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Disclaimer 

The following methodology has been developed by HKV Consultants on behalf of the World Bank Group 

and was delivered in August 2020. The development of the methodology is part of the Reimbursable 

Advisory Service on Technical Support for the Preparation of Flood Risk Management Plans for Romania, 

that the World Bank is implementing on behalf of the Romanian Ministry for Environment, Water and 

Forests.  

Integral part of this methodology is a national flood and damage database that is currently being 

developed and populated based on the approach described in this document. The additional information 

needed to implement this methodology, including the exposure data sets and depth-damage functions 

will be made available by the World Bank. 

The Methodology has not been formally accepted by the Romanian Government yet and still might be 

subject to further adjustments during its implementation for the development of the second cycle flood 

risk management plans.
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Definitions and acronyms 

Definition Description 

Impact The adverse of flooding on the society in general: human 

health, cultural heritage, the environment and economic 

activities. 

Exposed to flooding People/assets at risk of flooding. 

 

 

Acronyms Description 

CITD Coefficient ratio  

CLC Corine Land Cover 

Di Average damage of the two events with exceedance 

probabilities Pi and Pi+1 

DID  5ƛǊŜŎǘ LƴǘŀƴƎƛōƭŜ 5ŀƳŀƎŜ όϵκƳ2) 

DTD Direct Tangible Damage  

EAD Expected Annual Damage  

ETR89-LAEA, EPSG:3035 ETRS89 Lambert Azimuthal Equal Area  

Fd(h)  Mortality fraction / fatality rate (%) 

FE Evacuation fraction (also evacuation effectiveness) 

GDP Gross domestic product 

IDD LƴŘƛǊŜŎǘ LƴǘŀƴƎƛōƭŜ 5ŀƳŀƎŜ όϵκƳ2) 

ITD Indirect Tangible Damage  

Stereo70, EPSG:3844 Romanian National Projection System, Stereographic 1970  

LOL Loss of Life (people/km2) 

MAI Morbidity and Injuries (people/km2) 

MMAI aƻƴŜǘŀǊȅ ǾŀƭǳŜ ŦƻǊ aƻǊōƛŘƛǘȅ ŀƴŘ LƴƧǳǊƛŜǎ όϵκǇŜǊǎƻƴύ 

MHI  People with Mental Health Issues (people/km2) 

MMHI Monetary value for People with Mental Health Issues 

όϵκǇŜǊǎƻƴύ 

MLOL aƻƴŜǘŀǊȅ ǾŀƭǳŜ ŦƻǊ [ƻǎǎ ƻŦ [ƛŦŜ όϵκǇŜǊǎƻƴύ 

MIO Million  

N Loss of life estimate (number of casualties) 

NPAR  Number of people at risk 

PLL Annual Potential Loss of Life  

ɲt Exceedance Probability increment 

RP Return Period 

SIRUTA Locality National Code  

TD Total Damage 

TID Total Intangible Damage 

TTD Total Tangible Damage  
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Summary 

This document provides an overview of the methodology for Damage & Loss assessment and Risk 

Mapping in Romania. It is designed to allow the Romanian authorities to comply with the 

requirements from EU Floods Directive and supports the Romanian authorities in establishing flood 

risk management plans (and evaluate the effectiveness of potential flood risk measures). To enable 

assessment of flood risk measures, the World Bŀƴƪ Ƙŀǎ ŎƻƳƳƛǎǎƛƻƴŜŘ ǘƘŜ ǇǊƻƧŜŎǘ ά5ŜǾŜƭƻǇƛƴƎ ŦƻǊ 

Romania a methodology for building and the development of a comprehensive flood damage and loss 

ŘŀǘŀōŀǎŜ ŀƴŘ ŀ ƳŜǘƘƻŘƻƭƻƎȅ ŦƻǊ ǇǊƻŘǳŎƛƴƎ ŦƭƻƻŘ Ǌƛǎƪ ƳŀǇǎέΦ ¢Ƙƛǎ ǇǊƻƧŜŎǘ ƛǎ ǇŀǊǘ ƻŦ ŀ ŎƭǳǎǘŜǊ ƻŦ ǇǊƻƧŜŎǘǎ 

in which the methodology for the technical support of flood risk management plans in Romania is 

being developed: 

1. Preparation of the methodology of flood hazard modelling; 

2. Preparation of the methodology for flood damage and loss modelling and flood risk mapping (this 

project); 

3. Program of Measures ς preparing the decision-making process of flood risk management; 

 

The damage and loss methodology (this project) is aimed to determine the aggregated losses over the 

flood extent of large scale flooding. The flood hazard maps (resulting from the methodology from the 

first project in the list above) serve as input. The results of this project serve as input to the program 

of measures (i.e. in the cost benefit analysis and the multi criteria analysis). 

Goal and outline of the methodology 
The goal of the methodology for Damage & Loss assessment and Risk Mapping is: 

¶ To comply with the EU Flood Directive. 

¶ To determine the (monetized) damages and loss of flooding in Romania. 

¶ To determine risk maps for flooding in Romania. 

¶ To quantify the effect of potential flood risk protection and mitigation measures to make informed 

decisions in flood risk management.  

 

In this methodology, two approaches are distinguished: 

1. Damage & Loss assessment and Risk Mapping to quantify the adverse effects of floods (and 

monetize them). The total damage and the four subcomponents: (1) direct tangible, (2) indirect 

tangible, (3) direct intangible, and (4) indirect intangible damage. 

2. Impact assessment1 to determine the adverse of flooding on the society in general: human health, 

cultural heritage, the environment and economic activities.  

General Procedure of Damage & Loss assessment and Risk Mapping 
The methodology of damage & loss assessment and risk mapping is based on a 7-step procedure. This 

procedure also focusses on intermediate (quality) checks. Step 7 focuses on storing the results in 

national databases.  

 

1. Create & improve the exposure, hazard, and population distribution maps. 

The input for the damage and loss assessment is quality checked before use. The input of the 

methodology consists of: 

 
1 The impact assessment is designed to comply with the EU Flood Directive and provide input to the Multi Criteria Analysis. 
It is not designed to be fully compliant with the EU Environmental Impact Assessment Direct. 
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a. Hazard maps2 containing (1) the maximum water depth, (2) flow velocity. Resulting 

parameters (such as the dragging parameters are to be established based on the provided 

input). The hazard maps will be available for four types of flooding (pluvial, fluvial, coastal and 

flash flooding) and various return periods. 

b. Exposure data and maps on the population densities. 

c. The damage and loss methodology (i.e. damage curves, max. damage percentages, etc. 

specified for all available typologies in the exposure database). 

 

2. Apply the damage & loss approach to determine damage and loss maps for all flood hazard 

scenarios. 

Details and characteristics are provided in the chapter below. 

 

3. Quality check on intermediate results 

Inspect and assess the results to spot, correct or improve input. Potentially recompute the results. 

Assess the accuracy of the input and results to get a general understanding of the results. 

 

4. Determine the total damage for each flood type and return period 

Determine the total damage maps based on the summation of the four subcomponents: (1) direct 

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

 

5. Determine the Annual Expected Value 

Determine the annual expected value.  

 

6. Create metadata & describe the process and accuracy for all input and output data  

For each computation a metadata file describing the dataset should be provided according to the 

INSPIRE Technical Guideline on metadata, version 2.0, that can be consulted at 

https://inspire.ec.europa.eu/id/document/tg/metadata-iso19139.  

 

7. Integrate the input and output into the national wide flood risk maps  

The results are stored in the database. A comprehensive report and metadata are generated as 

well together with the database. The results can be aggregated by other spatial units than the 

flood extents such as the river basin / ASPFR, village or town or administrative Units. 

Impact Assessment 
The impact assessment aims to determine the adverse effects of flooding on the society in general: 

human health, cultural heritage, the environment and economic activities. This assessment aims to 

comply with the EU Flood Directive and provide input to the Multi Criteria Analysis when analyzing 

the effects of potential flood protection and mitigation measures. The following procedure is applied. 

 

1. Check input and create categories for impact assessment. 

The input for the damage and loss assessment is quality checked before use. The input of the 

methodology consists of: 

a. Hazard maps containing the maximum water depth. The hazard maps will be available for four 

types of flooding (pluvial, fluvial, coastal and flash flooding) and various return periods. 

b. Exposure data and maps on the population densities (incl. location of vulnerable groups). 

c. Categories for which the impact needs to be determined. They are detailed in the Flood 

Directive and the Multi Criteria Analysis. 

 
2 This needs to be confirmed with the ou tcome of the parallel project  

https://inspire.ec.europa.eu/id/document/tg/metadata-iso19139
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2. Cluster the categories based on the exposure data. 

Determine the location of assets which fall in specific categories of the impact assessment. In 

example for the categories: 

¶ Cultural heritage: determine the location of churches, museums, monuments, etc. 

¶ Human Health: determine the location of hospitals, doctorsΩ office, clinic, nursing home, etc. 

¶ Emergency response: determine the location of ambulance, fire brigade, hospital, etc. 

¶ Utility services: Power stations, water purification, pumping stations, etc. 

¶ Transport: Roads, highways, rails and railway stations, airports, distribution center, etc. 

¶ Marginalized communities: location of vulnerable of marginalized communities.  

 

3. Determine the impact 

Determine the impact by assessing if the locations of a particular category are affected by flooding 

(outcome yes / no ς potentially applying a threshold for the maximum water level of i.e. 10 cm) 

and count the number of assets, locations of people being exposed to flooding. Determine the 

impact for all available hazard scenarios (types of flooding and probabilities of occurrence). 

Construct maps to show the locations of affected assets, locations of people (for all types of 

flooding and probabilities of occurrence). 

Damage & Loss model 

The total damage and loss is calculated based on four subcomponents: (1) direct tangible, (2) indirect 

tangible, (3) direct intangible, and (4) indirect intangible damage. Damage modelling is strongly 

dependent on the availability and quality of the exposure data and should be in line with this data. In 

the damage and loss model three levels are distinguished based on the availability of exposure data: 

¶  Level 1 uses readily available open source data which is available for all of Romania. Examples are 

Corine Land Cover (CLC) or BEAM. This level uses a land-use based approach to damage modelling. 

¶ Level 2 the land-use typologies from the Urban Atlas which is available for 24 regions in Romania. 

This Atlas is similar to CLC, BEAM and OSM except that it has more typologies in the urban areas 

compared to CLC, BEAM and OSM. This level therefore also uses a land-use based approach to 

damage modelling. 

¶ Level 3. Level three is the object-based method which a high level of detail (comparable to 

international damage models such as HAZUS [USA], MCM [UK] and SSM [NL]).  
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Tangible damage 
The following principles are applied for the assessment of the direct and indirect tangible damage: 

ς A damage curve, max. damage value and percentage for the indirect damage will be provided for 

all relevant typologies (the exposure / land use classes). It will be in line with the available exposure 

data. The methodology will be in line with international standards in the field of damage modelling 

and are tailored to fit the Romanian context. 

ς For most of the typologies the damage curve will be based on the water depth only (as is common 

in international literature). In exceptional cases other explanatory parameters can be used (for 

example the flood duration for agriculture and potentially the velocity for flash flooding). In the 

case of other explanatory parameters used, it is checked that they will be available from flood 

hazard modelling. The type of flooding (pluvial, fluvial, flash or coastal flooding) will be considered 

in the approach, i.e. by a modified damage in case of salt water intrusion. 

ς The direct tangible damage will be specified for the structure and the content of buildings (or 

related typologies). 

ς The indirect tangible damage will be determined as a percentage of the direct tangible damage. 

The percentage is likely to be dependent on the typology (the exposure / land use classes) and the 

water depth. 

 

The outcome of this should be at least the summed damage for the flooded area and maps with the 

spatial distribution of damage [per grid cell] for all scenarios in the hazard modelling (various 

probabilities of occurrence and types of flooding). This is for the total tangible damage and the two 

subcomponents: (1) direct tangible, and (2) indirect tangible damage. 

