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Disclaimer 

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

The findings, interpretation, 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 

not guarantee the accuracy of the data included in this work. 

This report does not necessarily represent the position of the European Union or the Romanian 

Government. 

 

Copyright Statement 
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Bucharest, Romania). 

 
 
 
 
 
 
 
This report was delivered under the Reimbursable Advisory Services Agreement on Technical Support for 
the Preparation of Flood Risk Management Plans for Romania signed between the Ministry of Waters and 
Forests1 and the International Bank for Reconstruction and Development on October 16, 2019. It 
corresponds to Output 4: Report on technical support to MEWF for modeling flood hazard and flood risk, 
including: 
Output No. 4.1 
Report on advice provided to MEWF in the preparation of 1D hydraulic modeling 
Output No. 4.2 
Report on advice provided to MEWF in the preparation of 2D hydraulic modeling 
Output No. 4.3 
Report on advice provided to MEWF in the preparation of pluvial modeling 
under the above-mentioned agreement. 

 
1 Changed its name to Ministry of Environment, Waters and Forests (MEWF) in November 2019. 
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1. Introduction 
¢Ƙƛǎ άReport on technical support to MEWF for modeling flood hazard and flood riskέ (further named the 

Report) represents the fourth Output as specified in the Reimbursable Advisory Services Agreement (RAS) 

signed between the Ministry of Environment, Waters and Forests (MEWF) and the World Bank (WB) on 

October 16, 2019, for the provision oŦ άTechnical support for the Preparation of Flood Risk Management 

Plans (FRMP) for Romaniaέ όŦǳǊǘƘŜǊ ƴŀƳŜŘ ǘƘŜ tǊƻƧŜŎǘύΦ ¢ƘŜ ƻǾŜǊŀƭƭ ƻōƧŜŎǘƛǾŜ ƻŦ the Project is to support 

the Government of Romania strengthen the capacity of the Ministry of Environment, Water, and Forests 

όa9²Cύ ŀƴŘ ǘƘŜ bŀǘƛƻƴŀƭ !ŘƳƛƴƛǎǘǊŀǘƛƻƴ άwƻƳŀƴƛŀƴ ²ŀǘŜǊsέ ό!b!wύ ƛƴ ǘƘŜƛǊ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ the 

second and third stages of the second cycle of the EU Floods Directive (2007/60/EC). Ultimately, the WB 

will provide support to Romania for the development of the Flood Hazard and Risk Maps (FHRM) and 

Flood Risk Management Plans (FRMP), contributing to the improvement of the national capacities for 

flood risk management. 

Component 1 of the Project, the stocktaking assessment, was finalized with the delivery of Output 1, 

Report on Stocktaking and Workplan in April 2020. During the stocktaking phase, the World Bank, 

together with MEWF and ANAR, ǘƘƻǊƻǳƎƘƭȅ ŀǎǎŜǎǎŜŘ wƻƳŀƴƛŀΩǎ ŎŀǇŀŎƛǘƛŜǎ ŦƻǊ ŦƭƻƻŘ Ǌƛǎƪ ƳŀƴŀƎŜƳŜƴǘ ŀƴŘ 

analyzed the first implementation of the EU Floods Directive (FD) within the country. This included an 

assessment of the Preliminary Flood Risk Assessment of the first cycle (reported to EC in 2012) and of the 

second cycle (reported to EC ƛƴ нлмфύΣ ŀǎ ǿŜƭƭ ŀǎ wƻƳŀƴƛŀΩǎ ŦƛǊǎǘ ŎȅŎƭŜ CƭƻƻŘ IŀȊŀǊŘ ŀƴŘ wƛǎƪ aŀǇǎ 

(reported to EC in 2014) and the 12 Flood Risk Management Plans, one for each of the 11 River Basin 

Administrations and one for the Danube (reported to EC in 2016). This assessment also included a 

comprehensive study on the data availability and quality needed under the Project. Based on this 

complete assessment, the WB prepared a detailed workplan for providing technical support to Romania 

for the development of the second cycle FHRM and FRMP within the implementation of the RAS, until 

December 2022 and now extended till June 2023.  

The underlying strategy of this workplan, as already agreed upon during the preparation of the Project 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 to MEWF on the 

following: (i) 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) methodology for cost-benefit analysis; (vi) 

methodology for multi-criteria analysis; (vii) methodology for the prioritization of measures and projects.) 

delivered in October 2020 and assistance to establish the knowledge base (Output 3, Report on technical 

data collected) delivered in September 2021. These two deliverables are the base for providing support 

for the remaining deliverables of the Project: the modeling of flood hazard and flood risk as described in 

the present report (Output 4, Report on technical support to MEWF for modeling flood hazard and flood 

risk), the preparation of draft FHRM (Output 5, Report on advice provided to MEWF in the preparation of 

draft FHRMs), the preparation of 12 draft FRMP (Output 6, Report on advice provided to MEWF in the 

preparation of 12 draft Flood Risk Management Plans for public consultation) and of 12 final draft FRMP 

(Output 7, Report on advice provided to MEWF in the preparation of twelve (12) final draft Flood Risk 

Management Plans), and the strengthening of the administrative capacity in water management (Output 

8, Report on technical support provided to MEWF and ANAR for strengthening their administrative 

capacity in water management). 



 

 
 

The methodological guidance, part of Output 22 delivered in October 2020, built on the work done by 

Romania in the first cycle of the FD, improving the methods leveraging international best practices and of 

EU Member States, covering gaps, and considering data availability and quality. The new framework 

consists of the following: (i) methodology for Hazard Modeling and Mapping, (ii) methodology for Flood 

Damage and Loss Assessment, (iii) methodology for Risk Maps, and (iv) methodology for Developing 

Programs of Measures. This framework will be used under the Project to provide support for the 

development of the modeling under Output 4 (the current report), the flood hazard and risk maps under 

Output 5, and the plans under Output 6 and 7 using the existing and newly collected data as reported 

through Output 3. 

The report on the technical data collected, Output 3 delivered in September 2021, summarized 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., data from the first cycle FD implementation and 

other projects). This data is being used for the development of the hazard and risk modeling part of the 

present report and for the development of the maps and the plans part of the next outputs. 

EU Floods Directive requires member states to develop FHRM as part of the second stage implementation 

of the directive. The results of completing the second stage of the FD, the FHRM, are essential for the 

development of the Program of Measures (PoM) that will tackle the flood risk reduction as part of the 

FRMP. The maps need to be prepared for all 526 Area Potential Significant Flood Risk (APSFR) defined in 

the Preliminary Flood Risk Assessment (PFRA) and 9 non-APSFRs following the approved methodologies 

and using the significant amount of new data collected under the Project, the available data from the first 

cycle and other projects. This data includes meteorological and hydrological data, topographic data 

including Digital Elevation Models (DTM), bathymetrical surveys, and information concerning existing 

flood protection infrastructure and exposure and damage data. Furthermore, hazard and risk modeling 

need to be realized for all flood sources defined in the PFRA, such as fluvial, pluvial, flash floods, dike 

breaches and coastal with the integration of climate change. The hazard modeling scope covers 321 

APSFRs and non-APSFRs. For the remaining 214 APSFRs, the existing maps from the first cycle will be used 

to integrate climate change. The covers 535 APSFRs and non-APSFRs. Finally, the modeling will lead 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 assessed the existing models 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 on the assessment and categorization of existing models, additional requirements 

and specifications for the new methodologies were defined. It was agreed that for the modeling of the 

hazard, new models will be produced with just one exception in a small 200 m extension. 

 
2 Note that Output 2 as per Legal Agreement includes seven methods that are covered in the three methods finally 
produced mentioned in the text. The seven methods 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) methodology for cost-benefit analysis; (vi) methodology for multi-criteria analysis; (vii) methodology 
for the prioritization of measures and projects. 



 

 
 

In the case of risk modeling, during the first cycle only a qualitative assessment was conducted as the 

granularity of the existing exposure data was insufficient for a quantitative assessment. In this second 

cycle, based on the approved methodology and the newly developed exposure data, flood damage 

assessment and flood risk modeling will be completed in a quantitative approach for all 535 APSFRs and 

non-APSFRs as indicated above. 

This report on technical support to MEWF for modeling flood 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 MEWF, 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 second cycle done by the WB team at the beginning of 

the Project. Chapter 3 details the hazard and risk modeling scope as defined together with MEWF, ANAR 

and INHGA and describes the types of models for different flood sources, the agreed probabilities, and 

the way to integrate climate change in the modeling. Chapter 4 explains in detail the approved 

methodology and its improvements. Chapter 5 explains the implementation and results to be obtained 

and the quality control that will be conducted. Chapter 6 explains additional tools and trainings to be 

provided to Romania for using and managing modeling data and results. Chapter 7 explains the next steps 

and how the modeling results will be used for the development of the FHRM and FRMP.  

