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ABSTRACT

FLOOD RISK MAPPING USING ECONOMIC, ENVIRONMENTAL AND
SOCIAL DIMENSIONS

Y e ], Murat
M.S., Department of Civil Engineering

SupervisorAssoc.Prof. Dr. El¢in Kentel

November2015 147 pages

Flood is one of the most destructive natural hazards in Turkey. It is unavoidable but
its impacts can be minimizda, taking necessary precautions. Flood risk mapping is
a developing conceptnd it is usdto determineeconomically, environmentally and
socially risky areas. European Council stipuththe membercountriesto prepare
flood hazard mapshowing extents oflow, medium and high probability flood
events These maps should also be prepared fokdy during the European Union
harmonization proces$-or this purpose, this study aims to present a methodology
for economic, environmental and sodialod risk mappingand its demonstratioon

a case studyln this study three risk dimensions (economic, environmental and
social) are considerelVater depths are calculated using HREBS while damages
and risks are calculated ithe ArcGIS environment. Water deptls are used to
calculate damages for eaelconomicelement atrisk using deptlfdamage curves.
Two different deptldamage curves from different countries are used in the
calculationssincedepthdamage curveare not availabléor Turkey. Environmental

and social risk maps are developed adapting a binary appioaatidition to this,
vulnerability and resilience terms are integrated iselisk calculations. Finallyall

three dimensions of risk are aggregated to develop ovistainaps.This procedure



iIs demonstrated on part 8fa | k € m wlidh is ®eated inthe Euphrates Tigris
Basin in the southern part of Turke®verall risk maps obtained for the study area
successfully prioritized areas that require attention in terms of economic,

environmental and social flood damages.

Keywords: Flood damage mappindflood risk mapping, HEERAS, ArcGIS,

vulnerability, resilience, deptlamage curves

Vi



0z

EKONOMKK, ¢CEVRESEL VE SOSYAL BOYUTLARI
TAKKI N RKSK HARKTALANDI RI LMASI

Y e ], Murat
Yéksek Li sans, Knkaat M¢hendi s i

Tez YoneticisiDog. Dr. Elgin Kentel

K a s 20frg 147 sayfa

T¢rkiyedde takken en yékéce doj al afetl e
tedbirler ile etkileri gehl kemb&bel ot anTa
olup, ekonomik, sosyal ve cevreseanlamdar i s k | i al anl ar é t es
kul | anél makrntwpgpaerBi rl iji, taxkkeén yayeél emeé,
de¢ K¢k i htimall i, orta i hti mal |l vV e y ¢ k

hazéerl anmiéksleghéei nocyrart AkowrmpaktBidrélma] i 6 ne
surecindebou haritalar Tg¢r ki Beamactdd ln -degedrrbkanzae r | a
bir ol ay iczerinde takkeén risk harital
hedefl emektedir. Bu -al ékmada, bgyutu ri sk
di k kat e .Sudetinlikhegnk tesaplamak icin HERAS kul | anél ér ken
riskler ArcGISl | | anél arak hesaplanméktear Bi@rsubu.
kull anél agska ke lheemarbé ri -riin hasar Hhélgyapl anél
i -in gel i kthiarsialrmiek rddreirnl iokl madéjé i-1in
derinik-hasar ejri si hesapleawmelsearl d av ek uslolsaynad | n
kide] §akil akém uyarl anar ak ghadsasiyet vie ditedgmi K t i

kavr adalhaerséap | ar a d &bni dlarakekdaiplsmainktéi rr.i s k h a
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gel m&kk i 1 -in ¢- ri sk boyutu bir araya getir

gé¢neyi ndDe clFeer dlilavzaséodonda yer al an Sal kem |

uygul anméxkt éer . ¢tal exkélan saha i-in elde edi
sosyalve cevrestla kK hsmri@s énéd&at edil mesi gereken yer
Kekil de °nceli k séraséna koymuktur .

Anahtar KelimelerT a K k & n hasar harital amasRAS, t akken r

ArcGIS, hassasiyet, direng, derinltka s ar ejri | er i
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CHAPTER 1

INTRODUCTION

Floods areone of the most commaand destructivdiazardsn the world. It cannot

be prevented bugood flood forecasting and taking necess#opd protection
measuresmay reduce its impactsHence exploring flood vulnerable areas gain
importance from day to day. Flood mapping studies play crucial role tofidiéodd

prone areas. Themre different kind of flood mapsn the literature: flood danger
maps, flood hazarchaps, flood vulnerability maps, flood damage maps, flood risk
maps etc. For obtaining flood maps, first hydraulic characteristics of the flood events
should be calculatedeuropean Union Flood Directive [2007/60/EC] forces the
member states to prepare ftbbhazard maps and flood risk mdijps low, medium

and high probability floodsThe Directive stipulates preparation of flood extent
maps. Furthermore, water depth maps and water velocity maps are expected to be
prepared where appropriatehd majority of he European Countrigsave flood
extent mapsElanders (Belgium)iFrance, Switzerland, England, Romania, Slovakia,
Hungary, Ireland, Lithuania, Czech Republic, Slovenia, Germany, Spain, Italy,
Austria, Luxembourg, Poland, Norway, Portugal, Sweden, CroBgamark and
Latvia. On the contrary, limited number Bluropean Guntries have flood depth
maps such as Flanders, Switzerland, Netherlands, Germany, Finland, Luxembourg
and Poland. Moreover, very few countries have developed flood velocity maps.
These map can be used to minimize flood impadig governmentssuch as
emergency planning spatial planning, awareness raisinqisurance, flood
management etcSince Turkey is a country where many floods have been
experienced and high costs have been gm&haation of these maps is also crucial

for Turkey to decrease the effects of fleod



Majority of the studies focus on the economic impacts of fldmetsause economic
lossis the easiest to calculate amay be the most visiblene However, n addition

to economic consequence®icgal and environmental consequences shaisd be
included in theisk analysissince theymight be more destructive than the economic
consequences such aen opspecipshnd draduabld @aurah |, extinec
resourcesetc. It is very difficult to include these dimensions in the risk analysisbut
number ofapproachesave been proposed the literature Although there is not an
agreed and established methodaby approach isne of thecommonly use@nesto
evaluate saal and environmental dimensions of flood risK.o evaluate
consequences of floadore accuratelynew concepts might be introduced in the risk
analysis such as vulnerability, exposureijlience, coping capacity etthese terms

are used to identifglements withmore significanbr critical risks.

In the light of theseinformation, this study initially aims t@apply a method to
generate overall risk maps including economic, environmental and social dimensions
and demonstrate its application orsmall village in TurkeyAnother goal of this

study is to include rarely used concepth as vulnerability and resilienc#o the
analysisThe study is expected to be a guide for flood risk mapping studies including
social and environmental dimensioasd help in prioritizing areas which require

mitigation measures

The following organization is adopted wittithis study Chapter 2 presents literature
review about flood mapping studies. Flood map typed elements at riskre
introduced in detailn the same chapteFinally, multicriteria decision analysis and
various methods used in flood mapping studies are discussed. In Chapter 3
information about thestudyarea is given such as population of the village, map of
the studied area, hydraulic afacteristics of the stream etchapter 4 presents the
methodology of the study step by steptHafirst section, possible elements at ragk

the study areare discussed. Ithe second section, the procedure of calculation of
water depths is givenlhen obtaining of flood damage maps is presentedhén



fourth section, stepfor damage and risk calculatioase given. In the next section

the procedure of obtaining risk maps is presented. The integration of each risk map is
given in section six whileeconomic risk mapping with a different approach is
explainedin the last sectianin Chapter 5, the results and discusabthe study is
presented. Selected elements at risk, calculated water depths, flood damage maps,
damageexceedance probability cuseflood risk maps and integrated multicriteria

risk maps are given in this chaptdtinally, Chapter 6concludes the study by
highlighting the major findingsdiscussing the limitations, and making suggestions

for future researasand applications.






Floods are one of the most destructive natural disasters. Annual deaths from various
disasters in 57 nations from 1980 to 2002 are evaluated théaE. Kahn (2003)

(see Table.1). According to Table 2,Tloods are the third deathful natural disaster

not only inthe world but also in TurkeyHence, creating flood maps has gained
importance from day to day. The aim of this study is to create an integrated flood risk
map for a slected basin in Turkey by using multicriteria decismaking analysis.