 

It is recommended to also save intermediate results of damage and loss modelling for in-depth 

analysis of the results (and quality checks).  
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Intangible damage 
The following principles are applied for the assessment of the direct and indirect intangible damage.  

¶ The loss of life approach will use as an input: (1) the population distribution, (2) flood 

characteristics (type of flooding and the characteristics of flooding such as flood depth, dragging 

parameters, flow velocity or rise rate) and (3) general information on the DRR-strategy of 

authorities (expressed as an evacuation percentage, availability of DRR-plans, warning time, etc.). 

Loss of life approaches will be determined based on computationally simple models such as a 

method using a fixed mortality percentages, using depth-mortality curves or the dragging 

parameter. No numerical model or agent based modelling (such as LifeSIM) will be considered for 

loss of life assessments. 

¶ The morbidity is calculated using a mortality vs. morbidity ratio. The expected number of people 

with injuries is then determined using a similar approach so as to determine the expected number 

of casualties. 

¶ The number of people suffering from mental health effects (indirect intangible damage) is 

determined as a fraction of the population at risk and will be based on international literature. 

¶ The exposed people, expected casualties and injuries as well as the number of people suffering 

from mental health impacts are monetized. 

 

The outcome of this should be at least: 

¶ Summed damage for the flooded area and maps with the spatial distribution of damage [per grid 

cell] for all scenarios in the hazard modelling (various probabilities of occurrence and types of 

flooding). This for the total intangible damage and the two subcomponents: (1) direct intangible, 

and (2) indirect intangible damage. 

¶ The population at risk, casualties, injuries and people suffering from mental health issues which 

are summed for the flooded area and maps produced with the spatial distribution of the value 

[per grid cell] for all scenarios in the hazard modelling (various probabilities of occurrence and 

types of flooding).  

¶ A map with the spatial distribution of the annual expected value [per grid cell] of the mortality for 

all scenarios in the hazard modelling (various probabilities of occurrence and types of flooding). 

Risk modelling and the Annual Expected Values 
The annual expected value is the basis for the risk mapping. In the case of hazard maps for multiple 

types of flooding, the AED for compound flooding is summed assuming independence between the 

hazards. At the moment of writing it is unclear to what extent compound flooding is relevant to the 

Areas of Potential and Significant Flood Risk. It is recommended to (1) [pragmatically] correct for the 

summation of the AED following from the assumption of independence between events if it turns out 

this leads to a significant overestimation of the results and (2) take compound flooding into 

consideration when interpreting the effectiveness of potential flood protection and mitigation 

measures [and thus ensuring the effect of measures is not over estimated].  

 

The outcome for risk mapping should be at least: 

¶ Summed annual expected damage for the flooded area and maps with the spatial distribution of 

the annual expected damage [per grid cell]. This for the total damage and the four 

subcomponents: (1) direct tangible, (2) indirect tangible, (3) direct intangible, and (4) indirect 

intangible damage. 

¶ Summed annual expected value for the flooded area and a map with the spatial distribution of 

the annual expected value [per grid cell] of the population at risk, number of casualties, number 

of injuries and number of people suffering from mental health issues. 
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¶ A map with the spatial distribution of the annual expected value [per grid cell] of the mortality 

(indicating the probability of loss of life). 

¶ Summed annual expected value for the flooded area and a map with the spatial distribution of 

the annual expected value [per grid cell] of the impact (also see impact assessment). 

¶ When relevant, the above listed outputs should be generated for the various different types of 

flooding (pluvial, fluvial, coastal, flash flooding) and the (summed) compound flooding. 

Accuracy of the results  
It is emphasized that the results of damage and loss modelling are preferred to be analysed on the 

spatial level of the flood extent (or comparable). It is stressed that the spatially distributed damage 

maps [per grid cell] do not provide a prediction for the amount of damage or the loss of life for a 

particular location. At most they can indicate hot-spots for damage or places with an increased 

probability on loss of life or injury. The general uncertainty range of damage and loss modelling lies in 

the order of magnitude of a factor 2 to 5 for the flooded area (i.e. Wagenaar et al. [2015], De Moel 

[2014], Kolen et al. [2014] and Winter et al. [2018]). In analysis the results are often analysed on lower 

spatial levels than the flooded area. The uncertainties of the outcomes significantly increase when the 

results are analysed on these lower spatial levels/scales. We recommend to take this into account 

when interpreting the results and the effectiveness of potential flood protection and mitigation 

measures. 

 

Cell Size  
The cell size used for the computation is to be decided during the assessment. Criteria for this decision 

are accuracy available data, cell size used for hazard modelling as well as available time and 

computation resources. 
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1 Introduction 

1.1 Flood Damage and Loss database Romania 

This report is prepared in the context ƻŦ ǘƘŜ ǇǊƻƧŜŎǘ ά5ŜǾŜƭƻǇƛƴƎ ŦƻǊ wƻƳŀƴƛŀ ŀ ƳŜǘƘƻŘƻƭƻƎȅ ŦƻǊ 

building and the development of a comprehensive flood damage and loss database and a methodology 

ŦƻǊ ǇǊƻŘǳŎƛƴƎ ŦƭƻƻŘ Ǌƛǎƪ ƳŀǇǎέΦ ¢Ƙƛǎ ǇǊƻƧŜŎǘ ƛǎ ǇŀǊǘ ƻŦ ŀ ŎƭǳǎǘŜǊ ƻŦ ǇǊƻƧŜŎǘǎ ƛƴ ǿƘƛŎƘ ǘƘŜ ƳŜǘƘƻŘƻƭƻƎȅ 

for the technical support of flood risk management plans in Romania is being developed: 

1. Preparation of the methodology of flood hazard modelling (blue arrow in Figure 1); 

2. Preparation of the methodology for flood damage and loss modelling and flood risk mapping (this 

project ς green arrow in Figure 1); 

3. Program of Measures ς preparing the decision making process of flood risk management (purple 

arrow in Figure 1); 

4. Data collect on exposure data (orange arrow in Figure 1). 

 

The damage and loss methodology (this project ς green arrow in Figure 1) is aimed to determine the 

aggregated losses over the flood extents of large scale flooding. These losses and risks are used to 

assess the impact of flood protection measures in cost benefit analysis and substantiate investment 

decision in flood risk management (the blue square in Figure 1).  

 

 
Figure 1 Schematic overview of initiative in the technical support of flood risk management plans for 

Romania 
 
Goal of the project 

The goal of the project is to support the Romanian authorities in the development of flood damage 

curves to assess flood damage and to produce flood risk maps. After the methodology is developed, 

the methods will be applied for three selected pilot sites. During the first cycle of the implementation 

of the EU Flood Directive flood hazard and risk maps were already prepared, however is was noted 

that the methods applied at the time can be improved. The risks need to be monetized (where it was 

qualitative so far) and the approach to assess the risk needs to be uniform for the whole territory of 
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Romania. This will support Romanian authorities in making informed decisions on where to invest in 

flood risk management projects. This project results in a methodology for flood damage assessment 

and flood risk mapping. 

 

The methodical development in the project consists of two principal parts (Error! Reference source 

not found.): 

1. The development of a damage and loss database. The damage and loss database consist of:  

a. The methodology for damage and loss assessment as developed in this project 

b. Exposure data for the three pilot areas. 

c. A conceptual data model describing the relation between exposure typologies (point b in this 

list) and the damage assessment methodology and categories (point a in this list) 

2. Methodology for establishing risk maps. It describes computational techniques for calculation of 

risk maps. 

 

 
Figure 2 General overview of the scope of the project 
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2 Database construction  

The purpose was to review different architectures for databases to determine what is most suitable 

for this project, with an emphasis on open source and/or low-cost software. 

 

Activities undertaken: 

¶ To decide on a certain architecture for the database that is most suitable for this project, 

performance criteria were established.  

¶ Based on these criteria, different architectures were investigated.  

¶ The architecture of the database was designed to ensure that the exposure data from the above 

mentioned World Bank project will be possible to be integrated at a later stage, as this was tested 

with the exposure data that was created for the three pilot sites within this assignment. 

¶ As exposure data was created for three levels of details & accuracies for three pilot sites and as 

trials were performed with this data for one pilot site, different architectures were reviewed. 

¶ The damage/loss assessment methodology was finalised 
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2.1 Database Performance Criteria 

To decide on a certain database format and architecture that is most suitable for this project, the 

following performance criteria were established: 

1. Ease of manipulation/transfer 

2. Ease of update 

3. Ease of use within a Flood Risk computation software/tool/plugin 

4. Familiarity of users to certain formats 

 

The table below shows this evaluation. The numbers in the left column of the table refer to the five 

evaluation items below. Higher numbers are used for higher scores. A total of 8 different architectures 

are evaluated. 
 

Table 1 

Performan

ce Criteria 

Shapefi

le 

Geo 

Packa

ge 

SQLite SQL GDB PostgreSQL 

with PostGIS 

 

File GDB Pers. 

GDB 

Geo 

TIFF 

Score for 1 2 3 3 1 1 2 3 3 

Details for 

criteria 1 

Zip only 

(many 

files) 

Simple 

(one 

file) 

Simple 

(one 

file) 

Difficult, advanced users 

only 

Zip only  Simple 

(1 file) 

One file per 

raster 

Score for 2 1 1 1 4 4 3 3 2 

Details for 

criteria 2 

No topology 

 

Best as it ensures multiuser 

editing 

Simple, but no concurrent 

users 

 

Only trough 

computation 

Score for 3 3 2 2 2 2 2 2 3 

Details for 

criteria 3 

Simple Moderate Simple 

Score for 4 3 1 1 2 1 2 2 3 

Details for 

criteria 4 

Best 

known 

Quite 

new, 

few 

users 

Few 

users 

Well 

known, 

only for 

advanced 

users 

Few users Quite well known Best known 

Overall 

score 

9 7 7 9 8 9 10 11 

Conclusion Suitabl

e, but 

not 

databas

e 

Good 

for 

Open 

Sourc

e 

users 

Good 

for 

Open 

Source 

users 

Suitable for 

National 

Architectur

e, many 

people 

know it 

Best for 

National 

Architecture, 

but need 

trained 

people 

Best 

performance, 

but disadvantage 

for transfer and 

hidden structure 

Best for flood risk 

experts (vector and 

raster) 

The File Geodatabase can be a preferred solution in the case where trained GIS experts are employed 

and a solid and robust back-up plan is in place and thoroughly tested. The File Geodatabase has clear 

advantages including access speed.  However, the hidden structure makes it also sensitive for errors 

and makes debugging impossible. Further, if one file is missing (e.g. due to power cuts resulting in 

forced shutdowns of servers), the database can become unusable. 



 

13  

 

Therefore, we propose to deploy a Personal geodatabase as a robust solution. Such a personal 

GeoDatabase can be created for one or more river basins or even for the entire country and/or for 

one or more flood mechanisms to store the vector data as it will not exceed the limit of 2Gb.  

It is recommendable to store raster data separately in GeoTIFF files not due to database size limit 

constrains but for proper administration of the database (i.e. backup/compress).  

 

For maintaining the vector data at the national level, an Enterprise Database, such as opensource 

PostgreSQL or commercial Microsoft SQL should be used depending on available trained people. 

PostgreSQL would be the best choice, being also free, but trained people are required to maintain the 

database (i.e. compress, create indexes, backup). For a Microsoft SQL database there are many trained 

people, but it involves licence costs. Oracle database is not recommendable for geospatial data due to 

high maintenance cost and poor performance without specific fine tuning.  

 

It is still recommended to store the raster data in GeoTIFF files, due to their size and to ensure easier 

manipulation, even if they can be imported into the database. 

 

As exposure data was created for three levels of details & accuracies for three pilot sites and as trials 

were performed with this data.   

 

Maintaining and updating of the database in the future should be addressed as well. A considerable 

effort can be required for this. We recommend to note what is the result from the parallel project on 

the collection of exposure data and based on that develop a strategy to maintain the exposure 

database. 

