AnnexB2¢ Draft Method for damage & loss assessment and risk mapping, trail
runs for pilot area

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 Preparatidétionid 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
developedand populated based on the approach described in this document. The additional information
needed to implement this methodology, including the exposure data sets and digpitage functions

will be made available by the World Bank.

The Methodology has not been formalgceptedby 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

Peopleassets at risk of flooding

Acronyms Description

CITD Coefficient ratio

CLC Corine Land Cover

D Average damage of the two events with exceedance
probabilities Pand R:1

DID 5ANBOG LydGFry=PRotS 51 YIS 6¢

DTD Direct Tangible Damage

EAD Expected Annual Damage

ETR89 AEA, EPSG:3035 ETRS89 Lambert Azimuthal Equal Area

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

F Evacuation fraction (also evacuation effectiveness)

GDP Gross domestic product

IDD LYRANBOG Lyidlyw3arAoftS 5FYF3S

ITD Indirect Tangible Damage

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

LOL Loss of Life (people/kfn

MAI Morbidity and Injuries (people/kA)

Muai az2ySilNE @I fdzS F2NJ a2NDBARACL

MHI People with Mental Health Issues (peopleAm

Mk Monetary value for People with Mental Health Issues
0e kK LISNE2Y U

Mol az2ySalFINE @I fdsS F2N[2aa 27

MIO Million

N Loss of life estimate (number of casualties)

Npar Number of people atisk

PLL Annual Potential Loss of Life

nt Exceedance Probability increment

RP Return Period

SIRUTA Locality National Code

TD Total Damage

TID Total Intangible Damage

TTD Total Tangible Damage




Summary

This documenprovides 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 estapfisbih

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

assessment of flood risk measures, the Waldy'{ Kl & O2YYAaadA2y SR (KS LINI

Romania a methodology for building and the developnra comprehensive flood damage and loss

RFGlIorasS FyR I YSGK2R2ft23& F2NJ LINPRdAzOAY3 Fi22R N

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

being developd:

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 preparing thedecisiormakingprocess 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. Theutessof 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 goabfthe methodology for Damage & Loss assessment and Risk Mapping is:

1 To complywith the EU Flood Directive.

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

1 To determine risk maps for flooding in Romania.

1 To quantify the effect of potential flood risk protection and mitigation measures to make informed
decisiondn 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 tangipldifect
tangible, (3) direct intangible, and (4) indirect intangible damage.

2. Impact assessmehto 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 assessmenthkdnapping is based on astep procedure. This
procedure also focusses on intermediate (quality) checks. Step 7ef@ounsstoring the results in
national databases.

1. Create & improve the exposure, hazard, and population distribution maps.
The input fo the damage and loss assessment is quality checked before use. The input of the
methodology consists of:

1The 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.



a. Hazard maps containing (1) the maximum water depth, (2) flow velocity. Resulting
parameters (such as the dragging parameters are to be establishgellbon the provided
input). The hazard maps will be available for four types of flooding (pluvial, fluvial, coastal and
flash flooding) and various return periad

b. Exposure data and maps on the population densities

c. The damage and losmethodology (i.e. damage curves, max. damage percentages, etc
specified for all available typologies in the exposure database)

. Apply the damage & loss approach to determine damage and loss maps for all flood hazard
scenarios.
Details and characteristiese provided in the chapter below.

. Quality check on intermediate results
Inspect and assess the results to spot, correct or improve input. Potentially recompute the results.
Assesthe accuracy of the input and results to get a general understanding of the results.

. Determine thetotal damage for each flood type and return period
Determine the total damage maps based on the summation of the four subcomponents: (1) direct
tangible, @) indirect tangible, (3) direct intangible, and (4) indirect intangible damage.

. Determine the Annual Expected Value
Determine the annual expected value.

. 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 constilted a
https://inspire.ec.europa.eu/id/document/tg/metadataso19139

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

The resuls are stored in the database. A comprehensive report and metadata are generated as
well together with the databaselhe resultscan be aggregatetly other spatial units than the
flood extents such as the river basin / ASPFR, village or town or adminestueuits.

Impact Assessment

The impact assessment aims to determine the adveféectsof flooding on the society in general:
human health, cultural heritage, the environment and economic activities. This assessment aims to
comply with the EU Flood Direeti and provide input to the Multi Criteria Analysis when analyzing
the effects of potential flood protection amitigation measures. The following procedure is applied.

1. Check input and create categories for impact assessment.

The input for thedamage 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 floodarg) various return periosl

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

c. Categories for which the impact needs 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

N

. Clusterthe 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 Halth: determine the location of hospitals, doctéXfice, clinic, nursing home, etc
Emergency rgponse: determine the location of ambulance, fire brigade, hospital, etc.
Utility services: Power stations, water purificatiomnmping stations, etc.
Transport: Roads, highways, rails and railway stations, airports, distribution center, etc.
Marginalized communities: location of vulnerable of marginalized communities

=A =4 =4 =8 =4 =9

3. Determine the impact
Determine the impact by assessing if the locations of a pdati@ategory araffected byflooding
(outcome yes / na; 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 hamd scenarios (types of flooding and probabilities of occurrence).
Construct maps to show the locations affected assets, locations of people (for all types of
flooding and probabilities of occurrence).

Damage & Loss model

The total damage and lossdalculated 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 iwilin¢his data. In

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

1 Level luses readily available open source data which is available for all of Romania. Examples are
Corine Land Cover (CLC) or BEAM. This level usesustahdsed approach to damage modelling.

1 Level Zhe landuse typologies from the Urban Atlas which is afdé 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 usesuadapased approach to
damage modelling.

1 Level 3 Level thee is theobjectbasedmethod which a high level of detail (comparable to
international damage models such as HAZUS [USA], MCM [UK] and SSM [NL]).



Flood hazards

People, planet,
profit

Indirect
damage

—

L]

Tangible

Physical damage to assets:
- buildings

- contents/ inventory

- vehicles

- infrastructure

Intangible

- Mortality (loss of life)

- Morbidity (illness,
injuries, distress)

- LNC values (landscape,
nature, cultural heritage)

Tangible

- Loss of production and
income due to event
induced business
limitation or interruption

- Opportunity costs non-

Intangible

- Inconvenience of post-

flood recovery

- Increased vulnerability of

survivors

provision of public
services
- Disaster response costs

Tangible damage

The following principles are applied for the assessment of the directratiicbct tangible damage:

¢ 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 ba line with international standain the field of damage modelling
and are tailored to fit the Romanian context.

¢ For most of the typologies the damage curve will be based on the water depth only (as is common
in international literature). In exception&lases other explanatory parameters can be uded (
example theflood duration for agriculture and potentially the velocity for flash flooding)tha
caseof other explanatory parameters used, it is checked that they will be available from flood
hazardmodelling. 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.

¢ The direct tangible damage will be specified for the structure and the contentitditgs (or
related typologies).

¢ 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 outcomeof 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). Tieier the total tangible damage and the two
subcomponents: (1) direct tangible, and (2) indirect tangible damage.

It is recommendedto also save intermediate results of damage and loss modelling fdepth
analysis of the results (and quality checks).



Intangibledamage

The following principles are applied for the assessment of the direct and indirect intangible damage.

1 The loss of life approach will use as an input: (1) the population distribution, (2) flood
characteristics (type of flooding and the charactecstof flooding such as flood depth, dragging
parameters, flow velocity or rise rate) and (3) general information on the-&REgy of
authorities (expressed as an evacuation percentage, availability cpRR& warning time, etc.).
Loss of life approdes will be determined based on computationally simple models such as a
method using a fixed mortality percentages, using deptbrtality curves or the dragging
parameter. No numerical model or agent based modelling (such as LifeSIM) will be considered for
loss of lifeassessments

1 The morbidity is calculated using a mortality vs. morbidity ratio. The expected number of people
with injuries is then determined using a similar approaohs to determine the expected number
of casualties.

1 The number of peoplesuffering from mental health effects (indirect intangible damage) is
determined as a fraction of the population at risk and will be based on international literature.

1 The exposed people, expected casualties and injuries as well as the number of petglaguf
from mental healthmpactsare monetized.

The outcomeof this should be at least:

1 Summed damage for the flooded area and maps with the spatial distribution of damage [per grid
cell] for all scenarios in the hazard modelling (variptsbabilities of occurrence and types of
flooding). This for the total intangible damage and the two subcomponents: (1) direct intangible,
and (2) indirect intangible damage.

