SAR timeseries (or data cubep 20202021.

On 24 January 202¥ersionV3.0.0of the GFM producivasreleased®. This versiorncluded

A Further refinements of the GFM flood and water mapping algorithms, wgrdthting of
the sub-layers of theExclusion Mask

A Updatingof the Reference Water Masky extending the Sentinel SAR timeseries (or
data cube) from two to five years (i.e. 202822)

A Upgradingof the GFM product delivery times, and the functionality of the GFM product

access and dissemination.

At the time of publication, theentire Sentiné1-basedGFMarchive of worldwide observed
floods and water bodies, is being-peocessedusing thelatest version of the GFM product,
to re-generate the entire GFM flood archive for 262623. Further adaptations of the GFM
flood and water mapping algahms, aimed at reducing the effects tdbod over and under
detection (asidentified during the thematic quality assessmgate foreseen during 2024

10 https://extwiki.eodc.eu/GFM/GFMVersioning
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3. Methodologyfor GFM productand service quality assessment

In accordance withite TechnicaBpecificationdor implementing and operating th6&FM
product (European Commission, 202@he scientificand technicaluality of the near real
time GFM productgenerationand serviceand product deliveryjs ensured through ell-
defined procedursfor product and service quality assessment.

A key elementof the GFM productand service quality assessment is the monitoring and
reporting of the thematic accuracyof the GFM output layers Observed Flood Extent and
Reference WateMask (delineating permanent and seasonal water bodies) well aghe
GFMprocessed archive of worldwide observed floods and water bodies.

Briefly, e thematic accuracy assessment (or validatioag been performedising a set of
independently createdlood and water reference datasets, amédsed onl2 Use Caseof
world-wide flood eventswhichwere selected to be representative, in space and time, of the
scientific challenget® be addressed by the GFM flood and water mapping alyms.

Theremainder of this Chaptas structured as follows:

A In Section 3.1the Key Peiormance Indicators (KPlgked for the quarterly monitoring
of the GFM service and product delivery performance,dsecribed in detail

A In Section 3.2the 12 Use Casof worldwide flood eventsused for the thematic
accuracy assessment of ti@bserved Flood Extemind Reference Water Maslnd for
analysinghe general plausibility of thExclusion Maskare described in detalil.

A In Section3.3, the reference datasets fdhe 12 Use Casgof worldwide flood events,
which were used for the purposes of comparison with theserved Flood Exterind
Reference Water, and which were created independently and without any knowledge of
the methods used for the GFM data, are desadilie detail

A Finally, inSection 3.4the computation of the KPer GFM service availabilitproduct
timeliness and user uptakend experienceis described in detail.

3.1Key Performance Indicators (KPIs) used for GFM gquality assessment

As outlined irthe Technical SpecificatiofSuropean Commission, 202@)e performance of

the GFM producis assessed and reported on a quarterly basis, using a minimum set of Key
Performance Indicators (KPIs) to moni8erviceAvailability (KP11), Product Timelines¢KP!

2), Thematic Accurac{KP43), Unique VisitordKPi4), Total Visitorg(KP45), Total Downloads
(KP16), andService Performance Experien@i€P17). The KPlaredescribedn Table3 below.

KPi2 and KP43 are further divded intovarioussub-categories as described ifsections 3.1.1

and 3.1.2 belowRegardindg<P#4, KP{5 and KRB, while no target valuearedefinedfor these
KPIsmonitoringthem over time povidesimportant feedback and should ideallindicate an
increasing or steady uptake and usage of the GFM pro&ucther details on how KRl KP4

2, KP4, KPB, KP46, andKP47 are calculatedare provided in Section 3.4 below.

10



In addition to the KPlIs listed Trable3, automated file quality checks are performed to eres

the consistent quality of all GFM output datasels. this end each file is comparedith the
GFMproducttechnicalspecifications, which cover geometric (spatial) resolution, Coordinate
Reference System, coverage (extent of raster fdajatype raster coding, metadata, data
format, and filenaming. Further details are providedAmnex 1

Table3: Definition of theKPIsused forGFM productand service quality assessment.

KPI NAME DESCRIPTION TARGE]
VALUE

KPH1| ServiceAvailability [Percentage the service was available to sgar quarter of a year. | >=99 %

KP12 | Product TimelinesdPercentage of products deliveredthin 8 hours (See Section 3.1.1 >=95 %

KPI3| Thematic AccuracyCritical Success Index (CSI) and o#teeuracymetrics computedby | >=70 %
comparingthe Observed Flood Exteand Reference Water Mask | (CSI)

with independent reference datasetéSee Section 3.1.2).
KPH | Unique Visitors |Number of unique users visiting via API / WW§ront-end -
application).
KP15 Total Visitors [Total number of user visits via APl / WiNI$ront-end application). -

KP16| Total Downloads |[Number and volume of data downloads via APl / WMSwreb -
download {ront-end application).

KP17 |Service PerformandPercentage chang@bsolute valuepf the mean response timor <20 %
Experience users of the GFM singkpage applicatiofy over a quarter of a year.

3.1.1 Subcategories of KP2 (Product Timelinessused for GFM quality assessment

KPi2 (Product Timeliness) refers to the total time from actual observatiba Sentinell
scene to availability of the neaeattime GFM output layers for access and dissemination to
users.Asis shownin Table4, there arethree mainsub-categoriesof KP42:

A KPl2arepresents the endo-end timeliness of the Sentinéldata flow from the satellite
sensor to availability to users of the GFM flood products. Sentirtklta is available for
the GFM producvia a dedicated ES#ub (i.e. the Copernicus Data Hub).

A KP#2b represents the timeliness from availability of Sentidetiata on the Copernicus
Data Hub to availability to users of the GFM flood products.

A KPI2c complements KP2a and KP2b, by indicating the timelinessdm retrieval and
download of the Sentinel dataset at EODC to availability to users of the GFM flood

products, for further uptake.