The flowchart of the procedutbatwill be followed in this study is given in Figure

CHAPTER 2

LITERATURE REV IEW

2.1.
Table 21: Natural Disaster Statistics for Sample Nati¢ikahn, 2003)
Average Average Average | Average
Average Deaths per h Deaths | Deaths
Country Deaths per Extreme Deztr S per per
Earthquake | Temperature FIIJoo d Land wind
Event Slide Storm
Algeria 195.44 . 91.42 15.00 2.00
Argentina 3.00 7.25 9.71 . 4.56
Australia 7.67 6.83 5.44 14.00 1.74
Austria : 0.00 3.71 23.25 1.07
Bangladesh 6.00 144.64 257.51 . 3574.08
Bolivia 41.67 7.5 32.39 37.25 4.00
Brazil 1.00 28.00 39.58 39.02 16.00
Canada . 0.00 2.86 : 8.60
Chile 40.00 0.67 32.29 86.50 16.70
China 43.52 33.47 453.23 | 71.41 77.19
Colombia 194.52 46.13 76.68 9.00
Costa Rica 7.00 : 4.00 7.00 21.00
Denmark 0.00 2.71




Table 2.1.continued

Average Average Average | Average
Average Deaths per h Deaths | Deaths
Country Deaths per Extreme Deztr S per per
Earthquake | Temperature F?oo d Land Wind
Event Slide Storm
Egypt 190.33 19.00 154.25 | 34.00 24.00
El Salvador 566.50 : 62.44 22.00 98.40
France . 7.60 5.95 9.80 8.89
Greece 14.32 216.80 6.00 . 16.67
Guatemala 6.36 0.00 87.22 47.33 | 130.67
Haiti : : 17.90 0.00 243.71
Honduras 1.00 : 32.46 10.00 | 2953.®
Hong Kong . 10.00 3.29 1.00 5.49
India 2898.46 316.82 371.92 | 86.05 | 294.76
Indonesia 100.76 : 52.00 49.64 0.67
Iran 1222.50 : 62.57 26.50 39.00
Ireland : : 1.00 : 7.00
Italy 267.04 5.00 26.96 15.25 7.33
Japan 246.38 : 47.39 26.11 16.16
Kenya 0.00 : 45.13 16.00 50.00
Korea Rep. : 33.50 68.60 22.00 55.80
Madagascar . . 0.00 ) 61.53
Malawi 9.00 : 52.30 : :
Malaysia : : 9.43 38.00 90.67
Mexico 806.21 92.50 49.13 24.67 47.46
Mozambique . . 100.83 | 87.00 76.17
Nepal 404.50 30.00 227.41 | 116.25 | 19.30
New Zealand 1.00 0.00 0.17 : 2.00
Nicaragua 62.00 : 8.83 : 453.63
Nigeria : 39.00 32.81 8.00 100.00
Pakistan 53.70 95.56 175.84 | 31.93 81.88
Panama 30.00 . 2.71 . 14.00
Papua NG. 7.50 : 7.50 87.50 23.50
Peru 22.90 21.00 86.35 69.50 59.00
Spain 0.00 18.33 13.06 84.00 8.30
Sri Lanka : : 26.68 65.00 2.50
Switzerland : 0.00 0.88 9.33 1.50




Table 2.1.continued

Average Average Average | Average
Average Deaths per Deaths | Deaths
Country Deaths per Extreme Deztrhs per per
Earthquake | Temperature F[I)oo d Land Wind
Event Slide Storm
Spain 0.00 18.33 13.06 84.00 8.30
Sri Lanka : 26.68 65.00 2.50
Switzerland 0.00 0.88 9.33 1.50
Taiwan 383.00 20.9 14.00 30.93
Tanzania 1.00 21.81 13.00 4.00
Thailand : : 80.93 39.00 50.08
Turkey 447.97 19.25 26.02 69.00 9.50
UK 0.00 16.00 1.22 10.18
United States 6.59 105.94 8.64 : 20.80
Venezuela 19.30 1016.97| 96.00 54.00
Vietnam : : 122.85 | 85.83 | 212.99
Average 206.50 42.09 75.64 4412 | 165.80
Note:The #A. 0 indicates that the nati

Derivation of peak discharges by statistical methods for different return periods &
Identification elements at risk, in terms of economic, social and environmental dimenslions

N2

Derivation of flood damage maps for each elements at risk for different return period
using HEGRAS & ArcGIS

by

\Z

Derivation of flood risk maps for each elements at risk and risk dimensions

\Z

Aggregation of flood risk maps based on different scenarios

Figure 2.1: Flowchart of the Procedure




2.1 Flood Hazard Mapping

The intensity of flood events and the exceedance probabilitiassofciated events

are used to illustrate flood hazards. The hazard map which shows the inundation area
of a certain return period flood event is the most typical map type. An example flood
hazard map is given in Figure2ZXMerz et al.,2007). In additiorto inundation area,

other characteristics of a flood such as flow velocities, water depths, durations of
flood, rise rates, time of occurrences, contamination etc. can be used to create flood
hazard maps. The inundated area can be used to determineedmwnts will be
affected from that specific flood and they
depth has the most powerful influence on the amount of damage. Inundation duration
is important for damages to buildings. On the other hand inundatiacityels
important for the flash floods. Inundation rise rate is important for warnings and
evacuation to reduce damage effects while the time of occurrence is important

especially for agricultural products (FLOODsite, 2006).

Flooded Area
B HQ 10
Bl Ha 20
B HQ 50

[ HQ 100
HQ 200

HQ 500
HQ 1000

0 100

Figure 2.2: FloodHazardMap which Shows thelnundationArea forDifferent
ReturnPeriods ofFlood Events (Merz et al., 2007)



According to the European Flood Directive [2007/60/EC], flood hazard maps (i.e.
flood extent or flood inundatio maps) are mandatorily created by member states.
Affected areas by floods with a low probability (extreme event), a medium
probability (return period > 100 years)
years) have to be depicted on these maps. Irtiaddd flood extentwater deptrand

flow velocity information are encouraged to be mapped when possible. Stt li

flood maps generated by Europeasyuntriescan be seen in Table 2.R€ Moel et

al., 2009). Commonly used flood parameterstwyopearcountriesare flood extent,
historical floods andvater depth Hence, in this study flood extent map will be
generated and used to identify elements at risk in the study region.

Table 22: Types of Flood Maps Generated Byropean Countrige Moelet al,

2009)
Flood Map Type

Rate

Country Historical EIOOd Flood of | Velocity | Propagation
xtent | Depth | _:

Rise
Flanders X X X X
France X X
Switzerland X X
Netherlands X X
G. Britania X
Romania X
Slovakia X
Wallonia
Hungary X X
Ireland X X
Lithuania X X
Czech Rep. X X
Slovenia X
Estonia X
Greece X
Germany X X
Spain X X
ltaly X
Finland X X
Austria X X
Luxembourg X X X




Tablo 2.2.continued

Poland
Norway
Portugal
Sweden
Crotia
Denmark
Latvia

XXX |X[X|X|X

2.2Flood Inundation Mapping

Flood inundated areas can be identified by one dimensiondl) (br two
dimensional (D) hydraulic models such as MIKE11l, HERAS, FLO2D etc.
Limited number studies have been conducted usiBgahd 2D modelsfor Turkey
(Bozojlu, 2015; Ni maev, 2015; Keskin, 2012;

Nimaev (2015) compared the results of two differefi2 Bydraulic models in his
thesis study which are LisfloelP and MIKE 21. LisflooeFP generated larger water
depths while MIKE 21 concluded with higher inundated area. He concluded that the
theoretical backgrounds of the models might be the underlying reason. In addition to
this, Nimaev (2015) investigated the effects of scale and roughness on the results of
the nodels. He concluded that the variation of these terms resultsgnificant

changes in the model results such as flood depths, velocities and inundation extents.

There are advantages and disadvantages-bfahd 2D models. A number of
researchers stuelil these two different types of models and identified their strong

and weak points.
FLOODsite (2005 compared ondimensional models and twadimensional models

in their study and they stated advantages Dffiydraulic models over-B hydraulic

models adollows:

10



1 They are relatively simple and not extremely datansive
1 They are relatively fast.
1 Implementation due to the Gk®upling is relatively easy.
On the other hand, disadvantages eb thydraulic models over-P hydraulic
models are identified dsllows:
1 Owing to the method of combination of the crgsstions, they contain a
certain degree of uncertainty

1 Complex and highly detailed description of the flow process is not permitted.

Horritt and Bates (2002) compared etimensional models wittwo-dimensional
models, including HEEGRAS, LISFLOODFP and TELEMAG2D on a 60 kilometer
reach of the river Severn. The results showed that,-RES and TELEMAG2D
produced acceptable results for inundated area while LISFL-BPDmust be
calibrated to prodee acceptable results for inundated area.

Cook (2008) compared twdimensional FESWMS model with owémensional
model HEGRAS for different digital elevation models. He statedt tfor the higher
resolution digital elevation mode(DEM), HEG-RAS producd similar inundation
areas with FESWMS model when crassctions were added to the simulations. On
the other hand, for the lower resolution DEMs, inundation areas became similar
when crosssections were removed from HHRAS model. He stated that the
advanage of HEGRAS simulation was its fastness. On the other hand, the

advantage of FESWMS simulation was its continuous floodplain.

Stepinski (2011) modeled floodplains under storm surge conditions by using both
onedimensional and twaimensional models. HERAS and XPSWMM were used

in that study. She stated the advantages of IREAGS as effective riverine floodplain
modelling, fast model run time and accepted use of the modeling engineering
practice. On the other hand, she stated the advantage of XPSWMikhdation
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riverine flooding with a 1D channel as well as overbank and overland flooding with a
2D model.

Fosu et al. (2012) used HEGRAS in their study. River inundation and hazard
mapping of Susan River was explored through the study.-REE was chosen
based on the fact that it is an open source application and its geometric data input and

simulation can be done in the GIS environment.

Hicks and Peacock (2005) studied the suitability of the unsteady flow simulation
capability in HEGRAS to theapplication of combined flood rouiy and flood level
forecasting This was explored through an example application to the Peace River in
Alberta, for a significant open channel flood event that occurred in 1987. Despite the
neglect of the large bed disdonity at the Vermilion Chutes and estimation of
channel resistance based on limited historical data rather on model calibration, HEC
RAS model provided good results in terms of discharges and water levels. Based on
the case study conducted by Hicks améddck (2005), it can be deduced that flood

level forecasting and flood routing can be easily performed by-RES.

