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ABSTRACT

FLOOD MANAGEM ENT AND REMEDIAL MEASURESFOR DIKMEN,
NORTHERN CYPRUS

Yaqubi Noor Ahmad
Master of SciengeSustainable Environment and Energy Systems Program
SupervisorAsg. Prof. Dr. Hasan Zaifo | u
Co-SupervisorAsd. Prof. Dr.Berth Ak ént uj

August2022, 138 pages

This study aims to execute a flood management system examine the
appropriate structuraheasurego protect Dikmentown against thampactsof
flooding. At first hydrologic moded using HEGHMS tools are developedto
simulate the rainfaltunoff processsin each of the three main ungauged-sub

basinson the upstream side of the tawn

Next, the discharge hydrographs of tHe@ecember 2018 flood event atefined

in the 2DHEC-RAS mode] and the flood inundation maps of the study area are
generatedThe nitial model indicatea 78% goodnessf-fit between the observed
flood map andhe modeflood map. However, the model is then calibrated using
Ma n n i roughihess coefficientmtil the goodnessf-fit ratio rises to 84%, and

the relative error (RE) beten the two maps declimrom 4.2% to 1.5%.

Furthermore, a technical impact analysis of the three mitigations meaiseses (
the concrete channethe reservoirs, andhe integration of both thehannel and
the reservoirs)are performed along with theicost analyes to determinethe

optimal solutionin terms ofreduang the risks of flooding wittthe optimum cost.

vii



The results indicate théteconcree channel withthelowest cost has the potential
to praectagainstup to100-year floods. However, for are extreme eventsuch
ashavinga 500-yearreturn periodthe channel capacityannot besufficientto
keep the flood water in the chann€&hereforeadditional norstructural measures,
such as increasing flood awareness and develaarly flood warning systems

also need to beonsidered

Keywords: Hydraulic Modeling, Hydrologic Modeling, Flood Inundation Map,
Dikmen, Northern Cyprus
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CHAPTER 1

INTRODUCTION

1.1 Statement of theProblem

Floods are among the most common natural hazards with dis@cgeeconomic
impacts on the environment and societies. The ddloods and flooding have
always been associated with esdthiat can cause damagaddestroy houseand
hydraulic structures such as levees, dams, bridges, culverts, chamtels
Nevertheless, thegisohave a ital and integrated part in the geological history of
the natural cycle on earth. Floodingdluvial regionsusually occur whetheriver
experienceaconstant and slow rige water level and overflosfrom the riverbanks
due to rainfallor snowmeltinginto the floodplain areas. On the other hand, pluvial
flooding, also known as flash floogdeccurs as a result of extreme rainfatentsin

a shortime overa basinwith high meanslopes thatleadtheflood water b reach the
town and citieshortly after the rainfall. Apart from these two types of floodings,
hydraulic structure failures can also result in the occurrence ofsfi&nmhilarly,
flooding can also occur in coastal areas due to hurricanes or tsunaifs cas be

extremely devastating and damaging to the environment and(bégs 2010)

The rapid change in climate conditiomexplicitly the temperature riseround the
world, has increased the occurrenage of many natural disasters that previously
happenedarely around the worldEvidence show that abouttwo-thirds of the
energy imbalanceausng increases in the eafsttemperature iBnkedto thehuman
induced overwhelming emission of carbon dioxide f{JQindsey2020) Therapid
increase inglobal meansurfacetemperaturggiven in Figure 1.1, shows thathe
temperatureiseshaveincreasedhe possibility ofoccurrencend thantensity level

of droughts andlood eventsWarmerair with high-temperature vaporsausesnore



water, which can fuel more extreme storms and tropical cyclaiasy withsevere
flooding eventsaround the globéarholzeret al. 2014)

=
=N

© Qo o
r o ®

Temperature Risé&C
o
N

0

-0.2
1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 2025
Year

Figurel.1 Global Temperature AnomaBetween 19762021
(Hannah Ritchie et al. 2020)

The recorded flood events igure 1.2 indicate a significant upward trend in flood
events in the world and Europe, parallel to the increase in the global temgeitatu
shows that between 19i71@87, the total recorded global flood evewwridwide

were around 504. This number haen to 1892 events between 221, which

shows an apparent increase in the recorded floods, waithesimilarly seen in the

EU. The documented damages due to climate and welgged disasters in the past

50 years have shown a noticeable rise with the increase in occurrence and severity.
In thelast 50 years, the death casualfyonly two significant floodrelated events

has reacéd up to 58700 deaths. Meanwhileetotal globaleconomic losses due to

flooding inthe past 50 yearsincel1970havesumpasgd 1.1 trillion dollars(WMO
2021)
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According to the recoslof the WMO (2021) in the 1974 flbod in Bangladesh
around 28,700 peopledied Smilarly, in another evenin 1999 in Venezuela
approximately30,000 peopléost their lives The economic losses due to flooding
are also significant. Feaxamplerecord offlood eventsn China in 1998Thailand
in 2011, and Korea in 19%howed that those evertaused about $47.02, $45.6,

and $25.11 billionn damagesiespectively.

With climate changeextreme weather events are expected to occur ireayeently
andintenselyin the future Eventhe effects of climate changeterms otheincrease

in intensitiesand frequencief natural disasterare expected to beigher in the
Mediterranean regionAccording to the simulationsthe temperature of the
Mediterranean regiowill rise 20% mor¢han the global average temperature by the
end of this century(Lionello and Scarascia 2018Cyprus located in the
Mediterranean regigns alsounder significant threatf thatchange in the climate.
The studies suggest that the 2100s the Emperaturen the island oCyprus will

rise betweermt 3 v 3 more thanthe averageylobal level (Zittis et al. 2020;

Giannakis et al. 2020 hiscan lead to significant increases in the occurrence rate



and intensity level of ektme weather eventsuch as droughts aritbods (Tabari
2020)

Some of the most devastating flood events in the pag&@ have caused millions

of dollars in economic losses in Turkey. Hundreds of people lost their lives, and
many more have been affected. For instancéhe 1995 flood event in 1zmjr61
peoplelost their lives which causeda total economic loss of methan $1 billion.
Similarly, the 1979 Ywlé r mfloéd event caused the death of nine people and
damaged properties and infrastructures worth $9 million in the(atea hi n et
2013) Additionally, theBlack Seaegion in Turkey is among the placgkerefrom

time to time, flash floothgs causea significant number of victimand casualties,
while triggering severe economic damages to the communities. For instance, the
2015 flash flood incident in Artvin which is locatedtheeastern coast of the Black.

The Artvin flashflood cameas a result o& 6-hrs rainfallstorm As a result of that
storm 11 peopldost their lives, and the region suffereaboutl million dollarsin
economic loss anddamages(Baltaci 2017) Furthermeoe, in August 2018 a
catastrophic incident da flash flood along with the landslide occurred in the Ordu
Province inthe black sea region in Turkey. In that, several people lost their lives or
suffered serious injuries. Moreover, some important infraistres such as bridges,
houses, and roads were destrog€dcaman et al. 2020)

In Northern Cyprus, flood events have increaseshagnitude andrequency This
increase ismainly linked to unplannedurbanization, climate changand the
country's lack of proper sustainable water managemsygstems(Zaifoglu et &

2019) For example on the 18" of January 2010 flood eventin the village of
Bostanci andsuzelyurttown causedapproximate damage &fmillion TL in total,

which occurredas a result oa 16-hour extreme rainfall event k ahi nThg 01 3)
eventon the 28 of February 2010 in Nicosieaused severe damage to the roads,
hospitals, and peopspropertiefZaifoglu et al. 2019)Similarly, the recorded event

on the 9' of December 201#as due tshort but intense precipitatiam Nicosia It

caused many roads to get closed @mapped students and teachers inside a high

al



school( Zai f o j.AnotheRrlc&nB xampleasthe floods that occurred on the
315 of December 202in different parts of the country. The roads were severely
damagedn Kyrenia,and the main ho#fal building was inundatedn Nicosig as
shown inFigures 1.3 and 1.4.

Figurel.3 315t December 2021 Flood in Nicodidain Hospital

(Kibrisgazetes021)

Figurel.4 315 December 2021 Flood in Nicosia

(North Cyprus Now News 2021)



Dikmen,the study areaf this researchhasalso been subject to flosih the past.
One of the most devastatinfiash flood events happenedn the 8" of December
2018 The eventausedhecollapse of a bridgelosedthe roads to the upppart of
Dikmentown, damagedhe Dikmen primary schodlooded around 100 houses\d
polluted theprimary water sourceThe 2018flood occurreddirectly from 10-hour
intense rainfallwhich exceeded a total rainfall depth of 172 nmra day. Some

negative consequences of that event can beiséegures 1.5, 1.6, 1.7, and 1.8.

Figure1.5 Dikmen During thes™ Decembef018 Flood

(Kibrisgazetasi 2018)



Figure1.6 Dikmen During thes™ December2018 Flood Event

(Kibrisgazetasi 2018)

Figure1.7 Dikmen Primary School Yard Aftehe 5" December018 Flood Even

(CyprusNEWS 2018



Figure1.8 Dikmen Primary School Aftethe 5" December2018 Flood
(CyprusNEWS 2013

1.2  The Objective of the Study

The mairobjectiveof this study igo develop a flood modéd identify the vulnerable
areas to flooding under different rainfattenariosAlso, the modelis usedto find
and tessuitable flood mitigation measures for the Diknb@nwnin Northern Cyprus.
Furthermore, an extensive economic analysis of the identifeaures is performed
to find thefeasibility and practicality of the soluti@iternativesin the scope of this
study, topographic data setsecollected and acquired from the Mappi@ffice in
Northern CyprusFurthermore, aydrologically accurate Dital Elevation Model
(DEM) is created. The DEM is processed in ArcGIS software to delineatasig
calculate several basin characteristicand find the drainageetwork of each
contributingsubbasin Theinformation from the ArcGIS is then used tovdkp a
hydrol ogical model usi n giHypwldgical Madglingc

Engi nee



System (HEGHMS). It is employedto generate flow hydrographesultingfrom

eachsubbasingfor different return periods

Furthermore, 20hydraulic modedinHy dr ol ogi ¢ En gHydraudicr i ng Ce
Modeling System (HE@RAS) softwareare developedto performflood analysis.

The flood models calibrated based on the observed 26l#d event Then it is

used tounderstand th&uture flood conditions in the sidy areaMoreover various

mitigation measuresre tested by usirtgeselood models The last part of this study

contains an economic analysis of flamétigationmeasures.