EachKP¥2 subcategory representsdividual timestages of the data flow of the Sentingl
datasets, ass illustrated inFigurel below. As can also be seen Table4, the three sub
categories of KF2 are further subdivided based on the initial Sentinglproduct timeliness
categories- referred to asNRF3h and FAST24h - which indicate the expected publication
delay on an ESA data hub after a Segltihimage acquiton.
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Table4: Definition of KPIs used for quarterly reporting of product timeliness of the GFM
product, including for Sentinell NRT3h and Fasf4h products.

TIMELINESS KPI DESCRIPTION

MEASURED
From image KPi2a |Percentage of all products delivered in up to 8 hours, measured betwd
acquisition to user sensing and accessibility by user.

KPt2a- |Percentage of all 3INIRT products delivered in up to 8 hours, measure(
NRT3h |between sensing and accessibility user.

KPi2a- |Percentage of all FAZRh products delivered in up to 8 hours, measurg
FAST24h [between sensing and accessibility by user.

From ESA to user KPI2b |Percentage of all products delivered in up to 8 hours, measured betwyd
availability onESA Hubs and accessibility by user.

KPI2b- |Percentage of all 3INIRT products delivered in up to 8 hours, measure(
NRTF3h |between availability on ESA Hubs and accessibility by user.

KPi2b- |Percentage of all FA&Bh products delivered in up ® hours, measured
FAST24h [between availability on ESA Hubs and accessibility by user.

From EODC to user| KP#2c [Percentage of all products delivered in up to 8 hours, measured betwd
availability on ESA Hubs and accessibility by user.

KPI2¢c- |Percentagef all 3HNRT products delivered in up to 8 hours, measureg
NRTF3h |between availability on ESA Hubs and accessibility by user.

KPI2¢ Percentage of all FAZRh products delivered in up to 8 hours, measurg
FAST24h |between availability on ESA Hubs autessibility by user.

Pucation o £

- KP|-2-a -

- KPI-2-b

A KPl-2-C —-

Processing Timestamp Available at EODC GFMS Publication Timestamp

Figurel: lllustration of endto-end data flow of Sentinell datasets, used to compute GFM
product timeliness (KRR). Timestamps are the responsibility of ES#W green, the
contractor (in blue), andthe user(in purple).

3.1.2 Subcategories of KPB (Thematic Accuracy) used for GFM quality assessment

During 2023, thehematic accuracyf the GFM productvas assessed and reportéor 12

Use Cases of worldwide flood events (described in Se8tibbelow. The thematic accuracy
assessmenof the Observed Flood Extefiior example)sbased on theéx2error matrix that

comparesd 2 0 A SNIWSRE C[ hh5 | yR iban inddpéntiebrefeidncé LIt S  LJ
dataset,with thoseclassified by the GFM produdthe error matrix is illustrated iRigure2.

The accuracy metrics computed from tleeror matrixare defined inTable5.
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Observed

FLOOD NO FLOOD

FLOOD A B

Detected

NO FLOOD C D

Figure2: 2-by-2 error matrix used tocompute the thematic accuracgf the GFM product
by comparingobserved and detected sample points (total number = A+B+CfidpachUse
Case

Table 5: Definition of KPIsused for thematic accuracassessmentof the GFM product
(computed based orthe 2-by-2 error matrix shown inFigure2).

KPI NAME DESCRIPTION FORMULA |[TARGH
(see Figurd) | VALUH
KP13a|Critical Success Index |Proportion of the observed and detected FLOQ [A]/ 70-80
pixelscorrectly classified. [A+B+C] %
KPI3b|Bias Ratio of detected to observed ®0OD and NO [A+B]/
FLOOD pixels.v@r-detection > 1. Uhder- A+ C] 1.0
detection < 1. Nutralerrors: = 1.0
KP13c|Overall Accuracy Proportion of the total number of sampleopts [A+D]/ > 95 o4
(FLOOD and NO FLO@brectly classified. [A+B+C+1]

KPH3d|Commission Errofover [Proportion of detected FLOOD pixels that are |
detection; false positive) |FLOOD in the observed pixels.

- | aSNXa ! OO dgProportion of detected FLOOD pixels that are
(complement of KP8d) [FLOOD in the observed pixels.

KPI3e|Omission Errofunder  |Proportion of observed FLOOD pixels that are
detection; false negative|FLOOD in the detected pixels.

- |t N2 RdzOSNX & |Proportion of observed FLOOD pixels that are
(complement of KP8e) [FLOOD in the detected pixels.

[B]/[A+B]| <5%

[A]/[A +B] | > 95 %

[Cl/[A+C]| <5%

[A]/[A +C] | > 95 %A

Accuracy estimationareimproved using stratifiedr poststratified estimators(Card,1982)
(Olofsson et al., 2013 stimation ofoverall and per class accuraafythe GFMoutput layers
shouldin theoryinclude the knowrclassareas to improve estimation of the proportion of
correctly mapped sampleddowever, br this Use Case evadtion, no stratification or
weighting wasneeded, as the pixeHevel validation is equivalent to a very dense random
sampling scheme.

hyOS GKS h@SNI faf SEdEsdeRrdzchBadtly astinmatédhe ¢onfidence
intervals for those estimatesre calculatedOlofsson, et al., 2014The objective is tetate

the true accuracy of a produdtg. to claim a certain target accuracy with artzn level of
confidence (e.ga minimum 85% accuracy at a 9%¥%nfidence leel). A complenentary
aspectof such an approach is that the error matrix and class proportions can produce
unbiased area estimates for each class with associated confidence intervals.
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Theaboveerror measures satisfy the principle§equivalence of evds, i.e.FLOORNdNO
FLOOIRases, are equally important. However, the latter class is usually dominant outside the
flood extent,somanyreported measure mightindicate a biased result (toward$éO FLOOD
accuracy)ln this context, lhe Critical Success dlex (CSl)s particularly usefuivhereclassified
events occumuchless frequently than the nenccurrence of the event.

Another useful measurés the bias (or bias ratig. A biasof 1.0 means that the measured
SNNEB NE | NB @GoyiSiskionErrdrs¢false pasitivie& and Omission Errors (false
negative$ atequalmagnitude.Whenbias< 10 or bias > 1.0an under or over-detection of
events will be observedrespectively Bias thus combineshoth Commission and Omission
Erors in a single metrj andalso helps to find an optimablution between both cases.