 

Table 2 
  Effort used for Dâmbu & 

hƭŇƴŜǓǘƛ 

  man-days/km2 

Improvement of Level 1 data (1:100,000), 

incl. population, buildings % & classes 

0.05 

Improvement/creation of Level 2 data 

(1:25,000-1:10,000), incl. population, 

buildings % & classes 

0.3 

Creation of Level 3 data (1:5,000-1:1,000) 

for ~2/3 of typologies 

2.3 

Adding attributes for level 3 data for the 

rest of ~1/3 typologies and improvement 

of the data 

~1 

Total   

  

It should be noted that for Dâmbu area, some of the data was available, but still a significant effort 

was necessary. In the Dâmbu flooded area of 26.67 km2 there are 394 buildings per square kilometer. 

Based on the effort for Dâmbu, it could be considered to use a combination of level 1, 2 and 3 data as 

follows: 

 
 Table 3 - Conclusions for each level of accuracy for exposed elements 

Level Conclusion based on results obtained  
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1 Level 1 data provides acceptable results in non-urban areas (i.e.: 

agriculture), so there is no need for Level 2 or 3 data. 

2 Level 2 data provides acceptable results for urban areas if buildings 

% is correctly estimated. 

3 Level 3 data can be produced for some villages & towns just to 

calibrate the results for Level 2. 
  

Other factors as well that should be considered for the maintenance and for designing the database 

are storage and computational capacities. 

 

Table 4 - Estimated effort for computing and size of data 

  Dâmbu National level UoM 

Flooded area 18.8 44,536 km2 

Resolution of hazard data 

(pixel size) 

2 2 4 8 m 

Compute EAD based on 5 

probabilities on PC 

(6 core; 32 GB RAM) 

26 

3.3 

~60,000 

~7,000 

~15,000 

~1,800 

3750 

450 

h 

days 

Number of raster files for 5 

probabilities and EAD per 

river basin (fluvial flood 

only) 

20x5 = 

100 

~ 120 grids 

50x50 km x 100 

=  

~120,000 

~120,000 ~120,000 files 

Size of raster data 

(uncompressed) 

0.05 80-140 20-35 5-9 TB 

Size of raster data 

(compressed, not for 

computation / display) 

0.2 ~500 ~125 30 GB 

  

The effort was estimated for a 2-metre resolution raster cell. The effort and size of the data should be 

divided by 4 if the resolution is doubled. To decrease the effort and the size of the data, higher 

resolution data should be considered for processing. For a proper cost-benefit ratio, the 

recommendation is to compute the entire country at resolutions higher than 10 meters and to 

compute at lower resolutions only in those areas where the damage is high, such as in the main 

affected towns and few large affected villages. 

2.2 Recommended database methodology and architecture 

According to the UML schema at page 25 in the INSPIRE Natural Risk Zone Technical Guideline, there 

are four abstract feature types: 

1. Observed event 

2. Hazard area 

3. Exposed element (including the vulnerability of the exposed elements) 

4. Risk zone 
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Figure 3 

Natural Risk Zone INSPIRE Schema used for database structure. 

 

All spatial datasets should be provided using the same Spatial Reference as requested by the EC 

(WISE).In addition, datasets shall be provided the Romanian National Projection System, Stereographic 

1970 (Stereo70, EPSG:3844). It is also important that both vector datasets described below and raster 

datasets (e.g. hazard coverages with peak water depth and peak velocity) use the same projection, 

otherwise errors may occur due to reprojection. 

 

The database is described in Annex A and can be further finetuned during the development of the 

damage curves, the testing of the methodology and based on the outcome of the parallel projects. 
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2.3 Methodology Damage & Loss Assessment 

A Damage & Loss and a Flood risk map methodology were developed. For ease of implementation, the 

two methodologies were combined into one single process that starts from Hazard Maps, Exposure 

data and Population distribution.  

¶ In the first part of the process the damage and loss and their monetary value are determined.  

¶ After assessing the damage and loss results, it can be concluded that input data should be updated 

for proper results, or that the results are considered satisfactory. 

¶ If satisfactory, the results of the damage & loss calculation are used as input within the flood risk 

maps methodology, to create the Total Damage Flood Risk map, the Expected Annual Damage 

Flood Risk Map and to feed the national database with relevant statistics at river basin level, 

inhabited named place (town or village) and at administrative unit level outside inhabited areas.  

 

The methodologies took into consideration the need to systematize and standardize the damage, loss 

and flood risk mapping in all Romanian river catchments and other flood risk areas and is applicable 

to both existing Flood Hazard Maps of APSFR I and the New Hazard Maps from the APSFR II. The main 

difference between ASPFR I and ASPFR II is that flood velocity hazard maps are developed only for 

ASPFR II. Therefore, the methodology was developed in such a way so that it applies for both 

situations, if the water velocity data is available or not. The combined Damage & Loss and Flood risk 

maps Methodology was tested on one pilot site. 

 

The following activities were performed: 

¶ Existing flood hazard maps were consulted and compared for the Dâmbu river pilot site. For testing 

the methodology, the hazard maps both with and without water velocity data. The expected 

Annual Damage (EAD) was computed based on 5 return periods (10, 50, 100, 200, 500 years) which 

were produced for Dâmbu river within cycle 2. However, during cycle 1 there could be even fewer 

return periods, such as 3 or 4 and in these conditions the EAD will be less accurate.  

¶ hazard maps produced for river Dâmbu were used to test the methodology for fluvial flood 

mechanism.  

¶ The EU practices were reviewed and INSPIRE Directive and Jaspers Recommendations were 

considered for the development of the methodology. This is the reason why the terminology from 

the INSPIRE Directive Technical Guidelines was used in some cases instead of the Flood Directive 

terminology, as INSPIRE is more focused on the technical aspects of designing the database 

structure and the flood risk maps (i.e. likelihood of occurrence instead of probability). The 

following EU documents were mainly considered: 

ς The INSPIRE Natural Risk Zone Technical Guideline 

(https://inspire.ec.europa.eu/id/document/tg/nz), which was the main document for 

elaborating the database structure. 

ς ά¢ƘŜ нлмт Ww/ ¢ŜŎƘƴƛŎŀƭ wŜǇƻǊǘ ƻƴ Dƭƻōŀƭ ŦƭƻƻŘ ŘŜǇǘƘ-damage functions: Methodology and 

ǘƘŜ ŘŀǘŀōŀǎŜ ǿƛǘƘ ƎǳƛŘŜƭƛƴŜǎέΣ ŀǾŀƛƭŀōƭŜ ŀǘ https://ec.europa.eu/jrc/en/publication/global-

flood-depth-damage-functions-methodology-and-database-guidelines. 

ς The Jaspers Recommendation 

(https://ec.europa.eu/regional_policy/archive/thefunds/instruments/jaspers_en.cfm).  

ς The methodology was designed also by having in mind that the full use of this methodology, 

including the development of the needed GIS system, is the responsibility of the entity that 

develops the FRMP. Therefore, and existing free and open source Flood Risk qGIS plugin was 

considered as well. The main documents considered were: 

https://inspire.ec.europa.eu/id/document/tg/nz
https://ec.europa.eu/jrc/en/publication/global-flood-depth-damage-functions-methodology-and-database-guidelines
https://ec.europa.eu/jrc/en/publication/global-flood-depth-damage-functions-methodology-and-database-guidelines
https://ec.europa.eu/regional_policy/archive/thefunds/instruments/jaspers_en.cfm
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ς ¢ƘŜ ŀǊǘƛŎƭŜ έCƭƻƻŘwƛǎƪΥ ŀ ŎƻƭƭŀōƻǊŀǘƛǾŜΣ ŦǊŜŜ ŀƴŘ ƻǇŜƴ-ǎƻǳǊŎŜ ǎƻŦǘǿŀǊŜ ŦƻǊ ŦƭƻƻŘ Ǌƛǎƪ ŀƴŀƭȅǎƛǎέ 

ǇǳōƭƛǎƘŜŘ ƛƴ нлмт ƛƴ ǘƘŜ έDŜƻƳŀǘƛŎǎΣ bŀǘǳǊŀƭ IŀȊŀǊŘǎ ŀƴŘ wƛǎƪέ ƧƻǳǊƴŀƭΣ ŀǾŀƛƭŀōƭŜ ŀǘ 

https://www.tandfonline.com/doi/full/10.1080/19475705.2017.1388854. 

ς The user manual of the Flood Risk QGIS plugin available at 

https://github.com/FloodRiskGroup/FloodRisk-

doc/raw/master/FloodRiskUserManual/Albano_UserManual_FloodRisk_2016.pdf. This plugin 

was used to develop and test the proposed methodology to elaborate flood risk maps in 

Romania. 

¶ All input data for testing the draft methodology for river Dâmbu, was assembled in the database 

that was developed such as: 

ς Flood exposure data for levels 1, 2 and 3 as GIS vector data, including for land use, 

constructions/buildings and population. 

ς Flood hazard data for 5 different return periods: 10, 50, 100, 200 & 500 years (peak water 

depth, velocity and dragging). 

ς Look-up tables for flood damage and loss, used for assessing the vulnerability for tangible & 

intangible, direct & indirect damage as GIS layers. 

ς The flood defencŜǎ ŀǎ ŀ DL{ ƭŀȅŜǊΣ ǿƛǘƘ ǘƘŜƛǊ ŎƻƴŘƛǘƛƻƴ ŀǎ ŀ άŦƭŀƎέ, were not assembled in the 

database, as they are not available for the pilot site, so the proposed flood defenses proposed 

in ASPFR II were included for river Dâmbu. 

¶ All input data for testing the methodology listed above were assembled also in a web-GIS 

application that was developed to illustrate the methodology input and results. This application is 

accessible at https://gis.essensys.ro/demo/WorldBank.  

 

The methodology is applicable to fluvial, pluvial, coastal and flash floods with certain small differences 

in assessing the economic damage and loss of life and subsequently the tangible and intangible 

damage.  

 

The output of all these activities is the methodology for flood risk mapping in Romania, as described 

below. 

 

 
  

https://www.tandfonline.com/doi/full/10.1080/19475705.2017.1388854
https://github.com/FloodRiskGroup/FloodRisk-doc/raw/master/FloodRiskUserManual/Albano_UserManual_FloodRisk_2016.pdf
https://github.com/FloodRiskGroup/FloodRisk-doc/raw/master/FloodRiskUserManual/Albano_UserManual_FloodRisk_2016.pdf
https://gis.essensys.ro/demo/WorldBank
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Figure 4 Illustration of Damage and loss methodology (blue) + flood risk maps methodology (green) 

 

 

Output maps (raster):  
For each flood mechanism  and 
return period:  
-  Vulnerability structure (%)  
-  Vulnerability content (%)  
-  Damage structure (ú/m2)  
-  Damage content (ú/m2)  
-  Direct tangible damage (ú/m2)  
-  Indirect tangible damage (ú/m2)  
-  Total tangible  damage (ú/m2)  

Exposure maps   

(vector )  

Population 

distribution 

maps  

(vector)  

Damage model:  
Direct & Indirect Tangible 

damage model  
(depth damage curves)  

(indirect damage 
percentage)  

Loss model:  
Direct & Indirect 

Intangible damage model  
(mortality  curves / 

percentages)  
(mortality, morbidity, 

mental health, etc)  

Hazard maps  

( raster: depth, velocity)  

(pluvial, fluvial, flash)  

Output maps (raster):  
For each flood mechanism  and 
return period:  
-  Population at risk (people/km 2)  

-  Fatality rate without evacuation (%)  
-  Fatality rate with evacuation (%)  
-  Loss of life without evac. (p./km 2)  
-  Loss of life with evac. (peopl/km 2)  
-  Expected injuries (people/km 2)  
-  Direct intangible damage (ú/m2)  
-  Mental health (people/km 2)  
-  Indirect Intangible damage (ú/m2)  
-  Total Intangible damage (ú/m2)  
 

Flood risk maps with assessed accuracy :  
For each flood type and return period:  
-  Total damage (ú/m2)  
For each flood type: Annual  
-  Expected annual damage (EAD) & Annual Potential  Loss of 
Life (PLL)  
For all flood types , selected river basins  & inhabited places :  
-  EAD (ú/m2)  & PLL (people/km 2)  
Create metadata & describe the process and accuracy  
 

National Flood risk  maps (vector)  with assessed accuracy :  
-  EAD (ú) & PLL (people) per river basin  
-  EAD (ú) & PLL (people) per inhabited named place  
-  EAD (ú) & PLL (people) per administrative unit  

For each selected river basin (fluvial)  & 
For each selected inhabited named place (pluvial/flash)  
Create/Maintain/Improve & Assess accuracy level for input data:  
 

Assess results & 

accuracy . Any 

issues? Correct 

enough?  