Kr vem anld (20128)peaaluatgd flood risk of Orontes River Basin using
Multicriteria Decision Analysis. Rainfall, topography, siaé subwatersheds and

soil types were chosen for flood risk evaluation. The factors were ranked according
to their relative importance to each other and multicriteria decision analysis was
performed by adding the weighted flood rankings of the causatister$a The
comparison between obtained flood map and the map, produced from field

measurement, showed satisfactory results.

Vazifedoostet al. (2014) compared HERAS and MIKE11 models in their study.
They aimed to select the best hydraulic model for T&a/er Basin. Water depth

and water level results by both models were similar to each other. They concluded
that flood mapping by both hydraulic models were very close to each other.
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A number of flood inundation studies have been performed in TurkeglhsSeme
recmt ones ar e s uanrehat (22L8) ihvestigated flood Mhandation
maps for Lower Sakarya River. The 100 year return period flood of last 113 km of
the Lower Sakarya River were performed including dam break analysis of Yenice

Dam.HEC-RAS was used to calculate water depths.

Usul and Turan (2006) produced flood inundation maps for Ulus Basin by using
MIKE 11 hydraulic model. The highest water depths were obtained for observed
1991 flood, 25year, 50year and 10§ear return periodloods. The results were
very close to each other. Furthermore Usul (n.d.) used-RES for the same basin

and obtained very similar results with MIKE 11.

Ucar (2010) obtained flood hazard map by using GIS and a hydraulic model for
Trabzon Dejasimimabis ohasterethesBHEGRAS was used as the
hydraulic model. As a consequence he proposed structural andtrootural

measures for the basin.

In addition to the above stated advantage3,rhodel HEGRAS is open to public so

it is used by many eearches in recent years (Bryoét al, 2002; Salajeghebt al,

2009; Sredojevicand Simonovic, 208, Ackermanet al, 2010; Lombard 2011;
Saville, 2011; Yerramilli, 2012; Nut and Plerarkon, 2013; Kutet al, 2014; Silva

et al, 2014;Basharet al.,2014). Thus, in this study HERAS is selected to identify
flood inundated areas. Digital elevation model, cemsions through the watershed
and flow data are the required inputs for identification of flood inundated areas by
HEC-RAS.

2.3Flood Risk Mapping

Risk analysis is used in different areas such as earthquake risk, flood risk, forest fire

risk etc. However, the general definition and formulation of the risk is the same for
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all areas. According to ISO 31010, probability of a hazard and the consequences of
that hazard create the related risk. Similarly, in the context of flood risk management,
flood risk is defined in the European Flood Directive [2007/60/EC] as the
combination of the probability of a flood event and of the potential adverse
consequences to human healtie environment and economic activity associated

with theevent Hence, flood risk can be formulated as follows:
VA EYQ DI E DOHoE RO @ 6 'QE o (1.1)

In here, probability is the probability corresponding to the return period of the flood
event and the consequence of the flood is the damage associated with the flood event.
There are different methods to calculate fla@gnage in the literature. The objective

of the study conducted by Meyeet al. (2009) was to provide an integrated
assessment and mapping of economic, environmental and social flood risks. The
damage was calculated differently for each dimension. The|lsdamage was
calculated for the population and for social hot spots. While affected number of
peoplewas calculated by intersecting population diégnsnap and inundation map,
affected social hot spots were determined by a simple Boolean yes/no damage
function. The economic risk, on the other hand, was calculated by-dapthge
functions that are specific to different sectors. Finally, the environmental damage

was calculated by a simple Boolean yes/no damage function.

Kubal et al. (2009) adapted multicritex flood risk assessment approacthat was
previously developed for the more rural Mulde river basin (Meyer et al. 2009), to
Leipzig in Germany. The study focused on a specific uthpe set of economic,
social and ecological flood risk criteria. Theséeria were classified as binary and
nonbinary. Binary criteria were calculated by using Boolean 0 and 1 values. On the
other hand, for all nebinary criteria, the damage function from HOW-Stabase,

the biggest database on flood damages in Germveay,usedThe damageD for

water levelQ is calculated as follows:
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C)f)—nEn 1.2

Jonkman (2008) developed a model in the Netherlands for the estimation of damage
caused by floods. In this model, only the modelling of direct and indirect economic

damage were considered. The environmental damage and the social damage were not

consideredi n t he Jonkmanos model . Direct ecol
using:
O | Q z0 jZep (1.3

whereO j is the maximum damage for an object or land use cate@iig the
damage or the land use categaris the location in flooded area, is the number of
damage categories, is the number of locations in flooded ar& is the hydraulic
characteristics of the flood at a particular locatipn,”Q is the stagelamage
function that expresses the fraction of maximum damage for caté&ysrg function

of flood characteristics at a particular locatio{ 0] @ O 1 ¥ ; ia the
number of objects of damage categd®gt locationi . The study area divided into
grids and they were represented ibyerm. For each of the damage categories, a
specific stagalamage function was estimated by using historical damage data and

associateavater depthb.

Ozcanet al. (2008) aimed to determine riskgreas in Sakarya stiasin using
remotely sensed data and GIS. They modeled the parameters of the basin using HEC
RAS. Risky areas were determined using -¥6@rs return period flood. They
calculated the total area under the risk and the classificatidgn(agricultural or

residential).
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The study conducted by'e Linde et al. (2011) estimated the current and future
fluvial flood risk in 2030 for the Rhine basin based on various scenarios. The
potential damage was calculated by using the damage modehdgeddcanner. The

model was based on water depth and land use. Each land use category had its own
damage functions. Furthermore, this model reflects direct tangible damages. Direct
intangible damages are not included in the model. The model also includet 5%
indirect damages as a surcharge on direct damages. This model usethstage
functions which were derived from HISSM model, the standard damage model
used in the Netherlands. The staiggnage function used by Ward et al. (2011) is
given in Figure2.3.
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Figure 2.3: The DepthDamageCurve(Ward et al. 2011)
De Moel and Aerts (2011) focused on effect of uncertainty on flood damage
estimates. They covered uncertainty in land use, inundation depth, the value of
elements at risk and damage models. In the study conducted Moeland Aerts
(2011), three damage modelene mentioned: Rhine Atlas, Flemish Method and
Netherlands Later. CORINE larabver data set was used by The Rhine Atlas
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Method. Depthdamage curves and total value of elements at risk were derived by
using German HOWAS database and experts from diffsestors and countries. In

this method, indirect damages, damages to vehicles and costs of emergency services
were not considered. The Flemish Method wesgetbped by Vanneuville et al. (as

cited in Jongman et al., 201ZFlood losses were based on larsd classes and some
objects. CORINE database and national database were the source -osdand
information. The Netherlands Later Med was created by Kilijet al. (as cited in

De Moeland Aerts, 201jland 14 damage categories were considered.-S$I4

output for various uniform inundation depths were used by deriving the -depth
damage curves and values of elements at risks. These curves were derived by using a
limited damage data and expert judgment. Consideration of indirect damages in this
model is a bigadvantage. The depttamage curves of these three models are given

in Figure2 4.
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Figure 2.4: The DepthDamageCurve Examples De Moeland Aerts, 2011)

Keskin (2012) compared-0 HEC-RAS hydraulic model and-R Flo-2D hydraulic

model in his study for Dalaman Basin and tangible damages were calculated. He
compared simulation time, inundation continuity and inundation area of the models.
The simulation time of HERAS is less than F@D. Furthermore, he stated that 1

D models may produce discontinuous inundation area because they only simulate
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from cross section to cross section. On the other haiil,ntbdels can produce
continuous inundation area. While both models gaveenoorless same inundation
extents the resultantvater depth values were different for these models. Tangible
damages were classified into two categories: buildings and agricultural areas. Since
there is no deptdamage curve for Turkey data from past flood events are used for

damage estimation.

Basedon literature review it can be deduced that four components were necessary to
evaluate expected damage: inundation characteristics (flood velocity, inundation
depth, inundation extent etc.), land use data, value of elements at risk (economic,
social, envionmental risks etc.) and depth damage functions. Inundation
characteristics (flood duration, flow velocity, water depth etc.) are important inputs
for damage evaluation. These parameters were explained detailed in Flood Hazard
Map PartInformation on thdocation, number and type of properties which could be
affected by a certain flood event (the elements at risk) needs to be gafftased.
information is given by land use data and¢an be data from field surveys data

from existing sources. Value ofements at risk is needed to measure damage in
monetary terms. This information can be integrated in damage evaluation in two
different ways. First, the total value of all elements at risk is estimated and using
relative damage functions, the damaged starehis total value is calculated.
Second, integrating this information into absolute damage functions, absolute
damage depending on magnitude of inundation characteristics can be calculated.
Finally depth/damage functions are used to obtain informatiothe susceptibility

of elements at risk against inundation characteristtdtSOQODsite, 200% These

elements are shown in Figure 2.5.
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Figure 2.5: Evaluation of Expected Damage (Adapted fieb©ODsite, 200%

Unfortunately some of these components are rarely available for Turkey. For
instance, no depth/damage functions are available for Turkey. Damage data
associated with previous flood events are not collected and recorded either. Hence, it
is impossible to produce depthfdage functions. Getting accurate inundation
characteristics may be the most important part of expected damage evaluation. To be
able to generate accurate results, detailed maps and accurate stream gauge
measurements are needed and this data is not deditetsome parts of Turkey. In
addition to depth/damage functions and inundation characteristics, determination of
value of elements at risk may be difficult for Turkey as well. Economic damage may
be calculated using data of local municipalities etc. elmw, calculation of
ecological damage may be very difficult for some parts of Turkey due to lack of data,
experience and background knowledge. Hence, selection of elements at risk for
Turkey may be difficult due to limited data. On the other hand, laadlata may be

obtained from municipalities relatively easily.
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2.4Elements at Risk

The most important component of the damage evaluation is the selection of elements
atrisk. The tlee me mtes at alleemdnd of thénwmlarusgseem, the

built environment and the natural environment that are aofislkooding in a given

area (Merz et al 2007). Population, civil engineering works, economic activities,
environment are examples for elements at risk. Adverse consequences eof flood
fatalities, injuries or psychological stress, destruction of civil engineering works,
interruption of traffic or business, pollutiomre experienced respectively. In the
literature, three dimensions of risk are used in the flood risk mapping. These are
economic, soal and ecological dimensions (Kubal et al., 200@&ybt et al., 2009;
Balicaet al, 2009; Kienbergeet al, 2009). These dimensions are used to estimate
the magnitude of damage. Flood damage may be monetary enaroetary.The
example of elements at risk which were used in the literature are summarized in
Table2.3.

