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Disclaimer

This report is a product of the International Bank for Reconstruction and Development / the World Bank.

The findingsinterpretation, and conclusions expressed in this paper do not necessarily reflect the views

of the Executive Directors of the World Bank or the governments they represent. The World Bank does
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1. Introduction

¢ K ’Raportion technical support to MEWF for modeling flood hazard and fload(fiskher named the

Report) represents théourth Output as specified in the Reimbursable Advisory Services Agreement (RAS)
signed between the Ministry dEnvironment, Waters and Forests (MEWF) and the World Bank (WB) on
October 16, 2019or the provision & Teghnical support for the Preparation of Flood Risk Management

Plans (FRMP) for Romaiia 6 FdzZNII KSNJ y I YSR (KS t M@RBg@disitostppertKk S 2 3S1
the Government of Romania strengthen the capacity of the Ministry of Environment, VdaitdiForests
6a92Cu0 YR GKS bl iA2Yylf ISRYA YR BWONI & 2 yi KSEWMBY IAWALK S
second and third stages of the secondleyafthe EU Floods Directive (2007/60/EGN)imately, the WB

will provide supportto Romaniafor the development of the Flood Hazard and Risk Maps (FHRM) and

Flood Risk Management Plans (FRMBntributing to the improvement of theational capacities dr

flood risk management

Component 1 of the Project, the stocktaking assessment, was finalized with the deliveotpaft 1,

Report on Stocktaking and Workplam April 2020 During the stocktaking phase, the World Bank,

together with MEWF and ANARK 2 NP dzZAKf & aaSaasSR w2YlyAl Qa OF LJ OA
analyzed thdirst implementation of the EU Floods Directive (FiXhin the country This included an
assessment of the Preliminary Flood Risk Assessment of the first cycle (rejode@d 2012) and of the

second cycle (reportetb ECAY HamMdp0OX & o6Sftf Fa w2YlI YAl Qa FANAI
(reportedto ECin 2014) and the 12 Flood Risk Management Plans, one for each of the 11 River Basin
Administrations and one for th®anube (reportedto ECin 2016). This assessmenglso included a
comprehensivestudy on the dataavailability and quality needed under the Project. Based on this
completeassessment, th®/B prepared a detailed workplan for providing technical support ton@nia

for the developmentof the second cycle FHRM and FRMP within the implementation of the RAS, until
December 2022ndnow extended till June 2023

The underlying strategy of this workplan, as already agreed upon during the preparationRybiket in
2019 was built on two important activities: Support in the development of methodological guidance
(Output 2, Report on the review and update of methodological guidance provided EVM on the
following: (i) methodology for the assessment of dagas; (i) methodology for the evaluation of flood
hazard and risk; (iii) revision of catalog of flood risk management measures; (iv) methodology to assess
the impact of hydrotechnical works on ecosystems; (v) methodology for-tmostfit analysis; (vi)
methodology for multicriteria analysis; (vii) methodology for the prioritization of measures and projects.
deliveredin October2020and assistance to establish the knowledge base (OuWlpReport on technical
data collectedl deliveredin September 2021Thesawo deliverablesare thebasefor providing support

for the remainingdeliverables of the Projecthe modeling of flood hazard and flood rigkdescribed in

the presentreport (Output 4, Report on technical support to BWVF for modehg flood hazard and flood
risk), the preparation of draft FHRM (OutpbitReport on advice provided to BIVF in the preparation of
draft FHRM} the preparation of 12 draft FRMP (OutfijtReport on advice provided to BIVF in the
preparation of 1raft Flood Risk Management Plans for public consultatzom of 12 final draft FRMP
(Output 7, Report on advice provided to BIVF in the preparation of twelve (12) final draft Flood Risk
Management Plans andthe strengtheningof the administrative capaty in water management (Output

8, Report on technical support provided to BWF and ANAR for strengthening their administrative
capacity in water management



The methodological guidan¢@art of Output 2 delivered in October2020, built on the work doneby
Romanian the first cycleof the FDimprovingthe methodsleveragingnternational best practices anaf
EU Member Statescovering gapsand consideringdata availabilityand quality The new framework
consists of the following: (inethodology for Hazard Modeling and Mappijtii) methodology for Flood
Damage and Loss Assessment, ifigthodology for Risk Mapsnd (iv) methodology for Developing
Programs of MeasuresThis frameworkwill be usedunder the Projectto provide support for the
developmentof the modeling under Output 4the current report) theflood hazard and risknaps under
Output 5 and the plansunder Output6 and 7 usingthe existing and newlyollecteddata as repoted
throughOutput 3

The reportonthe technical data collecte@utput 3 delivered in September 2028ummarizel the work
leading to the collection and production of new data sets and the activities realized for the collection,
reorganization, and assessment of the existing data (e.g., datathefirst cycle FD implementation and
other projects).This data is beig used for the development of theazard and risknodeling part of the
presentreport and for the development of the magsd the plangart of the next outpus.

EU Floods Directive requires member states to develop FHRM as partsettred stagémplementation
of the directive.The results of completing the second stagethe FD the FHRM, are essential for the
development of the Program of Measures (PoM) that will tackle the flood megkuctionas part of the
FRMPThe maps need to bgreparedfor all 526 Area Potential 9gnificantHood Risk (APSFRIigefined in
the RreliminaryHood Risk Assessment (PFRANM 9 non-APSFR®Illowing the approvedmethodologies
andusingthe significant amount ohew datacollectedunder the Project the available data from the first
cycle and other projectsThis data includes meteorological and hydrological datapographic data
including Digital Elevation Mode(®TM) bathymetricalsurveys and information concerning existing
flood protectioninfrastructureand exposureand damagedata. Furthermore,hazardand risk modeling
need to be realizedor all flood sourceslefined in the PFRAuch as fluvialpluvial, flash floods, dike
breaches andtoastalwith the integration of climate changelhe hazardmodeling scopecovers 321
APSFRs and n&#PSRs For the remainin214 APSFRihe existing maps frorthe first cycle will be used
to integrate climate changeThecovers535 APSFRs andn-APSFR&inally, the modeling wiléad to the
development of the FHRM

During the first cycle, a significant number of hydraulic models were developed or used from previous
projects. In the stocktaking phase of the Project, the WB team assessedistiagemodels overlapping

with the defined modeling scope of the Project and the methods used. As a result, a group of models was
defined as fit to be used under the Project with some recommendations, and others were labeled as not
fit to be used.Based orthe assessment and categorization of existing models, additional requirements
and specifications for the new methodologies were definkdvas agreed that for the modeling of the
hazard, new models will be produced with just one exception in a smaln2&ension

2 Note thatOutput 2 as per Leg@igreementincludessevenmethods that arecoveredin the three methods finally
producedmentioned in the textThesevenmethods are

methodology for the assessment of damages; (ii) methodology for the evaluation of flood hazard and risk; (iii) revision
of catalog of flood risk management measures; (iv) methodology to assess the impact of hydrotechnical works on
ecosystems; (v) methoduay for costbenefit analysis; (vi) methodology for medtiteria analysis; (vii) methodology

for the prioritization of measures and projects



In the case of risknodeling, duringhe first cycle only a qualitative assessment was conducted as the
granularity of theexistingexposure data was insufficient for a quantitative assessmienthis second
cycle, lased on the approved metlimlogy and the newly developed expwme data, flood damage
assessment and flood risk modeling will bengdetedin a quantitative approackor all 535 APSFRand
non-APSFRas indicated above.

This report on technical support to MEWF for modefiogd hazard and flood risk (Output 4) summarizes

the work leading to the production of hazard and risk modeling using the new methodologies for the
development of the FHRM. The content and structure of this report have been extended in agreement
with MEWE ANAR, and INHGA to cover the hazard modeling of all flood sources, as well as the risk
modeling. Chapter 2 explains in detail the collection and assessment of all existing data, hydraulic models,
and used methods from first cycle and needs for seconte@ane by the WB team at the beginning of

the Project Chapter 3details thehazard and risknodelingscope as defined together with MEWANAR

and INHGAand describes théypes of modelsfor different flood sourcesthe agreedprobabilities and

the way to integrateclimate changein the modeling Chapter 4explains in detailthe approved
methodologyand its improvementsChapter 5 explainghe implementation and results to bebtained

and the quality controlthat will be conducted Chapter6 exphins additional tools and trainisgto be
provided to Romanifor using arnl managingnodeling data and result€hapte 7 explains the next steps

and how the modeling results will be used the development of the FHREhd FRMP

Thedevelopment of hazard and risk modelisgarted in September 2021 ang still ongoing,the first
resultsare already undergoinfinal quality checks andill be deliveredbeginning 02022.0nce hazard
models for an APSKRve been approvedased on them also the flood risk mfaw the respective APSFR
will be produced. The delivery ofthe new FHRM jointly vith the modeling will be staggeredpon
completionof £ £ ! t { @ ardefdo alldwihé@useof the maps duringhe developmentof the FoM
and for MEWF, ANABNnd INHGA to start the reportiraf the mapsas soon as possiblall modeling for
the new FHRM will be completdxforethe delivery ofCutput 5and delivered jointly

2. Data models and methodscollection andassessmentduring
stocktaking and beyond

Primarily during stocktaking, but algothe following months, th&VBcompiled and assessed akisting
dataandhydraulicmodelsavailableto be used foithe secondcycleFHRM and FRMPhis work resulted
in the identificationof dataand hydraulicmodelinggapsto be coveredunder theProject. The data gaps
related to DTM Digital Surface Model (DSM), orthophoto and cfesstions and exposure datavere
covered in Output f the Project Detailed information on the new and existing datancludinga
description of the expsure data can be foundin the Report ontechnical @ta collected (Output 3)
Furthermore, during stocktakinghe methods used duringhe first cycle for flood heaard and risk
modelingand mapping were assessethd requirements for the new methadbgieswere set For details
you can consult Result no. 2

Thehazard and risk modelingcope vere providedto the WBat the beginning of théroject by INHGA
and ANARand updated in July 2020The total number of APSFRad norAPSFR® be modeled for
hazard is 321This was defined based avhatwas achieved during first cycle implementatiattimately



proposingor detailedhazardmodeing (i) APSFRs wiimplifiedhydraulicmodelingduring the first cycle
(i) new APSFRs from cycle 2 wikhhydraulicmodeling (iii) modek were realizedbut dike breachesr
modelextensionsvere proposedunder thissecond cycleThe WB assessed all thristing modelsinder
the third categoy that could be usedh this second cycle of implementatiolm the case of risk modeling
the scope was proposed toover all 535 APSFRs and nré&®SFRssing the new methodologgnd
exposure datao perform aquantitative flood risk assessmeniNote that duringthe first cycle only a
gualitative flood risk assessment wasne.