Yes 

No 

Alphanumeric data 

(damage curves, 

maximum damage values)  
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Steps within the Damage & Loss methodology include: 

1. Create, maintain & improve the exposure, hazard, and population distribution maps, plus various 

alphanumeric data (damage curves, maximum damage values, ratio factors) assessing their 

accuracy level. 

2. For each selected river basin, for at least 5 return periods & for each selected inhabited named 

place: 

a. Use exposed elements, hazard maps & alphanumeric data such as damage curves, maximum 

damage values and various ratio factors to assess direct, indirect, and total tangible damage. 

b. Use population maps, hazard maps & alphanumeric data such as loss of life approach, 

mortality/morbidity ratio, and various ratio factors to assess direct, indirect and total 

intangible damage (such as population at risk, loss of life, injured population and mental health 

affected population). 

3. Inspect and assess the results to spot issues in input data and if any, then improve input data and 

recompute the above results. When the results are quality checked, assess the accuracy of both 

input and output data. 

 

Major steps within the Flood Risk maps methodology: 

4. Determine the Total damage for each flood type and return period. 

5. Determine the Expected Annual Damage (EAD) and the Annual Potential Loss of Life (PLL) for each 

flood type. 

6. Create metadata & describe the process and accuracy for all input and output data. 

 

At the national level database: 

7. Integrate the input and output into the national wide flood risk maps (vector & raster) 

 

The first three steps (Damage & Loss methodology) are elaborated on in the paragraphs below. The 

methodology for risk mapping is described in Chapter 3 (step 4 until 7). 

2.3.1 STEP 1 ς Create, maintain & improve input data 

Exposure maps (polygon)

 

 

 

  

Population distribution maps (polygon/point) 

  
Figure 5 Population distribution per point (if available) are used to create precise Population 

distribution data per polygon 
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Figure 6 Example of Hazard maps (raster) 

 

Important note: One of the first steps to be performed is to set the value to NULL/No data for all pixels 

that are corresponding to river flow, otherwise the risk figures will be wrong. Setting NULL/No data 

values to some pixels in a raster is a GIS operation that can be done by any GIS technician using a free 

and open source software or a proprietary one. The steps are: 1 - digitize the river based on hazard 

peak water depth map and validate with orthophoto images. Of course, if the DTM is inaccurate, the 

results will be also inaccurate. 2 - convert the polygon of the river to raster and set the fill of the 

polygon to the NULL/No data value (ie -999). 3 - Combine the two rasters (ie add raster 1 with raster 

2). 4 - Set to -999 value for the pixels with values smaller than -900. 
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Figure 7 Example of Damage curves are shown below. For the pilot the JRC function are used. 

 
Table 5 Example of maximum damage values used in this pilot are 

Type Of 

Element 

Description Value 

Structure 

Value 

Content 

Damage curve Use % 

buildin

g  

11000 Urban Fabric 450 300 JRC Residential Yes 

12110 Industrial 300 500 JRC Industrial Yes 

12120 Commercial 500 800 JRC Commercial Yes 

12130 Public 300 500 JRC Industrial Yes 

12210 Fast transit roads and 

associated land 

500 0 JRC Infrastructure  

12220 Other roads and 

associated land 

100 0 JRC Infrastructure  

12230 Railways and 

associated land 

200 0 JRC Infrastructure  

13100 Mineral extraction and 

dump sites 

1 0 JRC Industrial  

14100 Green urban areas 20 0 JRC Agriculture  

14200 Sports and leisure 

facilities 

300 50 JRC Agriculture Yes 

21000 Arable land 0.1 0 JRC Agriculture  

22000 Permanent crops 

(vineyards) 

1 0 JRC Agriculture  

25000 Orchards 0.9 0 JRC Agriculture  

2.3.2 STEP 2a ς Determine Total Tangible Damage 

For each pixel from the peak water depth hazard map, the intensity of the vulnerability, as percentage, 

is determined based on damage curve that corresponds to the type of element found in the center of 

that pixel. Vulnerability is function of water depth, where the function is represented by the damage 

curve:  

 

V=f(h), where: 

 

V ς Vulnerability (also referred to as susceptibility index or damage percentage) 

h ς Peak water depth 
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For certain types of exposed elements, different damage curves could exist for different flood 

durations. 

 

 
 

For certain types of exposed elements are determined both the vulnerability for building structure 

and vulnerability for building content as the damage curves can be different. 

 

vulnerability for structure (%) 

 
vulnerability for content (%) 
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For each pixel within the vulnerability maps, its value (%) is multiplied with the maximum damage 

ǾŀƭǳŜ ŦƻǊ ǎǘǊǳŎǘǳǊŜκŎƻƴǘŜƴǘ όϵύ ƻŦ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ŜȄǇƻǎŜŘ ŜƭŜƳŜƴǘΦ CƻǊ ǘƘƻǎŜ ŜȄǇƻǎŜŘ ŜƭŜƳŜƴǘ 

types that are representing buildings, it is necessary to multiply the obtained value with the 

percentage of the buildings within that polygon. Thatis why a necessary step when producing the 

exposed elements data, is to multiply the maximum value of the damage for the exposed element 

type with the estimated or computed percentage of the buildings within that polygon, in order to 

obtain different maximum values of the damage for each polygon. 

 

Depending on type of exposed element: 

Ds/c=V x Ms/c or D=V x B x Ms/c  

where: 

Ds/c ς 5ŀƳŀƎŜ ǘƻ ǎǘǊǳŎǘǳǊŜκŎƻƴǘŜƴǘ όϵκƳ2) 

V ς Vulnerability (%) 

Ms/c ς aŀȄƛƳǳƳ ŘŀƳŀƎŜ ǾŀƭǳŜ ŦƻǊ ǎǘǊǳŎǘǳǊŜκŎƻƴǘŜƴǘ όϵκƳ2) 

B ς Percentage of buildings within the polygon (%) 

 

ŘŀƳŀƎŜ ǘƻ ǎǘǊǳŎǘǳǊŜ όϵκƳ2) 

 
ŘŀƳŀƎŜ ǘƻ ŎƻƴǘŜƴǘ όϵκƳ2) 

 

By summing the damage to structure and damage to contents it is obtained the Direct Tangible 

Damage (DTD) 

DTD = Ds + Dc 
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Indirect Tangible Damage (ITD) is obtained by multiplying the Direct Tangible Damage with a 

coefficient ratio (CITD).  

ITD = DTDxCITD 

 

5ƛǊŜŎǘ ¢ŀƴƎƛōƭŜ 5ŀƳŀƎŜ όϵκƳ2) 

 

 
Indirect ¢ŀƴƎƛōƭŜ 5ŀƳŀƎŜ όϵκƳ2) 

 

 

The Total Tangible Damage (TTD) is obtained by summing the Direct Tangible Damage with the 

Indirect Tangible Damage: 

 

TTD = DTD + ITD 

 

Note on the assessment of direct and indirect tangible damage 

This chapter describes the principal approach on the assessment of the direct 

and indirect tangible damage. The following principles are applied: 

ς A damage curve, max. damage value and percentage for the indirect 

damage will be provided for all relevant typologies (the exposure / land use 

classes). It will be in line with the available exposure data. 

ς For most of the typologies the damage curve will be based on the water 

depth only (as is common in international literature). In exceptional cases 

other explanatory parameters can be used (for example the duration for 
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agriculture and potentially the velocity for flash flooding). In the case of 

other explanatory parameters used, it is checked that they will be available 

information from flood hazard modelling. The type of flooding (pluvial, 

fluvial, flash or coastal flooding) will be considered in the approach, i.e. by 

a modified damage in case of salt water intrusion. 

ς The direct tangible damage will be specified for the structure and the 

contents of buildings (or related typologies). 

ς The indirect tangible damage will be determined as a percentage of the 

direct tangible damage. The percentage is likely to be dependent on the 

typology (the exposure / land use classes) and the water depth. 

 

The outcome this should be at least: 

ς Summed damage for the flooded area and maps with the spatial 

distribution of damage [per grid cell] for all scenarios in the hazard 

modelling (various probabilities of occurrence and types of flooding). This 

for the total tangible damage and the two subcomponents: (1) direct 

tangible, and (2) indirect tangible damage. 

It is recommended to also save intermediate results of damage and loss 

modelling for in-depth analysis of the results (and quality checks). This was also 

done in the pilot. 

 

It is emphasized that the results of damage and loss modelling should be 

analyzed on the spatial level of the flood extent (or comparable). The spatially 

distributed damage maps [per grid cell] do not provide a prediction for the 

amount of damage or the loss of life for a particular location. At most they can 

indicate hot-spots for damage or places with an increased probability of loss of 

life or injury. The general uncertainty range of damage and loss modelling lies 

in the order of magnitude of a factor 2 to 5 (i.e. Wagenaar et al. [2015], De Moel 

[2014], Kolen et al. [2014] and Winter et al. [2018]). This factor significantly 

increases when the results are analyzed on lower spatial levels/scales. 

2.3.3 STEP 2b ς Determine Total Intangible Damage 

Population at risk 

Population at risk is derived from the Population distribution at polygon level, for each pixel within the 

polygon, by dividing the population per polygon with the surface of polygon expressed in square 

kilometres. The size of the pixel should be the same with the size of the pixel of the hazard maps, in 

this case 2 metres. All pixels falling in the same polygon would have the same value of people/km2. 

The population at risk is equal to the number of people being exposed to flooding.  
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Loss of Life (mortality) 

The mortality function is specific per flood type. 

 

For flash flooding an average mortality ratio of 3.6% (0.036) is used - based on Jonkman [2007]. The 

average mortality for pluvial flooding is 0.05% (0.0005) - based on Jonkman [2007]. A threshold is 

potentially applied to determine the number of exposed people. This will be based on the accuracy of 

the hazard mapping in case of (very) low water depths and elaborated on during this project. In this 

pilot no threshold has been applied. 

 

Two methods are proposed for the determination of loss of life for fluvial and coastal flooding. First 

method is considering only the water depth, ignoring the water velocity, while the second method is 

considering both the water depth and the water velocity. Each method is based on other data available 

for input, so one or another can be used depending on available data.  

 

For applying the first method it is necessary to estimate the percentage of evacuated population, while 

for applying the second method it is necessary to estimate the warning time (in hours) and tohave  

some information regarding the preparedness of the authorities and public for the flood. 

 

Both methods are presented, not to choose one or another, but to allow flood risk experts to use one 

or another depending on available data, or even to use both if necessary. 

 

Method 1 - based on water depth and evacuation fraction 
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For the determination of the mortality for fluvial and pluvial floods, the number of fatalities is 

calculated as shown in the following equation 

 

bҐCŘόƘύ ϊ όмҍC9ύ ϊ bt!w 
 
Where: 

¶ N: loss of life estimate (number of casualties) 

¶ Fd(h) ς mortality fraction / fatality rate (%) 

¶ FE ς evacuation fraction (also evacuation effectiveness) 

¶ NPAR ς number of people at risk 

 

For water raise level below 0.5 meters per hour, it may be considered that fatality rate is: 

 

Fd(h) = 0.003 * h. 

 

where h is the water depth, as it is illustrated by the average line in the graphic below (simplification 

of the approach by Jonkman [2007] and Maaskant et al. [2009]). The method is not using the water 

velocity. 

 

 
Figure 8 Fatality rate chart based on water depth only. 