The Flood Directive [2007/60/EC] identifies the elements at risk which should be
included in flood risk maps as follows:
1 Potentially affected number of inhabitants
1 Potentially affected area of different types of economic activities
1 Accidental pollution in case of flooding and potentially affected protected
areas
1 Other information which the Member State considers useful such as the
indication of areas where flooagth a high content of transported sediments
and debris floods can occur and information on other significant sources of
pollution.
Elements suggested by the European Council must be included in the flood risk maps
of Union Members. However, some of thedements may be hard to obtain for
Turkey. Potentially affected number of inhabitants and potentially affected area of
different types of economic activities may be included in flood risk map for most
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parts of Turkey. On the other hand, information on ifigant sources of pollution

may be harder to obtain.

Table 2.3: Elements at Riskdentified inthe Literature
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2.5Multicriteria Decision Analysis

Peopleshould make decisions in their business lives and most of the time there is not
a perfect solution which fully satisfies all the criteria. Hence, multicriteria analysis
(MCA) methods (or multicriteria decision analysis methods) have been developed to
support decision maker in their choices. MCA places the decision maker at the center
of the process and it does not provide the same solution for everybody. Mathematics,
management, informatics, psychology, social science and economics are involved in
MCA. Any problem in which a significant decision is needed to be made can be
solved by MCA (Ishizaka and Nemery, 2013).

There are four main types of decissowhich is identified by Roy (1981the choice
problem, the sorting problem, the ranking problem andi#éseription problem. The

aim of the choice problem is to select best option or reduce the options. The options
with similar behaviors or characteristics are grouped and based on these groups,
necessary measures may be taken. This is called the sortinignprdbrdering
options from best to worst by scores is called the ranking problem. The goal of the
description problem is to describe options and their consequences. MCA problems
and methods are summarized in Table 2.4.

Table 24: MCA Problems andMethods(Adapted from Ishizaka and Nemery, 2013)

Problems Methods

Choice Problems AHP, ANP, MAUT, MACBETH,
PROMETHEE, ELECTRE |, TOPSIS
Goal Programming, DEA

Ranking Problems AHP, ANP, MAUT/UTA, MACBETH,
PROMETHEE, ELECTRE III,TOPSIS,
DEA

Sorting Problems AHPSort, UTADIS, FlowSort
ELECTRETTrI

Description Problems GAIA, FS-Gaia
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Plenty of literature is found on multicriteria awysis application in different fields.
(Bana and Costa, 1990; Vincke, 19®elton and Stewart, 2002; Meyer et al, 2008;
Kubal et al, 2009Kihmaier and Stampfer, 201&dunlin et al, 2014;Ahmadi et al,
2014; Abudeif et al 2015). The mathematical core of the analysis can be found in
Handbook of Multicriteria AnalysifZopounidis and Pardalos, 2010). Decision
AnalysisMethods and Software (Ishizaka and Nemery, 2013) is another recent
reference in which methods like Multi Attribute Utility Theory, Analytical Hierarchy
Process etc. are explained in detailed together watiessary software. Furthermore,
GIS and Multicriteria Decision Analysis (Malczewski, 1999) is another good

reference which covers GIS and MCA simultaneously.

In the context of flood risk management, multicriteria analysis was rarely used.
Evaluation of éngterm flood risk management options in the Netherlands with
MCA was studied by Brouwer and van Ek (2004). They combined and integrated
environmental, economic and social impact assessment in order to help decision
makers in the context of flood contnpblicy. Costbenefit analysis and MCA were
used together. Equal weighting procedure was selected as the MCA method. Finally,
the outcomes of both methods were compared and they concluded that MCA is more

sensitive than the cebenefit analysis in terms abrrmonetary terms.

Banaet al. (2004) evaluated alternative flood control measures in the peninsula of
Setubal, in Portugal. They identified environmental, social and technical dimensions
and integrated these dimensions using MACBETH approach (Megsurin
Attractiveness by a Categorical Based Evaluation Technique). They also used cost
benefit analysis like Brouwer and van Ek (2004). They concluded that MCA is a
better approach since conversion of the environmental, -sattiral and health
effects to moatary termsarevery difficult. Similarly, PenningRowsell et al(2003)
studied MCA evaluation of flood protection measures in the official manual for
damage evaluation in the UK. They used multi attribute utility theory instead of
MACBETH approach.
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Akter and Simonovic (2005) developed a methodology to treat uncertainties which

play a major role in decisiemaking problems with multiple objectives and multiple
stakehol der s. They aggregated individual
value. The mihodology is applied to flood management in the Red River Basin,
Canada. They concluded that utilization of fuzzy expected value methodology makes

the decisiommaking process more acceptable from technical and social points of
view because it allows inclimn of a large number of stakeholders into the analysis

and effectively treats uncertainties.

In 2009, Meyer et al. used a GIS based multicriteria analysis for flood risk mapping

in the federal state of Saxony, Germany. Two different MCA approachesuseile

a disjunctive approach and an additive weighting approach (basic form of MAUT
approach). The results showed that both approaches were appropriate to produce
mul ticriteria risk mapping. Il n same yea

approach to Leizig, Germany. They as well used an additive weighting approach.

Musunguet al. (2012) used mukcriteria evaluation in GIS environment for flood
risk analysis in Cape Town. They used questionnaire to collect comntasiég
information. Pairwise compaon method was selected as MCA method because of

its simplicity.

Saini and Kaushik (2012) assessed the risk and vulnerability using-amitdtia
assessment fduhla block, Kaithal, Haryana, Indidhey used Rank Sum method

to calculate the weights adétors that contribute to the flood hazard.

Pornasdoret al.(2014) investigated flood prone areas within Metro Manila to reveal
their degrees of disaster risk using MCA in the GIS environment. The population
density, the gender and age population,cstmal materials and the recorded depths
of floods were considered variables in the study.

25



Raji et al.(2014) developed flood hazard map and flood risk map within the Lower
Ogun Basin of southwestern Nigeria. Flood hazard map was produced using
environmermal variables such as slope, digital elevation map, geological formation
etc. Population data was combined with these data to produce flood risk map.
WEIGHT-AHP (Analytical Hierarchy Process) was selected as the MCA method.

Ouma and Tateishi (2014) devpldl an integrated approach for creating flood
hazard map for Eldoret Municipality in Kenya by using AHP as the MCA method.
They stated that this methodology can aid decision makers in rapid assessment and
evaluation of flood. The results showed that GISdoaAHP was effective in flood

risk zonation due to the fact that it allows integration of different parameters in the

decisionmaking process.

Yalcin and Akyuek (n.d.) aimed to analyze flood vulnerable areas with multicriteria
evaluation in Bartén Basin in the West
used to rank every <criterion based on
from input preferences wemlculated using the pairwise comparison method. At
the end of the application, Boolean approach, ranking method, pairwise comparison
method and ordered weighting averaging methods were compared. The results
showed that the Boolean approach was not deitéanking method and pairwise
comparison method produced better results than the Boolean approach. Ordered
weighting averaging method also produced realistic results and taking into account

uncertainty was its main advantage.

As can be seen from preus studies, MCA techniques were more successful than
costbenefit analysis because npmnetary terms can be considered in MCA
technigues. Techniques used in literature showed that most of them produced
successful results in flood risk mapping. Meyerle{2009) and Kubal et al. (2009)

both stated that MAUT produced appropriate results despite the fact that basic form
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of MAUT which is simple additive weighting was used in their studies. In addition to

its simplicity, Velasquez and Hester (2013) stated the main advantage of MAUT

is its ability to treat uncertainty. Papadopoulos and Konidari (2011) stated that

MAUT helps decision makers to understand the problem and gain further

knowledge. In the same study, they compared some of the MCA techniquieand

stated the advantages as follows:

T

T
T
T

It produces good outcomes.
Its utilization is very easy.
Its time and money requirements are low.

There are many relevant softwares to conduct MAUT

In this study,basic form ofMulti Attribute Utility Theory (MAUT) which is simple

additive weighting approach issed to create flood risk maps due to above

mentioned reason$he procedure ahis approach isummarized in Figurg.6.

Normalization of criteria scores to utilities
between 0 and 1.

Weighted value of a criterion Standardised
value x weight of a criterion

Overall value for each alternative =
¥ Weighted values of each criterion

Ranking the alternatives according to their
aggregate value.