The development of hazard and risk modeling started in September 2021 and is still ongoing, the first 

results are already undergoing final quality checks and will be delivered beginning of 2022. Once hazard 

models for an APSFR have been approved, based on them also the flood risk map for the respective APSFR 

will be produced. The delivery of the new FHRM jointly with the modeling will be staggered upon 

completion of ŀƭƭ !t{CwǎΩ ƳŀǇǎ in order to allow the use of the maps during the development of the PoM 

and for MEWF, ANAR, and INHGA to start the reporting of the maps as soon as possible. All modeling for 

the new FHRM will be completed before the delivery of Output 5 and delivered jointly. 

 

2. Data, models and methods collection and assessment during 

stocktaking and beyond 
Primarily during stocktaking, but also in the following months, the WB compiled and assessed all existing 

data and hydraulic models available to be used for the second cycle FHRM and FRMP. This work resulted 

in the identification of data and hydraulic modeling gaps to be covered under the Project. The data gaps 

related to DTM, Digital Surface Model (DSM), orthophoto and cross-sections, and exposure data were 

covered in Output 3 of the Project. Detailed information on the new and existing data, including a 

description of the exposure data, can be found in the Report on technical data collected (Output 3). 

Furthermore, during stocktaking, the methods used during the first cycle for flood hazard and risk 

modeling and mapping were assessed, and requirements for the new methodologies were set. For details 

you can consult Result no. 2. 

The hazard and risk modeling scope were provided to the WB at the beginning of the Project by INHGA 

and ANAR and updated in July 2020. The total number of APSFRs and non-APSFRs to be modeled for 

hazard is 321. This was defined based on what was achieved during first cycle implementation, ultimately 



 

 
 

proposing for detailed hazard modeling (i) APSFRs with simplified hydraulic modeling during the first cycle, 

(ii) new APSFRs from cycle 2 with no hydraulic modeling, (iii) models were realized but dike breaches or 

model extensions were proposed under this second cycle. The WB assessed all the existing models under 

the third category that could be used in this second cycle of implementation. In the case of risk modeling, 

the scope was proposed to cover all 535 APSFRs and non-APSFRs using the new methodology and 

exposure data to perform a quantitative flood risk assessment. Note that during the first cycle only a 

qualitative flood risk assessment was done. 

The hazard modeling used and produced under the first cycle was developed by different consulting 

companies at the level of each River Basin Administration (RBA) and for the Danube river. Thus, each Unit 

of Management (UoM) developed its own scope of work, model requirements, and outputs resulting in 

inhomogeneous results across the country. For example, some RBAs had available functioning models 

with complete input data used and detailed documentation, in other cases, only model results and reports 

were available. This reality made the assessment of the quality of the models and its outputs a very 

challenging task and time consuming, taking longer than expected. Hence the activity continued beyond 

the stocktaking stage until all the necessary models were assessed.  

Only in 78 APSFRs from a total of 321 APSFRs proposed for modeling, 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 designated 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 results were evaluated, assessing the input data (structure format and quality), 

the hydraulic models (methodology, approach and type of software etc.) and modeling results (water 

depth rasters (WDR), maps, reports etc.). Some of the models were appraised based on the input data, 

model, results, and documents, in other cases only using results and reports. The conclusions of the 

assessment showed that in some cases, (i) DTM and cross-sections did not have the appropriate accuracy 

for obtaining good modeling results, (ii) the modelΩs schematics were inadequate mainly in floodplains, 

(iii) validation and calibration were inadequate due to lack of data or bad data quality, (iv) models were 

developed with outdated data that do not represent current conditions, (v) all models were developed 

under steady state, (vi) hydraulic structures were not properly defined in the models, (vii) only fluvial flood 

sources were considered, (viii) climate change was not integrated into any of the models, and (ix) WDR to 

be used under this cycle were provided in different formats, and more than 70% mismatched the flood 

extent (shape and length) reported to EC, in general caused by some core-processes for the generalization 

of vector-type 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. 

The results of the assessment roughly confirmed the anticipated modeling scope for flood hazard and risk 

agreed during the preparation of the Project. Furthermore, it provided valuable information and 

conclusions on the possible use of existing models for the development of the hazard modeling and the 

resulting maps. This information was used to decide if new models have to be built or if existing models 

can be used for the development of the flood hazard modeling. The exact decision by model and APSFR 

and flood source is not available yet for all APSFRs. This information will be provided in Output 5 when 

the hazard modeling activity will be completed next year. Nevertheless, it has been agreed that in approx. 

90% of the cases, new models will be built. 



 

 
 

During stocktaking, the assessment of the methods for flood hazard and risk modeling from the first cycle 

concluded that (i) there was a need to develop and apply new consistent methodologies covering the 

whole territory, (ii) the methodologies should cover all new flood sources defined in the PFRA and 

integrate climate change (iii) the methodologies should include a damage assessment including a damage 

and loss database and quantitative flood risk mapping and (iv) the methodologies should define different 

modeling approaches depending on data availability. The final methodologies were agreed and approved 

by MEWF, ANAR and INHGA and were delivered as part of Output 2 of the Project. These methodologies 

are being used for the development of the modeling and FHRM. 

 

3. Hazard and risk modeling scope 
In this Chapter, the scope for hazard and risk modeling, including the way climate change was 

incorporated in terms of scope, will be explained in detail. Ultimately, the scope of the hazard and risk 

modeling comprises a total of 526 APSFRs and 9 non-APSFRs where the approved methodologies are being 

applied to develop the corresponding modeling that will result in the FHRM. The 535 APSFRs and non-

APSFRs correspond to a total of 574 river sectors, 3 coastal APSFRs, 1 interfluvial APSFR, 17 pluvial APSFRs. 

The final maps will be reported to the EC and will be used for the development of the PoMs as part of the 

FRMPs.  

a) Hazard modeling scope 

It is difficult to define the scope of modeling and the number of models in simple numbers for an APSFR, 

as the APSFR length varies (can be short (couple of km) or long (hundreds of kilometers)) from RBA to RBA 

and the sources, mechanisms and characteristics of floods might differ from one river sector to another 

along the same APSFR. Furthermore, an APSFR can cover one river or more rivers. Furthermore, within an 

APSFR, different flood sources can be considered and even overlap. In those cases, several modeling 

scenarios must be completed. Some APSFRs might have one model covering the entire length, and others 

need several models by river sector or flood source. Basically, for the second cycle of FD implementation, 

321 of a total of 535 APSFRs and non-APSFRs will be modeled for different flood sources and mechanisms 

for several Annual Exceedance Probabilities (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 hazard modeling will be used to 

report to EC.  

Within the APSFRs to be modeled, we have three categories where new hydraulic modeling is being 

developed: (i) the APSFRs part of the scope to be modeled with new or existing models, (ii) the APSFRs 

where existing models need to be re-run to produce results, this is designated as Water Depth Raster 

Calculation (WDRC) and (iii) the APSFRs to be modeled where WDR exist but do not cover the entire length 

of the APSFR and needs to be completed, this is designated as WDR completion. 

For the first category of scope, modeling corresponds to 312 APSFRs sectors. The following flood sources 

and AEPs will be produced: 

¶ 5 AEPs, 33%, 10%, 1%,0.5% and 0.1% using synthetic hydrographs 

¶ Additionally, 1% AEP with climate change scenario 



 

 
 

¶ This includes modeling for Fluvial floods, flash floods, pluvial, dike breaches, including baseline 

and coastal flooding. 

¶ For dike breaches, only 2 AEPs will be modeled. 

¶ 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.  

¶ Note that 12 sectors are part at the same time of the first and second categories as both categories 

cover a part of a single sector. 

For the second category of scope, modeling corresponds to 21 APSFRs sectors. The following flood sources 

and AEPs will be produced: 

¶ 3 AEPs, 10%, 1% and 0.2% for steady flow 

¶ Additionally, 1% AEP with climate change scenario 

¶ This includes modeling only for Fluvial floods. 

For the third category of scope, modeling corresponds to 48 APSFRs sectors. The following flood sources 

and AEPs will be produced: 

¶ 5 AEPs, 33%, 10%, 1%,0.5% and 0.1% using synthetic hydrographs for Tier 1 and 3 AEPs, 10%, 1% 

and 0.1/0.2% for Tier 2. 

¶ Additionally, 1% AEP with climate change scenario for Tier 1. 

¶ This includes modeling only for Fluvial floods. 

¶ 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 scope, including the AEP and 

resulting maps. In addition, in Table 2, you can find the APSFRs where the results of cycle one will be used. 

Note that in Table 2 you find 112 APSFRs proposed for modeling under this cycle, where maps will need 

to be updated based on the existing results from the first and second cycles. This corresponds to 448 

maps. Furthermore, you have 214 APSFRs not proposed for modeling under this cycle, as mentioned 

before, as e hazard results from the first cycle. The extent and complexity of the Project  are very clear 

when you assess these two complex tables and the typologies of flood sources, scope, and the number of 

resulting maps. 