The hazard modeling used and proddagnder the first cycle waslevelopedby different consulting
companiesat the level ofeachRiverBasin Administratio(RBApndfor the Danube riverThus eachUnit
of Management (UoMilevelopedits ownscope of workmodel requirements and outpus resulting in
inhomogeneougesultsacrossthe country For examplesome RBAs had available functionmgdels
with complete input data used and detailed documentation, in other casdg model results and reports
were available. This reality made the assessnurithe quality of the modelsand its outputsa very
challenging tasknd time consuming, taking longer than expecte@nce the activity continued beyond
the stocktakingstageuntil all the necessary models were assessed

Only in 78 APSFRs from a total of 321 APSFRs proposeddeling, the quality of some the existing
models and its outputs were assessed and labeled as fit or unfit to be used under the Project. The
assessment concluded that 117 models could be used under the second cycle. Recommendations to
improve the designad fit models were provided, such as update and validation of the input data,
improvement of existing structures in the flood plains, and calibration

The hydraulic models and resutere evaluatedassessing the input datatructure format and quality),
the hydraulic models (methodology, approach and type of software etc.) and modeling resates (
depth rastersf\WDR) maps, reports etc.). Some tfe models were appraised based on the input data,
model, results and documents, in other cases only ggiresults and reportsThe conclusions of the
assessmenghowedthat in some casegi) DTM and crossections did not have the appropriate accuracy
for obtaininggood modeling resultgji) the model® schematics are inadequatemainly in floodplains,
(iii) validation and calibratiomwere inadequatedue to lack of datar baddata quality, fv) modelswere
developed with outdated dat#hat do not represent current conditiongy) all models were developed
understeady sate, (M) hydraulic structuresverenot properly defined in the modelsyi{) only fluvial flood
sources were considere(liii) climate change was not integratéoto any of the modelsand {x) WDR to
be used under this cycle were provided in different formaisj more than 70% mismatched the flood
extent (shape and length) reported to EC, in general caused by sompromesses for the generalization
of vectortype information in order to report within the first cycle. Note that a big part of the WDRs were
created under different projects and before defining the APSFRs

Theresults of the assessmertughlyconfirmed theanticipatedmodeling scopéor flood hazard and risk
agreed during the preparation of the Projecturthermore, it provided valuablénformation and
conclusions on the possible use of existing models fod#heslopment of thehazard modeling and the
resulting mapsThis informatiorwasusedto decide if new modeliave tobe built orif existing models
canbe usedfor the development of the flood hard modeling The exact decision by model and APSFR
and flood source is navailable yet for all APSERRis information will be provideth Output5 when

the hazard modeling activity wille completed next yeaiNevertheless, it has been agreed that in approx.
90% of the casesew models will be built.



During stocktaking, the assessment of the methéat flood hazard and risk modeling frahe first cycle
concludedthat (i) there was a need taevelop anl apply newconsistent methodologiesovering the
whole territory, {i) the methologiesshould cover all new flood sources defined in the PBR&
integrate climate change (itfie methodlogiesshould include a damagassesmentincluding a damage
and loss databasand quantitative flood risk mappirend (iv) the methodlogiesshould definedifferent
modeling approaches depending on data availability final methodologies were agreed and appeal
by MEWF, ANAR and INHGA and were delivered as part of Output 2Rubpbet. These methoalogies
are beingused for the development of the modeling aR&éiRM.

3. Hazard and risk modeling scope
In this Chapter the scope forhazard and risk modelingncluding the way climate changewas
incorporatedin terms of scopewill be explained imetail. Ultimately, he scopeof the hazard and risk
modeling comprises a total 026 APSFRand 9non-APSFRshere the approved methaalogiesare being
applied to develop the corresponding modelitigat will result in the FHRMIhe 535 APSFRs and non
APSFRs correspond to a total of 574 river sectors, 3 coastal APSFRs, 1 interfluvial APSFR, 17 pluvial APSFRs.
Thefinal maps will be reported to the EC and will be used for the development of the PoMs as part of the
FRMPs

a) Hazard modelingcope

It is difficult todefinethe scope of modelingnd the number of models simple numbergor an APSFR,

as the APSHBngth varies¢anbe short(couple of kmpr long(hundreds of kilometeng from RBA to RBA
and the sources, mechanismaad characteristics of floods might differ from one river sector to another
along the same APSFR. Furthermore, an ABP&FRver one riveor more riversFurthermore, within an
APSFRdifferent flood sources can be consideradd even overlapin those casesseveralmodeling
scenarios must be completeBome APSFRs might have one modeéring theentire length, and others
needseveral modeldy river sector oflood source Basically, for the second cycle of FD implementation,
321 of a total of 535 APSFRs and-A®SFRs will be modeled for different flood sources and mechanisms
for several Annual Exceedance Pabliities (AEP) and integrating climate change in one of them. This
corresponds to 360 river sectors, 3 coastal APSFRs, 1 interfluvial APSFR, 17 pluvial APSFRs. In 214 APSFRs,
no new modeling will be completed, and results from the first cycle for hazadketing will be used to
report to EC

Within the APSFRs to be moelél we have hree categories where nevlydraulicmodelingis being
developed: (ithe APSFRzart of the scopao be modeledwith new or existing models, (ii) the APSFRs
where existing models need to lre-run to prodice results, this is designated ¥Wéater Depth Raster
Calculation(WDRCand (iii) the APSFRsbe modeédwhere WDR exidiut do not cover the entiréength

of the APSFBnd needs to be completedhis is degjnated as WDRompletion

For the first categorpf scope modelingcorresponds to 312 AF®s sectorsThefollowing flood sources
and AEPs will be produced:

1 5 AEPs, 33%, 10%, 0%% and.1%usingsynthetic hydrographs

1 Additionally,1% AERvith climate change scenario



9 This includesnodelingfor Fluvial floods, flash floods, pluvial, dike breaghesluding baseline
andcoastal flooding.

1 For dike breachesnly 2 AEPs will bmodeled.

1 Two types of approaches will be implemented by flood souraecording to the approved
methodology, Tier 1 for more advanced analysis and Tier 2 for more simplified assessment when
data available is limited.

1 Note that 12 sectors are part at the same time of finst and second categi@s as both categories
cover a part of a single sector.

For the second category of scgpeodelingcorresponds t@1 APSFRs sectofhefollowing flood sources
and AEPs will be produced:

1 3 AEPs, 10%, 1% an@%.for steady flow
1 Additionally, 1% AEP with climate change scenario
1 This includesnodelingonly forFluvial floods.

For thethird category of scopemodelingcorresponds tat8 APSFRs sectoihefollowing flood sources
and AEPs will be produced:

1 5 AEPs, 33%, 10%, 1%,0.5% and 0.1% using synthetic hydrdgrafibs 1and 3 AEPs, 10%, 1%
and0.1/0.2%for Tier 2.

1 Additionally, 1% AEP with climate change scerfaridier 1

This includesnodelingonly for Fluvial floods.

1 Two types of approaches will be implemented by flood source according to the approved
methodology, Tier 1 for more advanced analysis and Tier 2 for more simplified assessment when
data available is limited.

=

Table 1 below shows the APSFRs sectors by flood source and category of stmbeding the AEP and
resulting maps. laddition,in Table 2you can find the APSFRs wh#re results of cycle one will be used
Note that inTable 2you find 112 APSFReoposed for modeling under this cyclghere maps will need
to be updated based on the existing results fréime first and second cycse Thiscorrespondsto 448
maps. Furthermore, you have 214 APSHKR$ proposed for modeling under this cyckes mentimed
before, ase hazard resuk from the first cycle The extent and complexity of the Projeeire very clear
when you assess these twomplextablesand the typologies of flood sourcexcope and the number of
resulting maps

Met:l]:gd =y Climat
source and APSFR PLG AEPs N Maps Comment
Sectors Breach change
category of
(CC)
scope
Coastal - Tier 1 X 5 1%+CC 6 Coastal/
1 fluvial
Coastal - Tier 2 X 5 1%+CC 12 Coastal/
2 fluvial
Flash 4 X 5 1%+CC 24 Combination




Me;?ggd 57 Climat
source and APSFR Dike AEPs N Maps Comment
Sectors Breach change
category of
(CC)
scope
Floods - Tier of fluvial and
1 pluvial
Flash 37 X 5 1%+CC 222 Fluvial based
Floods - Tier
2
WDR 26 X 5 1%+CC 156 Extension >
completion - 1 km, fluvial
Tier 1
WDR 22 X 3 1%+CC 88 Use old
completion - model data,
Tier 2 fluvial
WDR 21 X 3 1%+CC 84 Use old
calculation model data,
fluvial steady
flow
Dike 113 X min. 1%+CC 678 Fluvial
Breach - 3 baseline
Baseline models
Dike 199 2 398 Breach
Breach - Tier scenarios
2 Tier 2
Dike 12 2 24 Breach
Breach - Tier scenarios
1 Tier 1
Pluvial - Tier 17 X 5 1%+CC 102 Urban
1
Fluvial - 138 X 5 828 fluvial
Tier 1and 2
Total 381 2622
Table 2: APSFRs where results from first cycle will be used for hazard modeling
. Climate
Type of Dike
APSERS APSFR Breach AEPs change Maps Comment
(CC)
In APSFRs 112 X min. CcC 448 In APSFRs to
to be 3 be modeled
modeled , Fluvial, Flash
updat ing of Flood and
flood extent dike breach

base on first
and second




cycle results

In APSFRs 214
not to be
modeled ,
Maps from
the first
cycle that
will be used

min.

CC

1092

It is expectedhat a minimum of 381 models will be developed to cover the entire scope of the Project,
the 321 APSFRs proposed for modeling. As mentioned, before depending on the ASPFRs scenarios, length,

and structure more than one model could be produced by APSFR.€khct number of models, types
and the actual model and results will be defined and deliverethénnext deliverable of theéProject

Output 5.