1.3 Structure of the MSc Thesis

ThisMSc Thesis is organized in the following manner:

1 Chapter 1 contains the introduction to the théssc, problem statement,
and main objective of the study.

1 Chapter 2 covers the literature reviews of the recent developments in the field
of flood management

1 Chapter3 describes the hydrological modeling pees and development of
the rainfall hyetographs aribw hydrographs

1 Chapter 4 describes the methodologiesiuseéhe development of thsvo-
dimensional (2D) hydraulic modeling

1 Chapter 5 is about thdescription of the study ared Dikmen and the data
setsthat are used in this study.
Chapter s aboutthe results and discussion of the hydrological analysis.
Chapter7 shows thehydraulic analysis resdltof variousflood scenarios
including an experienced 2018oo0d event In addition it includesthe
analysis ofadapted mitigation measures

1 Chapter8 represergan overallsummaryand conclusion



CHAPTER 2

LITERATURE REVIEW

The occurrence of floods alotigerivering coastakzone and urbaized areas have
always beemn incorporated part of thearth's natural cycléHowever, the increase
in development and demand for housiegdsto a risein surface imperviousnesas

a resultdecreasesoil infiltration capacitiesandincreaseshe risk of floodingFeng

et al. 2021) Furthermore extreme rainfall evenisthe leading cause of severe
floodings, are now being experienced more frequently and more intethsely
beforedue to changing climatic condition@Mailhot et al. 2007) Therefore,the
sociceconomic losses and pactsof the floodingon the environmenbecome
severe(Cea and Costabile 2022These challenges urged masgientistsand
institutiors to perform studies containing management plans to reducedbeifi

and decreasthe associated damages.

According to thélood directive oftheEU (European Parliament 20QTlpoding can
cause damage to the environment, force people to displace, and even cause human
fatalities. In generathe risk offlooding cannot be preventedspeciallywith climate
change and the chance of occurrence of these evestexpected tancrease
However, the associated risks can be decreased with propeastepppropriate
managerial plang.he main focus ofn effective flood risk managemerap should
be on the prevention, protectiand prepasdness of a regiofor potential flooding
seenarios.For that purposd]ood mapsare essential fordentifying potential risks
considering different rainfall scenarios of extreme, medamd low probabilityof
occurrencs. In this study the first stepn acquring flood inundationmapsis the
developnert of the hydrologic procesby consideringvarious characteristics of
watershedske landusetover, soil propertiesf the landand oherphysicalfeatures
of catchmerd. However, generating a reliable hydrological moaesimulatethe

flow from an ungauged catchment is a great challg@gefoglu et al. 2019)
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Neverthelessmany studies have utilized different methods that can be used in
developing a hydrological modéh HEC-HMS to mimic the outflow from a
watershedwith the use of empcal parametersuch ascurve number (CN)to
calculate the losses wariousbasirs types (Xiao et al. 2011; IbrahirBathis and
Ahmed 2016; Satheeshkumar et al. 2017:Ghbbari et al. 2020)After the
hydrological modehg processhydraulic modelsieed to be developdd generate

flood inundatim mapof aninterestedarea

Various numedal modeling tools such asSOBEK, MIKE, and TUFLOW can
presentanoverall viewof the most vulnerable and critical areas to flood and show
the risk associatedith different flood events. However, the 2D capacity analysis of
HECRAS software using the benchmark test
Environment Agencys done by(Brunner 2016) The resultsndicatedthat overall

2D HEC-RAS performedexceptionallywell compared tahe othemodels(Ongdas

et al. 2020) For example Mai and De Smed{2017) developed an integrate
hydrologic anchydraulicmodelto use in flood forecasting ard createaflood early
warning system in Vietnam. In that procetbge WetSPA modeling tool is utilized
for the hydrological model generation to obtairflaw hydrograph fronthe Thua
ThienHue basin in central Vietnam with an area of 283G. kiiter that the flow
hydrograph iglefinedin an HEC-RAS modelo generate flood majlsat accurately
representhe observed water surface lessélhe result indicated that the integrated

modelcould be used to predict futuileod scenariosvith inundationand deptk.

Furthermorethe flood map otheBostanli riverbasin, which is the main catchment
with an area of 29.6 khto theBostanliDamin Izmir, Turkey, is modeled wittHEC-
RAS. This hydraulic model showethhat HEGRAS cantest the efficiency of the
existing flood controstructuressuch as the Bostanbam in Izmir(Gul et al. 201Q)
Also, manyother studies havesed modelso identify floodprone zones in urban
areas. Foexample (Mihu-Pintilie et al. 20193evelopedch 2D HEGRAS model to
simulate the streamflowaf theBistrita River within theurban and preirbanregions

in Bacaucity in northeastRomaniaand generateulti-scenario®asedlood hazard

11



maps Similarly, Kumar et al.(2020) utilized Global Flood Monitoring System
(GFMS) along with 2D HEERAS features to understand and delinadifferent
flood inundation and flood risk zon@s the Prayagrajregionin India. Likewise,
Rangari et al(2019)developedh 2D HEGRAS modeland Geographic Information
Systems (GIS) processing tom generateflood depthand inundation mapsto
classifytherisk levelfrom high to low foreach part of thBoodedareaunder various
flood scenariosn Hyderabad, IndidVleanwhile,Ongdas et a(2020) in a case study
on theYesil (Ishim)River in Kazakhstajshowed that the 2D HERAS models are
capable of representingné simulating a past flood event withn acceptable
accuracy level and can generate flood hazards maps considering fiatoefood

conditions.

Flood hazard and risk maps cassist planners in understanding many aspects of
flood risks and potential damages in a given area. These maps are critical for
managing and reducing community and environmental concerns. This aiso aid
the adaptation and development of effective ratimn strategiesThe commonly
preferred structural mitigation strategies are constructing physical structures to
redirect and regulate water via levees, dikes, diveraiwhbypass canals, or storing

flood water in largeor smaltscale reservoirs

Many studies have suggested apdted the effectaness of differenstructural
measures in reducing peak flow and flood inundatiorsaveta the help of structural
measures. For examptbe flood management plantbie Danube river basin, which
is shaed in 19 different countries in Europadcovers a total area of 800,000 km
is adopted inVienng Austria which usually hasbeenexposed to flooding athe
Danube riverThehistorically recorded floosin 1501AC, or 16" and 11 centuries
areamong the eventi® which the peak dischargeachedabout 14,000 ffs. To
prevent the potential damages of floods in Viennanymplans have been proposed
includingbuilding lateral structurealong the bank of the river or wideg the river
channelalong the Danubever. However, herecenly adoptedneasurgknown as

the New Danube projednvolves constructing and excavating a canal with a length

12



of 21 km anda width of 210m This project succefdly protectsthe city against
floodsandleadsto ecological improvementsy creatingalarge green area inside the

cty( Kryganowski et al. 2014)

Similarly, along the Danubeiver, about 62 km east of Vienna Bratislava the
capital city of SlovakiaBratislavahas also beenexperiencingthe same flood
regimes as Vienna city. Thprotectionmeasure for Bratislavaon both sids of the
Danuberiver were first startedto constructin 2007 and finished in201Q The
measures includihe construction of dams, levees, concrete waitld mobilewall
elements to be placed in times of floodigymilarly, Belgrade the capital city of
Serbia is further down along the Danube river about 450 km southeast of Baatislav
The floodinghasalso beercausing severe economic damégée communities and
people thereThe projectsd protectBelgradeagainstthe 1008year return period
flooding of the Danubeiver were first initiated inL972and finished inl989 The
completed projectdnclude he reinforcement efforts on the river bankke
construction of new embankments, and three small water reseslanmg the path
of the Danuberivef Kr y ganowski et al. 2014)

Furthermore the consequent flooding itne Ichinomiya river basin in Japan has
causedsevere and destructive econondi@mageto communities livingin those
areas To reduce the risks and decreasefthancial losses many plansincluding

the improvement in theonveyanceapacity of the river anidicreasinghe height of

the embankmentfiave been implemented. However, noreswuccessful enough,

as the flood in September 1996 showed. Thus, a decision by the provincial
government was taken to implement three extra structural measures that anclude
further increase in the embankment heights, smoothinguviiebedto decreaséhe
resistanceand construction of four retardimgservoirso store flood water during
theflood peak timeDutta et al(2006)showed thathe newly proposed measuas

the Ichinomiya river in Japacouldsignificantly decrease floadsk against 50and

100-year flood eventand reduce tharban and agriculturéamage$€y 70%.

13



Although structural measures have shown to have the capacity to control the flood
and reduce the associated risks in many regionspmesituations using solely
structural measures i®t enough Thus it would require structural efforts to get
combined with non-structural flood control measutesuch as efficient land
planning, land regulation, development of flood awarenasd an early flood

warning system to reduce the damages significdKiyndzewicz 2002)

The Ministry of Agriculture and Forestry (MOAR)f the Republic of Turkey has

also developed severaflood management plans toeduce economic and

environmental losses due twmnsistentflooding eventsthroughout the country

Based on the 2019 report the MOAF(Serdar Ozcan 2019ood riskassessment

and management planfor Yesile r ma k , Ant al ya, Susur |l uk, Cey
basinshave beercompleted Appragpriate structural and nestructural measures

have been taken into actiofor exampletheSakaryaBasi nés f |l ood managen
and risk assessment plan agaas00-year return period floodave beepresented

The project's first stagavolvedidentifying the area at risk andseveral structural
measuresincluding widening the river bedspnstructingseveral retardinglood

detention basins, and reinfarg the hydraulic structuresAlso, in the flood

management plan of the Sakarya Basin in Turkey, alotigthestructural measures

mentioned abovehe nonstructural measures have been adapted, sumheaflood

early warning system in the center of Ankall@aningand restoration worksf the

river beds, and flood awareness efforts

Additionally, in Northern Cyprugn recent yea, limited efforts have been matde
idenify the areas at risk of flooding apdoposehe appropate flood management
strategies. For exampl#ood mitigation measures for the northern part of Nicosia
and Gnyeli town are identifiedn an extensive study by a i f (@QJ18) in that
study, thanflowsto theKanlikdy andGonyeli reservoirshave beertollected from
the hillside of the KyrenidMountairs. After paseng fromthereservoirsthey flow
throughGonyeli town andhenorthern part of Nicosia towrnThe hydrologic process
of the flood modkis simulated with the help dhe HEC-HMS modeling tod to

14



generate the outflow from the ungauged reservoirs. The generated satféothen
definedin the1D- MIKE 11 and2D- MIKE 21 to createthe flood maps of the area
under different floodingcenariosTheidentified andproposed structural measures
that are capable of reducing the flood riskz6nyeli town andhe northernpart of
Nicosia consist othe construction ofa new reservaiat the upstreamside of the
existingKanlikdy reservoir increasing the crest elevat®of the existing ®@nyeli
reservoirand its capacityand restorationf the creeksThe implementation of these
measuresiasshown tohave theability to significantly protect the northern part of

Nicosia against eventgp toa500-year return perio@Zaifoglu et al. 2019)
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CHAPTER 3

HYDROLOGICAL ANALYSIS METHODOLOGIES

This chapter explains the adapted methodologies for hydrological analysis
consideringifferent parametasrandthe availability of the data sets ftine Dikmen

Basin

3.1  Hydrological Analysis

The primary goal of hydrological modeling is to crefdes hydrographs for various
return periods while accounting fare extremeainfall eventdo provide inputs to
the hydrodynamiflood modek. Due to thdack of streamflow data in the Top, Mid,
andLow subbasin catchments, the upstreflow input to the hydraulic model is
generatedby creating rainfatrunoff models using HEGCHMS hydrological
modeling toos.