Table 1: APSFRs sectors by flood source and category of scope to be modeled for hazard 

Method  by 

flood 

source and 

category of 

scope  

APSFR 

Sectors  
Dike 

Breach  
AEPs  

Climat

e 

change  

(CC)  

Maps  Comment  

Coastal -Tier 

1 
1 x 5 1%+CC  6 Coastal/ 

fluvial  

Coastal -Tier 

2 
2 x 5 1%+CC  12  Coastal/ 

fluvial  

Flash 4 x 5 1%+CC  24  Combination 



 

 
 

Method  by 

flood 

source and 

category of 

scope  

APSFR 

Sectors  
Dike 

Breach  
AEPs  

Climat

e 

change  

(CC)  

Maps  Comment  

Floods -Tier 

1 
of fluvial and 

pluvial  

Flash 

Floods -Tier 

2 

37  x 5 1%+CC  222  Fluvial based  

WDR 

completion -

Tier 1  

26  x 5 1%+CC  156  Extension > 

1 km, fluvial  

WDR 

completion -

Tier 2  

22  x 3 1%+CC  88  Use old 

model data, 

fluvial  

WDR 

calculation  

21  x 3 1%+CC  84  Use old 

model data, 

fluvial  steady 

flow  

Dike 

Breach -

Baseline  

113  x min.  

3 

1%+CC  678  Fluvial 

baseline 

models  

Dike 

Breach -  Tier 

2 

 
199  2  398  Breach 

scenarios  

Tier 2  

Dike 

Breach -Tier 

1 

 12  2  24  Breach 

scenarios  

Tier 1  

Pluvial -Tier 

1 
17  x 5 1%+CC  102  Urban  

Fluvial -  

Tier 1and 2  

138  x 5  828  fluvial  

Total  381  
  

 2 622  
 

 

Table 2: APSFRs where results from first cycle will be used for hazard modeling 

Type of 

APSFRs  
APSFR  

Dike 

Breach  
AEPs  

Climate 

change 

(CC)  

Maps  Comment  

In APSFRs 

to be 

modeled , 

updat ing  of 

flood extent 

base on first 

and second 

112  x min.  

3 

CC 448  In APSFRs to 

be modeled  

Fluvial, Flash 

Flood  and 

dike breach  



 

 
 

cycle  results  

In APSFRs 

not to be 

modeled , 

Maps from 

the first 

cycle that 

will be used  

214  x min.  

3 

CC 1092  
 

It is expected that 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. The exact number of models, types, 

and the actual model and results will be defined and delivered in the next deliverable of the Project, 

Output 5. 

The modeling software that is used during this cycle of FD implementation is HEC-RAS, MIKE, SWAN, and 

Geographic Information System (GIS) for Tier 2 coastal modeling. A distribution of the modeling software 

at RBA level is provided in Table 3 below. The type of software to be used was selected based on (i) 

requests by ANAR and INHGA, (ii) on the existing models from the first cycle, (iii) the performance and 

adequacy of software by source and local conditions, (iv) time and resources available and (v) availability 

ƻŦ ƭƛŎŜƴǎŜǎ ŀƴŘκƻǊ ōŜƴŜŦƛŎƛŀǊƛŜǎΩ ŜȄǇŜǊǘƛǎŜ ƻƴ ǘƘŜ ǳǎŜ ƻŦ ǘƘŜ ǎƻŦǘǿŀǊŜΦ 

Table 3: APSFRs software to be used in the second cycle by RBA. 

RBA Name 
No. 

APSFR 
sectors 

Software 
F/DB/FF/WDRC 

Software Pluvial 
Software 
Coastal 

RO-01 Banat 25 HEC-RAS HEC-RAS - 

RO-02 Jiu 24 MIKE HEC-RAS - 

RO-03 Olt 42 HEC-RAS HEC-RAS - 

RO-04 Arges-Vedea 44 HEC-RAS HEC-RAS - 

RO-05 Buzau-Ialomita 26 MIKE HEC-RAS - 

RO-06 Dobrogea-Litoral 7 MIKE HEC-RAS GIS / SWAN 

RO-07 Mures 85 MIKE - - 

RO-08 Crisuri 42 MIKE - - 

RO-09 Somes-Tisa 20 HEC-RAS HEC-RAS - 

RO-10 Siret 30 HEC-RAS HEC-RAS - 

RO-11 Prut-Barlad 27 MIKE/HEC-RAS - - 

RO-1000 Dunare 9 HEC-RAS - 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 

document, models were assessed and only 73 models 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 example, it could be used 



 

 
 

to get the riverbeds and convert from 1D to 1D-2D model, or using the old model for a limited length for 

boundary conditions of the new models, etc. 

Table 4: Some existing models from the first cycle that were assessed under Output 1. Note that the 
number of models does not correspond with the number of APSFRs 

Some existing models from the first cycle 

APSFR with fit models from the first cycle overlapping with second cycle modeling scope 117 

Total 117 

Models from the first cycle provided 107 

Models from the first cycle partially provided 5 

Models from first cycle not provided 5 

Total 117 

Models from the first cycle fit to be used 73 

Models from the first cycle unfit to be used 44 

Total 117 

 

As mentioned before, ANAR and INHGA provided at the beginning of the Project the modeling scope for 

this second cycle based on the results of the first cycle. This modeling scope was updated in July 2020 and 

included the APSFRs and sectors to be modeled by flood source and mechanism and the type of modeling 

to be realized. The initial Project scope for the type of models such as 1D, 1D-2D, or 2D was of (i) 204 1D 

models in river sectors, (ii) 160 1D-2D models in river sectors, and (iii) 17 2D models in river sectors. After 

analyzing the available data, time and resources, and the local conditions, the WB proposed an improved 

scope in terms of the type of modeling in which only there are (i) 77 1D and 2 GIS models in river sectors, 

(ii) 126 1D-2D models in river sectors, and (iii) 176 2D models in river sectors. This is a significant 

improvement that could be even greater, as it is expected that these numbers could change upwards and 

not downwards. For example, 1D model could be upgraded to 1D-2D model to better represent the local 

conditions. For more detailed information, consult Annex 1, where this is detailed, and also the scope by 

APSFR and sector, type of models, existing models, and available maps. 

b) Risk modeling scope  

Under the 2nd cycle of FD implementation Romania reported 526 APSFRs and identified 9 non-APSFRs. 

For all of them, a flood risk assessment will be performed using the improved methodological framework 

to assess the flood risk. Unlike the first cycle, when a qualitative method was used to assess the risk, in 

the second cycle, a quantitative assessment will be performed, as described in Chapter 4 of this report. 

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

detailed hydraulic modeling for: 

o 321 APSFRs and non-APSFRs proposed for hazard modeling under the second cycle; 

o 214 APSFRs from the first cycle not proposed for hazard modeling under the second cycle; 

o In 112 APSFRs from a total of 321 APSFRs, results from the first cycle and second cycle will need 

to be combined for fluvial, flash floods, and/or dike breaches; 



 

 
 

Flood Risk Maps will be developed for 5 AEPs scenarios (for the APSFRs to be modeled in the second cycle) 

and in other cases, for 3 AEPs (results obtained in the second cycle with first cycle models and boundary 

conditions) and one more integrating climate change. The maps will be developed for 3 AEPs scenarios 

and one more integrating climate change for those APSFRs where no new hazard modeling is needed, and 

for 3 scenarios and one more integrating climate change for the APSFRs with water depth rasters that 

merge first cycle and second cycle hydraulic modeling results.  

For the river sectors proposed for dike breach modeling, 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 details on the scope of the risk mapping for each APSFR see Annex 1. 

c) Climate change scope 

During the first cycle, FD implementation climate change was not considered, so under this second cycle, 

climate change approaches were developed within the new methodological framework as required by EC. 

The approved methodologies include climate change integration methods for all flood sources for hazard 

and risk. Furthermore, this includes a dedicated GIS method for the APSFRs where hazard modeling results 

from the first cycle will be used. 

The scope to integrate climate change in FHRM is of 535 APSFRs and non-APSFRs for one scenario included 

in the 1% AEP in hazard and risk.  

The climate change scope for hazard modeling is divided into two, the 321 APSFRs proposed for hydraulic 

modeling under the Project and the 214 APSFRs not proposed for modeling. Both scopes will use different 

methods: The first will be produced running hydraulic models with a climate change scenario and the 

second without running models. Both methods will be explained in detail in the next Chapter of this 

document. In the case of the one performing modeling, the scenario will result in running hydraulic models 

with the corresponding synthetic hydrograph to represent the climate change projection of 2050 by flood 

source. The synthetic hydrographs have been provided and are being provided by INHGA for 5 AEPs and 

one climate change scenario added to the 1% AEP. For 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 the 9 non-APSFR. 

For 214 APSFRs not proposed for hazard modeling under this cycle, the 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 and non-APSFRs to be modelled, in the second 

cycle, it is based on 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. 

In conclusion, hazard and risk maps, including the climate change component for 1%  AEP will be produced 

for all APSFRs, whether they are newly modeled in this cycle or existing hazard maps from the first cycle 

will be used.  