1 The population at risk, casualties, injuries and people suffering from mentihhissues which
are summedor the flooded area and mapsroducedwith the spatial distribution of the value
[per grid cell] for all scenarios in the hazard modelling (various probabilities of occurrence and
types of flooding).

1 A map with the spatial disbution 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 thesimfor the risk mapping. he caseof 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 &dbRisk. 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 floodiag int
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:

1 Summed annual expected damage floe flooded area and maps with the spatial distribution of
the annual expected damage [per grid celll. This for the total damage and the four
subcomponents: (1) direct tangible, (2) indirect tangible, (3) direct intangible, and (4) indirect
intangible danage.

1 Summed annual expected value for the flooded area and a map with the spatial distribution of
the annual expected value [per grid cell] of thepulation at risk, number of casualties, number
of injuries and number of people suffering from mental heaisues



1 A map with the spatial distribution of the annual expected value [per grid cell] of the mortality
(indicating the probability of loss of life).

1 Summed annual expected value for the flooded area and a map with the spatial distribution of
the annud expected value [per grid cell] of the impact (also see impact assessment).

1 When relevant, the above listed outmishould be generated for the various different types of
flooding (pluvial, fluvial, coastal, flash flooding) and the (summed) compoundrilpod

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 the amount of damage or the loss of life for a
particular location. At mosthey can indicate hospots 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 anathisisesults are often analysed on lower
spatial levels than the flooded aaeThe uncertaintiesf the outcomes significantly increase when the
results are analysed on these lower spatial lefgelsles 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 fthie 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.



1 Introduction

1.1 Flood Damage and Loss database Romania

This report isprepared in the contexe ¥ (G KS LINR2SO0 a5S@St2LAy3a T2N
building and the development of a comprehensive flood damage andiédabase and a methodology
F2NJ LINPRAzOAY3 FE22R NRARA] YILAED ¢KAA LINRP2SOG Aa
for the technical support of flood risk management plans in Romania is being developed:
1. Preparation of the methodology of fladchazard modelling (blue arrow Figurel);
2. Preparation of the methodology for flood damage and loss modelling and flood risk mapping (this
project¢ green arrow inFigurel);
3. Program of Measureg preparing the decision making process of flood risk management (purple
arrow inFigurel);
4. Data collect on exposure data (orange arroviFigurel).

The damage and loss methodology (this projgegteen arrow inFigurel) 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 bengéitygis and substantiate investment
decision in flood risk management (the blue squarEigurel).

Program of Flood Hazard Maps
Measures Methodology Exposure data
Parallel Project - ongoing  Parallel Project - ongoing Parallel project — Not yet started

Development of Methodologies \/
Flood hazard mapping & Program of Measures (second half 2020 - half 2022)

Figurel Schematic overview of initiative in the technical support of flood risk management plans for
Romania

Data collection

Goal of the project

The goal of the project is to support the Romanian authorities in the development of flood damage
curvesto 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 weeady prepared, however is was noted
that the methods applied at the time can be improved. The risks need to be monetized (where it was
gualitative so far) and the approach to assess the risk s&@te uniform for the whole territory of



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 mpping.

The methodical development in the project consists of two principal p&mo(! Reference source
not found.):
1. The development of a damage and loss database. The daamabess 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 (pimirthis
list) and the damage assessment methodology and categories @uirthis list)
2. Methodology for establishing risk maps. It describes computatitewiniques for calculation of
risk maps.

Flood Hazard Maps

Scope of the Project l

~— = = € &8s

- Indirect intangible

= .

Exposure data :
P Conceptual Data model Damage and Loss model :
Describing the link between - Direct tangible .

exposure data and the - Indirect tangible '

damage and loss model - Direct intangible .

.

Damage and Loss Database |

T ________________ o ——

Flood Risk Maps

Figure2 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-tmst software.

Activitiesundertaken:

I To decide on a certain architecture for the database that is most suitable for this project,
performance criteria were established.

1 Based on these criteria, different architectures were investigated.

1 The architecture of the database was desid 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.

1 As exposure da 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 wesgewed

I The damage/loss assessment methodology was finalised

11



2.1

Databasd’erformance 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 ofipdate
3. Ease of use within a Flood Risk compuatasoftware/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 belowHigher numbers are used for higher scorksotal of 8 differentarchitectures
are evaluated.

Tablel
Performan Shapefi Geo SQLite SQL GDB PostgreSQL File GDB Pers. Geo
ceCriteria e Packa with PostGIS GDB TIFF
ge
Score for 1 2 3 3 1 1 2 3 3
Details for | Zip only| Simple| Simple| Difficult, advanced users Zip only Simple | One file per
criteria 1 (many | (one (one only (1 file) raster
files) file) file)
Score for 2 1 1 1 4 4 3 3 2
Detalils for No topology Best as it ensures multiusg Simple, but no concurrent Only trough
criteria 2 editing users computation
Scorefor3| 3 2 2 2 2 2 | 2 3
Details for | Simple Moderate Simple
criteria 3
Scoreford | 3 1 1 2 1 2 | 2 3
Details for Best | Quite Few Well Few users Quite wellknown Best known
criteria 4 known | new, users known,
few only for
users advanced
users
Overall 9 7 7 9 8 9 10 11
score
Conclusion| Suitabl | Good | Good | Suitable for Best for Best Best for flood risk
e, but for for National National performance, experts (vector and
not Open | Open | Architectur | Architecture | but disadvantage raster)
databas| Sourc| Source| e, many but need for transferand
e e users people trained hidden structure
users know it people

The File Geodatabase can be a preferred solutidhartasewheretrained GIS experts are employed

and a solid and robust baglp plan is in place and thoroughly tested. The Gé®database 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 potsaesulting in
forcedshutdownsof servers, the database can become unusable.

12



Therefore, we proposdo deploy a Personal geodatabase as a robust solution. Such a personal
GeoDatabase can be created for one or more river basins or evehg@ntire 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 recommendableto store raster data separately in GeoTIFF fied due to database size limit
corstrains but for proper administration of the databases( backupcompress$.

For maintaining the vector data at the national level, Emterprise 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.ecompress, create indexes, backup). Bdicrosoft 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 thresitgiéoand 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.

Table2
Effort used for Dambu &

ht NySUGA

man-days/kn?
Improvement of Level 1 data (1:100,00¢ 0.05
incl. population, buildings % & classes
Improvement/creation of Level 2 data 0.3
(1:25,0001:10,000), incl. population,
buildings % & classes
Creation of Level 3 data (1:5,0201,000) 2.3
for ~2/3 of typologies
Adding attributes for level 3 data fohe ~1
rest of ~1/3 typologies and improvemern
of the data
Total

It should be noted that for Dambu area, some of the data was available, but sifjhdicanteffort
was necessary. ihe Dambu flooded area of 26.67 Krthere are 394 buildingger squarekilometer.
Based on the effort fobamby it could be consideretb use a combination of level 1, 2 and 3 data as
follows:

Table3 - Conclusions for eadlvel of accuracy for exposed elements

Level Conclusion based on results obtained

13



1 Level 1 data provides acceptable results in-noman areas (i.e.:
agriculture), so there is no need for Level 2 or 3 data.

2 Level 2 data provides acceptabésults for urban areas if building
% 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 anddsigning the database
are storage and computational capacities

Table4 - Estimated effort for computing and size of data

Dambu National level UoM \
Flooded area 18.8 44,536 kn??
Resolutiorof hazard data | 2 2 4 8 m
(pixel size)
Compute EAD based on 5| 26 ~60,000 ~15,000 3750 h
probabilities on PC 3.3 ~7,000 ~1,800 450 days
(6 core; 32 GB RAM)
Number of raster files for § 20x5 = | ~ 120 grids ~120,000 ~120,000 | files

probabilities and EAD per | 100 50x50 km x 100
river basin (fluvial flood =

only) ~120,000

Size of raster data 0.05 80-140 20-35 59 B
(uncompressed)

Size of raster data 0.2 ~500 ~125 30 GB

(compressed, not for
computation / display)

The effort was estimated for Z2Zmetre 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-beosfit rato, 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 dabase 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 thaulnerability of the exposed elements)

4.Risk zone

14
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Figure3
Natural Risk Zone INSPIRE Schema used for database structure.

All spatial datasets should be provided using the same Spatial Refessnmxjuested by the EC
(WISE)n addition, datasets shall be providde 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 coveges with peak water depth and peak velocity) use the same projection,
otherwise errors may occur due to reprojection.