3.2Use Caseof worldwide flood events, used for quality assessment Gbserved Flood
Extent, Reference Water Mask, and Exclusion Mask

In order to validate theObserved Flood Exterdand Refeence Water Mask, a carefully
designed sampling scheme is required, since the nurabpixelsistoo large for a complete
survey.A proper and efficient samplingchememust adhere to procedures that ensure
statistical rigorand accommodatg@ractical realities in terms of cost and time constraints.

As stated in the Technical Specificatiaropean Commission, 202@)ethematic accuracy
of the GFM productmust beassessedhrough regular offine interpretatons of the same
Sentinetl scensfor selectedUse Caseof worldwide flood eventshat are representative of
different environments and geographimcations throughout the world.

In order to ensure that the selectddse Casgare well distributed, he Gbbal Environmental
Stratification(Metzger et al., 2013Vletzger, 2018)s used.This approach distinguishes 125
stratawith relatively homogeneous bioclimatic conditiqaggregated into 18 environmental
zones.Use of thisdatasetenablesthe grouping ofsamplepointsinto meaningful categories
(strata), and identification ofparticular issues within regions of similar environmental
conditions. Furthermorethis stratificationensures tha{a)the evaluation of theUse Cas®is
more systematit¢han if UseCassare selected randomly, and (b) tlketailedanalysis ofthe
flood eventswill encompaswarious environmental zones.

For each reporting quarter of the 2@2GFM product and servicguality assessmentJse
Cass of worldwideflood eventswere selectedbased on the followingteps

A An initial checls made for food eventsoccurringduring thereportingquarter, based on
news reports, online resourcedor monitoring flood eventge.g. Floodlist!), and the
Copernicus Emergency Management SeQidapid Mapping activatiof’

A A check is then made of whether identifildod evenswere covered with a Sentinel
satellite imageacquisition based on th&sFM producbutput layerd { S y- Rogt&int
YR a Sl Réablel),accessible Gthe GIoFAS Map Viewer

A Continuouschecls duringthe year ensure that selectedse Caseare well distributed
both globallyand considering S i T FWSHdIBRVironmental Batification.

11 https://floodlist.com/
12 https://emergency.copernicus.eu/mapping/list -of -activations -rapid
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A A final check is made that the selectelde Casesatisfythe abovefactors while also
considering pasflood events covered by th&FM productindanyrecent flood events.

The maindetailsof the 12 Use Caseof worldwide flood eventghat were selected for the
guarterly monitoring and reporting of the thematic accuracy of BEM productincluding
their distribution ina S i T BRDEDENvironmental Stratificatipare summarizedn both

Table6 and Figure3 below. Furtherinformation on the 12 Use Cas® includingdescriptions
of the flood events, an overview of the areas of interemtdthe Exclusion Magkand their
distribution within the 18 global environmental zones of Metzgeg provided iMAnnex2.

As can be seen ihable6, five of the selected Use Cases were flood events that occurred
during 2023, which were mapped by the operational, near-teaé GFM product generation,
while seven of the Use Cases were@leevents that occurred during the period 202021,
which are included in the GFM-processed Sentindl archive of worldwide observed flood
events and water extent.

Table6: Overview of thel2 Use Casgof worldwide flood events that were used for the

quarterly thematic accuracy assessment of tk&=M productduring 203.

QUARTH USE| LOCATION OF FLOOD EVE DATE OF | GEOGRAPHI|GLOBAL ENVIRONMEN
CASE FLOOD EVEN REGION STRATIFICATION
Q1 1 |USA- Texas College Station; 29.08.2017 | North Americal N ¢ Hot and dry
Brazos County; Texas.
2 |Morocca Souss River, southe| 09.01.2021 | North Africa N ¢ Hot and dry
Morocca
3 [Myanmar. Delta of Irrawaddy | 21.07.2021 | Southeast Asi{ R¢ Extremely hot and
(also Ayeyarwady) River, moist
Myanmar.
Q2 4 |France River Aude, Aude 16.10.2018 Europe K¢ Warm temperate anc
department mesic
5 |Indonesia Barito River, South| 29.03.2023 | Southeast Asi§ R¢ Extremely hotand
Kalimantan moist
6 |[ltaly: Lavezzola, Ravenna, 16.05.2023 Europe K¢ Warm temperate and
EmiliaRomagna mesic
Q3 7 |Venezuelallanos (grassland | 29.07.2017 | South Americd Q¢ Extremely hotand
plains), Rio Apure / Rio Arauc Xeric
8 |BangladeshChattogram 10.08.2023 SouthAsia R¢ Extremely hotand
Division, around Chittagong moist
9 [GreecePalamas, Karditsa 07.09.2023 Europe L¢ Warm temperateand
xeric
Q4 10 [Portugat Coimbra, Mondego | 23.12.2019 Europe K¢ Warm temperate anc
River Basin. mesic
11 [India: West Bengal and Odish{ 22.05.2020 South Asia | Q¢ Extremely lot and
Xeric;
R¢ Extremely hotand
moist
12 [Dominican Republicnear 23.11.2023 Caribbean R¢ Extremely hotand
Arenoso, Duarte / Maria moist
Trinidad Sanchez
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Figure 3. Spatial distribution of the 12 Use Casgof worldwide flood events within the
Global Environmental tgatification (Metzgeret al., 2013)

3.3Rderence datasetdor Observed Flood Exterand Reference Water Mask

The thematic accuracy assessment of the GFM output layers Observed Flood Extent and
Reference Water Mask (as well as the Exclusion Mask) has been carried out using an approach
based onl2 Use Cas® In accordancevith good practice guielines(e.g.Olofsson, Foody,
StehmanandWoodcock, 20130lofsson et al., 2014jproduct validation can be based either

on independent and higher quality reference data, or (if such data is not available) on an
independent higher quality production methodology. Sinoelependent, higher quality
reference data are not available for any of th2 Use Casg the quality assessment applied

here uses the GFM production data and applying a higfuatity methodology.