 

After determination of fatality rate based on water depth, the Loss of life can be determined with the 

above-mentioned formula: 

 

b Ґ лΦлло ϝ Ƙ ϝ όмҍCE) * NPAR 
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Fatality rate (%) 

 

 

Loss of life with 20% evacuation (people/km2) 

 

 

 

For each pixel, the fatality rate (i.e. 0.3% = 0.003) is multiplied with the Population at risk and the 

evacuation fraction, resulting the loss of life. 

Method 2 - based on dragging parameter, warning time and preparedness of authorities and people 

Within the second method, the loss of life is determined based on a fatality rate used for each flood 

severity. This method is easier to be used at this stage of the project to test the methodology because 

this algorithm already exists in the FloodRisk qGIS plugin. 

 

The flood severity will be determined only based on dragging parameter in this pilot. However, a more 

detailed methodology that is determining the flood severity based on dragging, sliding (square of peak 

water velocity multiplied with peak water depth), peak water depth and peak water velocity is 

described in Appendix H. 
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Without considering the actions of the emergency agencies, and without any warning of the 

population, for the worst-case scenario, the following fatality rates would be considered. 

 
Table 6 Fatality rate (%) depending on dragging parameter 

Dragging (h*v) Flood severity Fatality rate (%) 

>1 High 0.9 

0.5-1 Medium 0.3 

<0.5 Low 0.02 

 

 

Flat fatality rate (%) & Flood severity  
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Warning time (h)  

 

For each pixel, the fatality rate (i.e. 0.3% = 0.003) is then multiplied with the Population at risk, 

resulting the loss of life if no actions are taken (i.e. warning, evacuation, population preparedness).  

 

A more realistic scenario should  be made by taking into consideration that some people are warned 

and have time to evacuate or to reach buildings with more floors and that emergency agencies are 

acting with a certain degree of coordination between them, but still no protocols are established 

and the Emergency Action plan was not applied yet , even if it exist s. 

 
Table 7 Mortality rate for different flood severities and warning times, C3 SUFRI case 

 

 

Loss of life, no warning (people/km2) 
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Loss of life, with warning (people/km2) 

 

 
 

Morbidity and injuries 

The morbidity and number of injured people will be assessed as a ratio of loss of life. As a provisional 

value in the pilot, the ratio of 3:1 is considered. Each pixel of the Population loss of life will be 

multiplied with 3, resulting in the number of people injured. 

 

Population with Mental Health Issues 

People who witness deaths, injuries, and destruction of their home due to flooding, can suffer from 

mental trauma. The population with Mental Health Issues due to flood will be assessed as a ratio of 

loss of life. As a provisional value in the pilot, the ratio of 3:1 is considered. Each pixel of the Population 

loss of life will be multiplied with 3, resulting the number of people with mental health issues. 

 

Morbidity and injuries (people/km2) 
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Population with mental health issues 

 

Direct Intangible Damage 

Direct Intangible Damage is determined by summing the monetized value of the Loss of Life and the 

monetized value of the Morbidity and injuries: 

 

DID = LOL x MLOL + MAI x MMAI  

 

where: 

DID ς Direct Intangible Damage όϵκƳ2) 

LOL ς Loss of Life (people/km2) 

MLOLς Monetary value for Loss of Life όϵ/person) 

MAI ς Morbidity and Injuries (people/km2) 

MMAIς Monetary value for Morbidity and Injuries όϵ/person) 

 

As a provisional value in the pilot, the following values is considered: 

MLOL= 200,000 ϵ/person, based on average GDP loss 

MMAI= 10,000 ϵ/person 

 

Indirect Intangible Damage 

Indirect Intangible Damage is representing the monetized value of People with Mental Health Issues 

due to flood: 

 

IID = MHI x MMHI,  

 

where: 

IID ς Indirect Intangible Damage όϵκƳ2) 

MHI ς People with Mental Health Issues (people/km2) 

MMHI ς Monetary value for People with Mental Health Issues όϵ/person) 

 

As a provisional value in the pilot, the following value is considered: 

MMHI= 20,000 ϵ/person 

Direct Intangible Damage όϵκƳ2) 
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Indirect Intangible Damage όϵκƳ2) 

 

 

Total Intangible Damage 

To obtain the Total Intangible Damage map, should be added the values of the pixels from Direct 

Intangible Damage and Indirect Intangible Damage. 

 

TID = DID + IID 

 

The result of step 2 is: 

Total Tangible Damage όϵκƳ2) 
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Total Intangible Damage όϵκƳ2) 

 

 

 

 

Note on the assessment of direct and indirect intangible damage 

This chapter describes the principal approach on the assessment of the direct and indirect intangible 

damage. The following principles are applied: 

ς The loss of life approach will use as an input: (1) the population distribution, (2) flood characteristics 

(type of flooding and the characteristics of flooding such as flood depth, dragging parameters, flow 

velocity or rise rate) and (3) information on the DRR-strategy of authorities (expressed as an 

evacuation percentage, DRR-planning, warning time, etc.). Potential loss of life approaches are 

described above.  

ς The morbidity is calculated using a mortality vs. morbidity ratio. The expected number of people 

with injuries is then determined using a similar approach as to determine the expected number of 

casualties. 

ς The number of people suffering from mental health effects (indirect intangible damage) is 

determined as a fraction of the population at risk. 

ς The exposed people, expected casualties and injuries as well as the number of people suffering from 

mental health are monetized. 
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The outcome this should be at least: 

ς Summed damage for the flooded area and maps with the spatial distribution of damage [per grid 

cell] for all scenarios in the hazard modelling (various probabilities of occurrence and types of 

flooding). This for the total intangible damage and the two subcomponents: (1) direct intangible, 

and (2) indirect intangible damage. 

ς The population at risk, casualties, injuries and people suffering from mental health issues which are 

summed for the flooded area and maps produced with the spatial distribution of the value [per grid 

cell] for all scenarios in the hazard modelling (various probabilities of occurrence and types of 

flooding).  

ς A map with the spatial distribution of the annual expected value [per grid cell] of the mortality for 

all scenarios in the hazard modelling (various probabilities of occurrence and types of flooding). 

 

It is emphasized that the results of damage and loss modelling should be analyzed on the spatial level 

of the flood extent (or comparable). The spatially distributed damage maps [per grid cell] do not 

provide a prediction for the amount of damage or the loss of life for a particular location. At most they 

can indicate hot-spots for damage or places with an increased probability on loss of life or injury. The 

general uncertainty range of damage and loss modelling lies in the order of magnitude of a factor 2 to 

5 (i.e. Wagenaar et al. [2015], De Moel [2014], Kolen et al. [2014] and Winter et al. [2018]). This factor 

significantly increases when the results are analyzed on lower spatial levels/scales. 

2.3.4 STEP 3 ς Quality check: Assess results 

Inspect and assess the results to spot issues in input data and if any, then improve input data and 

recompute the above results. Some examples ς based on the preliminary results from the pilot area - 

are provided below. This step should be done by experts with knowledge of the area under 

consideration, as they know whether a result is or is not likely. We also recommend that these experts 

share their experiences with each other, in order to learn from each otherǎΩ practices in assessing and 

verifying the results. 

 

In some areas show below the DTM is inaccurate and it is showing pits where buildings exist. The 

buildings exist since 2013, so it may be the case that the DTM is reflecting the situation prior to 2013 

in that area. In this case, for that building the Hazard map will indicate a maximum water depth of 

about 4 metres (red colour) and a minimum water depth of about 6 centimetres (blue colour).   

 

     
Figure 9 Digital terrain model inaccuracies. 

 

Artefacts are likely to appear in case of constructions covering a large area due to the low resolution of the water 

height model. Thus, artificial leveling of the land in order to produce a constant height for the base level of large 
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warehouses or apartment blocks may not be reflected in the flood model and will result in unrealistic water 

heights and depths computed for particular buildings. 

 

 

Figure 10 !ǊǘŜŦŀŎǘǎ ƛƴ ǎǘŀǘƛǎǘƛŎǎ ŎŀǳǎŜŘ ōȅ ƭŀǊƎŜ ŎƻƴǎǘǊǳŎǘƛƻƴǎΦ bƻǘŜ ǘƘŀǘ άƴƻ Řŀǘŀ ǾŀƭǳŜǎέ όƛƴ ǿƘƛǘŜύ 

are not taken into account 

 

Using Digital Elevation Model computations also do not account for sunken or underground floors 

(semi-basements, basements, cellars, parking lots). However, in some cases there are artefacts 

introduced in the DTM as can be seen in the image below, that represents a sunken concrete platform, 

possibly a construction site. 

 

 

 
Figure 11 Sunken platform artefact in digital terrain model 

 

In other cases, there are differences between the DTM and profiles measured in field topographical 

surveys. 

 

 

Figure 12 Inaccuracies between input data: DTM and field surveys profiles 

 

Thus, the flood hazard data will be inaccurate due to artefacts in the Digital Terrain Model and its 

missing metadata. These examples are provided to promote understanding that the metadata of the 

data has almost the same importance as the data itself. Without metadata and without documents 



 

37  

 

that clearly explain how the data were produced, the next data provider on the chain of production is 

just making suppositions. 

 

It is known that there can be significant differences between DTM and topographical surveys. Further 

it is known that the national geodetic network has some issues related to elevation especially due to 

missing gravimetric measurements. 

 

For example, while generating the flood risk map illustrating the total economic impact, it appears that 

a high vulnerability for the content of the structures exists in the southern area of the image below. 

 

 
Figure 13 Area with inaccurate vulnerability assessment 

 

IƻǿŜǾŜǊΣ ƛƴ ǘƘŀǘ ŀǊŜŀ ƛǎ ƭƻŎŀǘŜŘ ǘƘŜ ǿŀǎǘŜǿŀǘŜǊ ǘǊŜŀǘƳŜƴǘ Ǉƭŀƴǘ ƻŦ tƭƻƛŜǓǘƛ aǳƴƛŎƛǇŀƭƛǘȅ ŀƴŘ ǘƘŜ ǇŜŀƪ 

of the flood depth is about three meters, due to the fact that the industrial facilities are the wastewater 

treatment pools. Even if this is an area that will appear on the Flood Risk Map illustrating the 

Environmental Risk, the intensity of the damage is not correctly appreciated as the DTM is showing 

also the water depth in the water pools. Therefore, the flood risk expert would be able to change the 

value of the structure and its content or the water depth and re-assess the vulnerability. If necessary, 

the technician could also reclassify the exposed elements or even create exposed elements data at 

more detailed level for this area only (i.e. creating Level 3 data instead of Level 2 data only for this 

area). 

 

 
Figure 14 Exaggerated vulnerability due to wastewater pools represented in the DTM 

 

Special care must be taken in the case of blocks of flats, extensive districts of high-rise apartment 

buildings being rather common in the Romanian urban space. These blocks of flats usually have a very 
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high density of population; however, a flood would generally put at risk only the population living on 

the lower floors.   
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Figure 15 Census blocks with high-rise apartment buildings have much larger population than blocks 

with houses, however floods affect only the lower floors 

 

Another special case is constituted by medium- and high-rise buildings on riverfronts. If riverbeds are 

not excluded from the census blocks, the part of the census blocks covering the riverbeds will exhibit 

high water depths and/or velocities in flood simulations. Due to their high population density, such 

areas lead to artificially high level of population at risk and consequently high estimated fatalities and 

injuries.  That is why the update/correction of input data is a necessary step within the methodology 

and all hazard data, exposure and population data should be correlated and at a similar level of 

accuracy. When computing risk data, the pixels corresponding to the river flow should be eliminated 

from the hazard maps. 

 

 

Figure 16 River bed covering high density census block. Artificially high number of intangible damage 

results if these are not excluded from census blocks 

 

There is no benefit to have exposure data with high level of accuracy (level 3), but to have Digital 

Terrain Model, on which was produced hazard data, with medium or low level of accuracy. For Dâmbu 

river, the DTM was assessed at a low-medium level of accuracy and the hazard maps at a low level of 
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accuracy; therefore it does not make sense to use exposed elements at level 3 as better estimates 

would not be obtained even if using high accuracy exposed elements data. 