The databaseés describedin Annex A and can be further finetuned during the development of the
damage curves, the testing of the methddgy and based on the outcome of the parallel projects.
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2.3 MethodologyDamage & Loss Assessment

ADamage’ 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.

1 Inthe first part of the process the dage and loss and their monetary valae determined

i After assessing the damage and loss resitlesin be concluded thahput datashould be updated
for proper resultspr thatthe results are considered satisfactory

i If satisfactory the results of the damage & losalculationare 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 atbasn 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 Romaniarericatchments and other flood risk areas and is applicable

to both existing Flood Hazard Maps of APSFR | and the New Hazard Maps from the APSFR Il. The main
difference between ASPFR | and ASPFR Il is that flood velocity hazard maps are developed only for
ASPFR Il. Therefore, the methodology was developed in such a way so that it applies for both
situations, if the water velocity data is available or nbhhie combined Damag® Loss and Flood risk

maps Methodolgy was tested on one pilot site.

Thefollowing activities were performed:
i Existing flood hazard maps were consulted and compareithéddambu river pilot site. For testing
the methodology, the hazard maps both with and without water velocity datse expected
Annual DamagedAD was computed based on 5 return periods (10, 50, 100, 200, 500)yehich
were produced for Bmbu river within cycle ZHowever,during cycle there could be everfewer
return periods, such &3 or 4 andn these conditions the EAWIll belessaccurate
1 hazard maps produced for river Dambu were used to test the methodology for fluvial flood
mechanism.
1 The EU practices were reviewed and INSPIRE DirenideJaspers Recommendations were
considered for the development of the methodology. This isrteson 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 likelihood of occurrence instead of probability). The
following EU documents were mainly considered:
¢ The INSPIRE Natural Risk Zone Technical Guideline
(https://inspire.ec.europa.eu/id/docment/tg/nz), which was the main document for
elaborating the database structure.
¢ A¢KS Hamt Ww/ ¢SOKYAO!I f-dama§ lfiuachidhs: MeyhodBldgpand f T 2
GKS RFEGFOFaS gAGK BpeyV/BeRardpg bifrcied/publlicatiodiobad £ S |
flood-depth-damagefunctionsmethodologyand-databaseguidelines
¢ TheJaspers Recommendation
(https://ec.europa.eu/regional_policy/archive/thefunds/instruments/jaspers_en.xfm
¢ 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 reggibitysof the entity that
develops the FRMP. Therefoand existing free and open source Flood Risk qGIS phuasn
considered as wellThe main documents considered were:
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¢ The user manual of the Flood Risk QGIS phgilable at
https://github.com/FloodRiskGroup/FloodRisk
doc/raw/master/FloodRiskUserManual/Albano_UserManual_FloodRisk_gefLahis plugin
was used to develop and test the proposed methodgltmelaborate flood risk maps in
Romania.

91 All input data for testing the draft methodology for river Dambu, was assembled in the database

that was developed such as:

¢ Flood exposure data for levels 1, 2 and 3 as GIS vector data, including for land use,
constructions/buildings and population

¢ Flood hazard data for 5 different return periods: 10, 50, 100, 200 & 500 years (peak water
depth, velocity and dragging)

¢ Lookup tables for flood damage and loss, used for assessing the vulnerability for tangible &
intangible, direct & indirect damage as GIS layers

¢ TheflooddeferS& Fa | DL{ I &SNE g dieknotassesnblétin@2y RA { A :
database, as they are not available for the pilot sitethe proposed flood defenses proposed
in ASPFR 1l were included for rivémnibu.

91 All input data for testing the methodology listed above were assembled also in aGh&b
application that was developed to illustrate the methodology input and results. This application is
accessible attps://gis.essensys.ro/demo/WorldBank

The methodology is applicable to fluvial, pluyieastabnd flash floods with certain small differences
in assessing theconomic damage antbss of life and subsequently thangible andintangible

damage.

The output of all these activities is the methodology for flood risk mapping in Romania, as described
below.
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Create metadata & describe the pracess and accuracy
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National Flood risk maps (vector) with assessed accuracy
- EAD (0 )& PLL (people) per river basin

- EAD (U )& PLL (people) per inhabited named place

- EAD (U )& PLL (people) per administrative unit

Figure4 lllustration of Damage and loss methodology (blue) + flood risk maps methodology (green)

Flood Risk Maps methodology
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Seps within the Damagé& Loss methodologinclude
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 & alphanuntzta 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 suclosasof life approach
mortality/ morbidity ratio, and various atio factors to assess direct, indirect and total
intangible damagésuch as population at risk, loss of life, injured population and méetzth
affected population)
3. Inspect and assess the results to spot issues in input data and if any, then impotdata and
recompute the above results. When the results grality checkedassess the accuracy of both
input and output data.

Major steps within the Flood Risk maps methodology:

4. Determinethe Total damage for each flood type and return period

5. Deteminethe 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 outpuinto the national wide flood risk maps (vector & raster)

The first three stepsfamage & Loss methodologgre elaborated on in the paragraphs below. The
methodology for risk mapping is described in Chaptéstep 4 until7).

2.3.1 STEP & Create, maintain & improve input data

Exposure maps (polygon)

Population distribution maps (polygon/point)
f Zeé O :

distribution data per polygon
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Figure6 Example of Hazard maps (raster)

Important note: One of the firstteps to be performed is to set the value to NINd datafor all pixels
that are corresponding to river flow, otherwise the risk figures will be wr&sgting NULNo data
values to some pixels in a raster is a GIS operation that can be done by aegh@i8dn using a free
and open source software or a proprietary one. The steps araliditize the river based on hazard
peak water depth map and validate with bdphotoimages Of courseif the DTM isnaccurate, the
results will be also inaccurat@.- convert the polygon of the river to raster and set the fill of the
polygon tothe NULL/No dataalue (ie-999). 3- Combine the two rasters (ie add raster 1 with raster
2). 4- Set to-999value for the pixels with valuesnallerthan-900.

Figure F-1: Damage factor for residential buildings including inventory Figure F-11: Damage factor for agriculture
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Figure7 Example of Damage curves are shown below. For the pilot thieid&®ion are used.

Table5 Example of maximum damage valuesed in thigilot are
Type Of  Description Value Value Damage curve Use %

Element Structure Content 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| 500 0 JRC Infrastructure
associated land

12220 Other roads and 100 0 JRQnfrastructure
associated land

12230 Railways and 200 0 JRC Infrastructure
associated land

13100 Mineral extraction and| 1 0 JRC Industrial
dump sites

14100 Green urban areas 20 0 JRC Agriculture

14200 Sports and leisure 300 50 JRC Agriculture Yes
facilities

21000 Arable land 0.1 0 JRC Agriculture

22000 Permanent crops 1 0 JRC Agriculture
(vineyards)

25000 Orchards 0.9 0 JRC Agriculture

2.3.2 STEP 2aDetermineTotal Tangible Damage

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

is determined based on damage curve that corresgdndhe 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:

Vv=f(h), where:

V ¢ Vulnerability(also referred to as susceptibility indexaamage percentage)
h ¢ Peak water depth

21



Intensity of the vulnerability assessment (%)

»
3

Peak water depth (m)

For certain types of exposed elements, different damage curves could exist for different flood
durations.
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For certain types of exposatdements are determined both the vulnerability flouildingstructure
and vulnerability fobuildingcontent as the damage curves can be different.
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For each pixel within theulnerability maps, its value (%) is multiplied with the maximum damage

@t dzS F2NJ A0NHZOGdzNBk 02y iSyid o6ev 2F (GKS O2NNBaLR
types that are representing buildings, it is necessary to multiply the obtained valile the

percentage of the buildings within that polygon. Tisatvhy 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 birlgs within that polygon, in order to

obtain different maximum values of the damage for each polygon.

Depending on type of exposed element:
Ds/c:VX Ms/c or D:VX B X Ms/c

where:

Dse¢51F YFEAS (2 adNUzHGidzNBk O2y Syl 6exkyY

V ¢ Vulnerability (%)

Msccal EAYdzY RIEYLEF3S @I fdzS H2N aiGNHOGdzNBk 02y iSyid o¢
B ¢ Percentage of buildings within the polygon (%)

REYE3S (2 &)0NHOGdNE 6ekY
3 L
=]

]

-

- e

T Level 2 Vulnerability for intangible exposed elements for 0.2% probability =

ect & indirext tangible damege for 0.2% probability -

> 2 oirect tangible damage for Content (€/m?)