A semiautomated approach was therefore used, as desmtibelow, that was tuned to the
context of theUse Casg and visually controlled (and adjusted where required) to create the
reference datasets of the begiossible quality. However, due to the large areas covered by
the Use Case we cannot claim that th reference raster datasets contain no errors.
Nonetheless, we denote the reference raster dataset as "ground truth" which means that
potential errors stemming from the serautomated approach will contribute to the analysed
errors, thus loweringhe values of the KPIs (i.eorrectly detected floodr water in theGFM
productthat has not been correctly mapped in the reference raster).

Clearly, a fully manual mapping of the presentése Caseis not feasible, due to the large
areas covered and the uncarhty of exact delineation of contiguous flooded regions based
on the Sentinell backscatter data. Therefore, a complete picture of the estimated thematic
accuracy will be obtained using a validation approach based on sample points.

In the thematic accuray assessmentior eachUse Case¢he Observed Flood Extergnd
Reference Water Masére comparedwith locally trained and manually enhanced flood
water mask (i.e. the reference datasets)
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For eacHJse Casgethe reference datasets were created by regudérline interpretations of
the GFM production data (i.e. Sentifkelimagery) and other data (e.gptical and radar
images, and irsitu datg where available). The resulting flood and water maskse thus
created independentlpf the methods used fothe GFMlood and water mapsForeachUse
Casethe date and geographic area of the reference and GFM datasets were the same.

For each Use Case arethe thematic accuracy metricdisted in Table5 are derived by
comparingselectedsample pointggrid-cell§ in independently created reference datasets
with those classified by the GFM flood and water mapping algorithiing.main accuracy
metricis the Critical Success Index, a commonly used verification measure that combines hit
rate and false alarm ratio into one score for low frequency events (such as floods).

The accuracy assessment wasawcted by comparinggt a pixellevel, the referencelatasets

with the FLOOD / NO FLOOD maps (for Observed Flood Extent) and the WATER / NO WATER
maps (for the Reference Water Mask). All datasets wergarapled to a dense, regular grid

of 100x100 metres, and including the following further steps:

A AILIAEStAa 6AGK ab2 5104Fé @IFtdzSa 6SNBE SEOf dzR S
A All pixels included in the Exclusion Mask ($ablel) were not considered.
A The Likehood Values of pixels (s@@blel) were notconsidered.

The creation of thendependentreference datasets is described below.
3.3.1 Reference datasetfor Observed Flood Extent

To create reference datasets for tli@bserved Flood Extend highquality flood maskvas
created using amdependent semautomatedmethod, with visual enhancemenbDynamic
local thresholding methods, mainly followirigose described inLudwiget al. (2019) and
Tweleet al.(2016),were appliedto Sentinell data(seeGFMProduct Definition Documerfy).

The threshold between water and nemater pixelsis derivedby tiling theSentinetl images

into 100x100 pixel patchegach ofwhich is further tiled into four subpatches. Tilesvith

permanent water bodiesi.e.02 YLI NBR gAGK 'y 200dz2NNBYyOS B T1p
Water Layer datasgPekel et al.2016)areremoved from the threshold computaticspthat

only flooded pixelsare considered. Tileghat potentially contain water a selected by

analysing statistical relations between tiles and-$ilds (Tweleet al.,, 2016).

Additionally, the value for each patch in the Height Above Nearest Drainage (HAND) terrain
model (aDEMnormalized using the nearest drainageylerived. TheHAND index is used to
exclude patches from tile selectidhat cannot be flooded based on physical considerations.
Only patches with at least 20% of pixels with a HAND valli2are considered

The water/ non-water thresholdis computed by applying the Otsu algorithi@tsu, 1979jo

eacha St SOGSR mnnEmnn LIAESt (Af &ervaldlatgtiifor dagh | | NJ
tile to measure the bi/ uni-modality per tile(Hartiganand Hartigan, 1985)The thresholds

arethen filtered by comparing the tile statistics with the statistics of the whole image and the

Dip test values with a threshold that indicates high bimodality.
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The 10 most viable tile thresholdsre then averaged to get the final global threshold
ultimately appled to the input backscatter image.

To facilitate the comparability of the predicted and reference flood masks, the reference
water datasetsare masked with the same layersg. Exclusion Maskpermanent/ seasonal
water, topographic shadows) as the endadmproduct Manual enhancemenis performed

using SentineR imagery to remove false positives from the referemagasets From July
2023onwards, we were able to access data from the Copernicus Contributing Missions that
are used in the Rapid Mapping tAations bythe Jint Research CentreRd. This further
facilitates the manual enhancement wherever an activation overlaps wittugerCase

3.3.2 Reference datases$ for Reference Water Mask

The reference datassffor the Reference Water Maskce generatedoy dynamic thresholding
of optical and SARnagery separatelylLudwig et al., 2019artinis et al.,2009), usingpre-
processed Sentind (S1) and Sentinef2 (S2) images S2 L1C dataare atmospherically
corrected using the Sen2Cor Pessor ¢2.8). @ouds and cloud shadovese maskedwith the
Sen2CpScene Classification (SCL9lod-shadow detectionsalsoappliedto the time series
to removeOmission Errar due to similaappearanceof cloudshadow and water (Ludwig et
al, 2019).Sededregiongrowingis used to fill gaps in incompletely detected shadows.
Gommission errorare removedwith the Cloud Displacement Indékrantzet al, 2018)

Monthly imagesare combinedwith composites calculated by the geometric med{&oberts
et al.,2017). Depending on environmental conditions, the quality of the Sen2Cor classification
can varyleading to artefacts in the resulting composites due to undetected clouds.

Dependingon the land cover of the area of interestultispectral indicesi(e. Normalized
Difference Water Inderr NDW] Modified NDW| and MultiBand Water Indexare derived

from monthly image composites or single scer@stical water detectiorisapplied on equal

sized tiles (e.g100x100 pixels) of theggregated multispectraindices. Only tiles with
meaningful HAND values and varianadmve the 95" percentile of all tilesare usedto
determine the global threshold using the median. The global threshold is then adapted for
each tile by weighting it with the mean of the neighbsing local thresholds.