 

Depending on the accuracy of the input data and the experience of the personnel that is estimating 

the damage and loss, it may be necessary to perform the loop of steps 2 and 3, several times, usually 

2 or 3 times. 

 

The accuracy of the input data will be assessed into 5 classes: 

 

 Accuracy 

1 Low 

1.5 Medium-low 

2 Medium 

2.5 Medium-high 

3 High 

The accuracy will be assessed for each data that is used as input, as an example: 

 

  Accuracy 

DTM & Hazard Data 1 Low 

Exposed elements 2 Medium 

Population distribution 2 Medium 

Alphanumeric data 1.5 Medium-low 

Overall accuracy 1.3 Medium -Low 

The overall accuracy of the input data will be computed as an average between the minimum accuracy 

and the average accuracy: 

 

OA=(AMIN+AAVG)/2 

 

The accuracy of the estimation of the total damage will be the same as the overall accuracy of the 

input data. 

 

For proper results, it is recommendable to have the same accuracy levels for all input data. It is with 

limited effect if one component has a high accuracy level, while the rest have low or medium accuracy 

levels. 

 

The following accuracies were estimated: 

 

Data Accuracy 

DTM for Dâmbu Medium-low 

Hazard Data for Dâmbu Low 

Corine Land Cover Low 

INHGA Corine Land Cover Medium-low 

Urban Atlas geometry Medium 

Urban Atlas % of buildings Very low (Unsuitable) 

Population distribution grid received Very Low (Unsuitable) 

Urban Atlas Population Medium 
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Population Level 3 High 

Population Level 1 Low 

EAD  Medium 

 

The accuracy of the DTM and the hazard data can be manually assessed based on following hazard 

parameters, but the accuracy of these products should be estimated by the data providers: 

 

Probability (%) 0.2 0.5 1 5 10 

Return period (years) 500 200 100 20 10 

Discharge (m3/s) 243 195 160 87 59 

Hazard area (km2) 26.8 25.0 23.0 16.9 11.9 

Flooded area (km2) 18.8 17.8 16.1 12.1 8.7 

Average water depth outside river (m) 0.75 0.74 0.70 0.68 0.63 

  in residential areas (m) 0.53 0.5 0.48 0.43 0.38 

Average water velocity outside river (m/s) 1.43 1.34 1.27 1.12 1.03 

  in residential areas (m/s) 1.31 1.26 1.18 1.03 0.9 

Hazard data accuracy level Low 

 

As the differences are quite small in between different probabilities especially related to water depth, 

the overall accuracy level can be considered low. 

 

Pixels corresponding to the river channel should be eliminated from the hazard maps when 

determining risk information. 

2.4 Lessons learned  

The following lessons were learned: 

¶ Raster data should be stored in GeoTiff files. 

¶ Raster file names should be standardised. 

¶ Different databases suit different purposes (i.e. enterprise vs. personal, proprietary vs. open 

source). 

¶ ESRI Personal Geodatabase is recommended to be used by flood risk data providers, or OGC 

GeoPackage as an alternative open source format with some disadvantages (i.e.: no topology, less 

known/used). 

¶ Production and maintenance of Level 3 data is labour intensive.  
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3 Methodology for flood risk mapping in Romania 

A combined damage & loss and Flood risk Maps methodology was created. 

 

  

Output maps (raster):  
For each flood mechanism  and 
return period:  
-  Vulnerability structure (%)  
-  Vulnerability content (%)  
-  Damage structure (ú/m2)  
-  Damage content (ú/m2)  
-  Direct tangible damage (ú/m2)  
-  Indirect tangible damage (ú/m2)  
-  Total tangible  damage (ú/m2)  

Exposure maps   

(vector )  

Population 

distribution 

maps  

(vector)  

Damage model:  
Direct & Indirect Tangible 

damage model  
(depth damage curves)  

(indirect damage 
percentage)  

Loss model:  
Direct & Indirect 

Intangible damage model  
(mortality  curves / 

percentages)  
(mortality, morbidity, 

mental health, etc)  

Hazard maps  

( raster: depth, velocity)  

(pluvial, fluvial, flash)  

Output maps (raster):  
For each flood mechanism  and 
return period:  
-  Population at risk (people/km 2)  

-  Fatality rate without evacuation (%)  
-  Fatality rate with evacuation (%)  
-  Loss of life without evac. (p./km 2)  
-  Loss of life with evac. (peopl/km 2)  
-  Expected injuries (people/km 2)  
-  Direct intangible damage (ú/m2)  
-  Mental health (people/km 2)  
-  Indirect Intangible damage (ú/m2)  
-  Total Intangible damage (ú/m2)  
 

Flood risk maps with assessed accuracy :  
For each flood type and return period:  
-  Total damage (ú/m2)  
For each flood type: Annual  
-  Expected annual damage (EAD) & Annual Potential  Loss of 
Life (PLL)  
For all flood types , selected river basins  & inhabited places :  
-  EAD (ú/m2)  & PLL (people/km 2)  
Create metadata & describe the process and accuracy  
 

National Flood risk  maps (vector)  with assessed accuracy :  
-  EAD (ú) & PLL (people) per river basin  
-  EAD (ú) & PLL (people) per inhabited named place  
-  EAD (ú) & PLL (people) per administrative unit  

For each selected river basin (fluvial)  & 
For each selected inhabited named place (pluvial/flash)  
Create/Maintain/Improve & Assess accuracy level for input data:  
 

Assess results & 

accuracy . Any 

issues? Correct 

enough?  

Yes 

No 

Alphanumeric data 

(damage curves, 

maximum damage values)  
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Major steps within the Damage & Loss methodology: 

1. Create, maintain & improve the exposure, hazard, and population distribution maps, plus various 

alphanumeric data (damage curves, maximum damage values, ratio factors) assessing their 

accuracy level. 

2. For each selected river basin, for at least 5 return periods & for each selected inhabited named 

place : 

a. Use exposed elements, hazard maps & alphanumeric data such as damage curves, maximum 

damage values and various ratio factors to assess direct, indirect, and total tangible damage. 

b. Use population maps, hazard maps & alphanumeric data such as loss of life approach, 

mortality/morbidity ratio, and various ratio factors to assess direct, indirect and total 

intangible damage (such as population at risk, loss of life, injured population and mentally 

affected population). 

3. Inspect and assess the results to spot issues in input data and if any, then improve input data and 

recompute the above results. When the results are quality checked, assess the accuracy of both 

input and output data. 

 

Major steps within the Flood Risk maps methodology: 

4. Estimate the Total damage for each flood type and return period 

5. Estimate the Expected Annual Damage (EAD) and the Annual Potential Loss of Life (PLL) for each 

flood type. 

6. Create metadata & describe the process and accuracy for all input and output data. 

 

At the national level database: 

7. Update the national output maps (vector) with assessed accuracy, by computing: 

a. 9!5 όϵύ ϧ t[[ όǇŜƻǇƭŜύ ǇŜǊ ǊƛǾŜǊ ōŀǎƛƴ. 

b. 9!5 όϵύ ϧ t[[ όǇŜƻǇƭŜύ ǇŜǊ ƛƴƘŀōƛǘŜŘ ƴŀƳŜŘ ǇƭŀŎŜ. 

c. 9!5 όϵύ ϧ t[[ όǇŜƻǇƭŜύ ǇŜǊ ŀŘƳƛƴƛǎǘǊŀǘƛǾŜ ǳƴƛǘ όǿƛǘƘƻǳǘ ŎƻƴǎƛŘŜǊƛƴƎ ǘƘŜ ƛƴƘŀōƛǘŜŘ ƴŀƳŜŘ 

places). 

 

The step 1 up to 3 are described in chapter 2.3. This chapter describes the steps 4 until 7. 

3.1 Step 4 Determine the Total Damage for each flood type and return period 

Total Damage (TD) is determined by adding the Total Tangible Damage (TTD) with Total Intangible 

Damage (TID).  This is done for the overall flooded area (as below) as also for the each of the grid cell 

in the rasters to make a spatial distribution of the damages and losses. This should be done for at least 

the:  

 

TD = TTD+TID 

 

 Value 

Flood mechanism fluvial 

Probability (%) 0.2 0.5 1 5 10 

Discharge (m3/s) 243 195 160 87 59 

River/Flood basin code 11-1-20-13-14 

River/Flood basin name Dâmbu 

River/Flood basin area (km2) 167.8 
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River/Flood length (km) 40.3 

Major damage in tƭƻƛŜǓǘƛ 

  inhabited place national code 130543 

Model/Date of observed event? model 

Methodology version used 1.0 (07/2020) 

Parameters version used 0.1 (06/2020) 

Overall accuracy level 1.3 (Low) 

Hazard area (km2) 26.8 25.0 23.1 16.9 11.9 

Flooded area outside river (km2) 18 17 15.3 11.4 8 

Average water depth outside river (m) 0.71 0.7 0.67 0.62 0.57 

  in residential areas (m) 0.52 0.48 0.47 0.42 0.37 

Average water velocity outside river (m/s) 1.42 1.34 1.26 1.12 1.01 

  in residential areas (m/s) 1.31 1.26 1.18 1.03 0.91 

5ƛǊŜŎǘ ǘŀƴƎƛōƭŜ ŘŀƳŀƎŜ όaƛƻ ϵύ 285.8 264.1 235.0 159.6 104.7 

  Agriculture 0.6 0.6 0.5   

  Roads and railways 47.4 44.1 35.1   

  Residential 190.4 174.9 158.3   

  Industrial and public 37.3 35.0 32.5   

  Commercial 8.2 7.7 7.2   

  Sports and leisure facilites 1.1 1.0 0.7   

  Green urban areas (& cemeteries) 0.7 0.7 0.6   

  Other 0 0  0   

LƴŘƛǊŜŎǘ ǘŀƴƎƛōƭŜ ŘŀƳŀƎŜ όaƛƻ ϵύ 71.5 66.0 58.7 39.9 26.2 

Total ǘŀƴƎƛōƭŜ ŘŀƳŀƎŜ όaƛƻ ϵύ 357.3 330.1 293.7 199.5 130.9 

Population at risk (people) 27,137 25,164 23,005 14,843 9,358 

Loss of life ς method 1 no evacuation 37 32    

Loss of life ς method 1 with evacuation 30 25    

Loss of life ς method 2 no warning 62 46    

Loss of life ς method 2 with warning 29 21 16 7 4 

Injured people 86 62 47 21 12 

5ƛǊŜŎǘ ƛƴǘŀƴƎƛōƭŜ ŘŀƳŀƎŜ όaƛƻ ϵύ 6.5 4.7 3.6 1.6 0.9 

People with mental trauma 86 62 47 21 12 

LƴŘƛǊŜŎǘ ƛƴǘŀƴƎƛōƭŜ ŘŀƳŀƎŜ όaƛƻ ϵύ 1.7 1.2 0.9 0.4  0.2 

¢ƻǘŀƭ ƛƴǘŀƴƎƛōƭŜ ŘŀƳŀƎŜ όaƛƻ ϵύ 8.2 6.0 4.5 2.0  1.2 

¢ƻǘŀƭ ŘŀƳŀƎŜ όaƛƻ ϵύ 365.5 336.0 298.2 201.5 132.0 

3.2 Step 5 Determine the Expected Annual Damage for each flood type 

For each flood type, 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 probability. 

To correctly estimate the EAD is important that the lowest return period (highest probability of 

occurrence) matches initiation of damage and that there are enough return periods covered to capture 

the development of damage (tipping points) as events get more extreme.  

 

In the pilot the following return periods are considered: 1/10, 1/20, 1/100, 1/200, 1/500 years. 

However, the methodology works with any number of return rates. If the number of return periods is 
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as small as 3 or 4 (or even 5) the area of the trapezes formed by the values of the total damage are 

not correctly estimating the area below the curve of the damage based on the probability, so the area 

of the trapezes will be slightly higher and subsequently the EAD will be higher. If there are few return 

periods and they are covering mainly low probabilities scenario, then the EAD accuracy is low or even 

its value is irrelevant, as the area of the trapezes is larger for higher probabilities (i.e. the area of the 

trapeze between 5 and 10% probability is more than 10 times larger than the area of the trapeze 

between 0.1 and 0.2% probabilities. So, for determining the EAD it is more important to have hazard 

maps for 10% probabilities and even for higher values (i.e. 20%) rather than for 0.1% probability. That 

is why the EAD is better estimated if there are more return periods and if it includes the return period 

which describes the initiation of damage (i.e. 3.7 years). 