The modeling software thas used during this cyclef FDimplementationisHEGRAS, MIKESWANand
Geographidnformation System GIS for Tier 2 coastal modeling distribution of themodeling software
at RBA levels provided inTable 3 below. The type ofsoftwareto be used was selected based (i)
requests by ANAR and INHGA, (ii) on the existindetsdromthe first cycle, (iii) the performance and
adequacy of software by souremd local conditiong(iv)time andresources available and (v) availability

2F tA0SyasSa FYyRk2NI oSYySTAOAINASAQ SELISNIAAS
NoO. Software . Software
RBA Name ;AeI(Dj)I?SR E/DB/EE/WDRC Software Pluvial Coastal

RGO01 Banat 25| HEGRAS HEGRAS -

RGO02 Jiu 24 | MIKE HEGRAS -

RQG03 Olt 42 | HEGRAS HEGRAS -

RG04 ArgesvVedea 44 | HEGRAS HEGRAS -

RQGO05 Buzatlalomita 26 | MIKE HEGRAS -

RG06 Dobroged.itoral 7 | MIKE HEGRAS GIY SWAN

ROO07 Mures 85 | MIKE - -

RQOO08 Crisuri 42 | MIKE - -

RG09 SomesTisa 20 | HEGRAS HEGRAS -

RQ10 Siret 30 | HEGRAS HEGRAS -

RG11 PrutBarlad 27 | MIKE/HERAS - -

RG1000 Dunare 9 | HEGRAS - GIS

There is a limited number of fit models from the first cycle available in 78 APSFRs proposed for modeling
in the second cycle, this is of 117 models assessed under the Project. As explained, in Chapter 2 of this

2y

document, models were assessed and only t@lels were defined as fit to be used under this cycle, and
44 were labeled as unfit to be used. Due to the limited number and the state of the fit models, in most

cases, new models will be developed. Existing models will be used indirectly, for exantlkl e used

i K



to get the riverbeds and convert from 1D to-PD model, or using the old model for a limited length for
boundary conditions of the new models, etc

Someexisting models from the first cycle

APSFR with fit models frothe first cycle overlapping with second cycle modeling scope | 117

Total | 117
Models fromthe first cycle provided 107
Models fromthe first cycle partially provided 5
Models from first cycle not provided 5

Total | 117
Models fromthe first cycle fit to be used 73
Models fromthe first cycle unfit to be used 44

Total | 117

As mentionedbefore, ANAR and INHGA provided at theginningof the Project themodeling scope for
this seconctycle based on the results of the first cycle. Tingleling scope was updated in July 2@2@
included the APSFRs and sectors taroeleledby flood source andthechanismand the type of modeling
to berealized Theinitial Project scopéor the type of mode$ such as 1P1D2D, or 2Dwas of(i) 204 1D
models in river sdors, (i) 160 1D2D models in river sectorand(iii) 17 2Dmodels in river sectorg\fter
analyzing the available datime and resourcesand the local conditiondhe WBproposed an improved
scope in terms dthe type of modelingn which onlythere ae (i) 77 1Dand 2 Gl#nodels in river sectors,
(i) 126 1D-2D models in river sectors, and (iliy6 2D models in river sectordhis is a significant
improvement that could beven greater, ag is expected that thse numbers could change upwards and
not downwards For example 1Dmodelcould beupgraded to 1IERDmodelto better represent the local
conditions.For more detailed informatiorconsult Annex 1, where this is detailethd also the scope by
APSFR and sectoype of modelsexisting modelsandavailable maps

b) Riskmodelingscope

Under the 2nd cycle of FD ingahentation Romania reported 526 APSFRs and identified QARSFRs.
For all of themaflood risk assessment will be germed using the improved methodological framework
to assess the flood risk. Unlikiee first cycle when a qualitative method was used to assess tisk, in
the secondcycle a quantitative assessment will be performed,described irChapter 4 of thiseport.

The flood risk assessment and mapping will be developed using the water depth rasters resulted from
detailed hydraulienodelingfor:

0 321 APSFRs and n&®SFRs proposed for hazard modeling utitesecond cyclg

0 214 APSFRs frothe first cyclenot proposed for hazard modeling undie second cycle;

0o In112 APSFRrom a total of 321 APSFResults fromthe first cycle and second cycle will need
to be combined fofluvial, flash floodsand/or dike breaches



Flood Risk Maps will be devebkxpfor SAER scenariogfor the APSFRs to bgodeledin the secondcyck)
and in other casedor 3 AEPgresultsobtainedin the second cycleith first cycle moded and boundary
conditions)and one more integrating climate changene maps will beleveloped 6r 3 AEPsscenarios
and onemoreintegrating climate chang®r those APSFR#here no new hazarthodeling is needednd
for 3 scenariomand one more integrating climate chanf@ the APSFRs with water depth rastehsit
mergefirst cycle andsecondcycle hydaulic modeihgresults

For the river sectors proposed for dike breaunlbdeling a flood risk assessment will be performed for
only 2 scenarios (for 1% AEP and another alternative AEP, decided based on the results of the hydraulic
modeling. For more detéds on thescope of the risk mapping for each AP3¥eRAnnexl.

c) Climatechangescope

During the firsttycle FDimplementationclimate change was not considerexb under this second cygle
climate changepproaches were developeauthin the new methodological framewor&s required by EC

The approvednethodologies include climate change integration methods for all flood sources for hazard
and risk Furthermore, thisincludes aledicated GIS methddr the APSFRshere hazard modeling results
from the first cycle wilbe used

The scopdo integrate climate change in FHRM is @BAPSFRs andn-APSFResr one scenaridancluded
in the 1% AEM hazard and risk

Theclimate changecope for hazardhodeling is dividedinto two, the 321 APSFRs proposed for hydraulic
modeling under the Project and tt#4 APSFRs hproposed for modelingBoth scopes willsedifferent
methods The first will be produced running hydraulic models with a climate change sceaadcthe
secondwithout running models Both methodswill be explained irdetail inthe next Chapter of this
document In the case of thene performing modelinghe scenario will resuit runninghydraulicmodels
with the corresponding synthetic hydgraphto represent the édmate change projection of 203y flood
source The synthet hydrographshavebeen providedand are being providedy INHGA fob AEPsind
one climatechangescenarioadded to the 1% AEFor more details about the synthetic hydrographs
provided till now, please see Annex 3.

The climate change scope for risk modeling will be performed for all the 526 APSFRs and tid*$SRen

For 214 APSFRs not proposed for hazard modeling under thés thye agreed adjustment process to
incorporate climate change into the calculation of EAD is based on 4 scenarios, for which damages
associated to an AEP were calculated, and for 321 APSFRs aAB8BRSs to be modelled, in the second
cycle, itis basedn 6 or 4 scenarios, for which damages associated to an AEP were calculated. More details
regarding the method are provided in Chapter 4. For more details on the scope to integrate climate change
into the flood risk maps for each APSFR see Annex 1

Incondusion, hazarénd riskmaps including the climate change component i AERWRill be produced
for all APSFRs, whether they arewvly modeled in this cycle aexisting hazaranaps from the first cycle
will be used



4. Methodologyof hazard and risk modeling

As explained itChapterl of this document, the methodologies are part of the OutpuBd are being
applied for the develpment of the floodhazardand risk modeling that will result on FHRM. this
Chaptera summay of the mehodologies for flood hazard modeling and mapping (two tiers) and for the
damage and loss assessment and the risk mapping (three levels) mithhded Further, the additional
enhancements to the methodologigas well as the approach to integrate climahanges areexplained

in more detail.

a) Hazardmodelingand mappingnethod

Thismethod providesstep by stemuidance for the development dbod hazard modelingnd mapping

for different flood sources mechanismsand characteristics (fluvial floods, flash floods, pluvial floods in
urban areas, dike breachesnd coastal flooding The methodncorporatesthe best practices in Europe
and beyondand considers climate changehe scope of this method does not inclutthe calculation of
synthetic hydrographs as thistise responsibility of INHGALhis method is being applied in the APSFRs
proposed for hazard modeling.

Thestep-by-stepguide defined a set of 10 stefizat are being applietb complete theimplementation
of the methodology Thisncludes (i) the definition of the model domain, {ii¢ definition of the boundary
conditions (iii) collection, collationand processing of all the necessary datd ¢hooéng the adequate
tier depending on theavailability and quality of data, (define the model schematics, \\dalibrate and
validate/verify the model (viijun the model for 5 AEPs and climate change scendiiip froduce an
uncertainty analysis if necessary, (st processing modeling saltsand (x) producing the flood dzard
maps. A detailed description of the stbg-step approach for the two levels ofodelingfor fluvial floods,
flash floods, pluvial floods, dike breachasd coastal flooding is included in Annex 1 of Output 2.

In summary, the implementation of the methddusing andorodudngthe following:

w 5 AEPs simulations will be produced, 33%, 10%, 1%, 0.5%, 0.1% and climate change will be applied
on 1% AEP (1%+CC). In some RBA a simulation for 0.2% AEPradubed as well.

1 2 AEPs simulations will be produded dike breachespne AERs modeled with the levee intact
and thenAEP corresponding the breach scenarios.
1 Modelingoutputs considering the main drivers of damages:
Water depth rasters for 5AEPs+1%+CC
Flooded area shapefiles for 5SAEPs+1%+CC
Velocity field rasters (2D models) for 5AEPs+1%+CC
Velocity tables (1D models) for 5SAEPs+1%+CC
o PDF maps
1 Two- tier modelingapproad to adapt to the data availability, Tier 1 (detailed approadbtailed
data is available or would be available in the future) and Tier 2 (simple appcoactdetailed
data is available). In this cycle, 1 coastal APSFR, 12 dike breaches, 4 flashFgieRs, 26 WDR
completion and a number of fluvial river sectors are being developed with Tier 1. The rest is being
developed under Tier,as indicated in Table 1 of this document.
0 Fluvial flooding:
A Tier 1a: two dimensional (2D) hydraulic modeling appipa

(0]
(0)
(0]
(0]



A Tier 1b: 1E2D hydraulic modeling approach;
A Tier 2: 1D onalimensional (1D) modeling apprdac
0 Pluvial flooding:
A Tier 1: twoedimensional model (2D) with a grid size between 2x2 and 5x5 m
A Tier 2a: twedimensional model (2D) with a grid sizeabout5x5 n;
A Tier 2b: twedimensional model (2D) with a grid size about for building area 5x5
m? for building area and 20x20%for green areas;
o Flash flooding: to be applied for catchments smaller than 18 fon bigger catchments
fluvial floods methodologyould be applied:
A Tier 1a: Fully hydrodynamic 2D hydraulic free model solving the full shallow
water equations using flexible and fine mesh with the possibility of GPU usage;
A Tier 1b:2D hydraulic model solving the shallow waters equations together with
details of structures and buildings included in the DTM with a grid size with an
average of 5
A Tier 2:2D hydraulic model solving the shallow water equations together with
details of structures and buildings included in the DTM with a grid size with an
average of 25 M

o Dike Breaches:
A Tier 1: derive fragility curves and apply probabilistic approach;
A Tier 2: breach values are assumed based on published guiftancéritish
Environment Agenéy
o Coastal flooding:
A Tier 1: simplified joint probabilistic approach, wave transformation, overtopping
and inundatiormodeling
A Tier 2: extreme sea level projection method;
1 The software being used is HRBS, MIKE, SWAdd GIS for Tier 2 coastal modeling, as these
are the mat adequate and widely usesbftwarein Romania.