3.1.1 DesignRainfall Hyetograph for Dikmen Urban Area

The rainfall depth that would occur witlgaven occurrence frequencypotentially
considered as a base value for the design of a strpafuihis referred taasdesign
rainfall. The design rainfalls for threenarios (50 100, and 508year event$

were chosen to reflect highmedium, and low probability instances in this stuthe

high probability rainfall design values angore commonly used in the design of
hydraulic structures. However, to reflect the extreme cases of flooding that would
occur rarely, 10§ear and 50§earevents,which areused to generatmaps with
higher associated riskare also considereth the first stage ofonstruding design
rainfalls,a 24hour rainfall distributiorcurvewasderivedfrom recorded rainfall data

sets for the Bjaz station betwee?2010 and 2018The recorded rainfalls are filtered
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so that only the rainfall depth witlgreatewaluethan 10 mnis considered to create
arepresentativaourly distribution of the rainfallAccording to rainfall recordand
generated average distribution cusfe®wnin Figure 3.1, around 80% of the rain

falls in the first 8 hours after the storm begins, with the rema®dig falling in the
next 14 hours
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Figure3.1 Average Daily Percentage Distribution of the Recorded Rainfall
B o] &tation

Furthermore, to generate the design hyetograph that can be tiksedydrological
model, the anual naximum dailyrainfalls for each scenario (5@ear, 100year, and
500year)areadaptedrom Zaifoglu et al.(2018) Herein,B o0 | stationis selected
as a representative station due to the closeness to the study area.
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3.1.2 Hydrological Model Development

To convertthe design rainfall to runoff, a model to represent this process is
developed with the help ofHEC-HMS software developed bthe Hydrologic
Engineering Center dheUS Army Corps of Enginee(HEC-HMS 2022) To have

a functioning model,a basin model in which variougessential catchment
characteristicsand setcted loss and transform methods need to be specified.
Furthermorethe model also requires a meteorologic model and time series data
componentgo introduce selected hyetograph with appropriate time incresfmant

different rainfall scenarios.

Moreover various loss methods that calculate the losses due to different faatdrs

as soil infiltration, evaporation, and other obstaatesstbe selected. The available
loss methods in the HEAMS areGreen Ampt loss methodSpil Conservation
Services CurveNumber SCSCN), and initial and constant losmethods
Furthermore, the transformation of the rainfall and generating runoff models can be
performed using different methods. For example, the most common transformation
methodsin HEC-HMS are Soil Conservation ServiceSC9, Cl ar ko6s, and Sny
unit hydrographmethods The aseflowthat shows the prior stored precipitation in

a watershed¢an bemodeledusing different available methsds wel] such aghe
constanmonthly-varying baseflow value niigod, exponential recession model, and
linear reservoir volume accounting modkl. the meteorologicalcomponent, the
properties related to meteorological conditions of the catchrtikatgrecipitation,
evapotranspiration, temperaturer even specifiechyetographscan be directly
introduced HEC-HMS 2022)

The methods listedbelow are chosen tgerform the analysisand generate the
rainfall-runoff components of the Dikmen study area. The selection of the methods
is based on the availability of the information and data sets, practjcahty
suitability of each method based on tlienate and meteorologic conditions of the

basin.
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3.1.2.1 SCS Curve Number Loss Method

The Soil ConservatiorCurve Number (SCSCN) method was initidy developed in
1954 and has been revised many tim®s the Soil Conservative Services US
Departmenbf Agriculture. The method is widely used becaus#sadimplicity and
ease of applicatiom modeling the rainfalfunoff process ilingauged watershed
(Mishra and Singh 2003)Besides, the method igne of the mostcomnonly
practicedloss method in hydrologial analygs (Ponce and Hawkins 1996]he
SCSCN methodestimateshe excess rainfall volume from the catchmestéollows
(Mishra and Singh 2003)

0 O

L 1
S @

C

wherel is the amount of excess rainfalhdd is the amount of accumulated rainfall
depth in timet. Furthermore;O s theinitial abstractionwhich is the total sum of

depression anthterceptioncan be expressed as follaws
0 T®z"Y @)
where"Yis the maximum potential retention.

Furthermore, the relationshijetweerfinding excess rainfalb can be expressed as

follow:

I
° T iy ©

To obtain™Y curve numbed Uof the watershed can be entered in the equédipn

VT TITT
C",, CuLT (4)
6 0

0 U for catchmentcan be determined based on the soil properties and land use
characteristicsin a watershed.Generally the soil is categorzed into four

hydrologicalgroups starting from Awith low runoff capability to Dwhich haghe
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highest runoff potential among other grou@¢RCS Staff 2009; Mays 2010)
Furthermore, in the catchment with different soil groups and chasdictethat have
different CN vales, a corposited 0 valuefor the basircan be calculated

as follows:

. Bo 260 -
ov Bo

where0 is the area of the sutatchment witha homogenousurve numbei 0

value

3.1.2.2 SCS Unit Hydrograph Transformation Method

The unit hydrograph (UH) developed by the Soil Conservation Service (SCS) is a
dimensionless hydrograph created from the analysisanfywatersheddn the unit
hydrographUH procedurethe assumption is that disarge at any given time is
proportional to the runoff volumd&hetime factorsandthe effecton thehydrograph
shape are constarthe dimensionless UH is useful in estimating the runoff value
from an ungauged catchmenMany agencies recommenthcilitating the
construction of a synthetic USNRCS Staff 2007) The equation needed to generate

a UHfrom an ungauged catchmestgivenas(Mays 2010)

- G8U P
L 5 (6)
where0 in m¥/secrepreserd the UH peak discharge from a watershed, while

0 ando represent the catchment area inkand time to peakn hr that

indicatesrisetime to the peak of Uldespectively

To calculate the time to peak  (hr):

0 — Y (7)
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Here,”Y represergthe excess rainfall duration in FilY in hr isthetime needed

to reach from the center of the mass of the rainfall excess to the peak discharge and

can be calculateds follows:

”n 8 o 8
0°Y
Y —.‘ps (8)
p WTY
wherel is the mainstream channel length iri'fts themaximum potential retention
in inches and"Y is the mean slope of the catchment ane@6). Furthermorethe

“Y in hr can be calculated as:

Y p@& Y 9)

Yo=Y (10

Qlc

Herein,the timeof concentratioriY in hr is thenecessaryime for a particle to travel
from the hydrologically most distant part of the catchment to tegmitedoutlet

point.

3.1.3 Reservoir Routing Process

One of the most extensively adopted structural measures is reservoirs to prevent and
reduce the generated risks of flooding on river channels, levees, and floodplains in
metropolitan areas. This method lowé#ns kinetic energy of flood waves, lowers

the flood hydrograph, and delays the arrival of peak flood disché¥gdsrov et al.

2016) Furthermore reservoirscan help limit streamerosionand provide some

pollution controland maagemen{Yanmaz 2018)

In a flow system, detention reservoirs hold inflow watéthen the reservoirs'
storage capacity reaches its maximum capacity, excess flow is releaseoubhet
such as an emergency spillwaybottom outlet pipe The presence of water storage
systems can help ttelayand reduce peak dischard#owever,inflow hydrograpls
generatedrom ahydrologicalmodelareessential to design and test #f&ciency
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of one ormorereservoirsin a system(Yanmaz 2018)The outflow curve routing
method in HEGHMS s designed to represent a reservoir with a known relationship
between the storage capacity and the outflow(HEC-HMS 2022) However, this
methodallows the lump sum representation of all the discharges irgmgie
storagedischarge relationshifghis model is based on the conceptarftinuity, Eq.

(1) (HEC-HMS 2022) Furthermorea storage method for representing the primary
relationship between thstoragestage andstagedischarges needs to be defined
appropriately after selecting the appropriate routing methloeln the model needs

to provide the initial condition of the resemostagestorage curve, and storage

discharge curve relationships

The stagestorage relationshiplefines the volumetridifference forthe changes in

the elevation of theeservoirasafunction of storage3 ) in n°, surface area () in

m?, andwater elevation from the bottom of the weir § in m (Akan and Houghtalen
2003) The samerelationship between the storage capacity and elevation of the
reservoir can be generated usihgArcGIS 3D-Analyst tool.

¥3 0 .
—_—Aa ) 11
76 ) 0 (11
E E -
- = I 1z 12
3 3 = ! ! ! [ (12

In the continuity equatiq%— represerdthe rate of change in reservoir storage

) inflow, and0 s theoutflow from the reservoir

Furthermore,n the case of consideringne or multiplebottom outles, the stage
discharge relationship due the existence of amwrifice-type bottomoutlet system

can becalculatedhs
0 0O M (13
where

0 Discharge —
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0 Dimensionless orifice discharge coefficient.

&  Orifice area |

"Q  Gravitational acceleration—

"Q  Depth of water above the orifice centdr

Moreover, thestagedischarge relationship of detentio@servoirin a system with
sharp crests djways emergency evacuating systeran be expressed #&Slays
2010)

T 20" (14)

C
o
alNn

where
0 Discharge from the spillwayé'i—U

0 Dimensionlessllway discharge coefficient
6  Crestwidth &
'O Head above the crest level

In the outflow curve routing method, a lump sum of the total dischaigethe
different stages of the reservoirs can be expregsed Eq. 15 In that Qumis the
total amount of the dischar@@m the orifice-type bottom outlet and the emergency

spillway con@rningthe changes in the elevation.

The established staggtorage and stagdischarge relationshipsand initial
conditions for each reservoir at the beginning of the storm égantfull reservoir
or empty reservoir), need to be inseriatb the model.In the case ofa multiple
reservoir systemhe outflow curve from the first reservaian be useds inflow to
the nextone. The processontinuesuntil the lastoutflow hydrographs generated

from the outlet of the last reservoir in the syste
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3.2  Processing of theDigital Elevation Model (DEM) for Floodplain Area

The flood modeling and management procé&ssan urbanizedareais a global
challenge (Cea and Costabile 2022), owingdoousphysical obstacles such as
roads, buildings, pondsic Theaccurataepresentation of the ground conditions

a modelin the form of topographic data formataninfluencethe environmental
processin a model.On the other handacquiring high-resolution and precise
topographic dates expensivaandis one of the most challenging padfsdeveloping

a flood model in a 2D environmerdeverthelessin thisresearctstudy, thelocal
mapping authorities provide the topographic data sets for the studiynaesnned
contour maps for every 5 m. The first stage was to digitizpdherbasednaps into

the digital format of the Digital Elevation Model (DEM), using the topo to raster
method Topo to raster function in ArcGI$ specifically designed to work
intelligently with contour polylineso generate digital map This method also aids

in the creation of DEMs that are hydrologically accurate and have proper drainage

structures for accurately portraying strea(htabib et al. 2020)

However,sinceDEMs only depict bare ground, a Digital Terrain Model (DTM) that
includes buildings and roads is preferable for a more accurate reptése of the
metropolitan area in flood modegaifoglu et al. 2019)Therefore, the buildings'
footprints and roadaereprovidedby the authorities, which were then usedlter
the DEM andgeneratehe finalDTM for the study area.