Figure 2.6: TheProcedure oMulti Attribute Utility TheoryApproach(Adapted

from Meyer et al, 2009
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2.6 Vulnerability and Resilience

In the past years, vulnerabiligpncepthas been widelysedin different areas the
literature.Thus, vulnerability has different definitions in different areaseskarch

In this studyflood vulnerability is included into the flood risk analysigwo
dimensions of vulnerability is commonly identified: biophysical vulnerability, which

Is broadly equivalent to the natural hazards concept of risk (Brooks, 2003)@ald s
vulnerability which is related to coping responses of communities, including societal
resistance and resilience to hazards (Messner and Meyer, 2006). In this study, we
focus on the social vulnerability. Treocial dimension of the risks assumed to
increase with increasing social vulnerabilBesilience is included into this study as

a factor which will affect economic dimension of the risk.

Balica (2012) describes the resilience as the ability of a system to preserve its basic
roles and structures a time of distress and disturbance. The most detailed definition
of resilience is given by The United Nations Office for Disaster Risk Reduction in
2004. It defines the resiliencas capacity of a system, community or society
potentially exposed to hamls to adapt byesisting or changing in order to reach and
maintain an acceptable level of functioning atdicture. In this study, resilience is
used in the economic dimension of risk. It is assumed that the higher the resilience of
structures that arat risk the lower the economic risk. To summarize, in this study
vulnerability of community is included in the social risk dimension wiekdlience

of infrastructures (i.e. houses, roads, buildings, etc.) is included in the economic risk
dimension. Thigs a simple approach to include vulnerability and resilience into the
risk analysis. Proper treatment of vulnerability and resilience is dependent on
availability of data. This is a preliminary approach to integrate vulnerability and
resilience conceptsnio risk analysis, the approach may be improved and used

especially when necessary data is available.
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CHAPTER 3

CASE STUDY
I n this study, the part o f Sal kems Strea
selected as the case study. -SagrlsBasimnStr ea

the southern part of Turkey (Figu8el). According to Turkish State Meteorolojical
Services, the flood density is not high in the Euphraléyis Basin (Turkish Ste
Meteorological Services, 2011) (Figure 3.2). However, many floods occurred in
kanl eurfa in recent years. The fl oods oc
Siverek in 2006, Bozova Yayl ak, kanl eur f
2011 and Hvan Kepi r ce, kanl eur fSer Memik €Rl2y &ar ak
( Sepet - i oAnmaushowhd@ateds)where flood events have been observed is
provided in Figure 3.3. It can be seen from Figuretl3aBthe majority of settlements

i n kanl eur f a a.Meesedloogsoesuitat] intvasioddnlages Bie to
increasing flood events, 15th Regiomitectorateof DSI prepared flood protection

master plan reportsAdditionally, availability of flood lydrographs and detailed

mapsof the areaare other reasons for the selection of #ite asthe case study.

Location of the project site on the maplofa n | & giveh m Figure3.4 while a

more detailed map of the project site is provided in Figuse
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TURKIYE HAVZALARI

Gosterim
Olke Sinn 0 120 240 480 Km

Havza Swin

Figure 3.1: Basins in Turkey (Terrain Monitoring System, 2011)

Flood Density
(1000km’)

~ |ooo-100
101-230
Blz31-400
Il 201-5800
Wcoi-1305

Flood Density
(1955-2008)

Figure 3.2: Flood Density of Turkey based on number of events per kasikish
State Meteorological Services, 2011
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Figure 3.3: Settlements Exposed to Flo@8elek and Darama, 2013)
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Figure 34 Location of the Projecti® on Google Earth
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Googlc earth
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Figure 3.5: Detailed Mew ofthe Project e onGoogle Earth

The 1/1000 scaled map of the project site created in the AutoCAD environment can
be seen in Figure 3.@&$er Project & Engineering Co. In@013).In this map the
contours, the levations, the coordinates and important structures are marked

point dataof elevation values is provided in Figure 3This datais used to generate
digital elevation model in ArcGISArea of the sutbasin is approximately 25.39 Km

and the flood discharges are providedrable 3.1 Eser Project & Engineeringo.

Inc., 2019. The calculation of these values are given in Appendix A. The calculated
values arsslightly different from the values in the mentioned report. The reason may
be the usage of different software and calculation techniques. However, teg ivalu

the report are used in the remaining part of this study because the differences are too
small. Furthermore digital elevation map (DEM) of the study area generated in

ArcGIS is given in Figure 3.8.

Table 3.1: Flood Discharges for different return periods®(s) (Eser Project &
Engineering Co. Inc., 20)3

Q2 Qs Qu | Qs | Qso | Qoo | Qsoo | Qo000
1.61| 6.85|12.77| 22.97| 32.38| 43.19| 64.23| 73.30
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Figure 3.6: 1/1000 Scaled Map of the Project Site in AutoCAD Environnieaér
Project & Engineering Co. Inc., 20113
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Figure 3.7: The Point Data with Elevation ValuéSser Project & Engineering Co.
Inc.,2013
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Figure 3.8: Digital Elevation Model of Study Area in ArcGIS Environment

According to 2009 Population Census, Yuk
2010). There are approximately BQildings in the village and these buildings are
singlestorey buildings. In addition to this, majority of these buildings are reinforced
concrete structures. These buildings are shown in Fighr@3. f 1 KO . There
school and a mosque which are shovsmn afi OKULO and ACAMKO r

Agriculture and ani mal breeding are ess.
Cereal types are the most pl anted crops
approximately 20 barns in tRe& vinl IFa geal.r e’

Cattle farming, sheep, goat farming and poultry raising are common in the village.

The elements at risk are summarized in Taldlel, 5.2 and 5.8 f Dis@ussion and
Result® Chapter The study conducted by Meyet al. (2009) is an exallent guide

for this case study because that study covers the most basic and important forms of
elements at risk. In that study, three dimensions are mentioned: economic, social and
environmental. The elements at risk mentioned in that study can bensEajuiie

39.

35



Economic
dimension

Damages on assgts

Number of peopl¢
affected

— Social dimension

Elements at Risk=- Social hot spots

—| Erosion potential

Environmental Accumulation
dimension potential

Biotopes vulnerable
to inundation

Figure 3.9: Elements at risk (Meyer et a{2009)

Floods may be destructive in the village because of some reasons. Firstly, the
geometry of the stream is very irregular and distuibatbstly narrowed by public
settlement. This may increase the inundated area even if floods with small return
periods ocur. Inundated areas caused by floods with different return periods will be
given in following chapters. Secondly, majority of the structures and arable lands are
very close to stream bed which endangers people and animals around and this can be
consideredu nd e r Anumber of p eThip dleenentachrf be @lsoe d o
divided into subgroups with respect to agé&his is an important element because
floods can cause very dramatic results for people. Furthermore, inundation of arable
lands and barns mamterrupt the economic activities of the public because the
essential sources of living are agriculture and animal breeding. This term can be
considered as a risk element because the shortage of economic activities may create
indirect damages (Merz et aP010). This will be included in the economic
dimension. The structures which will be inundated can be considered under the
economic dimension as well as the social dimension. The inundation of structures

create economic damage. This economic damage carlabsified as economic
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damage on buildings, economic damage on roads, economic damage on land value
etc. On the other hand, the inundation of structures as school, mosque etc. can be
considered as social hot spots causing social damage. These struetimgsoaiant

for public because of their roles. Finally, floods may cause health problems. The
most encountered health problem after floods is diarrhea originating from polluted
water and nutrition. Furthermore, it may increase the number of rodents and
mogjuito that may cause health problems on people. Floods may also damage water
and sewerage systems which cause biological and chemical contamination (Univar,
n.d.). These health problems may be included under the social dimension as a
separate risk elememtr under finumber of people affq
potential and potential pollution will be investigated as elements at risk under
environmental dimensionf they pose a threat, they will be included in risk analysis

by using simple Boolean yeg/mlamage functio(Meyer et al.2009).
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CHAPTER 4

METHODOLOGY

The procedure of obtaining risk maps is given in FiguteEach step is explained in

detail in the following sections.

Determination of
evaluation
criteria and

elements at risk

Calculation of

flood depths for
different return
periods

Calculation of

damages using

depthdamage
functions

Calculation of damage
probability curves for each gri
> using damages and associatdqd
probability values

Calculation of risk for each
risk dimension (i.e.
economic, social &
environemntal using

damageprobability curves

Figure 4.1: Flood Risk Map GeneratiorProcedure
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4.1 Determining Evaluation Criteria & Elements at Risk

Considering site specific characteristics and availability of data, evaluation criteria
for each dimension of risk should kecided. Elements at risk are generally
classified under three risk dimension: economic, social and environmental. For
example, residential buildings, roads, administrative buildings, industrial buildings
etc. may be categorized under economic elementskatSocial risk dimension may
include population, social hot spots, animals, cultural heritage sites etc. Furthermore,
erosion potential, accumulation potential, pollution, forests may be included under

the environmental elements at risk.

4.2 Calculation of Water Depths

Water depth for different retun periods are calculated in ABtS environment by
using HECGeoRAS tool. The procedure of calculation whter depth are
summarized step by step below:

9 Creation of river centerline: It is usdd establish river reach network for
HEC-RAS.

1 Creation of river banks: They are used to differentiate main channel from the
overbank floodplain areas.

1 Creation of flowpaths: There are three types of flowpaths: centerline, left
overbank and right overbanKhey are used to determine the downstream
reach lengths between cressctions in the main channel and over bank
areas.