Finally, to close thi€hapter it is important to anticipate and define properly some patrticularities of the
results that will bgoroduced as result of implementing the methodology in some APSFRs:

0 As indcated in the scope, some APSFRs have been extended in length. In these cases, mainly
the existing maps are used, and only a small additional length is proposed to be modeled with
a new model. Regardless of whether the modeling mechanisms are differentyapes will
be merged to deliver a single set of maps for each APSFR. In these cases, in general, the
modeling results will not be of high granularity, and quality since the base models being
tapped are generally 1D and with steady flow

0 Not allAPSFR® be modeled are covered by new high accuracy DTM (0.5x0.5 m), in some
casesthe DTM is 10 years ol&lthough some complementary field work has been carried
out, by measuring crossections, the quality of the basic topographic information is not the

3 Recommendations for flood mapping in England and Wales: Findings from the RISK MyEPTERRUE project
Projed¢: SC090015
https://assets.publishing.service.gov.uk/media/60338e6f8fa8f5432ede78ca/Recommendations_for_flood _mappin
g_in_England_and_Wales_Findings from_the RISK MARMNERACRUE_Technical Report.pdf



https://assets.publishing.service.gov.uk/media/60338e6f8fa8f5432ede78ca/Recommendations_for_flood_mapping_in_England_and_Wales_Findings_from_the_RISK_MAP_ERA-NET_CRUE_Technical_Report.pdf
https://assets.publishing.service.gov.uk/media/60338e6f8fa8f5432ede78ca/Recommendations_for_flood_mapping_in_England_and_Wales_Findings_from_the_RISK_MAP_ERA-NET_CRUE_Technical_Report.pdf

same,and this constrains the accuracy of the modélse scope fthe new DTM was defined
in agreement with MEWF, ANARnd INHGAconsidering the available budgeThis is
explained in detail in Output 3.

b) Hazard modelingnhancements

The WB teananalyzedhe methodologyand proposed somenhancements¢o improve the results to be
obtained based on thavailability of data and the local conditions of each AP$R#ge enhancements
or add-onswere proposedy WBand approved bMEWF, ANAR and INHGAe mainupgrades are

1.

Distribution of lateral inflowsn fluvial modelswe proposethe realizationof a simple 1D
model to determine the lateral inflowslistribution as defined in the methodologyhis
distribution will be applied in theD modelwhere the adjustment is no longer pursued.
Onehydrographwill be usedn small APSFRs difference along the river sear are small

The hydrographdownstream end will be usefdr the entire APSFRr safetypurposeswhich

in general will have a larger volume and higher peak discharge.

The river sector extension results will hamesmatchingssues in the overlapping zone as the
original models are very simplifiegind used snplified geometry. Furthermore, the new
hydrographdor the extension zone differ significantly from the results fritra first cycle.lt

was agreed that this model resultsowld be improved in the next cyclenodeling the entire
ASPFR again and not just a part of it

In some case$4 APSFR sectdrsvhere the basirfor flash floodsis small will be modeled
consideringhe contribution of rainfall as a flow generataiith a rairfall runoff model This

type of modeling is considered a pil®tperience Based on the resultshis approach wilbe
consideredo be usedn subsequent cycles.

The 17 Pluvial APSFRs Tier 1 will incorporate rainfall runoff models in 2D models. Ultimately,
the HEERAS application of stdrid techniques will be used to allow the flasirculation
through the streets of the cities. In addition to the urban area, the model domain will be
extended to cover surrounding catchment areas whose runoff flows into the city

The Rainfall Intensity-Duration-Frequency (IDF)curves provided byMeteorology National
Administration ANM) will be used to generatdyetographs by applying the alternating block
method. See Annex 3 for more details.

The water potentially drained by the sewer system is eliminated from the system by means
of infiltration equations, so it does not generate runoffhis will solvehe problem thatin
many citiesthe efficiency of the drainage network is not known in adequate detail, so a safety
margin is applied in the estimation of its performance.

Initially, the APSFR5t. Gheoghe - Sulinawas chosen for Tier Toastal floodinganalysis.
However, after arassessment of the sources of the floodiagchangewas proposed and
agreed with MEWF, ANAR and INHGAhe APSFR MamaiaRazelm LakeThisarea has
significant erosion problems generated by the sea, and it would be very interesting to develop
and use a detailed model in Tier Thiscoastalmodeling willbe calculated usingWAN
software that will includethe effect of sea level rise and wes. These tw effects will be
analyzed by studying their joint probability, which is an improvenoemtpared to the initial
methodology.



9. Thedike breaches aranalyzed in two stages: first, the baseline situation is modédedt
least 3 AERwvhich consists of the analysis of the flooded ané#ee dikes offer protectionfor
all AEPsincluding climate change. Subsequenbgsed orthe analysis of theereaults, the
AEPs fosimulating thedike breachingwill be chosenln generall% AEP will be useandin
the case that the flooded area will be simifar 0.1% AEMhether the dike withstands or

not, the simulation will be proposed with anothelAEPthat may provide more useful

information for risk analysis.

10. Thedike breaches scenariasvolvethe analysis of 211 possillecations of which 12 will be
analyzed using the Tier 1 methodologhhisinvolves the use ofrégility curvesand since
these fragility curveare not availablén generain Romaniaa pilot analysis is proposed on
dike.This dikds located in an area whegeotechnical information is availablbe results of
this experience will be used txtrapolate this information to the restf the locationsand
build the rest offragility curves

11. The choice of théocationswhere Tier 1 is applied is the responsibility of MEWF, AAGR
INHGANevertheless, the WB has proposed and agregtt MEWF, ANR and INHGAL2
dike breach locations based @wo criteria, probability of failureand considering théocal
knowledge andhe consequencesin the case of the pilodike breachusinggeotechnical
information, the critera to select the locatiors to have sufficient informatiorin addition, in
this annex also thimformation from theshapefile with the 211 adjustedike breach locations
based onocal knowledgeapproved by ANR

12. After analyzingthe methods the APSRs modeling scopeand the local conditionsa
significant upgrade of modelype has beendefined Ultimately, model types initially
proposedto be 1D now are 122D or2D, andmodels proposed to be 1RD now are 2DFor
more details seeChapter3 and Annex 1of this documat.

c) Climate changéor hazard modeling

For the321APSFRs proposed for modehgerehhydrographsave been providegthe following method
will be applied by flood sourd® obtain the peak discharge and the hydrograph that will be d$e run
the scenario in the hydraulic model to obtain threap:

0 Fluvial flooding:

A Climate change: based dnb | D! Q& &aGdzRe 2y Of AYlI
three regions are defined fathe 2050 horizon in the Romanian territory (i)
region with lowchange in flow applying a 1.1. increase coeffigiéijtregion with
moderate change in flow applying a %.Jincrease coefficient andiii) a region
with significant flow change applying a In2rease coefficient.

0 Pluvial flooding:
A Climate change: increasethe peak design rainfall by 20%.
o Flash flooding:

A JTEtAYFGS OKIy3aSY o6FaSR 2y Lbkthh fidds
three regions are defined for 2050 horizon in tRemanian territory(i) a region
with low change in flow applying a 1.1. increase coeffici€iit,region with
moderate change in flow applying a 1.15. increase coefficient(gh@ region
with significant flow change applying a 1.2 increase coefficient

a
68 OKI
a

aiddzRe



o0 Coastal flooding:
A Climate change: 2mm/year sea level rise and wave heights to be increased by
20%.

In the case of the fluvial APSFRs not proposed for modeling or the APSFRs with extensions to be modeled,
a number of WDR are readily available for 3 #®8Es depending on the RBA. The 1% AEP raster is always
available and will be used as the base to add the climate change scenario resulting in 1% AEP+CC raster.

A new method to integrate climate change in the existing maps is defined and being applig@sisin

basis the 1% and 0.1% or 0.2% AEPs rasters. This method may be improved after being applied in different
APSFRs. The final method to be applied will be described and delivered with Oufjng &ethod to

obtain the final maps is composed severakteps as follows:

1.

The first step is to define the effect of climate change by applying the 10, 15, or 20% climate
change increase to the peak discharges corresponding to eachFAEE®xample fiwe imagine

that all current hydrograph are affected by tlsi 20% increase, a new set "dfiture Climate
Changé hydrographs, with higheflows,will be available. If a current hydrograph corresponding

to 1%AEPis compared to thosé F dzii dzZNB / f hydiogiaphs,/it il yoBcSréespond to
1%AEPbut to a higher probabilityit is quite possible that the current hydrograph corresponding

to 0.5% AEP will resemble the future hydrograph corresponding to 1% AEP, so that the increase
in peaks can also betarpreted as a shift of the probabilities. The correspondence between
current conditions AEPs and future conditions under climate change could be calculated as the
average of the shifting coefficients corresponding to the different APSFRs in each RBAcbr in
region of an RBA with the same peak increase coefficient

After calculating the present and climate change (future) conditions, we need to define the
weighting by defining the relationship between the present and future conditions to produce the
1%@ map. This map is calculated as a result of an interpolation using a weighting between the
closest available maps corresponding with the current conditions (1% and 0.1%, in

Figure3). This could be done with a linear equation or logarithmic. This has been tested, and a
linear interpolation has been used

Now, water elevation maps (WEMSs) are calculated using water depth rasters for 1%, 0.2% and
0.1%AEPs and the corresponding DTMs. To define the water extent, the water depths are added
to the DTM elevation. These water elevations are the ones to be weighted based on the
increments previously calculate@he water extentresultsare not equal, which mees it difficult

to perform raster operationgn GISIn addition, thewater extent corresponding t@%AERCC is
expected to be larger thah% AEPso it is important to extend the area correspondindleéAEP

to be able to operate. It is assumed that tlkistension can be done considering constesatter
extents in the extended area alongsssection. See Figre 1.In this way, two equal areas are
available on which to apply the weighting. The practical realization of this extension is complex,
since one must consider the presence of levees, for example, and other singularities that make
the assignment of values teearby areas notrivial. A method for making this assignment has
been developed and tested.