The first stage was to check whether the final DTM result was hydrologically
accurate and free of siskhat could causealculationmistakesFor that reasarthe
raster analysisvas performed using the availablehydrology tools in ArcGIS
softwareto fill the potential sink points generatea flow direction raster, flow
accumulationsnap streammetwork and perforncatchment delineatiofrinally,the
catchmergwere processetd deteminethegeometric and surfaaaracteristicef

the Dikmen basin.
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CHAPTER 4

HYDRAULIC ANALYSIS METHODOLOGIES

This chapter shows the mettobagies adapted in developirge flood model. The
2D-flood model is generataasingthe HEGRAS software for hydraulic modeling
and inundation map generatidfurthermorethe proposednitigation measures are
tested for flood protection in Dikmen urban a&ea

4.1  History of HEC-RAS

HEC-RAS is among the first windowsased software developed by the Hydrologic
Engineering Center (HEC) ithe early 1990s. HEERAS, which stands for the
Hydrologic Engineering CentérRiver Analysis Systenwasfirst releasedn 1995

as a replacement to the HE2Cwith the capability to perform relevant calculations

to determinghewater surface profile in a river system.

Since then the capabilities of the HEGRAS modeling tools have grown
significantly. The earliest version of the software was only performirgtéady
analysis However the2001 January release of version 3.0 included the computation
concerning 1Bunsteady analysig-urthermore, with the release of version 5.0 in
2016 HEC-RAS gained the capability to perform 2D analysis systems whiah is a
exeellert tool for flood analysis iralocation wherehe flow directionis difficult to
determine(Alzahrani 2019) HEC-RAS V5.0 had some limitatianin terms of
modeling bridges and kyaulic structures into a 2D environmeHbwever with the
release of the HERAS V6.0 most of those limitations areow emitted. The
currently freely available HERAS version is V6.2, released in March 2022 not
only performslD/2D steady/unsteady analysis systems, but can also perfornmrain o

grid watershednode| modelng the hydraulic structures inside the 2D aread
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generate risk hazards mapgh the help of the Raster Calculator embeda@tin
the RASMapper tools in HC-RAS (HEC-RAS 2022)

4.1.1 1D HEC-RAS Flood Inundation Modeling

41.1.1 1D7 Steady Flow AnalysisTheoremin HEC-RAS

The early version of the HERAS could simulatethe flow inside a channel in a
steadystate gradually varied manner. The steady flow state descabeondition
that aflow does not undergo any changes with time, meaitiognstantly flows
with the same magnitude. On the other hand, gradually varied flow states that the
water surface profile of the flow is not changing with the changes in distance. The
water surface profilealculationin a steady state is performed by solving the energy
equation between twaerosssectiors in a channelknown as thestandard step
method Theenergygrade linein Figure4.1 governsthe steady stateetween from
upstream crossectionto the downstreararosssectionof the flow, and its equation
can be expressed as follows:

| W . W

w

Q 1
0 ) 0 (15

where® andd are the elevatiasof the channel bed from a hypothetical datum
line,® and® illustratesthe water surface elevation from the channel tiedand
w arethe flow velocity, Qis the gravitational acceleratian,is velocity weighing

coefficients and™Q is the headloss between two cross sections.

Furthermore, the losses acthannelarecomprised of the losses due to frictiamd
contraction and expansion of the channetwo consequent crosectiors. The
headloss can be computed as:

| ® )

., . ., 16
Q 0 6 0 0 (16)
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wherethe 0 is theweightedreach length of the channgY, is the friction slope of

the channel, and represerdthe loss coefficients of the contraction or expansion

between two crossections.

al, ~"~---Energy Grade Line
S T-~ he
=g
v b
; bl
2g
el Bottom
Y1
Z
Z1
| Datum |

Figure4.1 Energy Equation Representati@runner 2016b)

Moreover, he weighted reach lengilh is obtained withEq. (17) usingthe left
overbankd , right overbankd , main channel  distances, and the flow
average® ,0 and0 in left overbank, right overbanknd main channel

respectivelyBrunner 2016)

: . TT ,T 7,‘ n

4.1.1.2 1D7 Unsteady Flow AnalysisTheoremin HEC-RAS

The assumption that the flow is moviinga steady state is usualigaccurate with
the natural channel flowt usually flowsin unsteady state conditions. Unsteady flow
conditionis the state in which the flowarieswith time. Furthermore, the routing

process of the unsteady flow is the process of datergrthe flow depths and

27



amouns in different locations othe channel at different tinsIn other wordsthe
flow velocity, water depth, and discharge amount are all functions of the distances

between two crossectionsalong the channel pathsillustrated inFigure4.2.

In HEC-RAS, the routing process of 1D unsteady flow is perfed by solving the
SaintVenant equationslso know as the ShallowVater Equation(SWE), which
Barre de SainVenant first developeuh thelate 1800gAlzahrani 2019)The SWE
is based orthe conservation of madsq. (18), andconservation of momenturi&g.

(19), when applied to a small control volume of flunda system

Cross-Section A =

Figure4.2 Unsteady State of the Flow Routi(@lzahrani 2019)

v Y

A 18

Yo Yo 1T (18)
YO YO Ya
U d @ 2 - 19
Vo Yo P oy Y T (19)
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In these two equation8, is the discharge rat8, is thecrosssectional area of the
channel,0is the time,wis the horizontal distance along the channel patis, the

sink term,w is the flow velocityin the channel'Qis the gravitational constanty

represerdthe friction slope of thehannel andg— is thesideslope of the channel.

4.1.2 2D HEC-RAS UnsteadyFlood Modeling Approach

In the 2D HEGRAS modeling approachtihe fundamentalconcept is tadiscretize

the channel or river plain with the adjacent plains with a collection of individual and
connected cells known as grid cellscomputational cells. Each computational cell
contains various hydraulic informatigsuch as the topographic elevation, roughness
valug and slope frictions of the ground surface. The-guth bathymety approach

is used in HECRAS. In this approachcompuational grid cellsareformed froma
combinationof multiple GIS grid cells shown iRigure4.3. A GIS subgrid cell in
HEC-RAS containsa unique elevation value of the groundl collection of these

cells can make up a terrain model representing a digitized ground condition model
(Alzahrani 2019)
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2D Flow Cell

River or Channel

Figure4.3 Computational Grid Cells and Su@rid Cells(Alzahrani 2019)

The subgrid bathymetry approachseferredo be usedo enable the use of coarser
grid cells even with higinesolution topographic data seffie computation time and
model size increase significantly if finer cell sizes are usadhermore, even with
the coarser computatiaof cell sizes, the hydraulic propertiesuch as hydraulic
radius, volume, andcrosssectional area can be computed tbugh mass
conservatior{Brunner 2016)

In the 2Dmodelwith unsteady flow conditionghe continuity equatiois altered

with the assumption that the flow is incompressible;

TO 1T Q6 T Qo
ro 1T ow T @

n (20

where’O represergthe water surface elevationjs time,"Q is water depthr) is
the source flux® and 0 representhe velocity components in both x and y

directions respectively.
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However, when péorming the 2DHEC-RAS analysis, the user can select among
the two availableequatios: The Shallow Water Equation (SWEand Diffusion
Wave Equation (DWEJHEC-RAS 2022)

4.1.2.1 2D - Shallow Water Equations (SWE)

The 2D Shallow Water Equationgsvenas(Brunner 2016)

For xdirection:

0 0 0 Z"O 0 0 N
T : (')T : L‘)T ! A -0 T—. T—, wo B (21

For y-direction:

—a

— 0 — U0 — — QU B (22

TU T 0 O o Tuo 1o
- 0 —
0 ) W T W Tw Tw

In Eg.s(21) and(22), v is the vetical Eddy viscosity coefficiento is the bottom

friction losscoefficient and’Qs the Coriolis parameter.
Vertical Eddy viscosity can be calculatedBsunner 2016)
0 O Qo (23

where O is the emfrical nonrdimensional constand, is the shear velocityand

"Q is water depth. Furthermore, shear velocity can be compBtadner 2016)
0 QW (24)

where'Y is the hydraulic radius ira crosssectionareaand™Y is the energy slope

value.

The bottonf r i cti on coef ficient cegoatdme cal cul at

~ & s
w
Y

(29
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where¢ is Ma n n i roughaesscoefficient, w is the flow velocity, andy is the

hydraulic radius.

4.1.2.2 Diffusion Wave Equation (DWE)

TheDiffusion WaveEquation isasimplified version of theSWE equationin which
inertial terms are neglected in the horizontal momentum equdtf@Diffusion

Waveform of themomentumequation becomes;

_— n"o (26)
YO -
Both sides are divided with the square root of their norm for simplificatibanT
the equation can be rearranged into a more classical form
YO ~ n0
w z (27)
SN ORY

where w represers velocity vector,Y is the hydraulic radius}O is the surface

elevation gradient, aridis Manning'sroughness coefficient.
Furthermore, thdiffusion wave equationan be expressé@8runner 2016)

O
T_b nzfno A T (28

wheren is differentialoperational deand can be computeds:

V'O -
EQNO S

(29)
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4.1.2.3 Selection of the Apprgriate Equation for Analysis

In HEC-RAS 2D modelng, selecting the appropriate equation for running a
successful simulation and analysis depemdyarious factors. Howevea general
guideline is presged in the user manugEC-RAS 2022)or selectingan equation
for the 2D analysis. The SWE and DWE method can both generates nedtdlEC-
RAS. The main difference between these agoatiors is the model's file sizand
computational time stepn general DWE can run withcoarser time step3hus the
file sizecan besmaller To decide on the selectionthie computation equationirét,
the model should be simulated with DWE. After tleatecond model with the same
characteristic, only this tim&ith theSWEequatiomeeds tdeset up and computed
The outpus from both modelshouldbe comparedf there is a significant difference
between the resulthe model withthe SWE equation is likelynore accurate, and

future considerations ne¢al be taken accordingly.