1 Creation of crossections: They are used to create a ground profile by

extracting the elevation data from the surface.
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After abovementioned stepshé geometry data created in &S environment is
exported to HEERAS to carry out hydraulic calculations such as water depth, water
velocity, shear stress etStepwise procedure to make necessary calculations in

HEC-RAS is summared below:

Thegeometry data exported from A3¢tS is imported to HEGRAS.
According toCowan (956)the Manning roughness coefficient depends on
surface irregularities, variation in shape and size of the cross section,
obstructions, vegetations, flosonditions and meandering of the channel
Since the goal of this study is to perform a complete risk analysis, detailed
investigations and experiments are not conducted to estimate Manning
roughness coefficient, but uniform values for the main channelriaed
banks are adaptetHe n c e, the Manningds Reughne:
sections are entered as 0.035 for main channel and 0.040 for river banks by
considering natural river channdgldS Army Corps of Engineers Hydraulic
Engineering Center, 2010) fdhe sakeof simplicity anddue to limited
information.

1 After editing geometric data, the steady flow data is entered to-RIEE
The water depth calculations are carried ofior a selected set of return
periods The baindary condition is entered ashamal depth value for both
upstream and downstreamJ§ Army Corps of Engineers Hydraulic
Engineering CenteR010.
After enteing steady flow data, water depthlculations are carried out.
After carrying out hydraulic calculations in HERAS, the necgsary files
are exported to ArcGIS. In A@IS, for each return period water surfaces are
generated and floodplains are delineated. After delineation of floodplain, for

every return periodyater depth are calculated.
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4.3 Calculation of Damages

Calculation of damages is an important part of the risk mapping studies. There are
different methods to calculate damages. For example, economic damages are
calculated using deptttamage functions while social and environmental damages
are calculated usintpe binary approach (Kubal et al., 2009; Meyer et al., 2009). The
damagecalculation methods of the associatest dimensions are explained in detail

in the following sections.

4.3.1Economic Damage Calculations

The most important part of the econonmdamage calculations is to determine
economicelements at risk. For callating damagethe study area igriddedinto a
large number of cells. Cell dimensions should be selected accordingdetéile of
the map of the study areahd selectedelementsat risk are digitized in ArGIS.

These elements at risk and water depths are used in damage and risk calculations.

In this study, he method proposetly Kubal et al. (2009) is used talculate
economic damage. Kubal et al. (2009) usethmage functionEquation4-1) taken
from HOWASdatabase which is the biggest datalmséood damages in Germany.
Although this damage function was derived for residential buildingseatifor all

economic éements at risk becauseitf simplicity.

0O myx Q I aQ (4-1)

whereO is the damage at céllfor the flood withreturn period Y'Y, 'Q is the water
depth at cellCfor the flood withreturn period'Y'Y. Using Equatior(4-1) the damage
is calculated separately for alk@nomicelements at riskor all flood with selected
return periodsFor example;Q plti8 M may correspond to flood events with 2,
5, é 1000 year return periods (i.€YY c¢@Q@I'YY 010Q®A8 AYY
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p 1 TLIQ &) The risk analysis need to be carried out for a selected number of return
periods which will result in a representativantage exceedance probability curve
which is explained in detail iBection4.4.

Resilience is a new concept used in damage estim@giiens et al, 2013; Velasco,
2014). Resilience ishe capacity of m elementto withstand loss or damage or to
recover from the impact of an emergency or disaster (Thywissen, 2006). If the
resilience $ higher, the damage tesb be less and the recovery tend be faster.

In this study, alamage funabn with the resilience terms proposed:

~

0 - — YN Tip Q4.9

where'Y is the resilience factawhich rangedetween 0 and 1, O is representihg

worst resilience and 1 is representihgbest resilience.
4.3.2Social Damage Calculations

The most important part of the social damage calculations and social risk mapping is
to determinesocial elements at riskuch as population, social hot spotsin other
words attributes which regsent social dimension of riskh@ selectedelements at

risk are digitized in ArGIS. These elements at risk and water depths are used in

damage and risk calculations.

In the social damage calculations, the damage is calculatedausingry agproach.
If a grid cellis floodedand asocial element at risk existsithatcell, the social
damage isaken ad, if it is not flooded, theocialdamage isaken a® (Kubalet al,
2009 Meyer et al., 2009). &lculation of social damage is difficult becauisis very
hard to assign depthdamage functions for socialeghents at riskdence, the binary

approach is plausible to represém socialdamage (Kubal et al., 200By using
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the binary approach, tlemcialdamage is calculated separately for all social elements

at riskfor all return periodsisingEquation 43:

o . Qi Q. (4-3)
phiQQ ™ .
_ I "RAQ (4-4)
THhQQ 1
o PhQQ QWM idi ¢ DR RE Qi Q |0 (4-5)

MO QEME Qi GO ¢ DA ADE @i Q
where (X is the flag to determine if cellls floodedfor the flood with return period

"Y'Yand Qi is the flag to determine & social element at risk exists at éall

To include vulnerability term into the sl risk analysis, Equation-@is proposed.
Vulnerability is defined by The United Nations Office for Disaster Risk Reduction as
the characteristics and circumstances of a community, system or asset that make it
susceptible to the damaging effects of a hazard (European Environment Agency,
2010.

~,

0 @ M 0 @v ph o) (4-6)

where wis vulnerability which rangesbetweenl1 and L, 1 representing no
vulnerability and L(a large number such as 1@presenting high vulnerability. L
should be selected based on the specific characteristics of the casersti@l is

the flag to determine if a socialement at risk exists at c&l

4.3.3Environmental Damage Calculations

First environmental elements at risk need to be identified consideringpstafic
characteristicsThe selected elemenat riskare digitized in Ar&IS. These elements

at risk and water depths are used in damage and risk calculafiows.
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environmental elements at risk used in this study are pollution and erosion. Damage

calculations for these two elements are explained below.

In the environmetal damage calculations f@ollution, the damage is calculated
using a binary approachlif a grid cellis floodedand an environmental elemesit
risk exists the damage itaken asl, if it is not flooded, the damage tigken asd
(Kubaletal., 2009 Meyer et al., 2000

0 M. Q0 | EQ  (4-7)
o PFEGE ABDT | | OO BRBAS | .
Qe G AP T 1 | ODDABAR | P49

where'QQis the flag to determine if a pollution source exists at’eell

Calculation of environmental damage is very difficult because environmental
damage cannot bdirectly quantified There are no depttlamage functiongor
environmental elements at riglence, the binary approach is plausible to represent
theenvironmentatlamage (Kubal et al., 2009).

As the environmental damagdanction for erosion,Equation 49 is proposed. The
damage is represented withe of the fouvalues: If there is no vegetation cower

the surface is perviowmnd the slope is bigger thag°, the damage is 1f; there is no
vegetation coveor the surface is perviownd the slope is betwed&i and18°, the
damage is ®7; if there is no vegetation cover or the surface is pervious and the
slope is between°3and 8, the damage is 0.3hd if the slope is smaller th&h, the
damage is 0. If there is vegetation cowerthe surface is impervioug is assumed
thatthere is no erosion riskErosion potential with respect to slojgeexplained in
Section5.1.3.
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where™Qi s the flag to determine which range the slapat cell’Cand™QU is the

flag to determine if vegetation cover or impervious surface akistl’'Q

The damage is calculated separately for all environmental elements &brrisk
return periodsusing Equation 4 and Equation @, for pollution and erosion

respectively.
4.4 Calculation of Damagei Exceedance Probability Curves

A damageexceedance probability curve needs to be derived for each element at risk
and for each cell within the study area. To do this, first a set of return periods are
selected to carry out risk estimations. Corresponding exceedance probabilities are
calculated by taking the inverse of the selected return periods. Economic,
environmental and social damages are calculated using the procedures explained in
the previous sections for all selected return periods. Tdenage exceedance
probability curves arderived for each cell and each element at Ssice risk is the
multiplication of the consequence and the associated probability, the area under the

damage exceedance probability curve gives an overall estimate of the risk
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4 5 Calculation of Risk

Calculation of risk is the final step of risk mapping studies. The risk is calculated
using damagexceedance probability curves. The risk is the area under the damage
exceedance probability curves. The calculation of risk for each dimension is given

detaled in the following chapters.