 

EAD accuracy can be estimated based on the number of returned periods as following, but the 

difference between a Medium accuracy of EAD and a Low accuracy of EAD could be only of 5% 

difference, so it is not in the same range of magnitude as the other accuracies and therefore EAD is 

not considered when determining the overall accuracy: 

 

Number of return periods Accuracy of EAD 

1 or 2 EAD cannot be determined 

3 Low 

4 Medium Low 

5 and includes 10 and 20 years return 

periods, including 500 or 1000 return 

period 

Medium 

6 and includes 10, 20 and 50 years return 

periods, including the return period which 

describes the initiation of damage and 

500 or 1000 return period 

Medium High 

7 or more and includes 10, 20, 50, 100, 

200, 500 and the return period which 

describes the initiation of damage 

High 

 

 
 

The area below the line is formed by multiple trapezes and their area can be easily computed using 

the following computations: 

 
Where: 

  



 

46  

 

ɲti = Exceedance Probability increment  

Di = Average damage of the two events with exceedance probabilities Pi and Pi+1  

 

Return period  (years) Exceedance  
Probability  
LƴŎǊŜƳŜƴǘ όɲti)  
  

Di ɲti x Di 

10 (10%)    

  0.05  (201.5+132.0)/2 8.34 

20 (5%)     

  0.04  (298.2+201.5)/2 9.94 

100 (1%)     

  0.005  (336.0+298.2)/2 1.59 

200 (0.5%)     

  0.003  (365.5+336.0)/2 1.05 

500 (0.2%)     

  0.002  365.5 0.73 

қ     

  EAD (Mio EURO) 21.70 

 

Example of the EAD computed based only in three return periods 

 

Return period  (years) Exceedance  
Probability  
LƴŎǊŜƳŜƴǘ όɲti)  
  

Di ɲti x Di 

10 (10%)    

  0.09  (298.2+132.0)/2 19.36 

100 (1%)     

  0.008  (365.5+298.2)/2 2.65 

500 (0.2%)     

  0.002  365.5 0.73 

қ     

  EAD (Mio EURO) 22.74 

 

It can be seen that the EAD is increased by about 5% if it is determined only based on 3 probabilities, 

rather than based on 5 probabilities. Therefore, if the methodology would be applied based on cycle 

1 hazard maps, then in certain cases, hazard maps were determined for less probabilities and as a 

consequence the EAD will be less precise than the EAD computed based on cycle 2 hazard maps.  

 

It can be also observed that higher values ƻŦ ɲtƛ Ȅ 5ƛ are obtained for higher probabilities. Therefore, 

it is more important to determine the probability corresponding to the initiation of the damage and is 

of highly importance to have correctly determined the discharges for each probability, including for 

the probability corresponding to the initiation of the damage. However, neither in cycle 1 nor in the 

ASPFR that were already completed in cycle 2, the probability corresponding to the initiation of the 

damage was not determined. 

 

Considering 3 return periods but missing those with lower probabilities (i.e. 500 years) shows an 

insignificant decrease compared with the previous scenario where the return period of 500 years was 
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present. Therefore, if hazard maps of 1000 and 500 years and even of 200 years return periods are 

missing, the EAD is not is not significantly different (less than 1%) compared if those hazard maps 

would exist. It is more important to have hazard maps generated for higher probabilities rather than 

for lower probabilities and it is more important to have determined the probability when the initiation 

of the damage starts. 

 

Return period  (years) Exceedance  
Probability  
LƴŎǊŜƳŜƴǘ όɲti)  

Di ɲti x Di 

10 (10%)    

  0.09  (298.2+132.0)/2 19.36 

100 (1%)     

  0.005  (336.0+298.2)/2 1.58 

200 (0.5%)     

  0.005  336.0 1.68 

қ     

  EAD (Mio EURO) 22.62 

 

As the return period corresponding to the initiation of the damage was not determined neither in cycle 

1 and neither in cycle 2 for the ASPFRs that were already finished, it will be considered a return period 

of 2.7 years for the River Dâmbu, in order to simulate the differences in EAD determination with and 

without this value. It will be considered a 0.1 Mio Euro the value of the initial damage. 

 

Return period  (years) Exceedance  
Probability  
LƴŎǊŜƳŜƴǘ όɲti)  

Di ɲti x Di 

2.7 (37%)    

 0.27 (132.0+0.1)/2 17.83 

10 (10%)    

  0.05  (201.5+132.0)/2 8.34 

20 (5%)     

  0.04  (298.2+201.5)/2 9.94 

100 (1%)     

  0.005  (336.0+298.2)/2 1.59 

200 (0.5%)     

  0.003  (365.5+336.0)/2 1.05 

500 (0.2%)     

  0.002  365.5 0.73 

қ     

  EAD (Mio EURO) 39.53 

 

It can be observed in this scenario that the EAD is becoming almost double when considering the 

return period corresponding to the initiation of the damage. However, actually the results are showing 

that the flood extent for 10 years return rate ƛǎ ǳƴǊŜŀƭƛǎǘƛŎŀƭƭȅ ƭŀǊƎŜ ƛƴ ǘƘŜ tƭƻƛŜǓǘƛ Ŏƛǘȅ ǿƘŜǊŜ ǘƘŜ Ƴŀƛƴ 

damage occurs, concluding that in cities and large flooded villages the 1D hazard modeling is not 

suitable, but such conclusions should be raised within the hazard mapping methodology and solutions 

should be also found within the hazard mapping methodology to overcome such situations. In any 

case, from EAD perspective, it is more important to determine the return period corresponding to the 
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initiation of the damage, then to have hazard maps produced for 1000, 500 or 200 years return 

periods. 

 

 

 

 

In a similar way it should be computed the Annual Potential Loss of life. For different probabilities, the 

Loss of Life (i.e. 29, 21, 16, 7, 4), the PLL would be: 

 

Return period  (years) Exceedance  
Probability  
LƴŎǊŜƳŜƴǘ όɲti)   

Di ɲti x Di 

10     

  0.05  (7+4)/2 0.275 

20      

  0.04  (16+7)/2 0.46 

100      

  0.005  (21+16)/2 0.0925 

200      

  0.003  (29+21)/2 0.075 

500      

  0.002  29 0.058 

қ     

Annual expected value of the number of casualties 0.96 
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Note on the annual expected damage 

Hazard maps for fluvial flooding are the only available hazard maps for this pilot study. In case 

hazard maps for multiple scenarios are available the AED for compound flooding is summed 

assuming independence between the hazards (also see step 7). At the moment of writing it is unclear 

to what extent compound flooding is relevant to the Areas of Potential and Significant Flood Risk. It is 

recommended to (1) [pragmatically] correct for the straight forward summation of the AED following 

from the assumption of independence between events when it turns out this leads to a significant 

overestimation of the results and (2) take compound flooding into account when evaluating the 

effectiveness of measures [and thus ensuring the effect of measures is not over estimated].  

 

The outcome this should be at least: 

ς Summed annual expected damage for the flooded area and maps with the spatial distribution of 

the annual expected damage [per grid cell]. This for the total damage and the four 

subcomponents: (1) direct tangible, (2) indirect tangible, (3) direct intangible, and (4) indirect 

intangible damage. 

ς Summed annual expected value for the flooded area and a map with the spatial distribution of 

the annual expected value [per grid cell] of the population at risk, number of casualties, number 

of injuries and number of people suffering from mental health issues. 

ς A map with the spatial distribution of the annual expected value [per grid cell] of the mortality 

(indicating the probability of loss of life). 

ς When relevant, the above listed output should be generated for the various different types of 

flooding (pluvial, fluvial, coastal, flash flooding) and the (summed) compound flooding. 

 

It is emphasized that the results of annual expected damage should be analyzed on the spatial level 

of the flood extent (or comparable). The spatially distributed damage maps [per grid cell] do not 

provide a prediction for the annual expected damage or the loss of life for a particular location. At 

most they can indicate hot-spots for damage or places with an increased probability of loss of life or 

injury. Which in its turn can provide guidance for the evaluation of measures to reduce flood risks. 

The general uncertainty range of damage and loss modelling lies in the order of magnitude of a 

factor 2 to 5 (i.e. Wagenaar et al. [2015], De Moel [2014], Kolen et al. [2014] and Winter et al. 

[2018]). This factor significantly increases when the results are analyzed on lower spatial 

levels/scales. 
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3.3 Step 6 Create metadata & describe the process and accuracy for all input and 
output data  

It is important to store details that were used for executing the methodology, in the database and to 

provide a document in which to specify how the results were computed, especially to detail if the 

input data was adjusted/corrected or not. 

 

In the table below can be seen an illustration of some generic details that illustrate the accuracy of 

the results. 

 

 Value 

Flood mechanism fluvial 

Probability (%) 0.2 0.5 1 5 10 

Discharge (m3/s) 243 195 160 87 59 

River/Flood basin code 11-1-20-13-14 

River/Flood basin name Dâmbu 

River/Flood basin area (km2) 167.8 

River/Flood length (km) 40.3 

Major damage in tƭƻƛŜǓǘƛ 

  inhabited place national code 130543 

Model/Date of observed event? model 

Methodology version used 0.1 (07/2020) 

Parameters version used 0.1 (06/2020) 

Accuracy of the DTM 1.5 (Medium ς Low) 

Accuracy of the Hazard data 1 (Low) 

Accuracy of the exposed elements 2 (Medium) 

Accuracy of the population distribution 2 (Medium) 

Accuracy of alphanumeric data 2 (Medium) 

Overall accuracy level 1.3 (Low) 

Expected Annual Damage (Mio EURO) 20.77 

Annual Potential Loss of Life  

For each computation a metadata file describing the dataset should be provided according to the 

INSPIRE Technical Guideline on metadata, version 2.0, that can be consulted at 

https://inspire.ec.europa.eu/id/document/tg/metadata-iso19139. It should be given special attention 

in providing as many as possible detailshere.  

3.4 Step 7 Update the national database 

Each database is accompanied by the corresponding raster files, whose names are stored in the 

database. A comprehensive report and metadata are generated as well together with the database. 

 

These raster files and the content of the database should be added within the national flood risk 

database, that would have a similar structure, but should allow to store current and historical data 

too.  

 

https://inspire.ec.europa.eu/id/document/tg/metadata-iso19139
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The Expected Annual Damage calculated value (not raster) and the Annual Potential Loss of Life can 

be aggregated to river basin / ASPFR, Village or town or Administrative Units or flood risk cells or even 

any other geometry by using zonal statistics GIS tools to sum the values of all pixels falling inside a 

certain polygon. For example, by summing all the values of the pixels from the EAD map, falling inside 

a certain town, it is obtained the value of the EAD within that town (i.e. 16 Mio EURO/year for PloieǓti 

city). 