The SAR water detectiarsesmonthly VV/polarieed backscatter statistic&1 imagesarepre-
processed gingSNAP (Sentinel Application Platfotflersion 8to carry outthe following
tasks: orbit corrections thermal / borderand custom border noise removal (if needed);
NI RA2YSUONRO OFfAONIGA2Y (2 o0l Ojter@dconmedon O2S T T
and speckle noise reductiorhe SARwater detection algorithm combines global and local
image thresholding, seedesgiongrowing and fuzzy logic peptocessing. Thresholdirg

done as described above, except that instead of local Otsu thresholding, an adaptive
thresholdingis used(Bradley and Roth, 200.7pmitted water pixelsre added to thewater
masksusinga seded regiorgrowing algorithm applied to each water body separatel.
post-processing proceduréMartinis et al.,2009)is usedto remove Commission Errar(e.g.
terrain shadow} The Sl and & water masksrefused by comiming all water pixels.

13 https://step.esa.int/main/download/snap -download/
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Thealgorithmfor processinghe surface watei(and flood)reference datasetsvas developed
as part ofa round robin exercis®rganized within the ES#®nded WorldWater project
(Tottrup, et al., 2022)Results of thimitiative showthat a dual sensor approach (combining
optical and radar satellitdata) - aswasused for the generation of the reference datastis
this quality assessment activitys the most effective way tperformlargescale national and
regional surface ater mapping across bidimatic gradients.

3.4Computation of KPIsfor service availability product timeliness,and user uptakeand
experience

In flood emergencies, near rédéime flood extent observatioms neededto supportdecision
making, and for timel definition of evacuation plans and routd3meis cruciain global flood
monitoring, to facilitate early warningand systematic mapping=or emergency response
services and other stakeholdetsnely accesgo aglobal flood monitoring produds a major
requirement A high quality and timely product, witk4/7 serviceavailability will foster user
dzLJG I 1 S -Inyf R Yi@c@ detection,aimed at reducinghe sociceconomic impact

As outlined in Sectio8.1 abovein addition to KRB (Thematic Accurac), the following KPIs
areused for the GFM product and service quality assessniditl (Service Availability, KP4

2 (Product Timelinesg KP#4 (Unique Visitorg; KPI5 (Total Visitorg; KPi6 (Total

Downloadg; andKP47 (Service Perforrance Experience

Service availability(KP11) is considered with reference to the API, WW&nd frontend
application that are the usefiacing components of the GFM product. Availability is measured
as the percentage of successful requests returned from the individual service components
overthe reporting quarter, ensuring the healthiness and functionality of the component.

Product timelinesgKP42) refers to thepercentage of the near regime GFM output datasets

that are delivered within 8 hours, measured from thetual observation of &entinetl scene

to the availability of the GFM outpudatasetsfor access and dissemination to useffie
information used to calcute KPi2 and its subcategoriesis retrieved via metadata
accompanying the initial Sentin&lscene, or the Sentindl Levell IW GRDH metadata or
generated by the GFM production system itself. The metadata used to compute the KPIs for
product timelinessare summarized iMmable7.

As already mentioned, actual user uptake and experience of the service are measured based
on thetotal number of unique service userd<Pi4), total number of usergKP15), number
and volume of data download$KP46), andthe serviceperformance experiencéKPi7).

KP4, KPH and KR6 describe user uptake (visitors and downloads) via the APl / \WWMS

web download (frortend application), and are pure metrics each representing a total number

over the reporting period. Anonymous usiformation is used to differentiate individual

users provided by the CEMS identitfN2 A RSNX» 9 OK AYRAQGARdz £ dza$S
to aggregate and report via the specific KPIs. The data volume accessed or downloaded via
provided service emubints (KRB) is reported based on the actively maintained metadata
infrastructure for the corresponding information of the GFM product.
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KP47 delineates the user experience exposed by the serwigethe GFMdedicated single
page web applicatioh), by utilising automated Web User Interface (WebUI) tests simulating
user interactions with the browser. The objective of this KPI is to demonstrateotiar a
consistent response behaviour of the service over time to the user, and to anticipate potential
bottlenecks to ensure user satisfaction.

Table7: Variables and metadata sources used to compute the product timelin@d2t2) of
the GFM product.

# VARIABLE METADATA SOURCE ATTRIBUTE

1| Image observation|Sentinell Levell IW GRDH metadata exposed by the Copernicus| time_begin
timestamp and included in the manifest file of the Sentirietiata file (SAFE).

2 Publishedon Metadata exposed by the Copernicus Hub. insert_date
ESA Hub
3 Available at Metadata retrieved after downloading of SentirklLevell IW GRDHdb_insert_datd
EODC data at EODC and ingesting metadata in GFM metadata databas

4]  Accessibleia |Metadata created and stored by GFM production system, indicatil creation_date]
GFMproduct  [completion of the production workflow of a Sentirklscene.

5 Total no. of Metadata database used to store metadata of downloaded Senfin scenes_total
Sentinell scenes |Levell metadata, representing a count of all inserted scenes.
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4. Thematic accuracyssessmenof the GFMproduct

The thematic accuracy results for the GFM output layers Observed Flood Extent and
Reference Water Mask, for thE2 Use Caseof worldwide flood events, are presented in
Section 4.1 below. The results are discussed separatedatitUse Casi Sectiort.2 below

In addition to thethematic accuracy assessment of the2 Use Cases, a qualitative assessment
of the GFM results for the flood disasteaused bythe destruction of the Kakhovka
hydroelectrc dam in the Kherson region of southern Ukraine, on 6 June, 20p8esented in
Section 4.3 below

4.1 Thematic accuracy results f@bserved Flood Exterand Reference Water Mask

The thematiaccuracie$or the Observed Flood Exteand Reference Water Mask, for thé&

Use Casg are summarized ilmable8 and Table9. Note that the resultpresentedin Table9
areonlyfor the permanent water, and not theseasonal watey of the Reference Water Mask.
This isdue tothe major discrepanciethat exist betweernthe seasonal water extent in the
GFM product and the reference datase®ne reason for this is thahe GFM producbnly

uses SAR data tdetect water, while the reference datasetsse SAR and optical data
Qubstantial intraannual variability islsoobserved for some rivergjivingd & Jarfd-iJS LILIS NE
differences along the water / newater border, between theGFM and referenceeasonal
water. Finally, due tothe ephemeral nature of seasonal water, finding reference satellite
images that coincide with the seasonal water exterdften not possible.