4 .5.1Economic Risk Calculations

After completing economic damage mapping, economicatgach cell isalculated
usingEquation 412

¢

oY Y 0 s O © 1'Q (412

N 1O

whereO'Y is the economic risk atell’ Q= 1, (2 wher&)éis total number of
cells in the study are&Qs index forthe return periodfér example'@1,2,.. may

correspond t8Y'Y = 2 years, Y'Y =5 years et$, 0 is theexceedancerobability of

the flood event which has a return period¥, O is the damage of th&Y'Yi year

flood at cell'Q

As can be seen from Equationl?, the risk is the area under the damage
exceedance probability curv@amage- exceedance probability curves are different
for each cell because tlimmage function depends tre water depthSince same
damage equation (Equationn1) is used for alleconomicelements at risk, the
damagéd exceedance probability curves are same for all elements at risk. If different
damage equations are generated for different elements at risk then the damage
exceedance probability curves will be differeft. calcuate overall economic risk,

risks for all economic elements needs to be summed up:
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50Y B oY 1°Q (4-13)

After calculatingoverall economicisk for each cell, economic risk maarecreated
and these maps armrmalized to rang§0,1] so that economic risk maps will be
comparableto social and environmental risk maps. The normalizatbrthe risk

values arearried outsing:

660 : 1Q (4-14)

where ) U ‘O"Ms normalizedoverall economic risk at celQand U OYis overall

economic risk at cell3

4.5.2Social Risk Calculations

For eachsocialelement at risk social riskt each cell isreated usin@gquation 415:

Y'Y L 0 s O O

¢

1'Q (4-15

N 1O

where"Y"Yis social risk at celQ

To calculate overall social risk, risks for all social elements needs to be summed up:

5°Y'Y B Y'Y 1°Q (4-16)

Overall social risks calculated for each cell are used to generate social risk maps.
These maps amormalizedto rangg0,1] as wellto comparghemwith the other risk
maps (envionmental and economic) easilyhe normalizationof the social risk

values arearried out byusingEquation 417
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0O "YH0 Y8 U Y'Y

where( U "Y'Ys normalizedoverall social risk at celfQand U “Y'Yis overall social

risk at cell'Q

4 5.3Environmental Risk Calculations

For each environmental element at risk environmental risk at egltlis created

usingEquation 418:

00 'Y L 0 s O O

o«

1'Q (4-18)

NI

whereO 0 "Vis environmental risk at cel

To calculate overall environmental risk, risks foreivironmental elements needs to

be summed up:

500y B 00y 1°Q (4-19)

Environmental risk mapare normalizedo range [0,1hs well using:

50600y _ 1'Q (4-20)

where0 0 'O0 ¥ normalized overall environmental risk at c€hnd 0 ‘O 0 "Ys

overall environmental risk at cé®
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4.6 Aggregation of Economic, Environmental and Social Risk Maps

After calculding risk maps separatelyhese maps are aggregated using simple
additive weighting approadiicquation 421). In the aggregatiornprocess, normalised
risk maps are used. In each cell, risk values are multiplied by its weight. After that,

the weighted risk values are added to obtain a final total risk value.

YYQi B 0 0G0 1Q (4-21)
where "Y'Y "‘Qis e total risk at cellQa is the index forthe risk dimension
(economic, social and environmental risk dimensiofs),is the weight of the risk
dimensiond , € is the total number of the risk dimensiofs) 'Y is the normalized
risk value of related risk dimension at cé®In this studyd o and0 0 'Y

OOONOY GO0YMO'Y 0000Y

4.7 Economic Risk Mapping wsing Different Depth-Damage Functions

4.7.1NetherlandsLater Curves

In economic damage calculatioriee depthdamage function useith Kubal et al.
(2009) is used in this study fafl economic elements at rigls explained in Section
4.3.1 However,different depthdamage curvebBave been proposed in thierature
for differentelemens at risk. Some example deptlamage curveare explainedn

the Literature Review Chapter.

In this study, a an additional analysis, tidetherlands Later Curve®¢ Moel and
Aerts, 2011)asthe depthdamagdunctions The Netherlands Later Curves gjigen
in Figure 4.2 Approximate economic damage ftioos arederived from this figure
and givenin Equatiors 4-22, 4-23 and 4-24. Equation 422 is for residential
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buildings, barns, stfrooms and roads. Equatios23is for recreatbn area. Equation

4-24s for schools and mosques.
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Figure 4.2: Netherlands Later CurveB¢é Moel and Aerts, 2011)
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4.7.2Monetary Damage Calculationsusing Netherlands DepthDamage

Functions

In the literature, there are deplmage functions which represent damaies
monetary unit such as dollars, euros €iequently used depithamage functions

with monetary terms ithe Netherlands are used to generate economic risk map in
this studyas well.The depth damage curves are given in Figure 4.3. These curves are
approximatelyfrom the Figure 4.3and Equations 4.25, 4.26, 4.27 and 4.28 are
derived. Equation 4.25 igsedfor earth roads and asphalt roads, Equation 4.26 is
usedfor barns and rest rooms, Equation 4.27uged for residential buildings,
mosques, schools afidally Equation 4.28 isisedfor recreation area

¥ 1 —— Residential - high density -
1 ———— Residential - low density /
8 - Ciormmercal
. nfrastructure V4
7 A Mines | construction 4
Recreation

G 8 —— Matre
] Araiple & horticulbure.
g A Pasture f

Damags (€ million'ha. )
s
1
L1

3 7 o
2 A / —
| - e
.-"If !?_'_'_._,_ﬂ—
0 2 —
] i 2 3 4 ]

Imundation depth (m)

Figure 4.3: The DepthiDamage Curve (Ward et al. 2011)
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CHAPTER 5

DISCUSSIONS AND RESULTS

In this section, the results of damage and asklysis are giverDamage and risk
maps for all three dimensions, economic, environmental and social, and associated

discussions are provided in the following sections.

5.1 Selection othe Evaluation Criteria & Elements at Risk

Elements at risk for economic, environmental and social dimensions of the risk are
selected based on the characteristics of the study area. Each risk dimension is

explained separately in the following sections.

5.1.1 Economic Elements at Risk

The econmic elements at risk used in this study are given in Table 5.1. Based on
case specific characteristics of the study area under investigation, elements at risk
can be populated. For example, administrative buildings, commercial buildings,
industrial buildirgs, death of animals, agricultural losses can also be added to the list.
Since the study area is located at a rural region such economic elements are not
included in this study. Roads, residential buildings, recreation area, critical
infrastructure, barnand rest rooms are chosen as economic elements at risk for this
case studyThere is no detailed information about the study area but it is known that
green area exists and it is used as a recreationTdreaxact location is not known

so the recreatioarea is marked as in Figure 5.1
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The study area is gridded into 10 m x 10 m cellse cell sizeis selected in
accordance withthe scale of the magBigger cell sizes can be accomodated for
smallerscalel maps. After a number of trial and error runs, $tdecided that0 m x

10 m cells are good enough to represent elements afhiske are a total914grid

cells in the study area. The economic elements at risk in Table 5.1 are digitized in
Arc-GIS by the help of 1/1000 scaled AutoCAD file of the studga and the
elements at risk and water depths are used in economic damage and economic risk
calcuations. This AutoCAD file can be seen in the Case Study Chapter. The gridded
study area and economic elements at risk is given in Figure 5.1, on whichelfeur ¢

are highlighted and marked as Cell 1, Cell 2, Cell 3 and Cell 4. These cells are used

for demonstration of the results throughout this chapter.

Table 51: Economic Elements at Risk

Flood . '
. Evaluation _ Spatial
Risk o Elements at Risk .
] _ Criteria Unit
Dimension
Asphalt roads _
Transport Line
Earth roads
: T Area
Economic Housing Residential buildings
Risk : _
_ _ . Parks, lakeside, picnic
Dimension| Recreation Area
area
Critical Hospitals, schools,
_ Area
Infrastructure, mosques, nursing home
Barns Barns Area
Restrooms Restrooms Area
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Legend
Banks
River

= asphalt road

earth road
AR barns
5 nouses
Lei mosque
recreation
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3 x -?%  schools
S

1:1,000
Figure 5.1: GriddedStudy Area andeconomicElements aRisk

5.1.2SocialElements at Risk

The social elements at risk used in this study can be seen in Table 5.2. These
elements can be increased. For example, population can be divided into classes such
as children younger than 12, elderly people older than 60 and people with ages
between 12 an®0. The children and the elderly people are more vulnerable than
people with ages between 12 and 60. However, there is no information about the age
distribution for the residential buildings. Hence, in this study, population is used as a
social risk elemat. It is assumed that there are people in each residéntilding.
Another important social criterion is the cultural heritage sites such as monuments,
museums etc. However, there is no such place in the study area. Hence, tiwty are
included in the gcial elements at risk. Schools and mosques are identified as social
hot spots within the study area and marked as social elements at risk. Finally,
animals are included in the list. It is assumed that there are animals in each barn and

flood water may han or kill these animals. The elements at risk in Table 5.2 are
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digitized in ArcGIS by help of 1/1000 scaled AutoCAD file to calculate social

damage and social risk. The social elements at risk can be seen in Figure 5.2.

Table 52: Social Elements at Risk

Flood Risk | Evaluation _ Spatial
. _ o Elements at Risk .
Dimension Criteria Unit
Population Population Area
Social Risk Critical infrastructure
Dimension | Social hot spots| such as schools, Area
mosques, hospitals
Animals harmed Dead or injured
) ) Area
or died animals
Legend
Banks
River
o barns
s B ks B houses
o % 2 = ] mosaue
P It e d @ 777 schools
by Ry s i
o %c =
.:L:‘:“ %% a2
3720 5 I%M_ ;1_“1 137 20¢ % 372 Y
1:1,000

Figure 5.2: GriddedStudy Area andSocial Elements aRisk
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5.1.3 EnvironmentalElements at Risk

The environmental elements at risk used in this study are given in Table 5.3. These
elements can be populated. For example, endemic species living in water or land may
be affected from floods. If there exist such elements, they should be included in the
list. Furthermore, the tree species sensitive to inundation should be included in the
list. In the study area, there are not any tree species sensitive to inundation so they

are not included in the list.