However, regardless of the other situations, in somgueconditions that are listed
below, the user needs to always run the model with the SWE equatBeG-RAS
2022)

1. Ifthe purpose is to model a dam break or flash flmaalysis since the changes
in flood waves are very rapid in these cases.

In locations with abrupt contraction and expansion

Very flat sloping river system analysis.

If the model is inflenced by tidal waves.

In the case of modeling flood propagation.

o g bk WD

In the case of aiming to develop detailed velocityand water surface

distributiors at or near hydraulic structures.
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4.1.2.4 Selection of Appropriate Mesh Size

Appropriate mesh size among the mostrucialfactors in acquiring more accurate

simulation resuft. The selection of the computation celigstbe based othe terrain

and the flowof water in themodel Each cell can have three, foandup to eight

sides as shown irFigure4.4. The model cells are detailedosssections converted

into relationships between elevatianea, wetter perimeter, and roughneskies

The critical key in choosing an appropriate mesh sizs to ensure that cells are

capable enough tapture all the high points of an object tdstruptthe flow.

Another impotant thing is to consider the difference in the water surface elevation

level (WSEL). Sinceonly one WSEL value is computed in the center of céiks,

larger the cells, the further the valuescafculatedwater surfacesThus,smaller

cells need to be keted in cases with a very high slope aaccurately capture
the rapid changes in WSEL and flow velodiyfEC-RAS 2022)

N

Cell Face Points

/

N

Cell Center

7/

+ +

*

Figure4.4 Computational Mesh in HERAS 2D Modeling
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4.1.2.5 Selection of Appropriate Computation Time Step

The selection of the time steps for computation also @aysiportantrole in the
model's accuracyin HEGRAS, the time steps can be introducedwo different
ways(HEC-RAS 2022)

Fixed time step method, in which the simulation is performed with one single
time step assigned througit all the computation time.

The variable time step methbds two options to work witfUserdefined dates
table and time step divisors acourant numbemethod).

1 The userdefinedmethod requirethe user to introduce a table in the system
with a base computation time step and a divisor integer number. Adtethie
program will automatically divide the base time step with the diviBoetime
stepis consideredor the specific time and datebhis process requires much
information regarding the event and the system

! On the other handzourantNumber 6 is a dimensionless parametaat
can define the maximum time step that simulation can take to maintain the
model's stability( Ma (Ek o . 12 @ehe8a) in computational time step
selection, the time step should be less than the travetdmugredbetween the
two cells(Peng and Liu 2019Pepending on thequation that is selected for

the simulation, 6 selectionas a function ofvave celerity w , meancell

size ¥& , and computational time stepy"Y can be expresse¢HEC-RAS

2022)
0 |If the Shallow Water Equation EulerianLagrangian Method (SWE
ELM);
I 5 <~ p8 4EAS o8t (30)
Or
I vy Y 4EAS pa (31)

35



0 If Shallow Water Equation Eulerian Method (SWHEM);

f 8 ” pgt 4 EAS P8t (32)

If yv - 4EARE  psr (33)

0 If Diffusion Wave Equation Method (DWE);

If 6 5 &t 4EAD u8t (34)
Or
i vy - 4EA opm (35

4.2  Flood Model Developmentfor Dikmen Study Area

This section describes developing a 2D HEAS flood modelalong with all the

necessarparameters for the Dikmambanarea.

4.2.1 2D - Flood Model Development in HECRAS

4.2.1.1 Computational Mesh Generation of the Study Area

Thefinite-volumeschemecan be used in the HERAS 2D modeling process. This
algorithm allows the creation of computational meshes that have multiples from 3
side meshes uf sides. Thanesh sizecan be entered in the model based on user

preference (e.g., 5 m5 m) The automated tool divides the 2D area polygoners

36



the areaand creates computational meshesshown irFigure4.5. The polygon's
boundariesaremorerelated to the area of interest, previously performed trial model
simulations, and the DEM information to indicate the potentfédlyd-prone area
However, once the initial model is created, the boundary of the meshes can be
extended or trimmed based the needThe coverage of thennecessargrea can
increase the mesh elementemputational timeand file si2. In the model, 2D
areawith a perimeter lengthof 8.5 km andcanarea of2.30 knt is drawn around the
studyareato simulatetheflow. Then, theautomated mestool created 118593 total
cellswith anaverage face lengtf 4 mandacell sizeof 19 n?. Later in thecreated

mesh some adjustment and refinement reggadded tqrecisely capture the high

and low points of ground in terraiffhis processwas performedy addingthe
breaklines along the existing hydraulic structures or in locations where elevations
are chaging more rapity (e.g., along the center of a channel, road, perimeter of a
pond or buildings etc). This helgdthe modeto capture the variation in elevation

to agreatextent Also, some regioamay require finer mesh sizekhis can belone

by creating a refinement region, where smaller cells can be introduced for higher

accuracy in wateglevation.

The building informabn wasentered into the model as blocks with elevation, based
on the building footprints that were provided to the authorghby.and Registry
Office in Northern Cyprus.The provided building informationvas definedin
ArcGIS software. Therthe original DEMwas modified to obtaia final DTM with
building footprints About 939 polygos for the buildings and structuregre added

to theterrain as shown irFigure 4.6a. However, based on the google images of
2018 some modifications were made ttee buildingsusing themodification tools

in RAS-Mapper by addingome missindpuildings to the DTMas shown irFigure
4.6b.
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Figure4.5 2D - Computational Mesh Area of Dikmen Study Are
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Figure4.6 Building Polygons

4.2.1.2 Boundary Conditions Data

A 2D model requireaset of boundary conditions datacludinginformation about
incoming flow into the computational mesh and outgoing from the mesh. In this
model,four boundary conditiondBCs)wereintroduced to the model fahe flood
modeling analysisThe threeBCswere considered toontain the hydrogragtthat
bring water into the systeffrigure4.7). Lastly, thedownstreanBC representshe
waterthatwould exit the syster(Figure4.8).

For the model, the hydrograpasthe outlet of each stiimsinresuling from the &'
December 201&lood eventwereentered asninflow in the threeupstream BCs.

Meanwhile,normal depth is selected for the downstream boundary condiéinds
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a friction slopevalueof 0.029 isdefined as aownstream boundary condition (BS
BC).

Figure4.8 Down StreanBoundary Conditions Locatio
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4.2.1.3 Land Cover Classificationsof the StudyArea

Layers of land cover determine how resistant floodplains areeftow of water in

a region.The land cover layerare globally available in raster formfatr different

locations For example Corine Land Cove(EEA and JRC 2011fpr Europehas a

resolution of 100 x 10&n. However, due to the low resolutions in cell size, in this

study; |l and cover | ayer or manningds roughr
urbanized map's footprints containitige roads, cultivated landand residentials

Ma nni n g 0 s coeffwiargfor diesest type of land coveragare taken from

Chow (1959) which arelisted inTable4.1. Theyare selected as initiMla nni ng 6 s

roughneswalues and entered into the model.

Table4.1 Manning's Roughness Coefficient basedldferent Land Cover

Manning's Roughness

Land Cover Type Coefficient, n

AsphaltRoads 0.013
Cultivated Lands 0.040
Residential Zones 0.080
Concrete Channel wittihe stone wall on the side 0.0

42.1.4 Calibration of the Flood Model

The calibration othe model is required after thaevelopment of thaitial model.

This can only be achievelly altering somemodel parameterso lower the
differences between the observed and modeled@ataof tle most commonlysed

method in calibating the 2D flood models hangingMa n n i roughdess valie

This method haslready beeradoptedand has given acceptable ressltin the
literature (e.g., Mai and De Smedt 2017; Zaifoglu et €@019) Manni ng o s
coefficients of roads, residential areas, and cultivated land are chosen for calibration
parameters in this studySince there is nstreamflow gauging stationin the

catchmentandno record of thavater leveldor the 2018 referendéood, only the
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observed inundation map of the 5th December 20i8adas he referencenapfor

the calibration The Dikmen Municipality officials created the reference map after
the eventand providedt to the authors. However, since there is no otfeserved

data of the recorded event, the validation process of the flood model was not possible
The editing features in RABapper allowa user to create calibration polygons and
specify and alteM a n n i valge$is the calibration polygonrBherefore, the model

can beesedif outputsmatchcloselywith the reference datavhich is theobserved

flood extendhemap ofthe2018Flood event

To check the correctness of the model and find the difference between the model and
observednaps the relative error Y Q betweerthemodeled"06 ) andobserved
floodedmaps("00 ) can be calculateds( Zai f ojJ:l u 2018)

S0Q 4y 00,. ®

YO o~
0OQ 4 v

(36)

On the other hand, if the flooded region is ev@runderestimated in the model, the
fitnessrate"™O  between the two mag=n be usedHerein,"@® is the aredhat
overlas and iswet both inthe observed and modeled flood extend mépss
computedas(Madhuri et al. 2021)

G

0 2 b
&Ly &b.m &L, P (37

Furthermore,’O valuesrange from O (indicating no match) to 100 (perfect match)

between the modeled and observed flood maps.

4.2.1.5 Flood Hazard Assessment Methodology

In flood management hazard is usuallgefined as the main source of potential
harm and a situatiothat can leado losses. In this cas# meansthe potential of
causing damage to the communities aedple due tdlooding in an area. Many
factors must be considered while assessing the associated hanérélsods.
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Predictng the flood characteristics, particulaflow specifications in a floogrone
area,can be a good starting point. The main flow characteridtetsaretypically
more critical are the flow depthand flow velocity. However, a complete risk
assessmeraiso needs to cover other aspestsh as the social, environmentaid
economic aspest(Smith and Cox 2019)Neverthelessjn this study a more
technical approach is taken to determthe magnitude of flood hazards in the
Dikmen area under different rainfall scenarios, as the other agpeatballenging
to quantifyat this stage

To define the risks of a flood event, it essentialto identify and study the
characteristics of the flood (e.g., flood depth, flatbcity) in a floodprone zone.
One reasonably acceptetethod is to develop flood maps that produce data related
to flood characteristics using numerical modeling tools to predict and assass
vulnerable to floodsin a general sensg@edestriag, when theywalk or when they

are inside a vehicle @nhebuildings aremorelikely in theway ofharm and damage
due toflood. Thus the development of floochazardassessmentapsinvolves
peoplés stability against dlood waterflow, vehicleendurance in time of flooding
which canlose their stability due to friction, floating or sliding, and finally the
building stability against an incoming wave of flood which can impose significant
hydrostati¢ hydrodynamic, uplifting, debris, erosion ascbur force{Smith and

Cox 2019) The impact of severe flooding can babstantial. To assess the
vulnerbility of people either in their houses, cas pedestriam a curve was
developedwhich is known as the hazard vulnerability curVé@e curvellustrates
thethreat leved to the communitiegFigure 4.9) Thecurves also showhe limits for

the safety of peoplesehicles, and buildings against a certain levelladd depth
(Fp), flood velocity (Fv), andproductof Fp andFy (Smith et al. 2014)The product
result of b and F in m?/sindicates the upper limit for the combination of the two
parameters, whiledand F are showing the maxinmu upper limit of flood depth in

m and flood velocity in m/s respectively.
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The HEGRAS 6.0 modeling tool can generate flood risk maps based on the criteria
introduced inTable4.2, which can identify the area highly susceptible to threats and
test the efficiency of mitigation measures in reducing the associated risk of flooding

2.5 1

H6 - unsafe for vehicles and people.
All building types considered vulnerable to failure

H5 - unsafe for vehicles

and people. All buildings
vulnerable to structural damage.
Some less robust building types
vulnerable to failure.