The last step is the creation of the n@WBM needs to be posprocessed to eliminate isolated
areas where water would not naturally readkor thisthe DTM elevabns are subtractedand

the WDRmap corresponding tareatethe 1%AERCC.



Since this set of GIS operations must be performed several hundred times, a script has been developed to

automate them.See

Figure2 for the interface of theGISool developed.
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Figure 1: Cross-section with 0.1% AEP flood extents in orange and 1% AEP flood extent in green and
expansion to match 0.1% AEP flood extent in orange
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Figure 2: Snapshoot with the user interface from the ArcGIS Tool developed for generating Water Depth

Raster for scenario 1% AEP+CC



Flood Extent T1000 Water Depth T100CC

Figure 3: Example of Water Depth Raster for scenario 1% AEP+CC and the flood extents of 1% AEP and
0.1% AEP

d) Riskmodeling andnappingmethod

The flood risknodelingmethod developed for this cycle of Floods Directive implementation incorporates
the quantitative assessment of the @id risk and considers climate chandée method will be applied
for all the APSFRs and RARSFRs the secondcycle.

The damage and loss methodology aims at determining the aggregated potential economic losses caused
by large scale Romanidlooding, which will support the development dhe Programof Measuresfor
each RBA. The methodology presents two approaches:

1. Damage and Loss assessmenhe total damage comprises the sum of four subcomponents: (1) direct
tangible, (2) indirect tanglb, (3) direct intangible, and (4) indirectamygible damages.

Indirect
’7 damage

y { J J
Tangible Intangible Tangible Intangible
Physical damage to assets: - Mortality (loss of life) - Loss of production and - Inconvenience of post-
- buildings - Morbidity (illness, income due to event flood recovery

- contents/ Inventory
- vehicles
- infrastructure

Injuries, distress)
- LNC values (landscape,
nature, cultural heritage)

Induced business
limitation or interruption
- Opportunity costs non-
provision of public
services
- Disaster response costs

- Increased vulnerability of

survivors

Figure 4: Damages classes




2. Impact assessmentDetermining the adverse effects of flooding on the society in general: human
health, cultural heritage, thenvironment and economic activities. This is based ortantification
and narrative rather than full guantification.

Damage value refers to the potential value that could be lost in a flood. This includes direct damage to
objects, capital goods, andawable property due to direct contact with water, as well as indirect damage

(in and outside the area affected) in terms of business losses due to production standstills. The expected
annual damage (EAD) is the expense that would occur in any given yearvidlue of the monetary
damages from all hazard probabilities and magnitudes were averaged over time.

In the damage and loss model developed in 2020 (see Annex 2 of the Outpbte?) levels were
distinguished based on the likely availability of expe data. Extensive efforts were performed to
improve the flood exposure database and the dgma&urves database, thtise Level 3 approactwhich

implies a high level of detaik to be used for the development of the flood risk maps.

Thefollowing principles are applied for the assessment of the direct and indirect tangible damage:

1 A damage curve, maximum damage vakled percentage for the indirect damage are available
for all relevant typologies (the exposufand use classes), in limdth the available exposure data.
The methodology is in line with international standard the field of damagenodelingand is
tailored to fit the Romanian context;

1 For most of the typologieshe damage curve is based on the water depth only (as israamin
international literature);

1 The direct tangible damage will be specified for the structure and the content of buildings;

1 The indirect tangible damage is determined as a percentage of the direct tangible damage or by
a dedicated damage curve for thadirect damage and maximum value.

For intangible damages and losses (direct and indirect) the methodology assesses the potential loss of life
(mortality) and injuries (morbidity), monetized based on Romanian and appropriate international data.
For the los®f life, for fluvial and coastal floodingn adapted approach based ¢ime Jonkmaf method

will be used, andor pluvial and flash floodinghe SUFRmethod approach.

The impact assessment aims to determthe impact by assessing if exposed elemeares affected by
flooding and count the number of assets, and the locations of people being exposed to flooding for all
available hazard scenario$he categories of exposed elemen(s.g., residential propertiessocial
features, recreational infrastructure, nesfomestic properties, utility infrastructure, IPPC and EPRTR sites,
cultural infrastructure, agriculture, transport infrastructure, etthpt are analyzed are defined by the
Multi-Criteria AnalysisMCA and ®st-Benefit Analysis CBA approach considering the exposure
database layers which were previously shared with MEWF/ANAR

More details regarding the procedures and the steps to be applied for the two approaches (Damage and
loss assessment and Impadsessment) are presented in Annex 2 of Output 2.

4 SN Jonkmamnd JK VrijlingLoss of life due to floods. JournalFddod Risk Managemerit (1), 4356. 2008; SN
Jonkmanl oss of life estimation in flood risk assessment; theory and applicaBbiisthesis Delft University. 2007

5 Ignacio Escuder Escuder Bueno, Adrian Morales Torres, Jesica Tamara Castillo Rodiigbaa dPerales
Momparler, SUFRI method for pluvial and rivier flooding risk assessment in urban areas to inform decision making
Final report, July 2011.



e) Risk modelingnhancements

Considering the timeline and the available resources for the project implementation, the WB team
analyzed the methodology and proposed some enhancements to improve the resukse Th
enhancements were presented by the WB team during the Technical Mission held in September 2021 and
agreed by MEWF, ANAR and INHGA (according to the Minutes of the Technical Mission)

1 Use of the computational tool called FLY that undertakes the calonkabn a featureoy-feature
basis. The advantages of FLY computations are: faster processing, the individual features can
quickly be aggregated at the APSFR scale, human errors are less likely. FLY computational technics
are validated using the pilot reks.

Computational techniques in Fak slightly different than the ones presented in the methodology: while
in the methodologya process of conversion and disaggregation to raster is proposed, in thedkltNe
disaggregation to smaller polygsis proposed, thus the risk/damage mapping now is based bigher
spatial resolutior{combining vulnerability, exposure & hazard).

and extreme 2D hydraulic Flood hazard

sea-level modelling maps
ELENHH

Figure 5: Simplified schematic of the computational tool

1 Thedamageand loss methodology is designed assuming the hazard maps are corrected for
building thresholdsAccording to the best practices, if the water depth value is €quess than
30 cm, no damage will occur. This is the reason for adopting this approach for residential buildings.
Depending on the flood source, different building thresholds have been included. While for pluvial
and flash floods, a 30crauilding threshold has been applied to the DTM to represent the
buildings in the flow dynamics, for other flood sources (fluvial and coastal) this has not been
considered and the building threshold has been applied to the damage and loss calculation,
assuning that no damage occurs below 30cm

The approach fothe second cycléor pluvial and flash flooding explainedasfollows.

o0 The DTM of the flood hazard meldis corrected for buildings. The water depth in the
hazard maps is measured from the floor level of the building. The-p@ira of the
damage curve is located at floor level. Damage cyryesefore, start increasing from
floor level onwards.
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Figure 6: Building threshold approach for pluvial and flash flooding

The approach fothe first cycleandsecond cycléuvial and coastal flooding is outlined as follows:

o0 Building thresholds are not corrected in the hazard maps. Water depth is measured from
ground level, nofrom floor level. To preverthe overestimation of the damage, damage
curves are adapted.

0 Thresholds are assumed to be most relevant for residentiapgnties. Damage curves
for residential curves start from ground level (similar to the water depth in theard
maps) but are shifted by the average threshold value of 30 cm. Damage dhere$ore,
still start increasing from floor level onwards. A% tdamage curvés shifted, this is
applicable to all residential properties.

o All other types of buildingsazasionally have thresholds. They are 1oonrected.
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Figure 8: The situation regarding non-residential buildings (no 0.3m adjustment to the point where flood

damage is initiated)



1 No open spaces are taken into accoasthey have a minimal contribution to the damage.

f) Climate changéor risk modeling

In an ideabpproach the effects of climate change would neodeledfor eachAEPbeing analyzed. This

would allow an adjustment to be made to tltmmage#probability curve as shownn Figure9, to take

into consideration the revised damage vaduer eachAEPevent

The Expected Annual Damage (EAD) is determined based on the To&dgdas being the area below
the graphic representation of the values of Total Damage for each AEP (Figure 9).

EAD = I Dip)dp

el

100 year RP

50 year RP

20 year RP

Expected Damages (D) ($million)
&

0.0 0.02 .05 0.20
Annual Exceedancea Probability (P)

& yoar RP

Figure 9: The loss probability curve, the area under which is the Expected Annual Damage (EAD)
Under thecurrent RAS projeca climate change approach will be applied only to the 1% AEP considering
the availability of data and other factors agreed with MEWF, ANAR and INHGA when the new

methodological framework was developed. Due to unavailability of othdr &K
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change integrated, an adjustment procedure has been necessary to change the probabilities of the events

causing particular levels of damage to reflect bigger AEPs as climate change makes all severities of flooding
more frequent. Fo example, a 1§ear flood might become a fiwgear flood, and the 10§ear event
might occur more frequently, say on average, once every 85 years. The choice of this approach to changing

the AEPs of events, rather than changing the damage values fotieuterAEP, was discussed and agreed

with MEWF, ANAR and INHGA and was determined by the availability of data (values with integrated
climate change were modeled only for 198ars flood) to guide the process of adjustment.

In practical terms, the followg is undertaken:

0 The AED curve without climate change is generated, using the hazard results obtained for

AEPs without the integration of climate change;

o Damage and loss calculations for 1% AEP with climate change is processed using the
hazard results avesponding to the 1% AEP with climate change for each APSFR;



0 Risk assessment results for 1% AEP with climate change will be plotted against the AED
curve without climate change;

0 The value corresponding to the AEP of 1% with climate change at preseriewill
determined on the AED curve without climate change, by moving this point horizontally
to the intersection with the AED without climate change;

o0 The climate change AED curve will be generated using the information from the previous
step on the probabilityshift and using logarithmic interpolation.