 



 

 
 

4. Methodology of hazard and risk modeling 
As explained in Chapter 1 of this document, the methodologies are part of the Output 2, and are being 

applied for the development of the flood hazard and risk modeling that will result on FHRM. In this 

Chapter, a summary of the methodologies for flood hazard modeling and mapping (two tiers) and for the 

damage and loss assessment and the risk mapping (three levels) will be provided. Further, the additional 

enhancements to the methodologies, as well as the approach to integrate climate changes,  are explained 

in more detail. 

a) Hazard modeling and mapping method 

This method provides step by step guidance for the development of flood hazard modeling and mapping 

for different flood sources, mechanisms, and characteristics (fluvial floods, flash floods, pluvial floods in 

urban areas, dike breaches, and coastal flooding). The method incorporates the best practices in Europe 

and beyond and considers climate change. The scope of this method does not include the calculation of 

synthetic hydrographs as this is the responsibility of INHGA. This method is being applied in the APSFRs 

proposed for hazard modeling.  

The step-by-step guide defined a set of 10 steps that are being applied to complete the implementation 

of the methodology. This includes (i) the definition of the model domain, (ii) the definition of the boundary 

conditions, (iii) collection, collation, and processing of all the necessary data (iv) choosing the adequate 

tier depending on the availability and quality of data, (v) define the model schematics, (vi) calibrate and 

validate/verify the model (vii) run the model for 5 AEPs and climate change scenario (viii) produce an 

uncertainty analysis if necessary, (ix) post processing modeling results and (x) producing the flood hazard 

maps. A detailed description of the step-by-step approach for the two levels of modeling for fluvial floods, 

flash floods, pluvial floods, dike breaches, and coastal flooding is included in  Annex 1 of Output 2. 

In summary, the implementation of the method is using and producing the following: 

ω  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% AEP will be produced as well. 

¶ 2 AEPs simulations will be produced for dike breaches, one AEP is modeled with the levee intact 

and then AEP corresponding to the breach scenarios. 

¶ Modeling outputs considering the main drivers of damages: 

o Water depth rasters for 5AEPs+1%+CC 

o Flooded area shapefiles for 5AEPs+1%+CC 

o Velocity field rasters (2D models) for 5AEPs+1%+CC 

o Velocity tables (1D models) for 5AEPs+1%+CC 

o PDF maps 

¶ Two- tier modeling approach to adapt to the data availability, Tier 1 (detailed approach - detailed 

data is available or would be available in the future) and Tier 2 (simple approach ς no detailed 

data is available). In this cycle, 1 coastal APSFR, 12 dike breaches, 4 flash floods APSFRs, 26 WDR 

completion, and a number of fluvial river sectors are being developed with Tier 1. The rest is being 

developed under Tier 2, as indicated in Table 1 of this document. 

o Fluvial flooding:  

Á Tier 1a: two dimensional (2D) hydraulic modeling approach; 



 

 
 

Á Tier 1b: 1D-2D hydraulic modeling approach; 

Á Tier 2: 1D one-dimensional (1D) modeling approach; 

o Pluvial flooding: 

Á Tier 1: two-dimensional model (2D) with a grid size between 2x2 and 5x5 m2;   

Á Tier 2a: two-dimensional model (2D) with a grid size of about 5x5 m2; 

Á Tier 2b: two-dimensional model (2D) with a grid size about for building area 5x5 

m2  for building area and 20x20 m2 for green areas; 

o Flash flooding: to be applied for catchments smaller than 10 km2, for bigger catchments 

fluvial floods methodology would be applied: 

Á Tier 1a: Fully hydrodynamic 2D hydraulic free model solving the full shallow 

water equations using a flexible and fine mesh with the possibility of GPU usage; 

Á 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 m2; 

Á 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 m2; 

 

o Dike Breaches: 

Á Tier 1: derive fragility curves and apply probabilistic approach; 

Á Tier 2: breach values are assumed based on published guidance from British 

Environment Agency3. 

o Coastal flooding: 

Á Tier 1: simplified joint probabilistic approach, wave transformation, overtopping 

and inundation modeling; 

Á Tier 2: extreme sea level projection method; 

¶ The software being used is HEC-RAS, MIKE, SWAN, and GIS for Tier 2 coastal modeling, as these 

are the most adequate and widely used software in Romania. 

Finally, to close this Chapter, it is important to anticipate and define properly some particularities of the 

results that will be produced as a result of implementing the methodology in some APSFRs: 

o As indicated 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 different, the maps 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. 

o Not all APSFRs to be modeled are covered by new high accuracy DTM (0.5x0.5 m), in some 

cases, the DTM is 10 years old. Although some complementary field work has been carried 

out, by measuring cross-sections, the quality of the basic topographic information is not the 

 
3 Recommendations for flood mapping in England and Wales: Findings from the RISK MAP ERA-NET CRUE project 
Project: SC090015; 
https://assets.publishing.service.gov.uk/media/60338e6f8fa8f5432ede78ca/Recommendations_for_flood_mappin
g_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
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 models. The scope of the new DTM was defined 

in agreement with MEWF, ANAR, and INHGA, considering the available budget. This is 

explained in detail in Output 3. 

b) Hazard modeling enhancements.  

The WB team analyzed the methodology and proposed some enhancements to improve the results to be 

obtained based on the availability of data and the local conditions of each APSFR. These enhancements 

or add-ons were proposed by WB and approved by MEWF, ANAR and INHGA. The main upgrades are: 

1. Distribution of lateral inflows in fluvial models: we propose the realization of a simple 1D 

model to determine the lateral inflows distribution as defined in the methodology. This 

distribution will be applied in the 2D model where the adjustment is no longer pursued.  

2. One hydrograph will be used in small APSFRs as differences along the river sector are small. 

The hydrograph downstream end will be used for the entire APSFR for safety purposes which 

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

3. The river sector extension results will have mismatching issues in the overlapping zone as the 

original models are very simplified and used simplified geometry. Furthermore, the new 

hydrographs for the extension zone differ significantly from the results from the first cycle. It 

was agreed that this model results would  be improved in the next cycle modeling the entire 

ASPFR again and not just a part of it. 

4. In some cases (4 APSFR sectors), where the basin for flash floods is small will be modeled 

considering the contribution of rainfall as a flow generator with a rainfall runoff model. This 

type of modeling is considered a pilot experience. Based on the results, this approach will be 

considered to be used in subsequent cycles. 

5. The 17 Pluvial APSFRs Tier 1 will incorporate rainfall runoff models in 2D models. Ultimately, 

the HEC-RAS application of sub-grid techniques will be used to allow the flow circulation 

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. 

6. The Rainfall Intensity-Duration-Frequency (IDF) curves provided by Meteorology National 

Administration (ANM) will be used to generate hyetographs by applying the alternating block 

method. See Annex 3 for more details. 

7. The water potentially drained by the sewer system is eliminated from the system by means 

of infiltration equations, so it does not generate runoff. This will solve the problem that in 

many cities, the efficiency of the drainage network is not known in adequate detail, so a safety 

margin is applied in the estimation of its performance. 

8. Initially, the APSFR St. Gheorghe - Sulina was chosen for Tier 1 coastal flooding analysis. 

However, after an assessment of the sources of the flooding, a change was proposed and 

agreed with MEWF, ANAR and INHGA to the APSFR Mamaia - Razelm Lake. This area has 

significant erosion problems generated by the sea, and it would be very interesting to develop 

and use a detailed model in Tier 1. This coastal modeling will be calculated using SWAN 

software that will include the effect of sea level rise and waves. These two effects will be 

analyzed by studying their joint probability, which is an improvement compared to the initial 

methodology. 



 

 
 

9. The dike breaches are analyzed in two stages: first, the baseline situation is modeled for at 

least 3 AEP, which consists of the analysis of the flooded areas if the dikes offer protection for 

all AEPs, including climate change. Subsequently, based on the analysis of these results, the 

AEPs for simulating the dike breaching will be chosen. In general, 1% AEP will be used, and in 

the case that the flooded area will be similar for 0.1% AEP whether the dike withstands or 

not, the simulation will be proposed with another AEP that may provide more useful 

information for risk analysis. 

10. The dike breaches scenarios involve the analysis of 211 possible locations, of which 12 will be 

analyzed using the Tier 1 methodology. This involves the use of fragility curves, and since 

these fragility curves are not available in general in Romania, a pilot analysis is proposed on a 

dike. This dike is located in an area where geotechnical information is available, the results of 

this experience will be used to extrapolate this information to the rest of the locations and 

build the rest of fragility curves. 

11. The choice of the locations where Tier 1 is applied is the responsibility of MEWF, ANAR, and 

INHGA. Nevertheless, the WB has proposed and agreed with MEWF, ANAR, and INHGA 12 

dike breach locations based on two criteria, probability of failure and considering the local 

knowledge and the consequences. In the case of the pilot dike breach using geotechnical 

information, the criteria to select the location is to have sufficient information. In addition, in 

this annex also the information from the shapefile with the 211 adjusted dike breach locations 

based on local knowledge, approved by ANAR. 