Table8: Thematic accuracy dDbserved Flood Extenfor the 12 UseCases, based onCSlI
(KP13a, target = 700), Bias (KF3b, target = 1.0), Overall Accuracy (K3, target > 95%),
Commission Error (KRd, target < 5%), and Omission Error (¥l target < 5%)
Commission and Omission Errors for NO FLOODshosvnin square brackets.

# USE CASE KP43a (%|KP13b|KP13c (%6|KP13d (%9)|KP13e (%9
1 [USAg Texas(29.08.2017F 61.6 [0.642] 99.1 | 2.5[0.9] |37.4[0.0]
2 |Morocco(09.01.202) 18.1 ]0.211] 99.9 [12.1[0.1](81.4[0.0]
3 |Myanmar(21.07.202) 11.0 |0.121] 95.0 | 7.7[5.0] [88.9[0.1]
4 |France(16.10.2018 71 0.756| 99.6 | 3.6[0.4] |27.1[0.0]
5 |Indonesia(29.03.2023 69.9 [0.929] 99.6 (14.6[0.3]20.6[0.2
6 |ltaly (16.05.2023 82 0.852| 99.7 | 2.0[0.3] |16.6[0.0]
7 |Venezuela29.07.2017) 710 [091| 97.5 [13.0[1.7]20.6][1.0]
8 |Bangladesh{10.08.2023) 77.8 [ 099 99.2 [12.2]0.4]12.8[0.4]
9 |Greece(07.09.2023) 82.1 0.9 97.3 | 4.8[2.4]|14.3[0.7]
10[Portugal(23.12.2019) 70.0 |0.793] 96.6 | 6.9[2.0]|26,1][0.4]
11}India (22.05.2020) 70.9 [0.894| 97.9 [12.2[1.5]21.4[0.8]
12(Dominican Republi¢23.11.2023 64.1 |0.789] 96.6 [11.5[2.8]30.1[0.9]
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Table9: Thematic accuracy dReference Water Maskpermanent water) for the 12 Use
Cass, based onCS(KP13a, target = 700), Bias (KF3b, target =1.0), Overall Accuracy (KPI
3c, target > 95%), Commission Error (88) target < 5%), and Omission Error (K3l target
< 5%) Commission and Omission Errors for NO FLOODshosvnin square brackets.

# USE CASE KP13a (%|KP13b|KP13c (%|KP13d (%|KP13e (%
1 |USAC Texas(29.08.2017) 61.9 |0.644| 97.7 |25[2.3 (37.2[0.1]
2 |Morocco(09.01.2021) 81.6 [1.212 99.9 [18.0[0.0]| 0.6[0.1]
3 |Myanmar(21.07.2021) 835 |0.910] 99.1 |4.5[07] |13.1[0.2]
4 |France(16.10.2018 860 [1.137| 998 [131[0.0]| 1.2[0.2]
5 [Indonesia(29.03.2023) 32.8 |2.566 97.9 [65.7[0.1]] 1.9[1.9]
6 |ltaly (16.05.2023) 86.3 [1.077| 99.3 [10.7[0.2]| 3.7[0.6]
7 |Venezuela29.07.2017) 67.5 |1.345| 97.9 [29.7[0.3] 5.5[2.0]
8 |Banglades(10.08.2023) 73.8 |1.149] 97.7 |[20.6[0.7] 8.8 [1.8]
9 |Greece(07.09.2023) 72.4 |1.380] 99.9 |[27.6[0.0] 0.1[0.1]
10|Portugal(23.12.2019) 742 [1.107] 99.7 |18.9[0.1]10.3[0.2]
11{India (22.05.2020) 62.4 |0.745 98.4 [10.0[1.3]33.0[0.3]
12|Dominican Republi¢23.11.2023 60.0 [1.059] 99.7 |11.5[2.8]30.1[0.9]

4.2 Discussion othematic accuracyesults forObserved Flood Exterand Reference Water
Mask

The thematic accuracy results for t@served Flood Exteand Reference Water Mask, for
eachUse Caseare discussed below. Of the accuracy metrics thategperted inTable8 and
Table9, the analysis and discussion focuses lo& €SIKP13a) and- for completeness and
due to their frequent usage for other mapping produetsrrors of Commission (k&d) and
Omission (i.e. KRBe). Clearly, Overall Accuracy (i.e.-B&lis notvery meaningful in the
context of detecting rarélood everts and water, as noflood and nonwater areas dominate
the results.Note that for each Use Case, the permanent water class oR#ference Water
Maskwas computed across all Sentifieimages available in 202ZD21.An overview of each
Use Case, and thassociated flood event, is providedAmnex 2

4.2.1 Use Case LISA; Texas, 29.08.20)7 Discussion ofesultsfor Observed Flood
Extentand Reference Water Mask

As can be seen iRigure4 and Figure5 below, the Observed Flood Exterghows good
agreenent with the reference datasefThe CSkalueis 61.9%, withan overall accuracyf

97.7% TheCommission Errq2.5%)s below the targetindicating that overdetectionbythe

GFMproduct occursarely. The Omission Errois much highe¢37.1%, meaning that theGFM
product substantially undeestimatesthe true flood extentin this case TheseOmission
Errors arisebecause the flood exterdf the reference datases often slightly largethan that

of the GFM productand the reference datasetlsoidentifies more flooded areas.