The agreed procedure shown inFigurelO. For an individual property, the position on the graphA&Ps
arebiggel) in relation to the shift that is demonstrated Inyodelingfor the 1% event. This first yields the
red point in Figurd0. The green points are shifted away from the blue points by the same proportionate
amount of probability. A final adjustmermsees the creation of the yellow pointhich is shifted to the
right from the red point in line with the damage values created at that red point.

Damage vs. Annual Exceedance Probability
{including 1%CC scenario = 5+1 scenarios for EAD calculation)

25

Damage

. —@— COriginal
«++{ll--- Log-Lin interpolation of probabilities
5 W @ Addition of modelled 1% CC scenario
-------------------- © CCadded to present

0.1 1 10 100
Annual Exceedance Probability [%]

Figure 10: The agreed adjustment process for incorporating climate change into the calculation of EAD
(NB: the caption to the yellow point shouldreadil nf er r ed Annual Exceedance Prob
damages of the 1% Annual Exceedance Probability

For APSFRs to beodeledin the second cyclgethe loss/probability curves with a full suite of six points for
both the current situation (year 1) and the situation with climate change (perhaps year 50) are
determined. For APSFRs with detailed hydramadelingfrom the first cycle the same procede is
applied, but using only the first cycleAEP10% 1% 0.1%), to which one further point as described
above (the equivalent of that red point) is added.



5. Implementation and results

In this Chapter the expected results from iplementing the methodologes for flood haard and risk
modeing and its enhancementswill be described and enumerated jointly with the quality control
procedures that will be applied to make sure that tiesults are up tahe highestquality standads.

a) Input datafor hazard modeling

The input datato produce hazardmodelingand mapsdepends on the typology of the APSFR be
modeled ornot. For the214 APSFRs not to be modeled, the only input da¢ghe water depth rasters
from the first cycle from 6 to 3 AEPand theweightings for the calculation of thE%s AEP+CO.he WDR
were without common structure and did not match the flood extent reported to EC. It was difficult to
identify theright source of the WDR as there waset of different versions in different locations. The
WB invested significant timfor structuring renamirg and correcting te WDR that were validated by
ANAR and INHGMore than 1000 WDR were processddthis waslescribedn detailin Output 3.

For the APSFRs to be modeltdgk input data is various and extensivéincludes the following:

1 DTM, DSM, orthopitos, and topobathymetrical data (crossections)are available for alfthe
APSFRs proposed fmodeling The daaset is a mix of sets of data fraime first cycleand other
old projects from the second cyclenewly acquired and otherecent projects such asAKIII
implementedby the National Agency of Cadaster and Land Registra®NCPI As mentioned
before, the existing data is of lower qualigpmpared to second cycle data (e.g., due to evolution
of technologiesand, in some casesnore than 10 years oldegignificant efforts have been made
for mergingfirst cycleand second cycle data arfidr improving the first cycle data wh second
cycle dta. More than 180 issues kabeen solvedconcerninghis topic.Nevertheless, we need
to highlight that thisdifference in qualitppetween datasetsvill impact the quality of the outputs
Forthe next cycle a unified quality of datdor all APSFRould be convenient to obtain better
modeling resultsFormore detailed informatiorabout the data quality and scopsee Output 3.

1 Hydrometerological datathere are three types of data usddr models in the APSFR sectto
be modeled under this cycle

o IDF curvesnd reportswere provided by ANM for 17 APSFRs aadrlash Floods tier 1
locations. For more detailsee Annex 3.

0 Syntheticflow hydrographdor 5 EAPs andiolate changdor naturaland actual flow for
inflow sectionsfor AP&Rshave been provide by INHGA5% of the dataas well as
report on the production of these hydrographis still missing and will bprovided by
INHGAbefore the end of the yealFlow hydrograph&iave been provided for more than
2000 inflowsections.The WB invested significant timproviding support to INHGA to
develop thehydrographsand to validate them. The WB implemented a solution to
smooth the mismatch of hydrographs calculated by two different methods for small and
big basins.

o Historicalflood hydrographshave been proded by INHGAor more than 250gauging
stations with more than a total of 1000 flood evens, to be usedor calibration of the
models WB validated the data and requested additional clarifications and data in some
cases.



o Rainfall input@arebased on the IDF curves provided by Afdisome flash floods models
in addition to the provided synthetieydrographs.

9 Losses to the drainage systdrased on performance informatidmavebeendefinedand will be
detracted from theexpected precipitation.

1 Urban floodemergencyinterventionsdatabaseprovided byGeneral Inspectorate for Emergency
Situations IGSUY has beenpostprocessed by WBobtaining maps indicating the locations
affected byhistoricalfloods (e.g., as points ngblygons)py year that will be used fowalidation
of the urban models

91 Dike breacHocations INHGA and ANRprovided the initial shapefile with 209 dike breaches
locationfinally adjusted based on local knowledgetby WB teamand resulted in 211 breacke
In addition,12 Tier 1 locations &re proposed by WB and acceptégt ANAR.

1 Coastal modelindier 1 locationa change was proposed by WB and agrepdn by MEWF,
ANAR and INHGAFinally, he Tier 1 location iAPSFR MamaiaRazelm Lakeas this detailed
modeling will allow to assess the risk properly in this area that suffers from coastal erosion.

1 Coastal data fomodeling:information on the maritime climate thatllows to deduce the effect
of waves and mean sea level riseneeded Since now, no data has been receiveahi ANAR
and/or INHGA despite multiple requasThe data from the Dobigea Litoral RB&orresponding
to the coastal erosion study would be a gbbase forthe coastal modelingWithout this data,
WB will not be able taealizethe coastalmodeling As explained before, further delay in the
delivery of the datamightalsoresultin notrealizing thisnodeling as the Project only has a limited
duration. In addition, a marine bathymetry campaign has been carried out inraoderovide the
necessanDTM of theseabedfor the SWAN model.

1 The d¢imate change discharge impact map provided by INH@Ades the country intcdhree
regionswith a different anticipatedincrease irmaximumdischargg10%, 15%or 20%).

b) Model outputsfor hazard modeling

After the modeling process, several products will be obtained, which will be stored in a clear and orderly
manner according to thdatastructuringand namingconventionpolicy. According to this criterion, each
APSFR is assigned a folder containing all the relevant information.

First of all, the initial information necessary for the execution of the models is available. The information
will be deliveredin such a way that the models can be run directly, without any kind of data pre
processing. This implies that the hydrographs corresponding to each APSFR, or the necessary DTM
fragments, for example, will have been copied from the foldehers this information is stored to that

of the APSFR, and will have been processed and placed so that the model can directly access this
information.

The models are also stored in the APSFR folder. All the files corresponding to the different scemdrios, s
as the different AEPs and if applicable to other calculation hypotheses, such as dike breaches, are properly
stored, and from the name of the fileé is easy to deduce to which type of scenario each file corresponds.

The main product obtained from ¢hmodel consists od set of maps. Several folders with WDRs and
WEMsare included. In the case of 2D models, a folder with velocity maps is also included. In the case of
1D modelsthe velocities are presented in tabular form.



In the case of APSFRs thatlude several sectors covered with several models, or with zones that are not
modeled because maps of the first cycle are used, the results and partial maps of each of the models will
be presented on the one hand, and also the final set of maps that theekPSFR as a whole. These final
maps will be checked to ensure that there is no gap between the different zones. The final maps will cover
the APSFR in a continuous way, although it is accepted that the results (e.g. Water extents) may present
some misnatches in the overlapping zones, since the different sectors have been calculated with different
assumptions.

For each modeling typology, the WB will submit a global report. For each APSFR, the WB will additionally
submit an executive report dFactsheet”, containing the most relevant data on the modeling process, so
that the quality of the model can be evaluated. It will also include the assumptions made, the specific data
sources and some results. Some of these Factsheets, correspondinigterdimodel types, are included

in Annexes 6 and 7 of this report.

The quality of the models was assessed considering the following criteria: (i) analysis of the discharges in
0KS NBO2YOAfAlLGAZ2Y LRAYy(Ga o0& O2Y allal)k d he/simaldtionK L b | D
fits with the historical data at a gauging station, (iii) analysis of the consistency of the flood extent in
hotspots with the ones reported during a historical flood, among others. Several of these methods were

used depending othe availability of data.

The hazard maps, in addition to being delivered in raster and vector formats, will be presented in a Web
Viewer(WV) so that they can be easily consulted. Wi¥ will allow the analysis of flooded areas, or to
consult the levelsat specific points. Since most of the models will be 2D, this tool replaces the classic
profiles, since in a clearly 2D area, or in an urban maeldese maps provide more information

c) HazardmodelingJA f 2 64 Q NB adz {4

The modeling work to obtain hazard n&js very intense, and there are very different mageles such
as 1D, 2D, 1E»D, pluvial, coastabnd scenarios of dike breachach with its own particularitylt is
important to establisha standard procedure for the development @il the modek, so the main
hypotheses or modeling techniques are applied homogenednsill modelsacross the country bl
teamsinvolved. Tis becomes more importarit a significant amount opeople worls simultaneously
developing the modelLCurrently more than 40modeling experts are working to perform this task

Toestablish these common criterithe WB teandevelopedpilots allowing the revision, correctigand
refinement of thestandad procedures toachieve bettemodels andesults. The first pilot implemented
and approveds SarataAPSFRa fluvial modethat has been developed @2D. Currently, there are other
three beingimplementedand revisedsuch as Rallegruin 1D-2D in HEERAS, iesti in 2Din HECRAS
and Jidatita in 1D in MIKE.

No UoM APSFR APSFR APSFR Tag | Type of | Software
C21D EU Code (River/Locality)| modeling used
ROO05 05
1 Buzau RO511.01.022..-01A Sarata 2D MIKE
: AO018F
lalomita




Detailed results from theAPSFR Sarataodel are includedn Annex6, where the factsheet of the model

is provided Fom the analysis of thenodel and outpus of APSFR Sarat#e canconcludeit isa model

with a strong 2D component, in which the flooded area ends up being similar to a ressamda@iannot
adequately represent the hydrographs supplied by INHGA at its downstream end, since the routing effects
that appear in the modeland which are realare notand cannot be considered in the hydrological
methods used by INHGA. This pilot model served as a basis for improving the methodology in this type of
conditions.