H4 - unsafe
for people
and vehicles

H3 - unsafe
for vehicles,
children and
the elderly

H2 - unsafe for small vehicles

H1 - generally safe
for people, vehicles and buildings

0.0 1.0 2.0

in a particular area.

Velocity (m/s)

Figure4.9 Combined Curve of Flood Hazard Assessn{€mtith et al. 2014)
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Table4.2 Vulnerability Thresholds For People, Vehgland Buildings

Fo o Fv —
Level m  (mis Fo x Fv Description
H1 03 2 & N GeneralSafe for People, Vehicles, an
Buildings
H2 05 2 L Unsafe for small sizeehicles
H3 1.2 2 ey Unsafe for vehiclesshildren,and elderly
people
H4 2.0 2 p8t Unsafe for vehicles and People
H5 4.0 4 18 Uns_afe for vehiclg, people, andbw_
guality structuresaresubject to failure
H6 - - 1810 Unsafe for vehiclegyeople and buildings

are vulnerable to failure

4.2.1.6 Flood Mitigation Measures for Dikmen Urban Area

The main objective of this study is to propose solutions to the flood inundation
problemin the Dikmen urban areln this contextseveraflood mitigation measures
have been discussdgor example, the diversion of the flow from the Top-babin

to thewest side of the Dikmen town. However, considering a diversion canal would
create flooding to the industrial zone and town in the west of Dikmen. Thus, only
three structural meases areexamined for theiefficiency againstfloods with50-,

100, and 506year return pericgl The proposed solutions are also tested against an
experienced flood event on th8 6f December 2018. The first option is to assume
the current conditions in the Dikmen urban ameakept, and the flood modeare
developed for 5Q 100, and 506year return periagl For thesecondoption, a
concrete channdlavinga depth of at least 1.8 m aadvidth of 4 m is proposed to

link the flow comingfrom the Top andVlid subbasirs to the existing channel that
carries water from the Low stlimsin to the downstream of the study ataahe

third option, five reservoir pondgnoring the bottom outlet contribution and with
bottom outlet contributiorare consideretb be builtinside the Top and Mid sub

basirs to store theexcessflood water diring the peakperiod Herein, he
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effectiveness of the reservoissnvestigatedAs the finaloption, the channel in the
secondoption and the reservoirs in thi@rd option are considered together to test
their combined effectiveness against floodiRgrthermore, an extensive economic

analysis is performed to find the monetary expenses for implementing these systems
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CHAPTER 5

STUDY AREA DESCRIPTIONS

5.1 Dikmen Urban Area as Case Study

Flash flood usually occur wherextreme rainfalloccurs on high slope small
catchments. ltypically does not take long before it reachadexists the catchments
and causedamage. Thus, the severity level of a flash flood is not only dependent on
how much rainfall falls, bugalsoon other factorsincluding the runoff with high
velocity, thefast rise of water, antthe transport of sedimenthatmake these types

of eventshazardus( S§pi t al ar Dikenén urbdn .area2iOcatddant the
hillside of the Kyrenia mountain range in Northern Cypiubas occasionally been
subjected to flash flooddVith the increase in thexperience of more extreme
weatherrelated events around the world and Mediterranean region, the frequency of
occurrence of these events, especially flooding evenexpected to risas well
(Banholzer et al. 2014; Benabdelouahab et al. 209 recent flash flabevent

that occurred on thé™of December 2018 was one of the worst flood events that the
residents in Dikmen have experienced. The storm dasted for 10 hours and
caused severe damage to the structures, environment, and water restheces.
recordsn Boj azMeteorologicabtationshow that the ardsasexperienced a rainfall
depth of around 72 mm during 1®ours of rainfall.

The 2018 flood eventaused the collapse tfe crossing bridge, damaged around
100 to 120 houses, and polluted #rea's water resourcdsurthermore, it entered
the proximity of the DikmerPrimary School, which caused one of its walls to
collapse. The past experienced flash flood evieniorthern Cyprus, especialig
the Dikmen areacould beconsideredh warningthat the intensity and severity level

of these eventsave been worseningith time.
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5.2  Characteristics of the Dikmen Study Area

Cyprus islands geographically located at latitudes of 30.33 to 35.41 and longitudes
of 32.23 and 34.53t is under the effect of gpical Mediterranean climate with hot
summes and mild wintes. The island is the third largest in tesof surface area in

the Mediterraran seafter Sicily and Sardinia islangbklunt et al. 2022)Dikmen
(Dikomo) urban area is locatedtime city ofKyreniain the north part ofheisland
known aghe Turkish Republic oNorthern Cypruswhich has an area of 3251 km
(Atasoy 2011)Figure5.1 illustrate the global location of the Cyprus and Dikmen

basinonthe world andalocal map.

Streams

Figure5.1 Cyprus and Dikmen Area Location
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Dikmen urban area is locatexh the hillside of the Kyrenia mountain randeis
located at th latitude ofo vE ¢ ® @ . and longitude ofc oE) wg & @ %that
spans from the top hills of the Kyrenia mountains tontiagor highwayconnedcing
NicosiaandKyreniacities Thestudyarea is approximately 8 Krim sizeanddivided
into three sukcatchments (Top Sdbasin, Mid Sukbasin, and Low SuBasin) as
shown inFigure 5.2. The water from these three soatchments flowshrough
Dikmen's urban aredJsually,the streams in the Dikmen basin are ephemetath

implies thatwater starts to flown rainy seasons

The flood flow passe through the urban areand after crossing the highway
between Kyrenia andlicosia, it pours into the @nyeli Reservoir Currently, the
only channeld carry water from the Low stiiasin is a concrete mamade channel
with alength of 1.8 km. On the other haras, shown irFigure5.3, inside the black
ellipsethere is no channel to connect the Top and Midlzasgins to the downstream
side. Since henaturalpath of thecreekis impaired because of the construction and

thedensedevelopmenalong the path of the channel

Figure5.2 Dikmen Subcatchments Locations
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Top Sub-basn

Mid Sub-basn

Figure5.3 Existing Condition of the Dikmen Basin

The majority ofincoming water to the Dikentownis contributed by the three sub
basins located on the hillside of the Kyrenia mountains. The Togb&sibis the
largest inthe areaof nearly¢ E | and hasan average slope value of 41%hich
contributes highly to theofmation of flash floods in Dikmen. The Mid Sbhasin
with an area of nearly®E | has a relatively smaller aread anaverage ground
slope of around 42%. The Low Sdasin hasa surface area of approximately
™ E | and a average grounslope of 23%The population and housing density
are relatively densia the floodplain@ndalong the natural streams from the top two
subbasinsRecent flooding eventnd the subsequent damagaseshownthehigh
vulnerability ofspecificlocations to floothg.
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5.3 Climatic Conditions in the Study Area

Cyprus islandlocated in the eastern Mediterranean Seaahgscal Mediterranean
climate. The climatenthe islands mild in winter, with limited rainfalls However

the weathebecomesvery hot and dryin the summerThe island is made up of
complex topographyThe KyreniaMountainsrun parallel to the northern coagif

the island. Then Karpas Peninsula stavtich isone of the island's most distinctive
geographical characteristics. Besidég Mesaoria plaiesovers lowlying plains in

the island's center.HE Troodos Mountains cover the largest portion of southern
Cyprus's southwestern regsihese variations in the topograpblyCyprusdiffer

the meteorological characteristicsagreat atent( Zai f oj.l u 201 8)

The mean annual precipitatiom Northern Cprusvariesfrom location to location.
Typically it hasa minimum value of 260 mm in the Western Mesaoria Plainsaand
maximum value of 550 mm at the Kyrenia Mountain Ranges. The mountainous parts
of the study area in Dikmen can experience an annual meapif@gon value of
around 470 mmin the lowland, it can reach a depth of 300 mm inaydao | a z
rainfall gauging statiomvith a 300 m mean sea level elevatisrselected as ih
study's representative rainfall gauging statiime mean annual precipitat (MAP)
attheB o | @&tation from the recorded rainfalentsbetween 1972015 isfound
as400.5 mm(Zaifoglu et al. 2018)

One of the most remarkable flood ewetitat causedsignificant disruption and
damage to the Dikmen occurredthe 3" of December 2018. The recorigairfall

at B@ az station indicates thah the®" of December 201,8he area experienced a
10-hoursintenserainfall. The recorded holy rainfall shows that the rain started
aroundl pmand lasted tillLO pm Therainfall depth of 172 mmwvas recordedyhich

is very extreme considering the MAPBno | station. Moreover, thenean annual
maximum daily precipitatioMAMDP) of theB o | $tation witha100-year return
period is 171 mnfZaifoglu et al. 2018)which is lower than the experienced event
in 10 houran 2018
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5.4 Land Cover of the Study Area

In the hydrologicalanalyss of acatchment, understanding and analgzihe soil
characteristics is essential. The soil characteristic can influence the disomang
from a watershed to a great extent. For instantlee #oil in a catchment consssaf
layers with high infiltration capacities, thganinfluence thdlow values As a result,
the hydraulic model can prediatsmaller inundatiorareasince the runoff isower

compared tahe catchmentwith soils that havéow infiltration capacites.

Theproces®f identifyingandanalyzingthe soil types of the study area is performed
based on a mdpigure5.4, provided bythe Office of Agriculture in Northern Cyprus

( Zai f o].Based andtHis8npsilty clay loam, sand clay loamandclay loam
with loamy texture arene dominant soil types with low hydraulic conductivity and
infiltration capacity in Northern Cyprub General,109 types of soil series are listed

onthe map belowuniqueto Northern Cyprus

In the scope of this study, the soil type map for the study area is extracted, and a new
map given irFigure5.5 is formed. According téigure5.5, the dominant soil types

in the Dikmen sulbasins are Oermenlik, B o J i@, and Marno Kalkar. Since the

B o j i@ and Marno Kalkar soil types have about 33896 of day in their contents,

the catchments are susceptive to having a very high runoff potential which increases
the probability of the occurrence of flood events in Dikihepd a i f o . Beside® 0 1 8 )
the changes in land cover in the flood plain due to deforestation, urbanization,
industrial zone development, etc., may increase tbgquéncy of flooding and

consequent severe damages.
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To accurately consider the impacts of the different land covers on the flood
inundation map, Dikmeh o w lar@ sover is divided into fivdistinctivecategories
buildings, residential zonegcultivated lands,roads, andconcrete channes, as
illustrated inFigure5.6. There are 939 individual buildinga total area of 2.11 kin
identified asa residential argaandabout 4.60 krhareacoveredby thelands of

cultivation and agricultu

The study area has a chanweh alength of 1.8 km that passes through the Dikmen
center and carries water from the Low s#sin aredo thedownstreanpart of the
town. However, there is ntunctional channel to safely convey the collected water
from the Top sudbasin and Mid sulbasin apart from a 200 m chanoglstream of
the floodplain. After the channel ends, the watkarts to disperse in the Dikmen
urbanarea which has been one of the leadinauses of severe flood damage even

with a small rainfall event.