} -

N
RFEYIF3S G2 P2y iaSyid 6exkyY
] ) ‘ V
7 Girect tangible damage for Content (€/m?)
' |2 irect tangible damage for Structure (€/m?)
i
> 20

By summing the damage to structure and damage to comstient obtained the Direct Tangible
Damage (DTD)

DTD=b+0h
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Indirect Tangible Damage (ITD) is obtained by multiplying the Direct Tangible Damage with a
coefficient ratio (Gp).

ITD = DTDxf

5ANBOG ¢Fy3aAdtsS 51 Yl 3S
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® 830

[ Level 2 Direct & indirect tangible damage for 0.29 probabilty

[ Total direct & indirect tangible damage (€/m?)

[52 Total direct tangible damage (€/m?)

L
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[ Common Vulnerability for Intangibe exposed elements

+ +0

[] Level 2 Vulnerability for intangibie exposed elements for 0.2% probability

[ Level 2 Direct & Indirect tangible damage for 0.2% probability
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[ Total direct tangible damage (€/m?)

[ Total indirect tangible damage (€/m?)

& & o

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 tipeincipal approach on the assessment of the dit

and indirect tangible damage. The following principles are applied

¢ A damage curve, max. damage value and percentage for the inc
damage will be provided for attlevanttypologies(the exposure / lath use
classes)lt will be in line with the available exposure data.

¢ For most of the typologies the damage curve will be based on the v
depth only (as is common in international literature). In exceptional ¢
other explanatory parameters can be usgor example the duration fo
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agriculture and potentially the velocity for flash floodinty).the caseof
other explanatory parameters used, it is checked that they waMadable
information from flood hazard modelling. The type of flooding (plu
fluvial, flash or coastal flooding) will be considered in the approach, i.
a modified damage in case sdltwater intrusion.

¢ The direct tangible damage will be spemififor the structure and the
contens of buildings (or related typologies)

¢ The indirect tangible damage will be determined as a percentage o
direct tangible damage. The percentage is likely to be dependent o
typology (the exposure / land use s$&s) and the water depth.

The outcome this should be at least:

¢ Summed damage for the flooded area and maps with the sp
distribution of damage [per grid cell] for all scenarios in the ha:
modelling (various probabilities of occurrence daywkes of flooding). Thi
for the total tangible damage and the two subcomponents: (1) di
tangible, and (2) indirect tangible damage.

It is recommendedto also save intermediate results of damage and

modelling for indepth analysis of the resultar{d quality checks). Thigs also

done in the pilot.

It is emphasized that the resalbf damage and loss modelling should
analyzed on the spatial level of the flood extent (or comparalble.spatially
distributed damage maps [per grid cell] do nmmbvide a prediction for the
amount of damage or the loss of life for a particular location. At riastcan
indicate hotspots for damage or places with an increased probabifityss of
life or injury. The general uncertainty range of damage androsdelling lies
in the order of magnitude of a factor 2 to 5 (i.e. Wagenaar et al. [2015], De
[2014], Kolen et al. [2014] and Winter et al. [2018]). This factor signific
increases when the results are analyzed on lower spatial isvalss

2.3.3 STEP 2f DetermineTotal 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 polyggressed 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 petple/km
The populatiorat risk is equald the number of people being exposed to flooding.
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Loss of Lifémortality)
The mortality function is specific per flood type.

For flash flooding an average mortality ratio of 3.6% (0.@363ed- based on Jonkman [20Q7The
average mortality for pluvial flooding is 0.05% (0.000based on Jonkman [20Q7A threshold is
potentially applied to determine the number of exposegple. This will be based on the accuracy of
the hazard mapping in case of (very) low water depths and elaboratetiiong this project. In this
pilot no threshold has been applied.

Two methods are proposed for the determination of loss of life for fluammal coastaflooding. 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 vetgcEach 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 is necessary to estimate the warning time (in hours) arfthte
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 tmese o
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 ashown in the following equation

bIr'CROKO T oO6MLC90 i bt!w

Where:

1 N: loss of life estimaténumber of casualties)

1 FRa(h) ¢ mortality fraction / fatality rate (%)

1 FRe¢evacuation fraction (also evacuation effectiveness)
1 Npar¢ number of people at risk

For water raise level below 0.5 meters per hour, it may be considered that fatality rate is:
Fy(h) =0.003 * h
where h is the water depth, as it is illustrated by the average line in the graphic kglowlification

of the approach bylonkman2007] and Maaskant et al. [2009]Fhe method is not using the water
velocity.

[ In(hy-p, |
F()=0,| 20"k |
Ty J (Eq. 7-7)
n,o=760  ©,=275
A very weak correlation berween observations and muodel calculation of R2=0,09 is ab
tained. Confidence intervals for modd uncertainty are indicated in [.:;_'uu' T=16.
005
.
0,04
-
- 2.5%
A
E 0.03 ¢ —_— average
£ 7 Epes
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E s obsenations
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0

4] 2 3 4 5
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Figure 7- 1 2,5% and 97,5% confidence intervals representing model uncertainty for the mortalicy
function for the remaining rone with rapldly rsing warer

Figure8 Fatality rate chart based on water depth only.

After determination of fatality rate based on water depth, the Loss of life can be determiitedhe
abovementioned formula:

b I' ndnne*NearK F 6MbLC
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|2 Level 2 Vulnerability for intangible expased elements for 0.2% probability
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[ Fatality rate (34) based on peak water depth, without evacuation

B2 Loss of life (people/km?) based on peak water depth, with evacuation

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 apdeparedness 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 algorihm already exists in the FloodRisk qGIS plugin.

The flood severity will be determined only based on dragging paranietéis pilot However, a more
detailed methodology that is determining the flood severity based on dragging, dl&tjngre of peak
water velocity multiplied with peak water depthpeak water depth and peak water velocity is
described in Appendik.
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Without considering the actions of the emergency agencies, and without any warning of the
population, for the worstcasescenario, the following fatality rates would be considered.

Table6 Fatality rate (%) depending on dragging parameter
>1 High 0.9
0.51 Medium 0.3
<0.5 Low 0.02

Flat fatality rate (%) & Flood severity

[ siren audibility

[ Population waring time (hours)

[ Evacuation fraction (%)

|2 Level 2 Vulnerability for intangible exposed elements for 0.2% probability

O Population at risk {people/km?)

[ Fatality rate (%) based on peak water depth, without evacuation

[ Loss of Iife (peaple/km?) based on peak water depth, with evacuation

[E2 Fatality rate (%) based on dragging, vithout warning

0.02% - Low
o= - medium
Moo -High

[ Loss of life (peaple/km?) based on peak water draqging, without v-wm;

[ Less of life (people/km?) - SUFRI €3, with waming

[ morbidity and injuries (peoplefkam?) - SUFRI €3

-

29



Warning time (h)

i

[0 Peak water Dragaing (m?/s}
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&

L] tntangible exposed eiements (al levels)

[ Level 3 Tangible exposed elements

[ Level 2 Tangible exposed elements

® & & 0

F O+ + 4+ o+

[ Level 1 Tangible exposed elements

] Level 2 vuinerability for tangible exposed elements for 0.29 probabilty

2 Common Vulnerabilty for intangible exposed elements

[] Siren audibility

&2 Population waming time [hours)

W <0.01
G010
01-08
051
=l
] Evacuation fraction (%)

4J\

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 , evenif it exists.

Table7 Mortality rate for different flood severities and warning times, C3 SUFRI case

: : Flood Severity
ID | Category for the case study Warning Time {h)
High Medium Low
= ; . : ; 0 0.9 0.3 0.02
There is no public education on flood risk terms. 0.25 0.85 0.2 0.015
—There is EAP, but it has not been applied yet. 0.625 0.6 0.07 0,012
C3 | — Some coordination between emergency agencies and | 1 0.3 0.05 0.0005
authorities {but protocols are not established). 15 03 0.0002 0.0002
- No communication mechanisms to the public. 24 0.075 0.0002 0.0001
Loss of life, no warning (people/Kmn
a

[ Level 2 Vulnerability for Intangible exposed elements for 0.2% probabilty —
&
.

O poputation at risk (peoplefim?)

] Fataiity rate (%) based on peak water depth, without evacuation

] Loss of ife {people/km?) based on peak water depth, with evacuation

] Fatality rate (%) based on dragging, without warning

B2 Loss of ife (people/km?) based on pesk water dragging, without warni

e & & o
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Loss of life, with warning (people/Kin

.
= .