In general, the work developed as a resdlthe analysis of a sniiaset of pilot modelssenesto establish
the general criteria of the modeling, to detect possible elements of improvement in the methodology, to
evaluate the omputationaltime, and to optimize all the processes.
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Figure 11: Sarata APSFR location
d) Input data foriskmodeling

The input for the damage and loss assessment congfdtge following sets of data

1 Water Depth Rasters (WDRJhe WDR results of detailedydraulic modeling for different
numbers of AEP fromthe first cycleof FD implementation were collected and prepared, as
explained in Output 3. For these cases, the WDR corresponding to 1% AEP with climate change
impact integrated was obtained applying the approach exgladiim Chapter 4. For the APSFRs to
be modeledin secondcycle, all the WDRs corresponding to the 6 ABB%(10%, 1%, 0.5%, 0.1%,



1%+CY¥or for 4 AEPs (10%, 1%, 0.1%/0.2%, 1%will®e obtainedrom the hydraulicmodeling
currentlyunder development.

1 Damage and loss functions databa&®ring the development of the methodological framework,

a damage and loss functions database (comprising 85 damage curves) was developed to
determine the direct and indirect losses caused by floods. The values for theyd@maes were
determined on the basis of the Construction Costs elaborated by the Romanian Order of
Architects, as well as the international experience in the field. More details regarding the damage
and loss functions database are presented in Annei Qutput 2.

1 Exposure databasé-or all the APSFRs to be reported untter second cyclend for the non
APSFRs, the agreed exposed elements to flooding were mapped. The exposure database includes
real and synthetic data obtained from national and international sources, including a minimum
set of data on population, types of buildings, landeu roads, railways, utilities, hydraulic
infrastructure, etc. More details regarding the exposure database are presented in Output 3.
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Figure 12: Input datasets for the elaboration of the Flood Risk Maps
An important activity linked to damage and loss assessment is to match the exposure data categories with
the damage and loss functions, as presenteHgure 13. More than 1300 subcategories of the exposure
database were matched with the available damageves. More details regarding the links between the
exposure database categories and subcategories and the damage curves can be found #h Annex
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Figure 13: Summary of the links between the exposure database categories and the damage curves
In case of loss of life, the warning times are used as input data. Warning times for each flood type were
established based on ANAR (for fluvial #iladh floods) and ANNfor pluvial and castal flooding) data
in line with the legislation in forcdnthe case of pluvial and flash flooding, this information is used as
input to the SUFRI loss of life methodology. In case of fluvial, cpastldike breach flooding, the
information is processedo the likelihood of evacuation based on the outline in the flood risk
methodology. This is input to the loss of life approach by Jonkman. In addition, for pluvial and flash
flooding, the velocity values will be used to calculate libss of life.

e) Riskmodelingoutputs

The principal aim is to assess the damage and the losses and to provide inpppfaisal of possible
measures usinghe MCA andhe CBA for the PoM development, assuring the requirements of the EU
FloodsDirective. Flood damage and losses are mapped considering:

1 Tangible and intangible damage;
9 Direct and indirect damage;

in monetized and nomonetized form.

The following outputs are essential for the Flood Risk Maps and will be published d\the be
reviewed by the Romanian Water Authorities and by the loekgwant stakeholders:

9 Direct tangible damage for each flood hazard map (flood source ARl to be classified
Euro/m2;

1 Expected Annual Damages of the direct tangible damage (EAD) based on that-gdess
probabilities (on a river basin level);

Other risk results include:



1 Probability of Loss of Life for each flood hazard map (flood source and AEP);

1 The potentially affected population for each flood hazard maps for each flood hazard map (flood
sourceand AER)

1 Annual expected probability of loss of life based on the preskytprobabilities (on a river basin
level).

The number of affected properties / affected population per flood hazard scenario and the AED of the
following categories: social infrastructure, economic features, transport infrastructure, utility
infrastructure etc. wilelsobe determined.

As well forthe hazardnodeling factsheets will be produced for alodeledASPFRnN the riskmodeling
These wilinclude:

1 APSFRapproach;

1 APSFRoverview of the results;

1 APSFRdetailed results;

1 APSFRoverview of pre and pogprocessing quality assance.

The facts sheets will be delivered together with the risk maps when mapsraveledto the RBAs for
review. The factsheets are only provided to facilitate the review of risk/damage output. The format of the
factsheets is to be finalized. The dradtmat of the factsheets is presented in Anriex

Table6 summarizes theutputs from the riskmodelingto be provided for each APSFR.

Output File format Per scenario/ APSFR
AT it Csvraster For every hazard map
Damage
Indirect Tangible
Damage Csy raster For every hazard map
Direct Intangible
Damage Csy raster For every hazard map
Indirect Intangible
Damage Csy raster For every hazard map
: . 1 per APSFR (if breaching is not a proposed scenari
SISl Csvraster 2 per APSER if breaching is one of the proposed
damage .
scenario.
. . 1 per APSFR (if breaching is not a proposed scenari
AED Indirect Tangible Csv 2 per APSFR if breaching is onéhefproposed
Damage )
scenario.
AED Direct Intangible 1 per APSFR _(|f breachlng_ is not a proposed scenatri
Csv 2 per APSFR if breaching is one of the proposed
Damage )
scenario.
AED Indirect Intangible 1 per APSFR _(|f breachlng_ is npraposed scenario) of
Csv 2 per APSFR if breaching is one of the proposed
Damage .
scenario.

Loss of Life Csyraster For every hazard map




Output File format Per scenario/ APSFR

1 per APSFR (if breaching is not a proposed scenari

AED Loss of Life Raster 2 per APSFR if breaching is one ofghaposed
scenario.
Casualties Csv For every hazard map
People with PTSD Csv For every hazard map
1 per APSFR (if breaching is not a proposed scenari
AED Casualties Csv 2 per APSFER if breaching is one of the proposed
scenario.
1 per APSFR (if breaching is not a proposed scenari
AED People witRTSD | Csv 2 per APSFR if breaching is one of the proposed
scenario.

Factsheet; Overview | Factsheet with

APSFR key data L [l AL ESIAR
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As mentionedn Chapter 4the FLY tool will be used for the flood rislodeling The results obtained using
the automatedFLY tool wilbe validated usinghe resultsobtainedwhen applying themethodologystep
by step(based on a raster approach).

The flood rik assessment of the pilatonsiders thenew exposure datasets, the linkages established
between the categories of the exposure datasets and the damage curves and the flood $exand
cycleresults

Currently, thepilotQg@reliminary results aranalyzedand the findings will be discussed with MEWF, ANAR
and INHGAThe analysis of the resuliiscludes a comparison diie total direct tangible damagédsr all

the scenariosbut as wellof the total direct tangible damages for buildingsgriculture and transport
infrastructurefor all scenarios.

More details regarding the conclusions of this activity will be providédtput 5.

g) Hazardand riskmodelingquality control

Quiality control(QC)s a key elemenand activityin the developrent of complex projects. In thixoject,

new maps are being developed, corresponding to different APSFR typologies, and maps from the first

cycle are being processed, whichsitmecases must be assembled with maps from the second cycle, to
producefinal maps. This is a large amount of information, and errors may odouavoidany mistaks,
severalcheckstages have been establish&xcontrol the quality of the final models and outputs

There are two clear steps of the Q@e is the control during production of the models ambther when
production is finalizedThe controduring production is based on the close monitoritigat all activities
realized forthe modelingand mappingare in line with the developed methodologg andestablished



standards.This is the first step of the QC, the controbimduction Once the ASPFR model is finalized
the QC posproduction starts.

The first step of the chain of Qadstproductionis to checkthe correct implementation of the data
structuring and naming convention policy established for the second cycle implementati@policy
allows the useto follow a set of rules to store and name the output files in a standard way. Thiesuili
in consistentoutputs across RB# somethingthat wasnot achievedduring the first cycleThispolicyis
explained irsummary inChapter6 of this documentind explained in detail in AnnexThere are several
layers of controkstablishedo check the compliace with this policy(i) at the upload of the file to the
storage solution in the cloudii) in a safe folder of the cloudand (iii) then in the factsheet reportf the
model and outpus do not comply with the data structuring and naming conventid@nwill not be
approved. Before the upload of the filesother QC standardsare implemented to control that the
production is according to the established pEsexplainegreviously

The seond stepof the chain of QC pogtroductionisto checkthe compliance wittwhat was defined as

a complete modeling package APSFR levelhis will include, the model, the simulation files, these
information, mapsthe factsheetsetc All this information is sent together to avaidixingversions of the
model after corrections are madét streamlines and formalizes the flow of informatioks mentioned
before, the APSFR model packages will be uploaded to Microsoft cloud solution Datareake (ADL),

to a safe zone wherdhey will be checkd for compliance on the policy and dhe package. Once the
package is reviewed and approvelde WB places this APSFR package in the general data structure that
will be provided to MEWF, ANAR aiNHGA in different phases before the end of the Project.

The third step of the chain of QC pgsbduction is to check the entire modeling package reviewing the
factsheet, following a checklist to finally open review and run the models directly. Thiglpasl lduring

the pilot experiences to identify issues such as missing new flood infrastructure in the existing and not
updated DTM from the first cycle. If some additional works have been done in the last years after the first
cycle DTM acquisition, theyanot included in DTM as they did not exist at that time. Fortunately, these
are just specific situation, not general problems. Great efforts have been made to represent this
infrastructure properly within the existing DTMs limited by the availabilittopbgraphic survey of the
infrastructure. The WB team will perform this final step, and if approved, the maps will be published in
the WV. This tool is explained in Chapter 6 of the document

Once the results are publishéd the WV, the last step of the Q could be completed. This isaidation

of the maps using the local knowledge of the stakeholdiedsby the RBAs. The RBAs are responsible to
identify relevant stakeholders that could provide relevant feedback for the mapsWiheill help to
simplifythe reviewprocessaandhelpto processandaddress the feedback receivethe RBAs have a close
knowledge that allows them to detect these errors, and to propose their correction. In order to do it in a
simple and efficient way, the WV has been developed, thinking of the RBAs as its main user. The WV will
have the maps loaded,nd access to them is immediate. Possible erman beindicated by marking
regions or polygons on the map in the areas where doubts appear and making comments concerning the
marked polygon.

As complementary material for consultation, the RBAs will havbeit disposal the model factsheets,
where they will be able to appreciate what type of model has been made, its accuracy, its degree of detail,
the basic information, etc. In addition, the RBAs are receiving trainings on the modeling process. These



trainings are oriented to explain to the RBAs staff everything necessary for them to be able to perform
the quality control work in an optimal wagee Anne% to see a factsheet template.