12. After analyzing the methods, the APSFRs modeling scope, and the local conditions, a 

significant upgrade of model type has been defined. Ultimately, model types initially 

proposed to be 1D now are 1D-2D or 2D, and models proposed to be 1D-2D now are 2D. For 

more details, see Chapter 3 and Annex 1 of this document. 

c) Climate change for hazard modeling 

For the 321 APSFRs proposed for modeling where hydrographs have been provided, the following method 

will be applied by flood source to obtain the peak discharge and the hydrograph that will be used to run 

the scenario in the hydraulic model to obtain the map: 

o Fluvial flooding:  

Á Climate change: based on LbID!Ωǎ ǎǘǳŘȅ ƻƴ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ƛƳǇŀŎǘ ƻƴ ŦƭƻǿǎΣ 

three regions are defined for the 2050 horizon in the Romanian territory (i) a 

region with low change in flow applying a 1.1. increase coefficient, (ii) region with 

moderate change in flow applying a 1.15. increase coefficient and (iii) a region 

with significant flow change applying a 1.2 increase coefficient.  

o Pluvial flooding: 

Á Climate change: increase in the peak design rainfall by 20%. 

o Flash flooding:  

Á /ƭƛƳŀǘŜ ŎƘŀƴƎŜΥ ōŀǎŜŘ ƻƴ LbID!Ωǎ ǎǘǳŘȅ ƻƴ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ƛƳǇŀct on flows, 

three regions are defined for 2050 horizon in the Romanian territory (i) a region 

with low change in flow applying a 1.1. increase coefficient, (ii) region with 

moderate change in flow applying a 1.15. increase coefficient and (iii) a region 

with significant flow change applying a 1.2 increase coefficient.  



 

 
 

o Coastal flooding: 

Á 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 to 5 AEPs 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 applied using as a 

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 Output 5. The method to 

obtain the final maps is composed of several steps 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 each AEP. For example, if we imagine 

that all current hydrographs are affected by this 20% increase, a new set of "future Climate 

Change" hydrographs, with higher flows, will be available. If a current hydrograph corresponding 

to 1% AEP is compared to those άŦǳǘǳǊŜ /ƭƛƳŀǘŜ /ƘŀƴƎŜέ hydrographs, it will not correspond to 

1% AEP but to a higher probability. It 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 be interpreted 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 RBA or in each 

region of an RBA with the same peak increase coefficient.  

2. 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%CC 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  

3. Figure 3). This could be done with a linear equation or logarithmic. This has been tested, and a 

linear interpolation has been used. 

4. Now, water elevation maps (WEMs) 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 calculated. The water extent results are not equal, which makes it difficult 

to perform raster operations in GIS. In addition, the water extent corresponding to 1% AEP+CC is 

expected to be larger than 1% AEP, so it is important to extend the area corresponding to 1%AEP 

to be able to operate. It is assumed that this extension can be done considering constant water 

extents in the extended area along a cross-section. See Figure 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 to nearby areas non-trivial. A method for making this assignment has 

been developed and tested. 

5. The last step is the creation of the new WEM needs to be post-processed to eliminate isolated 

areas where water would not naturally reach. For this, the DTM elevations are subtracted, and 

the WDR map corresponding to create the 1% AEP+CC. 



 

 
 

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

automate them. See  

Figure 2 for the interface of the GIS tool developed. 

 

 

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 

 

 

Figure 2: Snapshoot with the user interface from the ArcGIS Tool developed for generating Water Depth 
Raster for scenario 1% AEP+CC 

 



 

 
 

 

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

0.1% AEP 

d) Risk modeling and mapping method 

The flood risk modeling method developed for this cycle of Floods Directive implementation incorporates 

the quantitative assessment of the flood risk and considers climate change. The method will be applied 

for all the APSFRs and non-APSFRs in the second cycle.  

The damage and loss methodology aims at determining the aggregated potential economic losses caused 

by large scale Romanian flooding, which will support the development of the Program of Measures for 

each RBA. The methodology presents two approaches: 

1. Damage and Loss assessment: The total damage comprises the sum of four subcomponents: (1) direct 

tangible, (2) indirect tangible, (3) direct intangible, and (4) indirect intangible damages. 

 

Figure 4: Damages classes 

 



 

 
 

2. Impact assessment: Determining the adverse effects of flooding on the society in general: human 

health, cultural heritage, the environment, and economic activities. This is based on part-quantification 

and narrative rather than full quantification. 

Damage value refers to the potential value that could be lost in a flood. This includes direct damage to 
objects, capital goods, and movable 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 year if the value 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 Output 2), three levels were 

distinguished based on the likely availability of exposure data. Extensive efforts were performed to 

improve the flood exposure database and the damage curves database, thus the Level 3 approach, which 

implies a high level of detail, is to be used for the development of the flood risk maps. 

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

¶ A damage curve, maximum damage value, and percentage for the indirect damage are available 

for all relevant typologies (the exposure/ land use classes), in line with the available exposure data. 

The methodology is in line with international standards in the field of damage modeling and is  

tailored to fit the Romanian context; 

¶ For most of the typologies, the damage curve is based on the water depth only (as is common in 

international literature); 

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

¶ The indirect tangible damage is determined as a percentage of the direct tangible damage or by 

a dedicated damage curve for the indirect 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 loss of life, for fluvial and coastal flooding, an adapted approach based on the Jonkman4 method 

will be used, and for pluvial and flash flooding, the SUFRI5 method approach. 

The impact assessment aims to determine the impact by assessing if exposed elements are affected by 

flooding and count the number of assets, and the locations of people being exposed to flooding for all 

available hazard scenarios. The categories of exposed elements (e.g., residential properties, social 

features, recreational infrastructure, non-domestic properties, utility infrastructure, IPPC and EPRTR sites, 

cultural infrastructure, agriculture, transport infrastructure, etc.) that are analyzed are defined by the 

Multi-Criteria Analysis (MCA) and Cost-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 Impact assessment) are presented in Annex 2 of Output 2. 

 
4 SN Jonkman and JK Vrijling, Loss of life due to floods. Journal of Flood Risk Management 1 (1), 43-56. 2008 ; SN 
Jonkman, Loss of life estimation in flood risk assessment; theory and applications. PhD thesis Delft University. 2007 
5 Ignacio Escuder Escuder Bueno, Adrian Morales Torres, Jesica Tamara Castillo Rodriguez and Sara Perales 
Momparler, SUFRI method for pluvial and rivier flooding risk assessment in urban areas to inform decision making. 
Final report, July 2011. 



 

 
 

e) Risk modeling enhancements 

Considering the timeline and the available resources for the project implementation, the WB team 

analyzed the methodology and proposed some enhancements to improve the results. These 

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): 

¶ Use of the computational tool called FLY that undertakes the calculations on a feature-by-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 results. 

Computational techniques in FLY are slightly different than the ones presented in the methodology: while 

in the methodology, a process of conversion and disaggregation to raster is proposed, in the FLY tool, the 

disaggregation to smaller polygons is proposed, thus the risk/damage mapping now is based on a higher 

spatial resolution (combining vulnerability, exposure & hazard). 

 

Figure 5: Simplified schematic of the computational tool 

¶ The damage and loss methodology is designed assuming the hazard maps are corrected for 

building thresholds. According to the best practices, if the water depth value is equal or less 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 30cm building 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, 

assuming that no damage occurs below 30cm.  

The approach for the second cycle for pluvial and flash flooding is explained as follows: 

o The DTM of the flood hazard model is corrected for buildings. The water depth in the 

hazard maps is measured from the floor level of the building. The zero-point of the 

damage curve is located at floor level. Damage curves, therefore, start increasing from 

floor level onwards.   



 

 
 

 

Figure 6: Building threshold approach for pluvial and flash flooding 

 

The approach for the first cycle and second cycle fluvial and coastal flooding is outlined as follows: 

o Building thresholds are not corrected in the hazard maps. Water depth is measured from 

ground level, not from floor level. To prevent the overestimation of the damage, damage 

curves are adapted. 

o Thresholds are assumed to be most relevant for residential properties. Damage curves 

for residential curves start from ground level (similar to the water depth in the hazard 

maps) but are shifted by the average threshold value of 30 cm. Damage curves, therefore, 

still start increasing from floor level onwards. As the damage curve is shifted, this is 

applicable to all residential properties. 

o All other types of buildings occasionally have thresholds. They are non-corrected. 



 

 
 

 

Figure 7: Building threshold approach for fluvial and coastal flooding 

 

 

Figure 8: The situation regarding non-residential buildings (no 0.3m adjustment to the point where flood 
damage is initiated) 

 



 

 
 

¶ No open spaces are taken into account as they have a minimal contribution to the damage.   

f) Climate change for risk modeling  

In an ideal approach, the effects of climate change would be modeled for each AEP being analyzed. This 

would allow an adjustment to be made to the damages/probability curve, as shown in Figure 9, to take 

into consideration the revised damage values for each AEP event. 

The Expected Annual Damage (EAD) is determined based on the Total Damage as being the area below 

the graphic representation of the values of Total Damage for each AEP (Figure 9).  

 

Figure 9: The loss probability curve, the area under which is the Expected Annual Damage (EAD) 

Under the current RAS project, a 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 other AEtǎΩ ǊŜǎǳƭǘǎ ǿƛǘƘ ŎƭƛƳŀǘŜ 

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. For example, a 10-year flood might become a five-year flood, and the 100-year 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 for a particular AEP, 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 100-years flood) to guide the process of adjustment. 