52 Level 2 Vunerability for intangible exposed elements for 0.2% probabilty =
>y

O ropulation at risk (peaple/km?)

[ Fatality rate (%) based on peak water depth, without evacuation

[0 oss of lite (people/km?) based on pesk water depth, with evacuation

] Fatality rate (%) based on dragging, without warning

1 Loss of life (peaple/km?) based on pesk water dragaing, withaut vaarni

B2 Loss of lfe (pecple/km?) - SUFRI C3, with warning

o
ll
s

10

& b b s

Morbidity and injuries
The morbidity and number of injured people will be assessed as a ratio of loss AEldeprovisional
value in the pilot the ratio of 3:lis considered. Each pixel of the Population loss of life will be

multiplied with 3, resultingn the number of peple 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
lossof life. As a provisional value in the piJdbe ratio of 3:lisconsidered. 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/kf)

a

2 Level 2 vulnerability for intangible exposed elements for 0.2% probability ==
&

[ population at risk {peaple/km?)

] Fatality rate (%) based on peak water depth, without evacuation

] Loss of lfe (people/km?) based on peak water depth, with evacuation

] Fatality rate (%) based on dragging, without warning

|

0 oss of lfe (people/km?) based an pesk water dragging, without warnins

0 woss of lfe (peaple/km?) - SUFRT C3, with wiarning

L =

B2 Morbidity and injuries (people/km?) - SUFRI €3
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Population with mental health issues

At 1.4

- =2

[ Level 2 Vulnerability for intangible exposed elements for 0.2% probability =
&

.
[ Populaticn at risk {people/km?)

] Fatality rate (%) based on peak water depth, without evacuation

[ Less of life (peaple/km?) based on peak water depth, with evacuation

[ Fatality rate (%) based on dragging, without warning

[ Loss of life (people/km?) based on peak water dragging, without warnin

[ Loss of life (pecple/km?) - SUFRI €3, with warning

[ Morbidity and injuries (people/km?) - SUFRT C3

[ Population with mental health issues (people/km?) - SUFRI C3

® ® 6 0 & o o

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 = LOK Mo+ MAIX Muya

where:

DID¢ Direct Intangible Damage € R Y

LOLc Loss of Life (people/kin

MLo¢ Monetary value for Loss of Lifefperson)

MAI ¢ Morbidity and Injuries (people/kf)

MwmaiC Monetary value for Morbidity and Injuries/person)

As a provisional value in thpélot, the following valuegs considered:
MLo= 200,00 /person, based on average GDP loss
Mwma= 10,000/person

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

11D = MHK M,

where:

[ID¢ Indirect Intangible Damage € R Y

MHI ¢ People with Mental Health Issues (peopleAm

Mwmri¢ Monetary value for People with Mental Health Issdeperson)

As a provisional value in the pildhe following valués considered:

Mwmni= 20,000/person
Direct Intangible Damage € /) Y
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I Direct intangible damage (€/m”)

L
ID

20

s0
100

200

500
50
000

o

[ indirect intanglble damage (€/m?)

+®

[ Level 2 Total damage and expected annual damage

~ £ [] Essensys Basemap

[ Bing Aerial Imagery

F.
& & @

-
[ Total intangible damage (€/m?) _
o
O pirect intangible damage (€/m?)}
s
2 Indirect intangible damage (€/m?)
s
3
!0
20
s0
100
200
500
3o
000
-
[ Level 2 Total damage and expected annual damage +
&
&

*a
L] Essensys Basemap

ke SN

-

Total Intangible Damage

To obtain the Total Intangible Damage map, should be added the values of the pixelBifemn
Intangible Damage and Indirect Intangible Damage.

TID =DID + 1ID

The result of step 2 is:
Total Tangible Damagee R Y

33



- ~

[ Population with mental health issues (people/km?) - SUFRI C3

[2 Level 2 Direct & indirect tangible damage for 0.2% probability -

2 Total direct & indirect tangible damage (€/m?)

750
hooo
jmax

[ Total direct tangible damage (€/m?)
Y
-

Total Intangible Damage € 8 Y

¥ Total intangible damage (€/m?)

O oirect intangible damage {€/m?)

O indirect intangible damage (€/m?)

[ Level 2 Total damage and expected annual damage +

L [ Essensys Basemap

.

Note on the assessment of direct and indirect intangible damage

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

damage. The following principles are applied:

¢ Theloss 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 onetlDRRstrategy of authorities (expressed as gn
evacuation percentage, DRfRanning, warning time, etc.). Potential loss of life approaches| are
described above.

¢ The morbidity is calculated using a mortality vs. morbidity ratio. The expected number o peopl
with injuries is then determined using a similar approach 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.

¢ The exposed people, expected casualties and injuries as well as the number of people suffefing from
mental health are monetized.
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The outcome this should be at least:

¢ Summed damage for the flooded area and maps with the spatial distribution of damaggriber
cell] for all scenarios in the hazard modelling (various probabilities of occurrence and types of
flooding). This for the totahtangibledamage and théwo subcomponents(l) direct intangible,
and @) indirect intangible damage.

¢ The population atisk, casualties, injuries and people suffering from mental health issues which are
summedor the flooded area and magsoducedwith the spatial distribution of the value [per grid
cell] for all scenarios in the hazard modelling (various probabilitiexairrence and types of
flooding).

¢ A map with the spatial distribution of the annual expected value [per grid cell] of the moftality
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 theslof life for a particular location. At mdkey
can indicate hospots 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

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 spatialdeatds

2.3.4 STEP 8 Quality checkAssess results

Inspect andassess the results to spot issues in input data and if any, then improve input data and
recompute the above results. Some exampldmsed 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 resulbissnot likely.We also recommend that these experts
share their experiences with each other, in order to learn from each étactices in assessing and
verifying the results.

In some areashow belowthe 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 situaticio 2043
in that aea. 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).

- '—"'
1
I/ - 1

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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warehauses or apartment blocks may not be reflected in the flood model and will result in unrealistic water
heightsand depthscomputed for particular buildings.

Ay adlraradaoa
are not taken into account

Figurelo! NI ST O a Ol dzZaSR o6& fI NBAS O2y

Using Digital Elevation Model computations also do not account for sunken or underground floors
(semibasements, basements, cellarsarking 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.

’J‘

Figurell Sunken platform artefact in digital terrain model

In other casesthere are differences between the DTM and profiles measured in field topographical
surveys.

[1%) s Py peey 0 o

— o8 PrOB ey on DT

Figurel2 Inaccuracies between input data: DTM and field surveys profiles

Thus, the flood hazard data will be inaccurate duettefactsin the Digital Terrain Model and its
missing metadata. These exampé#s provided topromote understandng that the metadata of the
data has almost the same importance as the data itself. Without metadata and without documents
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that clearly explain how # data were produced, the next data provider on the chain of production is
just making supposition

It is known that therecan besignificant differences between DTM and topographical surveygher
it is known that the national geodetic network hasys® 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 ia outhern area of the image below

a =
—————

[ Level 1 Tangible exposed elements +

&% Level 2 Vulnerabilty for tangible exposed elements for 0,28 probabilty

|2 Intensity of the vulnerability assessment - Content (%)

o
ho

20

20

0

a8
9

100
O Intensity of the vuinerability assessment - Structure (%)

[ Common Vulnerability for intangible exposed elements

Nt .

Figurel3 Area with inaccurate vulnerability assessment

| 26 SOSNE Ay GKFG FNBF Aa t20FrGSR GKS gl adSel G§SNJ
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 thatll 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 pool§herefore the flood risk expert would be able to change the

value of the structure and its content dhe water depth and reassess the vulnerability. iecessary,

the technician could also reclassify the exposed elements or even create exposed elements data at
more detailed level for this area only (i.e. creatingdle® data instead of Level 2 data only for this

area).

on

N, *,

e

Figurel4 Exaggeratd vulnerability due to wastewater pools represented in the DTM

Special care must be taken in the case of blocks of flats, extensive districts -oiskigtpartment
buildings being rather common in the Romanian urban space. These blocks of flats usually have a very
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high density opopulation;however,aflood would generally put at risk only the population living on
the lower floors.
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Figurel5 Census blocks with higlse apartment buildings have much larger population than blocks
with houses, however floods affect only the lower floors

T

Another special case is constituted by mediand highrise 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 populatianrisk and consequently high estimated fatalities and
injuries. Thats 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.
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Figurel6 River bed covering high density census block. Artificially high number of intangible damage
resuts 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 Dambu
river,the DTM was assessed at a tavedium level of accuracy and the hazard maps at a low level of
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accuracytherefore 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 elesrdata.