For theQlUse Casg the performance of the&GFMindividualalgorithms wasalso assessed

Thisshowedthat some algorithms detectefloodingwell, but due to the majority ranking of
the ensemblealgorithm the final Observed Flood Extedid not contain these floods.
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ForUse Casé, one peculiarity waghat one algorithm did not cover the fudirea soflooding
wasonly detectedwhenthe results from theother two algorithms matched.

Similar to theObserved FloodX&ent, as shown irFigure6, for the Reference Water Mask
there are discrepancies betweethe permanent waterof the GFMproduct and of the
reference dataset The Omission Error (23.1P4s also higher than the Commission Error
(15.3%). This is especially prominent in the continuous detection ofsrig®me rives are
not capturedby the GFMproduct, but they are present in theespectivemonthsassessed
The reference dataset contains theseers,as showrnn the difference map irfrigure6.

v
. ¥ A
10 20 km © Joint Research Center
Global Flood Monitoring

Figure4: Use Case & ObservedFlood Extent from the GFM (togeft) and the reference
dataset (topright); Sentinetl SAR data (bottom left); difference map (bottomght).
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[ SS—
Figure5: Use Case ¢ Difference map between Observeldlood Extent of the GFM and the
reference dataset, showing the highBgreeingresults (in blue), and slighinder-estimation
(in red) by the GFM compared with the reference dataset.
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30,11°N 96,15°W Month: July

Reference Dataset

0 1 2km

(middle), andthe difference map (right), showingignificant omissiongin red) by the GFM
product, as river courses are not fully detected.

4.2.2 Use Case 2Morocco, 09.01.202)1- Discussion ofesults for Observed Flood
Extentand Reference Water Mask

Heavy rainfall affected parts of Morocdn early 2021Some areas, such as Casablasuad
the regionof the Souss Rivejone of the longest rivers in Southern Morogcexperierced
intense rainfalthat started on6 January2021, and causedlash floods. According to media
reports, one person died and four were injured in Casablanca. Several heeisedamaged
and a number of roads were not accessible due to floodwéters

Flash floods occurredlong the Souss River, which characterized by large basin.This
suggests that during flood events, the majority of water is contained within the riverbed,
minimizing flooding in adjacent areas along the river. Adsdhis floodevent, the majority

of the flood water remained in the "dry" river bed.

As can be seen meeFigure7 and Figure8, the Observed Flood Extent of th@FMproduct
and of the referencedatasetshows a limited amount of overlaprhe GFMproductdetected
much less water than the referenakataset which resulted ira very low CSlalue (8.1%.
Whereas the referencelatasetcaptured flooded areas in the riverbed, the GRdduct
almog did not map anywvater extent The Sentinell radar image shows that several areas in
the river bed along the whole lower stream of the Souss River contain water after rainfalls.

The Commission Errer(12.1%)indicatesthat the GFMproduct sometimesletected water
wherethe referencedatasetdid not. The Omission Erro81.4%) issignificantly higherwhich
isthe main cause fothe low CSI. fie bias islsovery low (0.211; target 1).

As for Use Casel, the GFM individual algorithms weralso compared One algorithm
detectedalmostno water, which stronglaffectedthe ensemblaesultas it contain®nlythe
matching areas of th@ther two algorithms. Hence, the flood aredetected by the GFM
productwas much lower than the reference dataset.

14 https://erccportal.jrc.ec.europa.eu/ECHO -Products/Echo -Flash#/echo -flash -items/20243
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The permanent wateof the Reference Water Masik the GFMproductand of the reference
dataset fit better than theObserved Floodxent, asreflectedby the highCSkalue (81.6%
Both datasetsncludethe Souss Rivern seasonal rivawhich only haswater intermittently.
Therefore the permanent water does natcludethe river basingxcept for theriver-mouth
(at the Atlantic Ocealy where the river basin isnore or less permanently waterovered.
However, there are also some differences in this area between the @bMict and the
reference dataset, as thirmer classifiesas permanent wateareasthat seem to besand
dunes(seeFigure9). In this region, the river basin and its single estuaries changsiderably
from year to yearsodetecting permanent water is very challenging.

Morocco
M Enser

X WA 2 Z avt . i~
0 10 20 km © Joint Center
[ S (dode) Flond Mohtriog

Figure7: Use Case 2 ObservedFlood Extentfrom the GFM (topleft) and the reference
dataset (topright); Sentinetl SAR data (bottom left); difference map (bottomght).
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Morocco
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Figure8: Use Case & Difference map betweerObservedFlood Extentof the GFM and the
reference dataset, showing the highbgreeingresults (in blue), and slighinder-estimation
(in red) by the GFMproduct compared with the reference dataset.
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Month: December

Morocco 30,36°N -9,58°W
GFM Ensgmble g 4 . 3

- JReference Dataset = Ml Validati

— Commission (GFM: YES/Reference: NO)

0 1 2km © Joint Research Center
Gobal Flood Manitorina

Figure9: Use Case 2 Reference Water Mask of th&FM(left) and thereference dataset
(middle), andthe differencemap (right),showing similapermanent water n the upstream
river region, andarger differencesat the river mouth andthe coastline.

4.2.3 Use Case 3Myanmar, 21.07.202]) - Discussion ofesults for Observed Flood
Extentand Reference Water Mask

Heavy rains and floods resultifgm amonsoon weather system affected southeastern parts
of Myanmar, in July 2021. The heavy rainfalls caused ainisever levels and dangerlevel

of somemajor rivers and dams were exceeded. The floldsto crop damageespecially
within paddy fields.

As can be seen irigurelO, for this Use Cagbe Observed Flood Extent of tl@FMproduct
and of the reference datasedliffer significantly similar to Use Case Zhe CSlalue (1.0%
is very low,with the major prdolem again beinga substantialunderdetection of flooded
areas leading to a very higlbmission Erro(88.9% for this Use Case

In order toinvestigate the root cause of the high Omission Entoe performance of th&&FM
individualalgorithmswasassessed\o single algorithm had exceptional outliers (e1g.data,
incomplete coverage),but all detected less water than the reference dataset. Some
algorithmswere close to the reference dataset, but due to other algorithms detecting less
flooding, the ensemble majorityule resulted in larger deviations frotthe reference dataset.