In practical terms, the following is undertaken:  

o 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 corresponding to the 1% AEP with climate change for each APSFR; 



 

 
 

o Risk assessment results for 1% AEP with climate change will be plotted against the AED 

curve without climate change; 

o The value corresponding to the AEP of 1% with climate change at present will be 

determined on the AED curve without climate change, by moving this point horizontally 

to the intersection with the AED without climate change; 

o The climate change AED curve will be generated using the information from the previous 

step on the probability shift and using logarithmic interpolation. 

The agreed procedure is shown in Figure 10. For an individual property, the position on the graph of AEPs 

are bigger) in relation to the shift that is demonstrated by modeling for the 1% event. This first yields the 

red point in Figure 10. The green points are shifted away from the blue points by the same proportionate 

amount of probability. A final adjustment sees the creation of the yellow point, which is shifted to the 

right from the red point in line with the damage values created at that red point.  

 

Figure 10: The agreed adjustment process for incorporating climate change into the calculation of EAD 
(NB: the caption to the yellow point should read ñInferred Annual Exceedance Probability today of the 

damages of the 1% Annual Exceedance Probability with climate changeò) 

For APSFRs to be modeled in the second cycle, the 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 hydraulic modeling from the first cycle, the same procedure is 

applied, but using only the 3 first cycle AEPs (10%, 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 implementing the methodologies for flood hazard and risk 

modeling and its enhancements will be described and enumerated jointly with the quality control 

procedures that will be applied to make sure that the results are up to the highest quality standards. 

a) Input data for hazard modeling 

The input data to produce hazard modeling and maps depends on the typology of the APSFR, to be 

modeled or not. For the 214 APSFRs not to be modeled, the only input data are the water depth rasters 

from the first cycle from 6 to 3 AEPs and the weightings for the calculation of the 1% AEP+CC. The WDR 

were without common structure and did not match the flood extent reported to EC. It was difficult to 

identify the right source of the WDR as there were a set of different versions in different locations. The 

WB invested significant time for structuring, renaming and correcting the WDR that were validated by 

ANAR and INHGA. More than 1000 WDR were processed. This was described in detail in Output 3. 

For the APSFRs to be modeled, the input data is various and extensive. It includes the following: 

¶ DTM, DSM, orthophotos, and topo-bathymetrical data (cross-sections) are available for all the 

APSFRs proposed for modeling. The dataset is a mix of sets of data from the first cycle and other 

old projects, from the second cycle newly acquired and other recent projects such as LAKI II 

implemented by the National Agency of Cadaster and Land Registration (ANCPI). As mentioned 

before, the existing data is of lower quality compared to second cycle data (e.g., due to evolution 

of technologies) and, in some cases, more than 10 years older. Significant efforts have been made 

for merging first cycle and second cycle data and for improving the first cycle data with second 

cycle data. More than 180 issues have been solved concerning this topic. Nevertheless, we need 

to highlight that this difference in quality between datasets will impact the quality of the outputs. 

For the next cycle, a unified quality of data for all APSFR would be convenient to obtain better 

modeling results. For more detailed information about the data quality and scope, see Output 3. 

¶ Hydrometeorological data: there are three types of data used for models in the APSFR sectors to 

be modeled under this cycle:  

o IDF curves and reports were provided by ANM for 17 APSFRs and 12 Flash Floods tier 1 

locations. For more details, see Annex 3. 

o Synthetic flow hydrographs for 5 EAPs and climate change for natural and actual flow for 

inflow sections for APSFRs have been provided by INHGA. 5% of the data, as well as a 

report on the production of these hydrographs, is still missing and will be provided by 

INHGA before the end of the year. Flow hydrographs have been provided for more than 

2000 inflow sections. The WB invested significant time providing support to INHGA to 

develop the hydrographs and 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 Historical flood hydrographs have been provided by INHGA for more than 250 gauging 

stations, with more than a total of 1000 flood events, to be used for calibration of the 

models. WB validated the data and requested additional clarifications and data in some 

cases. 



 

 
 

o Rainfall inputs are based on the IDF curves provided by ANM for some flash floods models 

in addition to the provided synthetic hydrographs. 

¶ Losses to the drainage system based on performance information have been defined and will be 

detracted from the expected precipitation. 

¶ Urban flood emergency interventions database provided by General Inspectorate for Emergency 

Situations (IGSU) has been post-processed by WB, obtaining maps indicating the locations 

affected by historical floods (e.g., as points not polygons), by year, that will be used for validation 

of the urban models. 

¶ Dike breach locations: INHGA and ANAR provided the initial shapefile with 209 dike breaches 

location finally adjusted based on local knowledge by the WB team and resulted in 211 breaches. 

In addition, 12 Tier 1 locations were proposed by WB and accepted by ANAR. 

¶ Coastal modeling Tier 1 location: a change was proposed by WB and agreed upon by MEWF, 

ANAR, and INHGA. Finally, the Tier 1 location is APSFR Mamaia - Razelm Lake, as this detailed 

modeling will allow to assess the risk properly in this area that suffers from coastal erosion. 

¶ Coastal data for modeling: information on the maritime climate that allows to deduce the effect 

of waves and mean sea level rise is needed. Since now, no data has been received from ANAR 

and/or INHGA despite multiple requests. The data from the Dobrogea Litoral RBA corresponding 

to the coastal erosion study would be a good base for the coastal modeling. Without this data, 

WB will not be able to realize the coastal modeling. As explained before, further delay in the 

delivery of the data might also result in not realizing this modeling, as the Project only has a limited 

duration. In addition, a marine bathymetry campaign has been carried out in order to provide the 

necessary DTM of the seabed for the SWAN model. 

¶ The climate change discharge impact map provided by INHGA divides the country into three 

regions with a different anticipated increase in maximum discharge (10%, 15%, or 20%). 

b) Model outputs for hazard modeling 

After the modeling process, several products will be obtained, which will be stored in a clear and orderly 

manner according to the data structuring and naming convention policy. 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 delivered in 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 folders where 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 scenarios, such 

as the different AEPs and if applicable to other calculation hypotheses, such as dike breaches, are properly 

stored, and from the name of the files, it is easy to deduce to which type of scenario each file corresponds. 

The main product obtained from the model consists of a set of maps. Several folders with WDRs and 

WEMs are included. In the case of 2D models, a folder with velocity maps is also included. In the case of 

1D models, the velocities are presented in tabular form. 



 

 
 

In the case of APSFRs that include 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 cover the APSFR 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 mismatches 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 or "Factsheet", 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, corresponding to different model 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 

ǘƘŜ ǊŜŎƻƴŎƛƭƛŀǘƛƻƴ Ǉƻƛƴǘǎ ōȅ ŎƻƳǇŀǊƛǎƻƴ ǿƛǘƘ LbID!Ωǎ ǇǊƻǾƛŘŜŘ ŘƛǎŎƘŀǊƎŜǎΣ όƛƛύ analysis if the simulation 

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 on the 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. The WV will allow the analysis of flooded areas, or to 

consult the levels at 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 model, these maps provide more information. 

c) Hazard modeling ǇƛƭƻǘǎΩ ǊŜǎǳƭǘǎ 

The modeling work to obtain hazard maps is very intense, and there are very different model types such 

as 1D, 2D, 1D-2D, pluvial, coastal, and scenarios of dike breach, each with its own particularity. It is 

important to establish a standard procedure for the development of all the models, so the main 

hypotheses or modeling techniques are applied homogeneously in all models across the country by all 

teams involved. This becomes more important if a significant amount of people works simultaneously 

developing the models. Currently, more than 40 modeling experts are working to perform this task. 

To establish these common criteria, the WB team developed pilots allowing the revision, correction, and 

refinement of the standard procedures to achieve better models and results. The first pilot implemented 

and approved is Sarata APSFR, a fluvial model that has been developed in 2D. Currently, there are other 

three being implemented and revised, such as Raul Negru in 1D-2D in HEC-RAS, Pitesti in 2D in HEC-RAS, 

and Jidostita in 1D in MIKE. 

Table 5: Sarata APSFR model details. 

No UoM 
APSFR  
C2 ID 

APSFR  
EU Code 

APSFR Tag 
(River/Locality) 

Type of 
modeling 

Software 
used 

1 
RO-05 
Buzau-
Ialomita 

05-
A018F 

RO5-11.01.022....-01A Sarata 2D MIKE 

 



 

 
 

Detailed results from the APSFR Sarata model are included in Annex 6, where the factsheet of the model 

is provided. From the analysis of the model and outputs of APSFR Sarata we can conclude it is a model 

with a strong 2D component, in which the flooded area ends up being similar to a reservoir and cannot 

adequately represent the hydrographs supplied by INHGA at its downstream end, since the routing effects 

that appear in the model, and which are real, are not and 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 result of the analysis of a small set of pilot models  serves to establish 

the general criteria of the modeling, to detect possible elements of improvement in the methodology, to 

evaluate the computational time, and to optimize all the processes. 

 

 

Figure 11: Sarata APSFR location 

d) Input data for risk modeling  

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

¶ Water Depth Rasters (WDR): The WDR results of detailed hydraulic modeling for different 

numbers of AEP from the first cycle of 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 explained in Chapter 4. For the APSFRs to 

be modeled in second cycle, all the WDRs corresponding to the 6 AEPs (33%, 10%, 1%, 0.5%, 0.1%, 



 

 
 

1%+CC) or for 4 AEPs (10%, 1%, 0.1%/0.2%, 1%+CC) will be obtained from the hydraulic modeling 

currently under development. 