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 dawaill 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 aspan 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=(Aun+Aavd/2

Theaccuracy 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 higbcaracy level, while the rest have low or medium accuracy

levels.

The following accuracies were estimated:

DEE] Accuracy

DTM for @Bimbu Medium-low

Hazard Data for @mbu Low

Corine Land Cover Low

INHGA Corine Land Cover Medium-low

Urban Atlaggeometry 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 cambruallyassessed based on following hazard
parameters but the accuracy of these products should be estimated by the data providers

Probability (%) 0.2 05 1 5 ) |
Return period (years) 500 200 100 20 10
Dischargert®s) 243 195 160 87 59
Hazard areak{m?) 26.8 25.0 |23.0 |16.9 11.9
Flooded areakim?) 18.8 178 |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) 1.31 126 |1.18 |[1.03 0.9
Hazard data accuracy level Low

As the differences are quite small in between different probabilities especially relatedtey depth,
the overall accuracy level can be considered low.

Pixels corresponding to the river channel should blémmated from the hazard maps when
determining risk information.

2.4 Lessons learned

The following lessons were learned:

1 Raster datashould be stored in GeoTiff files.

I Raster file names should be standardised.

9 Different databases suit different purposes (i.e. enterprise vs. personal, proprietary vs. open
source)

1 ESRI Personal Geodatabase is recommended to be used by flood risk dateermsroor OGC
GeoPackage as an alternative open source format with some disadvantages (i.e.: no topology, less
known/used).

9 Production and maintenance of Level 3 datlour intensive
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3 Methodology for flood risk mapping in Romania

Acombined damage & loss and Flood risk Maps methodology was created.
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Flood Risk Maps methodology

For each selected river basin (fluvial) &
For each selected inhabited named place (pluvial/flash)

Create/Maintain/Improve & Assess

Exposure maps

(vector )

Output maps (raster):

For each flood mechanism and
return period:

- Vulnerability structure (%)

- Vulnerability content (%)
-Damage structure
-Damage cont ént

-Di

-lndirect
- Total tangible d a mage Y -Direct

accuracy level for input data:

Hazard maps
(raster: depth, velocity)
(pluvial, fluvial, flash)

Population
distribution
maps
Alphanumeric data
(damage curves, (vector)
maximum damage values)

Loss model:
Direct & Indirect
Intangible damage model
(mortality curves/
percentages)
(mortality, morbidity,
mental health, etc)

Damage model:
Direct & Indirect Tangible
damage model
(depth damage curves)
(indirect damage
percentage)

Output maps (raster):

For each flood mechanism and
return period:

- Population at risk (people/km ?)

- 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)
intangi bl?%e
- Mental health (people/km  ?)

- Indirect Intangible damage (a/%m
- Total Intangible damage ( G /?m

rect tangibl
tangi

Assess results &
accuracy . Any

d

issues? Correct
enough?

Flood risk maps with assessed accuracy
For each flood type and return period:
-Total dama®ye (G4/ m
For each flood type:  Annual
- Expected annual damage
Life (PLL)

For all flood types , selected river basins & inhabited places
- EAD ( G /*m& PLL (people/km 2)

Create metadata & describe the pracess and accuracy

(EAD) & Annual Potential Loss of

National Flood risk maps (vector) with assessed accuracy
- EAD (U )& PLL (people) per river basin

- EAD (U )& PLL (people) per inhabited named place

- EAD (U )& PLL (people) per administrative unit
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Major steps within the Damag® Loss methodology:

1. Create, maintain & improve the exposure, hazard, and population distribution maps, plus various
alphanumeric data (damageurves, 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 damagge auatimum
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 assesgedi, 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 abve 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 DamaBAD) and the Annual Potential Loss of Life (PLL) for each
flood type

6. Create metadata & describe the process and accuracy for all input and outut dat

At the national level database:
7. Update the national output maps (vector) with assessed accuracy,rbpuwng:

a. 9!5 6e0 9 t[[] O0LIS2LX S0 LISNI NAOSNI ol ary
b. 915 06e0 9 t[[ o06LIS2L) SO LISNI AYKIFIoAGSR yI YSR LIJX
c. 9!'5 0e0 9 t[[ O0LIS2L) S0 LISNI FRYAYA&AUNI G§ABS dz

places)

The step 1 up to 3 are described in chae3. This chapter describes the steps 4 until

3.1 Step 4Determinethe TotalDamage for each flood type and return period

Total Damage (TD) is determined by adding Tie¢al 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 lo$sesshould be done for at least

the:

TD =TTD+TID

Flood mechanism fluvial

Probability (%) 0.2 0.5 1 5 10
Dischargert?®s) 243 195 160 87 59
River/Flood basin code 11-1-20-13-14

River/Flood basin name Dambu

River/Flood basin are&ifr’) 167.8
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River/Flood length (km) 40.3

Major damage in tt2ASU00A
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 areak{m?) 26.8 25.0 23.1 16.9 11.9
Flooded area outside rivekif’) 18 17 15.3 114 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 rivan/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
5ANBOG dGFy3araotS RIYLI2858 |264.1 (2350 [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
LYRANBOG GFy3aArAofS RIF715 66.0 58.7 39.9 26.2
Totald F y3AoftS RIFYIF3IS 0643573 (3301 [293.7 (1995 [130.9
Population at risk (people) 27,137 |25,164 |23,005 |14,843 |9,358
Loss of lifeg method 1 no evacuation 37 32
Loss of lifeg method 1 with evacuation 30 25
Loss of life; method 2 nowarning 62 46
Loss of lifeg method 2 with warning 29 21 16 7 4
Injured people 86 62 47 21 12
5ANBOG Ayidly3aaotS RI65 4.7 3.6 1.6 0.9
People with mental trauma 86 62 47 21 12
LYRANBOGO Aylly3arotsS |17 1.2 0.9 0.4 0.2
¢2GFt AyaGry3aAxotS RI V82 6.0 4.5 2.0 1.2

¢2GFft RFEYF3IS 6aAirz2 €0/3655 [336.0 (2982 (2015 [132.0

3.2 Step SDeterminethe 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 important that the lowestreturn 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 arconsidered 1/10, 1/20, 1/100, 1/200, 1/500 years.
However the methodology works with any number of return ratéisthe number of return periods is
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assmallas3 or 4 (or even 5)he area of the trapezes formed by thalues of the total damage are
not correctlyestimating theareabelow thecurve of the damagbased orthe probahility, so thearea

of the trapezes will bslightly higher and subsequently the EAD will be higlfi¢here are few return
periods and they are covering maidyv probabilities scenario, then the EAD accuradgvisor even

its value is irrelevangs thearea of the trapezess larger forhigherprobabilities(i.e. the area of the
trapezebetween 5 and 10% probability immore than 10 times larger than the area of the trapeze
between0.1 and 0.2% probabilities. Sfor determining the EAR is more important tohavehazard
maps for 10% probabilities and eviar highervalues (i.e. 20%aather than for 0.1% probability hat

is why theEAD is better estimated if there are more return periods and if it includes the return period
which describesghe initiation of damagdi.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 ofreturn periods Accuracy of EAD

lor2 EAD canot be determined
3 Low
4 Medium Low

5 and includes 10 and 20 years return| Medium
periods including 500 or 1000 return
period

6 andincludesl0, 20 and 50 years retur, Medium High
periods including the return period whic
describesthe initiation of damageand
500 or 1000 return period

7 or moreand includeslO, 20, 50,100, | High
200, 500and the return period which
describeghe initiation of damage

Probability (%)

The area belovthe line is formed by multiple trapezes and their area can be easily comusiad
the following computations:

EAD =YY AP - D,

Where:
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N t= Exceedance Probability increment
D = Average damagef the two events with exceedance probabilitieaRd R:1

Returnperiod (years) Exceedance D

Probability

LYONBYS$Yyi
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 (336.02982)/2 1.59
200(0.5%)

0.003 (365.5+336.0)/2 1.05
500(0.2%)

0.002 365.5 0.73
K

EAD (Mio EURO) 21.70

Example of the EAD computedsed only in threeeturn periods

Returnperiod (years) Exceedance D)
Probability

LYONBYS$Y i

10 (10%

0.09 (298.2+132.0)/2 19.36
100 (1%)

0.008 (365.5+:2982)/2 265
500(0.2%)

0.002 365.5 0.73
K

EAD (Mio EURO) 22.74

It can be seen thahe EAD is increasdiy about 5%if it is determined only based d& probabilities,
rather than based oB probabilities.Therefore, if the methodology would be applied based on cycle
1 hazard mapgthen in certain caseshazard maps were determined for less probabilities asda
consequence th&AD will be less precise than the EAD computed basegad® 2 hazard maps.