 
Table 8 Output per river basin 

River Basin 

Code 

River 

Basin 

Level 

Expected Annual 

Damage (Mio 

EURO) 

Annual Potential Loss 

of Life (people) 

XI_1.20.13.14.1. 6 0.017841  

XI_1.20.13... 6 0.048068 0.000884 

XI_1.20.13.16.. 6 0.208267 0.001639 

XI_1.20.13.15.. 6 0.586906 0.002382 

XI_1.20.13.14.. 6 19.88457 0.899518 

 
Table 9 Output per village / town 

SIRUTA Code SIRUTA 

Level 

Expected Annual 

Damage (Mio 

EURO) 

Annual Potential Loss 

of Life (people) 

130687 3 0.00013168 0.000398 

130632 3 0.000500914 0.000004 

135191 3 0.002878136 0.000007 

135075 3 0.00821826 0.000031 

130696 3 0.016484368 0.000665 

135057 3 0.018965868 0.001937 

130570 3 0.057177977 0.002967 

131005 3 0.161063928 0.031116 

130650 3 0.357614181 0.04674 

130883 3 0.464244024 0.002358 

131041 3 0.723101159 0.161617 

130543 3 16.34745131 0.656546 

 
Table 10 Output per administrative unit 

SIRUTA Code SIRUTA Level Expected Annual 

Damage (Mio 

EURO) 

Annual Potential 

Loss of Life 

(people) 

135164 2 0.074731305 0 

130678 2 0.076157303 0.000001 

130981 2 0.10960529 0 

130552 2 0.185881017 0 

130847 2 0.242704661 0 

135020 2 0.26901025 0 

130614 2 0.514464447 0.000027 

130534 2 1.115264484 0.000007 
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3.5 Map legends (Portrayal) 

As the hazard and risk maps should be also rendered in a web-GIS application or on paper or as an 

image, the following colour ramps are proposed for the hazard and risk maps to ensure uniformity. 

 

HEX Colour Value 

for 

ϵκƳ2 

 

Value for 

population 

at risk 

(people 

/km 2) 

Value 

for other 

people 

/km 2 

Percentage 

(%) 

Flood 

severity 

m m/s 

#98CEFF 0 0 0 0% Insignificant   

#1A9641 1 100 1 10%  0 0 

#58B453 5 500 5 20% Low   

#97D265 10 1000 10 30%    

#C4E687 20 2000 20 40% Medium-

Low 

0.45 1.5 

#ECF7AD 50 5000 50 50%    

#FFEDAB 100 10000 100 60% Medium 0.8 1.6 

#FEC981 200 20000 200 70%  1 2 

#F99E59 500 50000 500 80% Medium-

High 

  

#E85B3A 750 75000 750 90%    

#D7191C 1000 100000 1000 100% High 2 3 

#840101 max max max  Extreme max max 
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4 Trial runs of the flood mapping GIS system 

The combined methodology was tested by using provisional όάŘǳƳƳȅέύ parameters. 

The following parameters were used at this stage to illustrate how the methodology can be applied: 

 

Parameters used Value(s) used 

Maximum damage values for Exposed 

elements with Level 2 of accuracy 

See Appendix B 

Maximum damage values for Exposed 

elements with Level 1 of accuracy 

See Appendix C 

Damage curves for Level 1 and 2 

Exposed elements 

See Appendix D 

Direct Intangible/Tangible Damage 

ratio 

1:4 

Loss of Life method 1 mortality ratio 0.003 x water depth 

Evacuation ratio 20% 

Loss of Life method 2 dragging 

thresholds, scenario thresholds 

0.5 & 1, C3

 
Warning time See map in the web-GIS application 

Injuries/fatalities ratio 3:1 

Fatality monetary damage  200,000 ϵ/person (GDP) 

Injuries monetary damage 10,000 ϵ/person 

Ratio between fatalities and people 

who witnessed deaths, injuries, and 

destruction of their home due to 

flooding 

1:12 

Indirect intangible monetary damage 20,000 ϵ/person  

 
All results were uploaded in a web-GIS application that is accessible at 
https://gis.essenssys.ro/demo/WorldBank. 

 

According to the UML schema at page 25 in the INSPIRE Natural Risk Zone Technical Guideline, there 

are four abstract feature types: 

1. observed event 

2. hazard area 

3. exposed element (including the vulnerability of the exposed elements) 

4. risk zone 

https://gis.essenssys.ro/demo/WorldBank
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Figure 17 Natural Risk Zone INSPIRE Schema used for database structure 

4.1 Observed event 

The observed event is optional because in the UML schema the AbstractObservedEvent feature type 

is written 0...*. It is used only for representing past events and will thus not be present in the proposed 

database structure that is used for modelling flood risk maps for events with different probabilities of 

exceedance. If observed events should be modelled in the future, then a separate database with the 

same structure can be made for each observed event by storing hazard data, exposed elements data 

and the economic impact for each exposed element.  

 

This is considered out of scope of the current assignment as there is a separate World Bank Project 

that is implemented by General Inspectorate for Emergency Situations ς IGSU, that covers these 

aspects. However, the database structure for representing past events is almost the same, but also 

includes information about the observed event. This information includes its period of time and a 

name to uniquely identify the event. The additional information is optional, except an inspire ID of the 
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past flood. The data, including hazard, exposed elements, vulnerability, loss of life, direct and indirect 

damage should be determined mainly from field surveys and not only from modelling. 

4.2 Hazard area 

The hazard area has two main characteristics:  

¶ the likelihood of occurrence (i.e. probability = 0.2% for a flood with returning period of 500 years 

 O1/500=0.2%). 

¶ the intensity of the flood (i.e. 1.2 m peak water depth, 1.2 m/s peak water velocity, 1.2 m2/s peak 

water dragging) that is stored as value of each pixel in the HazardCoverage. 

 

 
Figure 18 Hazard feature types within the INSPIRE Schema 

 

From a raster data perspective it means that for each likelihood of occurrence one raster exists and 

the value of the pixel would be the intensity (i.e. 1.2 m water depth, 1.2 m/s water speed, 12 hours 

under water). In a typical raster, only one value can be stored (i.e. RF-PD02 being the raster storing 

the intensity as water depth for the likelihood of occurrence of 0.2% for a fluvial/river flood). The 

database will thus contain a high number of rasters with various types of flood hazard information. In 

the example items below for various types of flooding and various probabilities of occurrence: 

¶ peak water level; 

¶ the peak water flow velocity; 

¶ dragging parameter; 

¶ sliding parameter. 

 

Table 11 Indicative file names for hazard raster data (1 type of flooding) 

Likelihood of 

occurrence 

Peak Water 

Depth 

Peak Water 

Velocity 

Dragging Sliding 

10%=0.1 RF_PD10 RF_PV10 RF_DG10 RF_SL10 

5%=0.05 RF_PD5 RF_PV5 RF_DG5 RF_SL5 

1%=0.01 RF_PD1 RF_PV1 RF_DG1 RF_SL1 

0.5%=0.005 RF_PD05 RF_PV05 RF_DG05 RF_SL05 
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0.2%=0.002 RF_PD02 RF_PV02 RF_DG02 RF_SL02 

 

The data can also be stored in one file for NetCDF format, but this format is not so common yet and is 

quite difficult to be used in GIS applications. Therefore, for the time being the hazard maps will be 

stored in separate raster files and the filename will indicate the parameter that is used as intensity of 

the hazard (i.e. PD for peak water depth) plus the likelihood of occurrence (i.e. 02 for 0.2% likelihood 

of occurrence). Within the proposed methodology, the recommendation is to use Geotiff files for 

storing raster data. 

 

For floods due to river flood mechanism, the name of the rasters could also contain the European code 

of the water body (i.e.: RF-PD02-RORW11-1-20-13-14_B1.tif for the file storing the water depth with 

0.2% probability for River Dâmbu). 

4.2.1 Naming convention 

The following acronyms are proposed to be used for naming raster files: 

¶ HAZ ς Hazard 

¶ RF ς River Flood (used instead of Fluvial Flood, to use FF for Flash Flood) 

¶ PF ς Pluvial Flood 

¶ FF ς Flash Flood 

¶ CO ς Coastal Flood 

¶ P02 ς 0.2% probability 

¶ PD ς Peak Depth of the flood (Hazard map) 

¶ PV ς Peak Velocity of the flood (Hazard map) 

¶ DR ς Dragging parameter (Hazard map) 

¶ SL ς Sliding parameter (Hazard map) 

¶ RORW11-1-20-13-14_B1 ς The EU code of Dâmbu river 

¶ SIRUTA130543 ς ¢ƘŜ ƴŀǘƛƻƴŀƭ ŎƻŘŜ ƻŦ ǘƘŜ tƭƻƛŜǓǘƛ ƳǳƴƛŎƛǇŀƭƛǘȅ 

¶ LAT45-20-LONG24-23 ς 45.20 N & 24.43 E 

¶ VUL - Vulnerability 

¶ VUL_S ς Intensity of the Vulnerability assessment for structure 

¶ VUL_C ς Intensity of the Vulnerability assessment for content 

¶ PR ς Population at Risk 

¶ LL ς Loss of Life 

¶ MI ς Morbidity and Injuries 

¶ MH ς Population with Mental Health issues 

¶ L1 ς Level 1 

¶ L2 ς Level 2 

¶ L2A ς Level 2A 

¶ L3 ς Level 3 

¶ L12 ς Combination of Level 1 & Level2 

¶ DTDS ς Direct Tangible Damage for Structure 

¶ DTDC ς Direct Tangible Damage for Content 

¶ TDTD ς Total Direct Tangible Damage 

¶ TITDς Total Indirect Tangible Damage 

¶ TDITD ς Total Direct & Indirect Tangible Damage 

¶ TDID ς Total Direct Intangible Damage 

¶ TIID ς Total Indirect Intangible Damage 
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¶ TDIID ς Total Direct & Indirect Intangible Damage 

¶ TDITID ς Total Direct & Indirect, Tangible and Intangible Damage 

 

Example: TDITID_ L2_RF_02_RORW11-1-20-13-14_B1.tif ς Raster storing the Total Direct & Indirect 

Tangible & Intangible Damage computed based on Level 2 exposed elements for the flooding 

probability of 0.2% of River Dâmbu. 

 

In the image below it can be seen that in the plain areas, when a river is flooded, its flood extent could 

cover other river basins too. This means that in the river basin of Ghighiu and Pârâul Rece there will 

be two rasters for hazard, one due to the flood of the Ghighiu/Pârâul Rece river and another due to 

the flood of the Dâmbu river. Therefore, in case that a national assessment is done for a certain 

likelihood of occurrence, the maximum value from the overlapping rasters should be considered. In 

this case the national rasters could be named such as RF_PD02_RO1000.  

 

In case that rasters will be produced at river basin district level, the rasters could be named such as 

RF_PD02_RO4. 

 

 
Figure 19 Hazard area for 0,2% probability of fluvial flooding of Dâmbu river extending in neighbour 

river basins 

 

Naming convention illustrated for raster files representing hazard for Dâmbu river: 
 
Table 12 File names for hazard raster data 

Likelihood of 

occurrence 

River Flood Peak Depth Raster River Flood Peak Velocity Raster 

10%=0.1 HAZ_RF_PD10_RORW11-1-20-13-

14_B1.tif 

HAZ_RF_PV10_RORW11-1-20-13-

14_B1.tif 
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5%=0.05 HAZ_RF_PD5_RORW11-1-20-13-

14_B1.tif 

HAZ_RF_PV5_RORW11-1-20-13-

14_B1.tif 

1%=0.01 HAZ_RF_PD1_RORW11-1-20-13-

14_B1.tif 

HAZ_RF_PV1_RORW11-1-20-13-

14_B1.tif 

0.5%=0.005 HAZ_RF_PD05_RORW11-1-20-13-

14_B1.tif 

HAZ_RF_PV05_RORW11-1-20-13-

14_B1.tif 

0.2%=0.002 HAZ_RF_PD02_RORW11-1-20-13-

14_B1.tif 

HAZ_RF_PV02_RORW11-1-20-13-

14_B1.tif 

0.1%=0.001 HAZ_RF_PD01_RORW11-1-20-13-

14_B1.tif 

HAZ_RF_PV01_RORW11-1-20-13-

14_B1.tif 

 

Similar, Dragging and Sliding hazard data will be stored in files with names such as: 

 

HAZ_RF_DG10_RORW11-1-20-13-14_B1.tif, HAZ_RF_SL10_RORW11-1-20-13-14_B1.tif 

 

If other hazard maps would be produced, a similar naming convention can be used and added to the 

present methodology (i.e. RS for Water level raise speed).  The SI metric is recommended as unit of 

measure in the methodology (m/s). 

 

 
Figure 20 

Hazard raster data storing peak flood depth for 0.2% probability for river Dâmbu 

 

 
Figure 21 

Hazard raster data storing peak flood velocity for 0.2% probability for river Dâmbu 




























































































































































