¶ Damage and loss functions database: During 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 the damage curves 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  Annex 2 of  Output 2. 

¶ Exposure database: For all the APSFRs to be reported under the second cycle and 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, land use, roads, railways, utilities, hydraulic 

infrastructure, etc. More details regarding the exposure database are presented in Output 3. 

 

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 presented in Figure 13. More than 1300 subcategories of the exposure 

database were matched with the available damage curves. More details regarding the links between the 

exposure database categories and subcategories and the damage curves can be found in Annex 4. 



 

 
 

 

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 and flash floods) and ANM (for pluvial and coastal flooding) data, 

in line with the legislation in force. In the case of pluvial and flash flooding, this information is used as 

input to the SUFRI loss of life methodology. In case of fluvial, coastal, and dike breach flooding, the 

information is processed to 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 the loss of life. 

e) Risk modeling outputs 

The principal aim is to assess the damage and the losses and to provide input for appraisal of possible 

measures using the MCA and the CBA for the PoM development, assuring the requirements of the EU 

Floods Directive. Flood damage and losses are mapped considering: 

¶ Tangible and intangible damage; 

¶ Direct and indirect damage; 

in monetized and non-monetized form. 

The following outputs are essential for the Flood Risk Maps and will be published on the WV to be 

reviewed by the Romanian Water Authorities and by the local relevant stakeholders: 

¶ Direct tangible damage for each flood hazard map (flood source and AEP) to be classified 

Euro/m2; 

¶ Expected Annual Damages of the direct tangible damage (EAD) based on the present-day 

probabilities (on a river basin level); 

Other risk results include: 



 

 
 

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

¶ The potentially affected population for each flood hazard maps for each flood hazard map (flood 

source and AEP); 

¶ Annual expected probability of loss of life based on the present-day probabilities (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. will also be determined. 

As well for the hazard modeling, factsheets will be produced for all modeled ASPFR on the risk modeling. 

These will include: 

¶ APSFR - approach; 

¶ APSFR - overview of the results; 

¶ APSFR - detailed results; 

¶ APSFR - overview of pre and post-processing quality assurance. 

The facts sheets will be delivered together with the risk maps when maps are provided to 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 draft format of the factsheets is presented in Annex 5. 

Table 6 summarizes the outputs from the risk modeling to be provided for each APSFR. 

Table 6: Outputs for each APSFR. 

Output File format Per scenario/ APSFR 

Direct Tangible 
Damage 

Csv, raster For every hazard map  

Indirect Tangible 
Damage 

Csv, raster  For every hazard map 

Direct Intangible 
Damage 

Csv, raster  For every hazard map  

Indirect Intangible 
Damage 

Csv, raster For every hazard map 

AED direct tangible 
damage 

Csv, raster 
1 per APSFR (if breaching is not a proposed scenario) or 
2 per APSFR if breaching is one of the proposed 
scenario. 

AED Indirect Tangible 
Damage 

Csv 
1 per APSFR (if breaching is not a proposed scenario) or 
2 per APSFR if breaching is one of the proposed 
scenario. 

AED Direct Intangible 
Damage 

Csv 
1 per APSFR (if breaching is not a proposed scenario) or 
2 per APSFR if breaching is one of the proposed 
scenario. 

AED Indirect Intangible 
Damage 

Csv 
1 per APSFR (if breaching is not a proposed scenario) or 
2 per APSFR if breaching is one of the proposed 
scenario. 

Loss of Life Csv, raster For every hazard map 



 

 
 

Output File format Per scenario/ APSFR 

AED Loss of Life  Raster 
1 per APSFR (if breaching is not a proposed scenario) or 
2 per APSFR if breaching is one of the proposed 
scenario. 

Casualties Csv  For every hazard map 

People with PTSD Csv For every hazard map 

AED Casualties Csv  
1 per APSFR (if breaching is not a proposed scenario) or 
2 per APSFR if breaching is one of the proposed 
scenario. 

AED People with PTSD Csv 
1 per APSFR (if breaching is not a proposed scenario) or 
2 per APSFR if breaching is one of the proposed 
scenario. 

Factsheet ς Overview 
APSFR 

Factsheet with 
key data 

1 per APSFR 

 

f) Risk modeling piƭƻǘǎΩ ǊŜǎǳƭǘǎ 

As mentioned in Chapter 4, the FLY tool will be used for the flood risk modeling. The results obtained using 

the automated FLY tool will be validated using the results obtained when applying the methodology step 

by step (based on a raster approach).  

The flood risk assessment of the pilot considers the new exposure datasets, the linkages established 

between the categories of the exposure datasets and the damage curves and the flood hazard second 

cycle results. 

Currently, the pilotΩǎ preliminary results are analyzed, and the findings will be discussed with MEWF, ANAR 

and INHGA. The analysis of the results includes a comparison of the total direct tangible damages for all 

the scenarios, but as well of the total direct tangible damages for buildings, agriculture, and transport 

infrastructure for all scenarios. 

More details regarding the conclusions of this activity will be provided in Output 5. 

 

g) Hazard and risk modeling quality control  

Quality control (QC) is a key element and activity in the development of complex projects. In this Project, 

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

cycle are being processed, which in some cases must be assembled with maps from the second cycle, to 

produce final maps. This is a large amount of information, and errors may occur. To avoid any mistakes, 

several check stages have been established to control the quality of the final models and outputs. 

There are two clear steps of the QC. One is the control during production of the models and another when 

production is finalized. The control during production is based on the close monitoring that all activities 

realized for the modeling and mapping are in line with the developed methodologies and established 



 

 
 

standards. This is the first step of the QC, the control in production. Once the ASPFR model is finalized, 

the QC post-production starts. 

The first step of the chain of QC post-production is to check the correct implementation of the data 

structuring and naming convention policy established for the second cycle implementation. This policy 

allows the user to follow a set of rules to store and name the output files in a standard way. This will result 

in consistent outputs across RBAs, something that was not achieved during the first cycle. This policy is 

explained in summary in Chapter 6 of this document and explained in detail in  Annex 3. There are several 

layers of control established to check the compliance with this policy, (i) at the upload of the file to the 

storage solution in the cloud, (ii) in a safe folder of the cloud, and (iii) then in the factsheet report. If the 

model and outputs do not comply with the data structuring and naming convention, it will not be 

approved. Before the upload of the files, other QC standards are implemented to control that the 

production is according to the established plan as explained previously. 

The second step of the chain of QC post-production is to check the compliance with what was defined as 

a complete modeling package at APSFR level. This will include, the model, the simulation files, the base 

information, maps, the factsheets, etc. All this information is sent together to avoid mixing versions of the 

model after corrections are made. It streamlines and formalizes the flow of information. As mentioned 

before, the APSFR model packages will be uploaded to Microsoft cloud solution, Azure Data Lake (ADL), 

to a safe zone where  they will be checked for compliance on the policy and on the package. Once the 

package is reviewed and approved, the WB places this APSFR package in the general data structure that 

will be provided to MEWF, ANAR and INHGA in different phases before the end of the Project. 

The third step of the chain of QC post-production is to check the entire modeling package reviewing the 

factsheet, following a checklist to finally open review and run the models directly. This has helped during 

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, they are not 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 availability of topographic 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 published in the WV, the last step of the QC could be completed. This is a validation 

of the maps using the local knowledge of the stakeholders led by the RBAs. The RBAs are responsible to 

identify relevant stakeholders that could provide relevant feedback for the maps. The WV will help to 

simplify the review process and help to process and address the feedback received. The 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, and access to them is immediate. Possible errors can be indicated 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 have at their 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 way. See Annex 5 to see a factsheet template. 

Once the hazard maps have passed the different levels of control in a satisfactory 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 RBAs using the WV for analysis. 

Risk  

Even if the methodology is mostly automated using the FLY tool, a procedure for Quality Control is 

developed, covering all types of flood risk maps. The procedure and the steps were presented by the WB 

team during the Technical Mission held in September 2021 and approved by the MEWF, ANAR, and 

INHGA. The QC procedure comprises the following stages: 

¶ Pre-processing stage 

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

o the exposure database to cover the maximum extension of the flood hazard limit; 

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

o the correct links between the exposure database categories and the damage curves 

typologies; 

o the removal of the building footprint; 

o the appropriate usage of the warning times for the loss of life assessment, considering 

the source of floods. 

¶ Post-processing: 

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 within an APSFR or settlement will be executed based on expert judgement. This 

validation determines if there are any adjustments necessary, for example, an incorrect 

assignment of building threshold value, an incorrect building footprint area, or a building 

being located within the active river bank. Hot-spots will be validated by expert 

judgement; 

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

judgement; 

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

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

o all areas with more than 1 casualty are validated; 

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

Some of the issues will be checked manually, other using scripts developed especially for this assignment. 