It can be also observed that higher val@& p tave obfainesifar higherprobabilities. Thereforg

it ismoreimportant to determine theprobabilitycorresponding to the initiation of the damaaged is

of highly importance to have corrg determined the discharges for each probability, including for
the probabilitycorresponding to the initiation of the damagdowever, neither in cycle dor in the
ASPFR that were already completed in c@cléne probability corresponding to the initiation of the
damagewasnot determined

Considering 3eturn periods but missingthose with lower prokabilities (i.e. 500 year} shows &
insignificant decreaseompared with theprevious scenario where theturn period of 500 years was
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present. Thereforgif hazard maps of 1000 and 500 yearsd evenof 200 years return periods are
missing the EAD is nois notsignificantlydifferent (less than 1%§ompared if those hazard maps
would exist.t is more important to havdazard mapgeneratedfor higherprobabilitiesrather than
for lower probabilities andt ismore important to havaletermined theprobability when the initiation
of the damage starts.

Returnperiod (years) Exceedance
Probability
LYONBYS$Yy i
10 (10%)
0.09 (298.2+132.0)/ 19.3¢
100(1%)
0.06 (336.0+298.2)/2 1.58
200(0.5%)
0.06 336.0 1.6¢
K
EAD (Mio EUR( 2262

As the return perioaorresponding tdhe initiation of the damag&vas not determined neither in cycle

1 and neither in cycle 2 for the ASBERt were alreadyfinished,it will be considered a return period

of 2.7 yeardor the River Dambu, in order teimulatethe differences in EAD determination with and
without this value It will be considered a 0.1 MiBuro the value of thaitial damage

Returnperiod (years) Exceedance D

Probability

LYONBYS$Y i
2.7 (37%)

0.27 (132.00.1)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 (336.02982)/2 1.59
200(0.5%)

0.003 (365.5+336.0)/2 1.05
500(0.2%)

0.002 365.5 0.73
K

EAD (Mio EURO) 39.53

It can be observed in this scenario that tBAD is becoming almost doubden considering the

return period corresponding to the initiation of the damagimwever, actully the results are showing

that the flood extent forl0 yeargeturnrateA & dzy NSt AadA Ottt & fFNBS Ay O
damage occurs, concluding that dgities and large flooded villagése 1D hazard modeling is not

suitable but such conclusions should be raisgthin the hazard mapping methodolognd solutions

should be also founavithin the hazard mapping methodolodg overcome suclsituations.In any

case from EAD perspectivd, ismoreimportant to determine the return periodorresponding to the
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initiation of the damage, then to havkazard maps produced for 1000, 500 or 200 years return
periods

1] +]
[ ¢ |

-

2 Expected Annual Damage (€/m?)

0

I:
10
20

L]

200

[0 Expected Annual Damage per polygon (€)

O nnual probable Loss of Life (people/km?)

b & &

[ Annual probable Loss of Life per polygon (people)

oo

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:

Returnperiod (years) Exceedance
Probability

LYONBY$Y i

0.05 (7+4)/2 0.27¢

20
0.04 (16+7)/2 0.4¢

100
0.005 (21+16)/2 0.092¢

200
0.003 (29+21)/2 0.07¢

500
0.002 29 0.05¢

K
Annual expected value of the number of casualt 0.9¢
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a e

[T Expected Annual Damage (€/m?)

[ Expected Annual Damage per polygon (€)
-

B2 Annual probable Loss of Life (people/km?)
-

l1

Ilw,:-
Jma

[ Annual probable Loss of Life per polygon (people)

[ Essensys Basemap

-

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 availableAE® for compound floodirig summed
assuming independence between theezardgalso see step 7At the noment of writing it is unclea
to what extent compound flooding is relevant to the Areas of Potential and Significant Flood R
recommended to (Ipragmatically correct forthe straight forward summation of the AED followi
from the assumptionfandependence between eventbien it turns out this leads to a significant
overestimation of the results and (2) take compound flooding into account when evaluating thé
effectiveness of measures [and thus ensuring the effect of measures is not ovetezjtima

The outcome this should be at least:

¢ Summed anual expected damage ftie flooded area and maps with the spatial distribution
the annual expected damage [per grid cell]. This for the total damage and the four
subcomponents: (1) diretdngible, (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 distributio
the annual expected value [per grid cell] of gopulation at risk, nonber of casualties, number
of injuries and number of people suffering from mental health issues

¢ A map with the spatial distribution of the annual expected value [per grid cell] of the mortal
(indicating the probability of loss of life).

¢ When relevantthe above listed output should be generated for the various different types g
flooding (pluvial, fluvial, coastal, flash flooding) and the (summed) compound flooding.

It is emphasized that the results of annual expected damage should be analyzed patidides/el
of the flood extent (or comparable). The spatially distributed damage maps [per grid cell] do n
provide a prediction for the annual expected damage or the loss of life for a particular location
mosttheycan indicate hospots for damager places with an increased probabilitf/lass of life or
injury. Whichn its turn can provide guidander the evaluation of measures to reduce flood risks,
The general uncertainty range of damage and loss modelling lies in the order of magnitude of
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

isk. It is
ng

U

n of

—t
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At

a

leveldscales
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3.3 Step 6 Create metadata & describe frecess and accuracy for all input and
output data

It is important to storedetails that were used for executing tieethodology 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.

Flood mechanism fluvial
Probability (%) 0.2 0.5 1 5 10
Dischargert¥s) 243 195 160 87 59
River/Flood basin code 11-1-20-13-14
River/Flood basin name Dambu
River/Flood basin are&ifi) 167.8
River/Flood length (km) 40.3
Major damage in tft2AS00A
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 (Mediumg 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/metadatdso19139 It should begivenspecial attention

in providing as many as poskd detailfiere.

3.4  Step7 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.
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The Expected Annual Damage calculated value @sier) and the Annual Potential Loss of Iciém
be aggregated toiver basin / ASPFR, Village or town or Administrative dnifieod risk cells oeven
any other geometry by using zonal statist{8lS toad to sumthe values ofall pixek falling insidea
certain polygonFor exampleby summing all the values of thpéxelsfrom the EAD magalling inside
a certaintown, it is obtained the value of the EAD within that town (L&.Mio EURO/year for Pldig

city).

Table8 Output per river basin

River Basin River Expected  Annual Annual Potential Loss
Code Basin Damage (Mio of Life (people)

Level EURO)
X1_1.20.13.14.1 6 0.017841
X1_1.20.13... 6 0.048068 0.000884
X1_1.20.13.16..| 6 0.208267 0.001639
X1_1.20.13.15..| 6 0.586906 0.002382
X1_1.20.13.14..| 6 19.88457 0.899518

Table9 Output per village / town
SIRUTA Code SIRUTA Expected Annual Annual Potential Loss
Level Damage (Mio of Life(people)

EURO)

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

Tablel0 Output per administrative unit
SIRUTA Code SIRUTA Level Expected Annual Annual Potential

Damage (Mio Loss of Life
EURO) (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 aGi8kapplication or on paper or as an
image, the following colour ramps are proposed for the hazard and risk toarsure uniformity

HEXColour Value for Value Percentage Flood
population  for other (%) severity
at risk people
(people /km?2
/km?)
#98CEFF 0 0 0 0% Insignificant
#1A9641 1 100 1 10% 0 0
#58B453 5 500 5 20% Low
#97D265 10 1000 10 30%
#CAEG87 20 2000 20 40% Medium- 045 |15
Low
#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
0 0 0 0 Io Io
1 100 1 10 0.45 1.5
5 500 5 50 0.8 1.6
10 1000 10 20 1 2
20 2000 20 2 3
40 I I
50 5000 50 max max
50
100 10000 100
200 20000 200 o0
500 50000 500 70
750 75000 750 80
1000 B100000 1000 Igo
rmnax max max 100
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4 Trial runs of the flood mapping GIS system