Top Sub-Basin

Mid Sub-Basin

|:| Sub-basins
- Marno Kalkar A.

Bogazici
- Dere Yatagi
0 F Etud Disi
| Tath Su

Figure5.5 Soil Types of the Sulbasins
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Figure5.6 Dikmen Flood Plain Land Cover

5.5 The Data Setsof the Study Area

The reliability of the data sets is critical for any analysis involving watdated
projects (e.g., water resources management, flood modelimy,the design of
hydraulic structures)in this regard having a dependable source of data that can
reliably estimate hydrological extremes is criti€abhbari 2020) However long-

term hydrological data records are still unavailable in many parts of the world,
particularly in areas where the so@oonomic repercussions of weathelated

events are significar{Srinivasan et al. 2015)

Therainfall dataweregathered fronZaifoglu et al.(2018) in whicha set of quality
control checks was done and showleat the rainfall series were qualitpntrolled,
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homogeneous, and complefdso, in that study, NrthernCypruswas dividednto

five homogeneous sutegions andthe meanannual maximum dailprecipitation
series(MAMDP) were used to determine the ppatation depthsorresponding to
different return periods ranging fromy2ar to 506year.B o J mainfall gauging
station with the coordinate of c vgJ y& v . latitude and longitude of

o oyt & T %is chosen for hydrological data representation since it is fairly close
to the study regionHowever, because the data is in the form of maximum daily
precipitation in (mm/24r), finer scaled data sets areededo simulate rainfall
runoff models.Thus,an hourly rainfall distribution for 24 hours encompassing the
observation period ahe 20102018 water years is calculatedingB o | laoarly
rainfall records. Finally,a 24-hour design hyetograph is constructetbr the

meteorological model irainfall-runoff simulation

Another kind of data that must be included for flood modeling is topographic
information regarding ground conditions. The digitrain model, or DTM, is a
fundamental component of ground data that can represent the reality of the ground
surface and calculate flood deptirsundation and risk asessnentmapsbased on
slope, drainage, and other surface feat(®esghi and Campo 2019)The recent
advancement intilizing high-resolution remote sensing technology has transformed
flood modeling However, still dtaining high pecision datasetswith very high
accuracy (e.qg. light detection and rangfbtbAR), aerial photography with drones,
hyperspectral, angyntheticapertureradar)arecostly(Yan et al. 2015)
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CHAPTER 6

HYDROLOGICAL MODELING RESULTS AND DISCUSSIONS

This chapter includes the results and related discussion regarding the hydrological
analysesand the formation of the needed topographic maps in the digital elevation
model (DEM) format.

6.1 Hydrological Modelling

6.1.1 Formation of Design Rainfall Hyetagraph

To create a design rainfaldl hyetograph f
distance of 3.5 km from the Dikmen center, is selected as the representative rainfall
gauging station. On the other hand, since the IntebsitationFrequency IDF)

curve of Bojaz station is wunavailabl e, t
periods (56year, 100year, and 50§ear) are created frorthe Mean Annual

Maximum Daily PrecipitatiofMAMDP) data sets given using the average daily
distribution of ranfall shown inFigure3.1. Furthermore, the 2018 Flood event storm

in Dikmen had a rainfall depth of 172 mm in 24 hours, and the observed hourly
distribution of the storm is given iigure6.1. Based on the recorded data, the area
experienced intense rainfall with a peak intensity of 56.2 mm/hr, which happened 8

hours after the rainfall started. The recorded rainfall of the E@&&] event showed

that about 63.4% of rainfall had fallen in the firshi® of the rainfall. Meanwhile,

the average daily rainfall distribution curve indicates that about 73.5% is expected

in the first 6hrs.

To develop rainfall hyetographs for high, med, and low probability cases, the
MAMDP series of Bp a z tio8is adopted fronZaifoglu et al.(2018) whichare
listed inTable6.1. Then, the hourly hyetograpfa 50-year, 100year, and 50§ ear
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storms are generated by distributing the MAMDP values based on the average daily
distribution of the Bogaz statiofsee Figue 3.1). The hyetographs are given in
Figure6.2.
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Figure6.1 The recorded Hyetograph of the Flood Dagin ] Station

Table6.1 Mean AnnuaMaximumDaily Precipitationof B o | Stationfor
Different Return Periods

Return Period MAMDP Occurrence Probability it
%
(Year) (mm/day) a year (%)
50 151.7 2.0
100 1710 1.0
500 215.1 0.2
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Figure6.2 The EstimatedAverageHyetographs oftorms with 50year, 100
year, and 50§ear Return Period

6.1.2 Flood Hydrographs Generation

6.1.2.1 Sub-basins Preprocessing in ArcGIS

Flood hydrographs under various conditions are used as the main inflow input into
the hydraulic model to generate floothps However, since the catchments in the
Dikmen town are ungauged, there is no record to show how much discharge
developed in each adtment during a specific timeTherefore, the outflow
hydrographs must be generated synthetically. One of the most widely used methods
to createsynthetic hydrographs from an ungauged catchment is the SCS Unit
Hydrograph method adapted in this study. Timsthod helps to develop flood

hydrographs based on the physical characteristics of the catchments. Hpneever,
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processinghe catchmentsopographic data was required to generate representative
hydrographs for different cases. In the process, depresssoDEMs are developed
with the help of ArcGIS processing tools. In that process, the Hydrology tools in
ArcGIS are used to obtain the necessary information related to the catchments.

In the first step, DEM for the Dikmen basin and the upstream catch(f@psub

basin, Mid sukbasin, and Low subasin) are generated using 1:25,000 and 1:5,000
topographic contour maps of the arEgyre6.3). Next, the sink pointsiithe DEM

that can cause an error in the processing are identified and removed using the Fill
tool in GIS. After removing the sink points, the flow direction raster is created that
shows the direction in which the flows are moving based on the topographic
characteristics of the groundigure6.4). Moreover, drainage networks are obtained
using the flow accumulation function of Hydro tools that can illustrate theaoath
number of cells that discharge into other cdlig(re6.5). Similarly, the slope raster

is created using the Surface function of the Spatial Analyst tools in Ar¢@8j&ré

6.6). The slope function calculates the gradient steepness from each cell of the DEM
raster. Based on the percent rise indication of the slopmabsa flat surface, and

100 percent surface has adégree slop€ESRI 2022)
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6.1.2.2 Sub-basinsHydrological Modelling in HEC -HMS

The generation of outflow hydrographs into the floodplain using the-&€S

method requires identifying a composite CN number that can be adapted from the
literature based on different soil characteristics. The soil map of thbasifb in
Figure5.5 shows that most of the soils inside the three main catchments (Top sub
basin, Mid sukbasin,and Lowsubasi n) are the soil types
Kal kar . Boj azi ci mghedclaj@mtents, wihich fesulésin higha v e
runoff potential. Therefore, the hydrological soil group (HSG) D is selected to
represent the soil types with the highest runoff potential among dthéra i f o] | u
2018) The other essential catchment parameters (i.e., slope, flow lengtharea)
obtained using the ArcGIS processiongls, andthesummary of all the information

needed to perform the S&84 method in HEEGHMS is listed inTable6.2.

Table6.2 Basin Characteristics Used in SCS UH Method in HHE@S

UH-Parameters  Top SubBasin Mid Sub-basin Low Subbasin

CN 89.2 90.0 92.1
S (cm) 3.1 2.8 2.2

S (%) 40.5 44.0 251
tiag (M) 0.19 0.18 0.12
to (h) 0.22 0.21 0.14
t (h) 0.04 0.04 0.03
L (km) 2.48 2.54 1.25
A (knr) 2.16 0.83 0.51
Qp (M¥/s) 20.75 8.4 77
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In Table 6.2, S representstpntialmaximumretention inthebasinL is flow length,

tiag iS lag time tc is concentratiortime in each basinA is thearea of thecatchment

Sh is themean watershedlopein percenttp is time to peakiris dfective rainfall
duration, andQpeak is peak discharge of UH'he design hyetograph of each storm
event with different return periods (séegure 6.2) and the generated basin
characteristics (se€able6.2) are entered into the HEBMS model to crei@ the
runoff hydrographs respective to different return peridasle 6.3 lists the peak
discharges resulting from various events for eachossim.

Table6.3 Peak Dischargesf Each SukbasinsCorresponding t@ifferent Return

Periods
Return Period Peak Discharge u(m?/s)
(Year) Top subbasin Mid sub-basin Low subbasin
2018- Flood 32.5 12.5 7.8
50 13.7 5.4 3.5
100 16.0 6.2 4.0
500 21.0 8.2 5.2

The outflow hydrographs generated from the hydrological analysis of eaeh sub
basins due to the occurrence of the 2018 Flood event in Dikmen are illustrated in
Figure6.7. Moreover, the outflow hydrographs resulting from hydrological analysis
of rainfall events with 5§/ear, 108year, and 50§ ear return periods are also given

in Figures 6.8 6.9, and 6.10, respectively. The generated hydrographs are then
defined ashe inflows into the 2D HERAS models to create the flood inundation

maps corresponding to high, medium, and low probability flood events.
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CHAPTER 7

HEC-RAS FLOOD MODELING RESULTS AND DISCUSSIONS

7.1  Hydraulic Modelling Results

In theDikmen town's flood modeling proceds$ different models are developed and
analyzed usingdEC-RAS software. The obtained outputs from the flood modeling
involve flood inundation, flood depth, flood velocity, water surface elevation layer,
and flood hazard maps for the observed 2018 Flood event and future flood scenarios.
As input for the bounds conditions, the inflow hydrographs corresponding to each

flood event are introduced at each 4asin outlet in the 2D flood model.