As can be seen irigurel2, the permanent watepof the Reference Water Mask detected by

the GFMproductandby the reference datasetmatch very wel(CSE 83.5%). Rivers and
permanentwater areas are wll mapped irboth datasets
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FigurelO: Use Case 8 ObservedFlood Extentfrom the GFM (topleft) and the reference
dataset (topright); Sentinell SAR data (bottom left); difference map (bottomght).
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Figurell: Use Case 8Difference map between Observe@loodExtent of the GFM and the
reference dataset, showing thagreeingresults (in blue), andiighunder-estimation (in red)
by the GFMproduct compared with the reference dataset.
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Myanmar 84oN 94, Month: September

GFM Ensemble Reference Dataset

Figurel2: Use Case 2 Reference Water Mask of th&FM(left) and thereference dataset
(middle) and the difference map (right), highlighting differences of seasonal water
detection in cropland

4.2.4 Use Casel (France,16.10.2018 - Discus®n of results for Observed Flood
Extentand Reference Water Mask

As shownin Table8, for Use Casd the CShalue 1% for the Observed Flood Exters
satisfactorywhile thebias(0.76) indicates an undeatetection comparedvith the reference
dataset.As shown inrable9, forthe permanent water of thdReference Water Maskhe CSI
(86 %) ishigh, whilethe bias(1.14) indicatesthat the permanent wateextentis slightlyover-

estimated.

Overall for this Use Casthe GFM product and the reference datasee ingood agreement
Figurel3 and Figurel4 showthat the main differences are due tounder-estimationof the
Observed Flood Extefiy the GFM product. Thisoncerns mainly agricultural fieldghich
are not captured in the GFM produds can be seen iRigurel5, for the Reference Water
Mask, the GFM product and reference dataset agree in most peres GFM productends
to overestimate the water extentas comparedvith the reference dataset. Thisan mainly
be attributed toborder pixels around the water loiies in the port area, anb fishpondsthat

are rather seasonah nature Additionally, some areas that are denoted as seasonal water in

the reference dataset are classified as permanent watehe GFM product.
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Figurel3: Use Case 4 ObservedFlood Extent from the GFM (togeft) and the reference
dataset (topright); Sentinetl SAR data (bottom left); difference map (bottomght).
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Figurel4: Use Case ¢Difference map between Observe@loodExtent of the GFM and the
reference dataset, showing the highbgreeingresults (in blue), and slighinder-estimation
(in red) by the GFMroduct compared with the referencalataset.
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Figurel5: Use Case ¢ Reference Water Maskf the GFM (left) and the reference dataset
(middle), and the differencemap (right), highlightingover-estimations (in yellow) by the
GFM productnear an artificial reservoir

425 Use Case 8r{donesia, 29.03.2023 Discussion ofesults for Observed Flood
Extentand Reference Water Mask

As can be seen ifable8, for Use Case 5 the G&lue 69.9% for the Observed Flood Extent
is satisfactorywhile abias of 0.93 indicates a slight under-estimaion comparedwith the
reference datasetAs can be seen ifable9, forthe permanent water of thé&keference Water
Mask the CSkhalue 32.8 %islow, whilea biasof 2.57 suggestthat the permanent water is
over-estimated.

As can be seen FFigurel6andFigurel?, a visual check of the GFM product and the reference
datasets shows atge agreemenfassuggested by the accuracy resultBhe saller red and
yellow patches ithe difference mapndicateover- and underestimations of the flood extent
from the GFM product comparedith the reference dataset.

For theReference Water Maskor this Use Casihe detection ofriversis ingood agreement
between both datasetswith slight over and under-estimatiors due to border effects. The
high over-estimationindicated by thebiasvaluefor the permanent water can be attributed

to a wetland area. As can be seenkigurel8, the GFM product classifies this as permanent
water, whereas the reference dataset delineates a much smaller area as permanent water
and partially as seasonal water.
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Figurel6: Use Case § ObservedFlood Extent from the GFM (togeft) and the reference
dataset (topright); Sentinell SAR data (bottom left); difference map (bottomght).
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Figurel7: Use Case §Differencemap between ObservedloodExtent of the GFM and the
reference dataset, showing the highlggreeingresults (in blue), andver- (in yellow) and
under-estimations (in red) by the GFMroduct compared with the reference dataset.
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Indonesia -2,48°N 115,13°W Month: November
Reference Dataset

I correct Flood/Water

Figurel8: Use Case § Reference Water Maskf the GFM (left) and the reference dataset
(middle), and the difference map (right), highlightingver-estimation (in yellow) by the

GFM productfor wetland areas.

4.2.6 Use Case @taly, 16.05.2@3) - Discussion ofesults forObserved Flood Extent
and Reference Water Mask

As can be seen ifable8, the Observed Flood Extent the GFMproduct and of the reference
datasetshows remarkable agreemeif€SI = 82%despite a significant amount of under
estimation (Omission Error 46.6%).This undefestimation is primarilydue to individual
agricultural fields dispersed around the pergly of main floodwater clustergnd seensto
be randonly distributed. On the other hand CommissionErors (2%) are low These
differences are highlighteh the difference map irFigurel9 and Figure20.

In the case of thepermanent waterof the Reference Water Maskhe agreementbetween

the GFM product and the reference dataset is similadgy high (CSI = 86.3%, bias = 1.077).
Here, the differences are characterized by eestimation Commission Erro= 10.7%),
rather than undefestimation OQmission Error= 3.7%)y the GFMproduct Many of these
errors are classification discrepaes:the GFMproductappears to includseasonal watein

its permanent waterNonetheless, ashownin Figure21, theoverall agreemenbetweenthe
permanent waterof the GFM product andf the reference dataseis remarkablyhigh.
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Figurel9: Use Case § ObservedFlood Extent from the GFM (togeft) and the reference
dataset (topright); Sentinetl SAR data (bottom left); difference map (bottomght).
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