The combined methodology was tested byngsprovisionab & R dzYpagrbeters.
The following parameters were used at this stagdltstrate how the methodology can be applied:

Parameters used

Value(s) used |

Maximum damage values for Expos| See AppendiB

elements with Level 2 of accuracy

Maximum damage values for Expos| See Appendi<

elements with Level 1 of accuracy

Damage curves for Level 1 and| See Appendi®

Exposed elements

Direct Intangible/Tangible Damag 1:4

ratio

Loss of Life method 1 mortality ratio | 0.003 x water depth

Evacuation ratio 20%

Loss of Life method 2 draggif 0.5 & 1, C3

thresholds, scenario thresholds —
Warning Time (h} Flood Severity

High Medium Low

0 09 0.3 0.02
0.25 0.85 0.2 0.015
0.625 0.6 0.07 0.012
1 0.3 0.05 0.0005
15 0.3 0.0002 0.0002
24 0.075 0.0002 0.0001

Warning time

See map in the welsIS application

Injuries/fatalities ratio

31

Fatality monetary damage

200,000¢/person (GDP)

Injuries monetary damage

10,000¢/person

Ratio betweenfatalities and people
who witnessed deaths, injuries, ar
destruction of their home due td
flooding

1:12

Indirect intangible monetary damage

20,000¢/person

All  results were uploaded in

a wdblS application that

https://qis.essenssys.ro/demo/WorldBank

is

accessible

at

According to the UML schema at page 25 in the INSPIRE NaturZbRésKechnical 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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Figurel7 Natural Risk Zone INSPIRthema 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 pastnts andvill 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 everdtbging 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 Emergenayagins ¢ 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 informatimciudes itsperiod of time and a

name to uniquely identifyhe event. The additional informatias optional except an inspiréD 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 andnbt from modelling.

4.2 Hazard area

The hazard area has two main characteristics:

9 the likelihood of occurrence (i.e. probability = 0.2% for a flood with returning period of 500 years
0 1/500=0.2%).

1 the intensity of the flood (i.e. 1.2 m peak water depth, s peak water velocity, 1.2 #s peak
water dragging) that is stored as value of each pixel in the HazardCoverage.

N + nameOfEvent :CharacterString
+ validFrom :DateTime
+ validTo :DateTime [0..1]

g2t isdescribed by magnitude
o or by the likelihood of
occllience. */

inv: rangeSet.oclIsKindOf 0.*
(levelOrintensity) or
rangeSet.ocllsKindOf
(LikelihoodOfOccumence)

+source
evoidables

1* A domain is a rectified grid or
referenceable grid */

inv: domainSet.ocllsKind Of
(CV_RectifiedGrid) or
domainSet.ocllskKindOf
(CV_ReferenceableGrid)

«featureTypes
AbswractHazardArea

+ determinationMethod
‘DeterminationMethodValue

+ ingpireld :identifier

+ typeOfHazard

| :NaturalHazardClassification «featureTypes
| HazardArea

! avoidable, lifeCyclelnfos

R + beginLifeSpanVersion :DateTimg + geometry :GM_Surface
H:zii;(;?wipr\:;e + endLifeSpanVersion DateTime T
> 0.1 <]—— 0+ likelihoodOfOccumence
eVoidables ZLil\ElihOOdeOCCUI‘I‘EI‘ICE.
+ validityPerod :TM_Penod [0..1] +

‘LevelOrintensity [1..*]

Figurel8 Hazard feature types within the INSPIRE Schema

Fromaraster data perspective it means that feach likelihood of occurrence one rasexists 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-20RR being the raster storing

the intensity as water depth for the likelihood of occurrence of 0.2% for a fluvial/river Ylote
database will thus contain a high numberas$terswith various types of flood hazard information. In

the example items below for various types of floogiand various probabilities of occurrence

1 peak water level;

i1 the peak water flow velocity;

i draggingparameter,

i slidingparameter.

Tablell Indicative file names for hazard raster data (1 type of flooding)
Likelihood Peak Water Peak Water Dragging Sliding

occurrence Depth Velocity

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_PDO05 RF_PV0O5 | RF_DGO5| RF_SL05
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| 0.2%=0.002 | RF_PDO02 | RFE_PV02 | RF_DGO02| 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 inseparate 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, theassmmendation 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.: RFDO2RORW111-20-13-14_B1.tif for the file storing the water g¢h with
0.2% probability for River Dambu).

4.2.1 Naming convention

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

RF¢ River Flood (used instead of Fluvial Flood, to use FF for Flash Flood)
PF¢ Pluvial Flood

FF¢ Flash Flood

CO¢ Coastal Flood

P02 ¢ 0.2% probability

PD¢ Peak Depth of the floofHazard map)

PV¢ Peak Velocity of the floo(Hazard map)

DR¢ Dragging parametefHazard map)

SL¢ Sliding paramete(Hazard map)

RORW111-20-13-14_B1¢ The EU code d@ambu river
SIRUTA130543¢ KS y Il GA2ylf O2RS 2F GKS tf2A G0A Ydzy A O
LAT4520-LONG2423¢45.20 N & 24.43 E

VUL- Vulnerability

VUL_& Intensity of the Vulnerability assessment for structure
VUL_Q Intensity of the Vulnerability assessment famtent
PRc Population at Risk

LL¢ Loss of Life

MI ¢ Morbidity and Injuries

MH ¢ Population with Mental Health issues

LicLevel 1

L2¢ Level 2

L2A¢ Level 2A

L3¢ Level 3

L12¢ Combinationof Level 1 & Level2

DTDS, Direct Tangible Damage for Structure

DTDQ; Direct Tangible Damage for Content

TDTDx Total Direct Tangible Damage

TITx Total Indirect Tangible Damage

TDITD; Total Direct & Indirect Tangible Damage

TDIDg Total Direct Intangible Damage

TID¢ Total Indirect Intangible Damage

>
<
N

S R N T T I I B B Bl B B R R B B I I I I I R
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1 TDIIDg Total Drect & Indirect Intangible Damage
i TDITID; Total Direct & Indirect, Tangible and Intangible Damage

Example: TDITID_ L2 RF 02 RORIA2113-14 Bl.tif¢ Raster storing the Total Direct & Indirect
Tangible & Intangible Damage computed based on Levekpgbsed elements for the flooding
probability of 0.2% of River Dambu.

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 GhigHilParaul Rece there will

be two rasters for hazard, one due to the flood of the Ghighiu/Paraul Rece river and another due to
the flood of the Dambu river. Therefore, in case that a national assessment is done for a certain
likelihood of occurrence, the mawmum value from the overlapping rasters should be considered. In
this case the national rasters could be named such as RF_PD02_R01000.

In case that rasters will be produced at river basin district level, the rasters could be named such as
RF_PD02_ROA4.

Figurel9 Hazard area for 0,2% probability of fluvial flooding of Dambu river extending in neighbour
river basins

Naming convention illustrated for raster files representing hazard for Dambu river:

Tablel2 File names for hazard raster data
Likelihood of River Flood Peak Depth Raster River Flood Peak Velocity Raster

occurrence

10%=0.1 HAZ_RF_PD10_RORW0-13 | HAZ_RF_PV10 RORW0-13-
14 B1.tif 14 _B1.tif
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5%=0.05 HAZ_RF_PD5_RORW20-13- HAZ_RF_PV5_RORWI}20-13-
14_B1.tif 14_B1.tif

1%=0.01 HAZ_RF_PD1_RORW20-13- HAZ_RF_PV1_RORW20-13-
14_B1.tif 14_B1.tif

0.5%=0.005 HAZ RF_PD05_RORW10-13- | HAZ_RF_PV05 RORW120-13-
14_B1.tif 14 _B1.tif

0.2%=0.002 HAZ RF_PD02_RORW10-13- | HAZ_RF_PV02 RORW120-13-
14_B1.tif 14 _B1.tif

0.1%=0.001 HAZ_RF_PD01_RORW013 | HAZ_RF_PV01 RORW20-13-
14_B1.tif 14_B1.tif

Similar, Dragging and Sliding hazard deithbe stored in files with names such as:
HAZ_RF_DG10_RORW140-13-14_B1.tif, HAZ_RF_SL10_RORW2@-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 Watevel raise speed) The S| metric is recommendedast of
measure in the methodology (m/s).
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Figure20
Hazard raster data storing peak flood depth for 0.2% probability for river Dambu

Figure21l
Hazard raster data storing peak flood velocity for 0.2% probability for river Dambu
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