Potential pollution is an important environmental risk element. It is assumed that if
there is a barn or rest room and if it is flooded, it will cause pollution. The other risk
element is the erodibility of the surface. In this study, the erodibility patesf the
surface is used as an environmental damage indicator as well. The slope of the
surface is calculated by the help of the ArcGIS program. Then this raster map is
converted to pointlata. If the slope of the terrain is bigger tHat and there is0
vegetation cover or impervious surface, erosion might be a severe environmental
problem. If the slope of the terrain is smaller tA8h and bigger tha®°® and there is

no vegetation cover or impervious surface, tmight bereferred toas moderate
erosion. If the slope of the terrain is betweéraBd 8, erosion risks consideredo
beslight. If the slope of the terrain is less th&roBthe vegetation cover exists or the
surface is impervious, it might evaluatedas no erosion risk. (Niog, 1998This
information is used to generate damage functions given in Section 4.3.3 (see
Equation 4.9).When site specificdata such as slope of the terrain, cover of the
surface, type of the soil, rainfall, runoff etc. is availadesion calculationshould

be based on these dafaue to data limitationgrosion risk is simplgvaluated as a
funciton ofslope andexitance of vegetation cover in this studyhe elementsat risk

in Table 53 are digitized in ArGIS by help of 1/1000 scaled AutoCAD file andisit

used to calculate damage and risk. The elements at risk and the slope of the surface

in degrees can be seen in Figure 5.3.
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Table 53: Environmental Elements at Risk

Flood Risk Evaluation | Elements at | Spatial
Dimension Criteria Risk Unit
) Animal
Potential
. _ barnsrest Area
Environmental pollution
. _ _ rooms
Risk Dimension :
o The slope of | Point
Erodibility
the surface

Legend

Banks

River
S bams
restrooms

Slope

I 001--306°
I 306°-7.03°
T ro3es12220
I 1222+ - 182"
B 1s62°-3891°

1:1,000

Figure 5.3: EnvironmentaElements aRisk andSlope of theTerrain inDegrees

5.2Water Depths in the Study Area

Thegenerated digital elevation model usii@5000 scaled map of the project area is
given in Figure 5.4a. The dgital elevation model in Figure 514 is created using
1/1000 scaled map (see Figure 3.6). The width of tbessectionsdepends on the
digital elevation modedndthe distance between two cressctions vay. When the

distance between cressections is short (i.e. 10 m, 20 m etc.), the cszsgions

60



intersect witheach other in the meandering secsiohthe river. Henceshortercross

sections araisedin the meandering parts of the riveHowever, shortenedross
sectionscould notenclosethe floodplain. For this reason, the number of cross
sections are decreased in the meandering sections ofeéheAtthoughHEC-RAS is

frequently usedn flood risk studies irthe literature in our experience it is not
successful ithe meanderingections of theiver. A total of 23 crosssections are
generated to calculate water deptieng the modeled sectiom f Sal kem Str
which isapproximately711 neters longFour crosssections hamed as cressction

1, 2, 3 and 4 are identified and marked on Figuréb5Fhese crossections are used

to demonstrate results throughout this section.

In this study,sevenreturn periods (i.e. 5, 10, 25, 50, 100, 500 and 1000 years) are
used to generateathageexceedance probability curves. The normal depth value is
calculated as 0.008 which is the average slope of thebaaand it is used as the
boundary condition Discharges for different return period floods and and
corresponding HEERAS names are given in Table 5.4. The leeves are used in HEC
RAS Model to prevent water flow to irrevelant locations. Calculated water depths at

crosssections 1, 2, 3 and 4 are give Figure 5.5.

The resolution of map is good enough but in some places there are wrong elevation
values because of two destroyed culvedisstroyed culverts are given in Figure.3.6
The point data in these locations are deleted to generate awoweate digital

elevation model.
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Figure 54: The Digital Elevation Modebf the Studied Reain ArcGIS
Environment (a) 1/25000 Scdl&lap (b) 1/100GcaledVap
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Table 54: DischargeVvalues for Different Return Periods

HEC-RAS name | Return Period, T (year) | Discharge (n¥/s)
Q5 5 6.85
Q10 10 12.77
Q25 25 22.97
Q50 50 32.38
Q100 100 43.19
Q500 500 64.23
Q1000 1000 73.30

Water depth maps for different return periods are givdfigare 5.6 As can be seen
from Figure 56-a, for5-year flood, maximum water depth is approximately8In8

This value gets bigger with the increasing return period. The maximum water depth
for 1000 year return period is approximatel@IB3m which can be seen in Figuré5b

g.

5.3 Calculated Damages

Damage calculations are carried out using the procedure explained in Section 4.3.
For each dimension of risk, economic, social and environmental, damage
calculations are carried ogeparately. Damage maps generated for each dimension

of risk are given in the following sections.

5.3.1 Economic Damage Maps

In this study, the same damage function (Equafidr) is used for all eonomic
elements at risk because ngtltedamage functionare available for Turkey. When
depthdamage curves became available for Turkey, damage calculations can easily
be repeated using these curves and this will result in more realistic estimates because

depthdamage functions are createsing data from past flood events.

64



In this study, resilience factor is considered for residential buildings and roads. For
residential buildings, resilience factor may be assigned based on utilization of
appropriate building materials, construction in@dance with building codes and
existance of insurance (European Investment Bank, 2007; Guildford Borough, 2010).
Unfortunately, there is no information about the building materials or if they were
built using building codes etc. Hence, a hypotetical 8dnais created assigning
random resilience factors between 0.1 and 1 to the residential buildings found in the
study area. Furthermore, the resilience factor is considered as 0.5 for earth roads and
1.0 for asphalt roads. Damage calculations are caraedsingEquation 42.

The economic damage maps are created for all return pei@odeach economic
element at riskThe economic damage maps for earth road, rest roomasguesand

asphalt road, schools, barns, recreation area and residential buildings arengiven
Figures 57, 58, 59, 510, 511, 512, and 513, respectivelyln Figure 5.9, economic
damage maps for only floods with 500 and 1000 year return periods are given since
for the smaller return periods no economic damage was obséwetcan be seen,

the damage is higher close to the river and it is getting smaller away from the river.
In Figure 514, the economic damage miapwhich resilience facta for residential
buildingsare integrateds given. As can be seen from Figuré4g the damage factor

in some cells is 10 times bigger than Ku
resilience factor. In Figure. 16, the economic damage mapwhichresilience factor

for earth roadgs integrated into the calculations géven. It can be seen that the
damage is doubled at all celihereearth roads locatedand flooded because the
resilience factor for earth road igskenas 0.5.Compared to the phalt road, the

earth road is expected to be damaged more and may take longer to be put back in

operation.
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5.3.2Social Damage Maps

In this study, social damage calculations are carried out baseduation 43. To
include vulnerability into the social risk analy&iguation 46 is used In this study,
vulnerability term is considered just for schools and it is takelDd®ecausen the

flood situation evacuation of children from the school will be very difficult.

In Figure 5.16 the social damage mdps population, in Figure 5.17 the social
damage maps for social hot spots and in Figure 5.18 the social damage maps for
animals are givenAs can be seen from Figures 5.16, 5.17 and 5.18, social damage
canonly take two values: 0 or 1 due ttoe binary goproach. In Figure-49, the social
damage maps fgoopulation with the vulnerability factor are given. It can be seen
from the Figure 5.19 that damage at a calhtake three values: 0, 1 &0. In this

study, the vulnerability factor dfOis just usedor schools. The cells where a school
takea damage value of 10 because schools are more vulnerable due to existance of

children.

5.3.3 Environmental Damage Maps

Environmental damage calculations are carried out based on Equafioand
Equation 49. Equation 47 is used to calculate pollution damage while erosion
damage is calculated with Equatio®4

In Figure 5.20, environmental damage map for pollution is given. As can be seen
from the Figure 5.20, two different damage value exist dileetbinary approach: 0

or 1. In Figure 5.21, environmental damage mapefosionis given.Four different
damage valugare possible0, 033, 0.67and 1.00. These values depend on slope of
the surfaceand surface cover. It can be seen from Figure 5.20 and 5.21, the damage

is getting smaller away from the river bed
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5.4DamageExceedance Probability Curves

To calculate risk, damagexceedance probability curveeed to be generatedihe

aread under these curves are the risks. These curves are calculated for each
dimension and for each element at rifkample damage exceedance probability
curves for different elements at risk are provided in the following paragraph.
However, it should be noteatiat one damage exceedance probability curve need to
be generated for each cell of the study domain for each element at risk to be able to

calculate the overall risk

The example damageexceedance probdity curvesfor economic elements at risk
for Cdl 1, Cell 2, Cell 3 and Cell 4 (see Figure 5.1) are given in Figure 5.22. The

damage values depend on the water depth.

The example damageexceedance probability curves fawcial elements at risk for
Cell 1, Cell 2, Cell 3 and Cell 4 (Figure 5.2) are given in Figure 5.23. The damage
can only take two values 0 or 1For social elements at riskvater depth is not
consideredIn other words, regardless of the depth of the water, if there is a social
element at risk at a cell the social damage is taken as 1.

The example damageexceedance probability curvesvironmental elements at risk

for for Cell 1, Cell 2, Cell 3 and Cell 4 are given in Figure 5.24. The damage values
do not dependent on the watdepthfor environmentalelements at risk similar to
those of the social elements at riSkis means if there is @nvironmentaklement

at risk and even ifery small water depth occurppllution damage idaken asl if

there is a pollution source atathcell In the erosion damage, damage can take
values: 0, B3, 0.67or 1 as explained in Sectiof#.3.3. As can be seen in Figure
5.24, no damage is calculated for cells &l 4. This is due to the fact that no

environmental elements at risk exist in these cells.
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