Once the hazard maps have passeddliferentlevels of control in a $sfactory way, they are considered
suitable to serve as the basis for the risk maps. These risk maps, whose quality control process by WB is
discussed below, are also submitted to the RBgisgthe WV for analysis.

Risk

Even if the methodology is mosthutomated using the FLY tool, a procedure for Quality Control is
developed, covering all types of flood risk mapiseprocedure and the steps were presentedthg WB
team during the Technical Mission held in September 2021 and approved by the MBRAR,and
INHGAThe QC procedure compristine followingstages:

1 Preprocessing stage
Before performing the automatized steps for flood risk assessment, the input data is checked:

0 the exposure database to cover the maximum extension of the flood hamnaitd li

0 the projections of exposure database and hazard maps to be similar;

o0 the correct links between the exposure database categories and the damage curves
typologies;

o0 the removal of the building footprint;

o the appropriate usage of the warning times for tloss of life assessment, considering
the source of floods.

1 Postprocessing:

For all the flood risk maps scenarios, the following issues will be checked:

o validation of the top/ bottom 1% of the features which generate the highest/ lowest of
damages withina APSFR or settlement will be executed based on expert judgement. This
validation determines if there are any adjustments necessary, for examplecorrect
assignment of building threshold value, an incorrect building footprint area, or a building
being located within the active river bank. Hepots will be validated by expert
judgement;

o the contributions of the typologies to the total damage are validated using expert

judgement;

all exposed elements having more than 1000 euro/m2 are validated;

all area having a loss of life greater than 1% are validated;

all areas with more than 1 casualty are validated,

deviations of the flood risk maps like extreme or missing values.

o O O O

Some of the issues will be checked manually, other using scripts devedspedially for this assignment.
1 RBAs and relevant local stakeholders visual check:

Once the Flood Risk Maps and datasets are ready, they will be shared throuyBthih the RBAs and
the relevant local stakeholders for review and comments. Training HerWV usage and relevant
feedback for the flood risk maps will be organized in advance\WW&inctionality is described in detail
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time period to avoiddelays in the project implementation.

Mainly, the review of the flood risk maps and data sets by the RBAs and the relevant local stakeholders is
based on their local knowledge. The type of relevant feedback refers to the confirmation of the high risk
or low risk areas correct identification, indication of abandoned facilities where the values of risk are high
(e.g., Abandoned malls or shopping centardlstrial facilities which are abandoned or do not get
damagecdketc.).

All the comments addressed thromghe WV platform will be reflectedand where necessayyhe flood
risk maps will be improved. Answers to comments will be provided visMelatform.
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correct usage of the naming convention;

compliance with WISE atNSPIRE requirements;

correct projection system;

format, completenessand functionality;

asimilar extension of the flood hazard and flood risk maps;

terminology and translation precision;

match between the data in the maps and the info presentettiéfactsheets and reports.

O O OO o o o

6. Additional tools and training to handieodelingdataand results

Additional tools and training tmanageandusemodelingdata andresultshave been creatednd will be

provided to secure that MEWF, ANAR and INHGA will ba@bke and managefficiently all the results
from the Project andavill be ableto re-useandfurther extend them. In thiChapter the datastructuring

policy, theADLand theWVare explained.

a) Data stucturing and namingolicy

The datastructuring and naming conventigrolicyfor the secondcycle of the Fivascreatedkeeping in
mind the importance of a reliable data management system to support the good developmaihttod
outputs ofsuch a complefroject. This was elaborated based on the experiences made organizing the
existing data fromfirst cycle or other projectshis is detailed in Output 3 of the proje€he entire policy

is provided a®\nnex 2 of thislocument asadraft. This isaliving documenthat maybe further modified

and upgraded for the next deliverables of tRmject and even beyond théroject. In thisChapterthe

most important things that have been applied to develop the second cycle dsttaicture will be
explained. This data structure and namiage being used for the developmenf FHRM and FRMR first
trainingcourse in the use of thdata structure ancdhamingconventionhasalreadybeenprovided in this
respect

There are two important concepts that were considedrding thedevelopment of the data structimg
and naming policfor FDimplementation:

0 grouping and organizing the information into a coherent structure;
o naming folders and files.

)



The data will be organized at the first level of the structure based on the relationship of data wkibthe
implementation cyclesn Romania. Based on various analysf the existingdata will be organized in 3
main repositoriesas follows:

0 Floods Directive Independent Datd&RQ@FDIndependent data that were not generated in one of

the projects related td=Dimplementation in Romania, but which can be used in the activities
within the project frame as input data. These data aseally collected from different institutions,
like INHGA, ANM, ANAR, ANERI;

o Data under the FD umbrella:

0 ROCzI data collected and generated as deliverables inftrgt cycleof the FD, (survey
data, hydrological data, models, maps, reports, etc.)

0 ROC2 data generated as deliverables in tlsecond cycle of thd=D (survey data
generated during C2, hydrological data generated during C2, models, maps, reports, etc.)

RO-FDI RO-FDIndependent

RO-C1

RO-C2

The data irthe second cyclés structured based on the main sections of terkplanand organizatiorof
the Project, as follows:

O O O O

O O O O

General Documents containing methodologies, studies, reports etc;

Survey Works containing DTMs, orthophoto plaarsl toppgraphtal andbathymetric data;
Exposure Data containing the digitized building and other objebich are exposed to flood risk;
Modeling and Mapping containing the deliverables produced by thedelingteam such as
hydrodynamic models, water depth rasters, damage lasg calculatin data, risk maps;
Program of Measures containing all deliverables and relevant files generated under this gctivity
screening reports, APSFR Strategiesdeling and reports, htegrated Projects modeling and
reports, etc.;

Environmental and Social Aspects containing SEA inputs;

Stakeholder Engagement containing workshops related inputs, etc

Trainings containing training materials, data,.ptc

Project Management containing project management data suchmasthly reports, inception
report, data management general description and user manual, etc.

One of the most important secteiin the data structureés Modelingand Mapping where the data is
structuredby RBAs/UoMs. At UoM level, the structure will cdntéolders associated with all APSFRs in



that UoM and also a folder for technical reports mmdelingand mapping. There are 535 APSER$
non-APSFRsvhich represent the main unit of reporting.

The naming convention of folders and files is compoeéd sequence of mirtodes of 2o 4 characters
each, which reflects the properties of the folder or file. The organization of the technicalvdaitzh is
produced in a serial manner, is done at th®mic unit of reporting (APSFR). Each APSFR has a short
unigue code assigned, which plays the role of an ID; this,@@demparison with the EURO Coiemore

easily integrated ito the naming convention of the folders and fild$e name of all files and folders is
composed of fixed parts and variable parts. Usually, the code presented in the name of the files and
folders isformed from minicodes, in most cases are acronyms tfegiresent a characteristic of file and
folders. Those mirtodes can be identified as a prefix, suffix, or inside the name of files or folders.

As a general rule, the prefix of the file is imposed by the name of the folder that contains it. Also, as a
genaal rule, the folders will use the name of the folder that contains it (parent folder) as a prefix and add
only one minicode that defines is more specific. In this manner, the nhame of the second cycle of FD
implementation repository (R@2) will beome the prefix of all sudolders and files down in the structure

(as an example, RO2PoM for the Program of Measures foldeffpr moredetails,please see Annex 2 of

this document.

b) Azure Data Lake

Thereorganizeddata and the data structure and naming implembed for the second cycle of the FD
implementation arelocated in a cloudtoragebased in Azure Data Lake. This cloud storage hashhéken

to store safelyall of the data reorganized and created under thmject and to facilitatehe access to it

for the development of the FHRM and FRMP. This cloud wilkbd for the duration of the project and

closal right after. It is expected that by the end of the Proje&omania will establish the needed IT
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infrastructure.

c) Web Viewe(WV)

A serviceof aWVis being setip for the duration of thé?roject tofacilitate thereview of the mapsspart
of the quality control previously explaine@theWV can also be used for theublicationof the mapsto
the wider public In thisweb-basedGIS toal RBA will be able to create accounts faohe designated
stakeholders to reviewhe maps With this toolrelevantstakeholdersto be selected by the RBA® able
to provide feedback in an organized way. W& can bring Vihdows TerminalServer (WTS systems and
canalsobe operedas WTS in a GIS todtaining was provided on the use of this tool and alboochure
explaining the process of validating the maps usingAhéwas developedSee AnneX for details on the
trainingand Annex8 for the brochure prepar&BA and stakeholdéor the review of he maps



d) Training

The support provided to Romanian water authorities for the development of the FHiiddscludes
capacity building and traininp improve the staff skills for flood risk management. The typt&aihing
interventions needed wasidentified based on the assessmentrfiemed at the beginning of théroject.
A training plan was developed angdatedbasedon the continuous dialogubetweenthe WBandthe
Romanian authorities

With regards to flood hazard and flood ristodelingand mappingtraining sessions were designed to:

1 to raise the capacities of using GIS tools for the activities impli@ddalelingand mapping of the
flood hazard and risk. 5 training sessions were organized (Introduction to GIS using ArcGIS, ArcGIS
2: Essential wofflows, Migrating from ArcMap to ArcGIS Pro, Creating and Editing Data with
ArcGIS Pro, Spatial Analysis with ArcGdpdtd other 2 will fdbw by the end of the project.

1 to understand the new methodological framework and the steps of the methodologwes. T
introductory training sessions were organized (General introduction to the methodology of flood
hazard mapping anMethodology of Flood Risk Mapping akdeling.

1 to increase the skills related to flood hazarmbdelingand mapping. 2 training sesswnvere
organized (Fluvial floodingodeling Pluvial floodingnodeling, andthe other 3 will follow (Flash
floodingmodeling Coastal floodinghodeling Dike breacimodeling in the first quarter of 2022.

1 to increase the skills related to flood risk assessment and mapping. Training sessions will be
provided in the first quarter of 22

1 to increase the knowledge base for dike behavior and to derive the fragility curves to be used for
the dike breachmodeling 1 training session was providexhd 2 will folow in the first quarter of
2022.

9 to visual checkthe quality of the outputs radted in the flood hazardand riskmodelingand
mapping usingVV. 1 training session was provided.

9 to improve the data managemen.training sessioswere provided Data structure and naming
conventionand Exposure databage

Due to CoVid 19 constraints, the training sessions were provided in a virtual format. In the last period, the
training sessions were provided mainly Maodle, an elearning platform witha simple interface, drag