¶ RBAs and relevant local stakeholders visual check: 

Once the Flood Risk Maps and datasets are ready, they will be shared through the WB with the RBAs and 

the relevant local stakeholders for review and comments. Training for the WV usage and relevant 

feedback for the flood risk maps will be organized in advance. The WV functionality is described in detail 



 

 
 

ƛƴ ǘƘŜ /ƘŀǇǘŜǊ сΦ ¢ƘŜ ŦŜŜŘōŀŎƪ ŦǊƻƳ ǘƘŜ w.!ǎ ŀƴŘ ǊŜƭŜǾŀƴǘ ǎǘŀƪŜƘƻƭŘŜǊǎ ǎƘƻǳƭŘ ōŜ ǇǊƻǾƛŘŜŘ ƛƴ ǘǿƻ ǿŜŜƪǎΩ 

time period to avoid  delays 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 centers/industrial facilities which are abandoned or do not get 

damaged etc.).  

All the comments addressed through the WV platform will be reflected, and where necessary, the flood 

risk maps will be improved. Answers to comments will be provided via the WV platform.  

¶ ±ŜǊƛŦƛŎŀǘƛƻƴ ƻŦ ǘƘŜ ƻǳǘǇǳǘǎΩ ŦƛƭŜǎΥ 

o correct usage of the naming convention; 

o compliance with WISE and INSPIRE requirements; 

o correct projection system; 

o format, completeness, and functionality; 

o a similar extension of the flood hazard and flood risk maps; 

o terminology and translation precision; 

o match between the data in the maps and the info presented in the factsheets and reports. 

 

6. Additional tools and training to handle modeling data and results 

Additional tools and training to manage and use modeling data and results have been created and will be 

provided to secure that MEWF, ANAR and INHGA will be able to use and manage efficiently all the results 

from the Project and will be able to re-use and further extend them. In this Chapter, the data structuring 

policy, the ADL and the WV are explained. 

a) Data structuring and naming policy 

The data structuring and naming convention policy for the second cycle of the FD was created keeping in 

mind the importance of a reliable data management system to support the good development of all the 

outputs of such a complex Project. This was elaborated based on the experiences made organizing the 

existing data from  first cycle or other projects. This is detailed in Output 3 of the project. The entire policy 

is provided as Annex 2 of this document as a draft. This is a living document that may be further modified 

and upgraded for the next deliverables of the Project and even beyond the Project.  In this Chapter, the 

most important things that have been applied to develop the second cycle data structure will be 

explained. This data structure and naming  are being used for the development of FHRM and FRMP. A first 

training course in the use of the data structure and naming convention has already been provided in this 

respect. 

There are two important concepts that were considered during the development of the data structuring 

and naming policy for FD implementation:  

o 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 with the FD 

implementation cycles in Romania. Based on various analyses of the existing data will be organized in 3 

main repositories as follows:  

o Floods Directive Independent Data (RO-FDIndependent): data  that were not generated in one of 

the projects related to FD implementation in Romania, but which can be used in the activities 

within the project frame as input data. These data are usually collected from different institutions, 

like INHGA, ANM, ANAR, ANCPI, etc.; 

o Data under the FD umbrella: 

o  RO-C1: data collected and generated as deliverables in the first cycle of the FD, (survey 

data, hydrological data, models, maps, reports, etc.) 

o  RO-C2: data generated as deliverables in the second cycle of the FD (survey data 

generated during C2, hydrological data generated during C2, models, maps, reports, etc.) 

 

Figure 14: Data structure at first level 

The data in the second cycle is structured based on the main sections of the workplan and organization of 

the Project, as follows: 

o General Documents containing methodologies, studies, reports etc; 

o Survey Works containing DTMs, orthophoto plans, and topographical and bathymetric data; 

o Exposure Data containing the digitized building and other objects which are exposed to flood risk; 

o Modeling and Mapping containing the deliverables produced by the modeling team such as 

hydrodynamic models, water depth rasters, damage and loss calculation data, risk maps; 

o Program of Measures containing all deliverables and relevant files generated under this activity ς 

screening reports, APSFR Strategies modeling and reports, Integrated Projects modeling and 

reports, etc.; 

o Environmental and Social Aspects containing SEA inputs; 

o Stakeholder Engagement containing workshops related inputs, etc.; 

o Trainings containing training materials, data, etc.; 

o Project Management containing project management data such as monthly reports, inception 

report, data management general description and user manual, etc. 

One of the most important sectors in the data structure is Modeling and Mapping, where the data is 

structured by RBAs/UoMs. At UoM level, the structure will contain folders associated with all APSFRs in 



 

 
 

that UoM and also a folder for technical reports on modeling and mapping. There are 535 APSFRs and 

non-APSFRs, which represent the main unit of reporting. 

The naming convention of folders and files is composed  of a sequence of mini-codes of 2 to 4 characters 

each, which reflects the properties of the folder or file. The organization of the technical data, which is 

produced in a serial manner, is done at the atomic unit of reporting (APSFR). Each APSFR has a short 

unique code assigned, which plays the role of an ID; this code, in comparison with the EURO Code, is more 

easily integrated into the naming convention of the folders and files. The 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  is formed from mini-codes, in most cases are acronyms that represent a characteristic of file and 

folders. Those mini-codes 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 

general rule, the folders will use the name of the folder that contains it (parent folder) as a prefix and add 

only one mini-code that defines is more specific. In this manner, the name of the second cycle of FD 

implementation repository (RO-C2) will become the prefix of all sub-folders and files down in the structure 

(as an example, RO-C2-PoM for the Program of Measures folder). For more details, please see Annex 2 of 

this document. 

b) Azure Data Lake 

The reorganized data and the data structure and naming implemented for the second cycle of the FD 

implementation  are located in a cloud storage based in Azure Data Lake. This cloud storage has been built 

to store safely all of the data reorganized and created under the Project and to facilitate the access to it 

for the development of the FHRM and FRMP. This cloud will be used for the duration of the project and 

closed right after. It is expected that by the end of the Project, Romania will establish the needed IT 

ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ǘƻ ǊŜŎŜƛǾŜ ŀƭƭ ƻŦ ǘƘŜ tǊƻƧŜŎǘΩǎ ŘŀǘŀΦ ²ƻǊƭŘ .ŀƴƪ Ŏŀƴ ŀǎǎƛǎǘ ƛƴ ǘƘŜ ŘŜǎƛƎƴ ƻŦ ǘƘŜ ƴŜŜŘŜŘ 

infrastructure. 

c) Web Viewer (WV) 

A service of a WV is being set up for the duration of the Project to facilitate the review of the maps as part 

of the quality control previously explained. The WV can also be used for the publication of the maps to 

the wider public. In this web-based GIS tool, RBAs will be able to create accounts for the designated 

stakeholders to review the maps. With this tool relevant stakeholders, to be selected by the RBAs are able 

to provide feedback in an organized way. The WV can bring Windows Terminal Server (WTS) systems and 

can also be  opened as WTS in a GIS tool. Training was provided on the use of this tool and also a brochure 

explaining the process of validating the maps using the WV was developed. See Annex 7 for details on the 

training and Annex 8 for the brochure prepare RBA and stakeholder for the review of the maps.  



 

 
 

 

Figure 15: WV landing page 

d) Training  

The support provided to Romanian water authorities for the development of the FHRMs also includes 

capacity building and training to improve the staff skills for flood risk management. The type of training 

interventions needed was identified based on the assessment performed at the beginning of the Project. 

A training plan was developed and updated based on the continuous dialogue between the WB and the 

Romanian authorities.  

With regards to flood hazard and flood risk modeling and mapping, training sessions were designed to: 

¶ to raise the capacities of using GIS tools for the activities implied by modeling and mapping of the 

flood hazard and risk. 5 training sessions were organized (Introduction to GIS using ArcGIS, ArcGIS 

2: Essential workflows, Migrating from ArcMap to ArcGIS Pro, Creating and Editing Data with 

ArcGIS Pro, Spatial Analysis with ArcGIS Pro) and other 2 will follow by the end of the project. 

¶ to understand the new methodological framework and the steps of the methodologies. Two 

introductory training sessions were organized (General introduction to the methodology of flood 

hazard mapping and Methodology of Flood Risk Mapping and Modeling). 

¶ to increase the skills related to flood hazard modeling and mapping. 2 training sessions were 

organized (Fluvial flooding modeling, Pluvial flooding modeling), and the other 3 will follow (Flash 

flooding modeling, Coastal flooding modeling, Dike breach modeling) in the first quarter of 2022. 

¶ to increase the skills related to flood risk assessment and mapping. Training sessions will be 

provided in the first quarter of 2022. 

¶ to increase the knowledge base for dike behavior and to derive the fragility curves to be used for 

the dike breach modeling. 1 training session was provided, and 2 will follow in the first quarter of 

2022. 

¶ to visual check, the quality of the outputs resulted in the flood hazard, and risk modeling and 

mapping using WV. 1 training session was provided.  

¶ to improve the data management. 2 training sessions were provided (Data structure and naming 

convention and Exposure database). 

Due to CoVid 19 constraints, the training sessions were provided in a virtual format. In the last period, the 

training sessions were provided mainly via Moodle, an e-learning platform with a simple interface, drag-