7.1.1 Dikme n 6 s i RdodE¥ent Model Current Condition

Flood modelghatcan predict the potential damagegloodingto the environment

and urban areawe costeffective too that helpthedeveloperecognizevulnerable

areas, design the infrastructsiead mitigate the damages accordingly. However, the
flood models' accuracy depends many factors,ncluding the accuracy of
topographiand hydrologicatlataand theexperience of the model develop&hus

model calibration is necessary to increase the accuracy of generated flood maps
(Huxley and Ryan 2016)

In this study, the initial 2D model of the 2018 Flood event was carried out using the

pri mary i nformati on regarding Manni ngos
indicates the resistance of the ground surface to the flood wateinifial values

are given inTable 7.1. The values are initially selected based on the existing
literature corresponding to each land cover identified and mappeldefdikmen

study areaTo consider the ground conditions in the model, the initial hydraulic

model in HECRAS was carried out on a DEM with a cell size 5h x 5m
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interpolated from a contour mayth the 5m contour interval. The obstacles, such

as house and buildings, are integrated into the model as blocks having different

elevations. This process was carried out based on the footprints of the buildings
provided by the local authorities. Later, it was compared with 2018 satellite images
of the area andhodified further to increase the reality of the building numbers and

locations.

Moreover, the computational time step of the initial model was set to 5 sec, the base
output interval to 10 sec, the Courant Numbej) (€ 1, and the equation were set as
SWE. The hydrographs resulting from the hydrological analysis of the 2018 rainfall
hyetograph in HEGHMS are entered as the upstream boundary conditions for each
subbasin into the D HEC-RAS modelMeanwhile, the normal depth indicating the
channel bed's friction slope with a value of 0.02%é$inedas the downstream

boundary condition.

The observed flood extend map of the 2018 Fleeehtin Figure 7.1 was taken as

a reference for the calibratigmocess of the flood model. The map indicates that the

recorded observed area by the authorities is arOuttikm?. After the successful

computation of the initial model, the result of the 2D model showed a close

correlation in the goodnesd-fit statigics between the modeled inundation map and

the observed flood map for the 2018 Flood event. About 78 % of the flood extend

map in the initial attempts was captured, as givérainle7.2. However, the relative

error (RE) between the two maps was around 0.042. In order to increase the
overlapping between two maps and decrease the RE rate, the calibration process was
carried out by al ter i nefficiehto(sea Figurbl&2hni ngdés r oL
residenti al areas and roads, andablehe calibr
7.1. In the calibration process, the 2ZEEC-RAS model was run with modified

roughness valuesind the results were compared with the observed flood extend

map. The comparison results of the final model and the observed map in Table 7.2

indicate an increase in goodneadditness statistics, umpt84%, and a decrease in

the RE to 0.015. In the end, a significant part of the residential areas, Dikmen Primary
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school, roads, and cultivated areas were flooded during the 2018 Flood event, as

shown inFigure7.1.

Table7.1 Manning'sRoughness Coefficiemt

Classifications Uncalibrated n Values Calibrated n Values
Cultivated Areas 0.04 0.04
Residential Areas 0.08 0.090.11
Roads 0.013 0.0145
Channel 0.03 0.03

Table7.2 The Differences Between Observed and ModeXl@ti8 FloodViaps

The Goodness of Fit Statistics

Flood 2D Models Amocelied (KM?) RE F (%)
Uncalibrated Flood Model 0.4 0.042 78
Calibrated Flood Model 0.460 0.015 84

The statistical result between the modeled inundation area and the observed flood
map of the 2018 Flood event indicates that the model can sufficiently reflect the
reality of the flood extend map. Thus, considering the calibraizdHEC-RAS

model, relativenaps showing the inundation, maximum flood depth, and maximum
flood velocity map of the 2018 Flood event gieenin Figures 7.2, 7.3, and7.4,

respectively.
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Flood Inundation Map

Figure7.2 2018- Flood Inundation Map
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Figure7.4 Maximum FlowVelocity Map of the 2018 Flood Event
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7.1.2 50, 106, and 500-year Flood Maps For Current Condition

The2D HEC-RAS features allow flood map generation based on the inputs provided

to the model. After successfully calibrating the model, the calibrated model was

adapted as the base for future prediction of floahts/with different return periods.

The hydrographs generated from the hydrological model based on rainfall events

with 50-, 100, and 508year return periods are entered as the upstream boundary

conditions. The other settings of the model, includingahe covers, the calibrated
Manningdés values, the model computation set

calibrated model.

The maps shown in Figui®5 indicate that the Dikmen town under a rainfall event

with a 50year return period wouldxperience serious damage. They&ar return

period flood extend mag-{gure7.5a) covers almost the same area as the 2018 Flood
event. However, the flood depth mapHigure 7.5b signifies some differences in
various locations. For example, @18 Flood model shows that depth values in the
upstream areas have reached up to 0.8 m. However, those values are close to 0.45 m
in the flood model of the 5Qear rainfall event. Similarly, the maximum flow
velocities inFigure7.5c are lower in the case of a-y8ar flood. Nevertheless, it can

poseaserious threat to theommunity

The flood inundation map of rainfall eventith a 100-year return period shown i
Figure7.6 indicates a slight increase compared to the/&fr map. Meanwhilet

covers a smaller arghan the 2018 Flood event, since the peak value o248

Flood event is higher thahe peak discharge value of a 3y¥ar return period flood.

On the other hand, generated results indicate that flood velocity and flood depth maps
of the 500year return periodHigure7.7) are higher than the events with 3@$ar

as expected.
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Figure7.5 a) Flood Inundation Maph) Maximum FloodDepth,c) Maximum
Flood Velocity Map of 50-year Event

Figure7.6 a) Flood Inundation Maph) Maximum Flood Depth ¢) Maximum
Flood Velocity Map of 106rear Event
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Figure7.7 a) Flood Inundation Mp,b) Maximum Flood Depthgc) Maximum
Flood Velocity Map of 508/ear Event
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7.1.3 Mitigation Measure - M1: Concrete Channel

The initial assessment of the area and the model results showed that one of the main
reasons for the frequent floodsikmen town is the impaired channel path due to
unplanned urbanization developments. Therefore, constructing a channel is
considered the first mitigation measure (M1) to carry water from the Tojb&ib

and Mid Subbasin. However, various factors, incind the land regulations and
ownership surrounding the channel and the channel's path, limit the channel's width
and depth.

The proposed channel characteristics involved the construction of a rectamguiar
channel that has a concrete bed with a leng806im, asshown inFigure7.8. The
walls of theopenchannel are made of rubble ste@s thisis thearea's widely used
and commonly available materi&or the remaininglistance of 135 nthe channel
top will be coveredasit goes under a road before it joins the existoogcrete
channeln Dikmen The proposed channel widf¥V), channel deptfD), mean slope
(S),andManni ngods r &mghdnpefer stone antl eorecrete wakse
listed in Table 7.3. The initial 1D HEC-RAS analysis resulshowed that an open
channel witha givendesign characteristi@able7.3) has anaximumcapacity of 24
m®/s. Meanwhile, the closed part of the concrete channel with concrete walls has a
mean slope ofY 18t ¢,yand roughness coefficient af = 0.013for concrete
culverts according tMays(2010) A concrete channel with the characteristics given

has a capacity of up to arou@m?s.
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Table7.3 Open Channel Hydraulic Parameters

Channel Parameters Values
n1 0.03
n2 0.013
So(Varying) 0.012- 0.033
W (m) 4.0
H (m) 1.8

However, the main objective is to test the effectiveness of the channel as a flood
control measure. Hence, the channel gplecificcharacteristics was incorporated
into the 2D HEGRAS model using Terrain Modification Tools in Ras Mapper.
Following the irtorporation of the channel into the model, a series of breaklines were
added to enforce the cell faces along the linear features of the channel, such as the
bank line and centerline to align the flow meshes with the channel path. This
approach increasedetaccuracy of the flow computation in the chanitetnsured

that the overflow only occurs when the channel capacity reaches its maximum level.
Similarly, in the junction point of the two channels, a refinement area with 1/10 of
the normal size of meshasthe 2D area was created for higher accuracy and better
alignment in the flow transition from the connecting channel to the existing channel
(HECRAS 2022) The results, after runnindpe 2DHEC-RAS model witha time

step of 1 secCourantnumberd p with SWE asthe selected computational
equation and the incorporation of the concrete channel &wi#D model indicate

that the overflow occurs from the channel banks at the location with lowest slope

valueSo= 0.012 when the inflow hydrograph values areund26 nmv/s of discharge.

78



6L

)

Buildings

Figure7.8 a) Proposed Channel Locatiah Concrete Channel Sections



7.1.3.1 Channel ImpactsAgainst 2018- Flood Event

In thefirst scenario, theroposedhannel efficiency is tested against the experienced
extreme flood event in 2018. That event which wague and had total rainfall
depth of 172 mm in 10 hours, causedesedamage to the urban areadiikmen
town. The result of théydrologicalmodelindicates that the event had two resultant
peak discharge values frdmth theTop subbasin and Mid suibasinoutflows. The

first peak discharge valueas aroun®7.1 ni/s, andthe second was abodb nv/s.

If the same event occurred with the same tegtsin, the majority of the flood, due

to the first peak, would be carried with the channel. However, in the event of the
second peak arrival with a magnitude 45 m/s, some areas will be at risk of
flooding. Theflood hazardnap before and after the cireel inFigure7.9 indicates

that when the secombakof 45 m/s arrivesa large part of therban area iikmen

is safe againsflooding with the channeHowever, in the lower and top part of the
channel, the inflow exceeds the maximum channel capacity and start to inundate the

urban area.

Moreover, the generated flood hazard maps showigire7.9 indicate significant
differences between the flood hazard maps of the 2018 Flood event, without channel
(Figure 7.9a) and with thechannel Figure 7.9b). The result points out that before

the channel a significant part of the study area, especially on grounds with low
roughness values such asds, has hazard thresholds of H6, which implies that it is
unsafe for people, vehicles, or structures. However, after the proposed channel, the
hazard level of those locations mostly decreases significantly, especially in the
upstream part of the studyear. On the other hangh some locations with a lower
slope of the channel bethe downstreanside of Dikmen town would still be in

danger of flooding.
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Figure7.9 Flood Hazard of 2018 Flood Event. a) Before Channel, b) After Channel



7.1.3.2 Channel impactAgainst, 50,100, and 506year Flood Events

In this section, the impact of the concrete channel is considered agains080

and 500year return period rainfall events. The generated flood hazard maps indicate
that the construction of ¢hchannel would significantly decrease the hazard level of
the flooding due to the events having &@d 100year return periods. Ashown in
Figure7.10, the 100year flood hazard maps before and after the channel indicate

the changes between the conditions before and after the channel's implication.

However, the total peak discharge from the flood hydrograph of the Telpasirp
andMid sub-basinin case of a 50§ear return period flood everg around29 nv/s.
Sincethe channel has a capacity of 28snthe proposed channedn carry about 90
% of the total incoming flowAfter the channel integration into the terrain, the
expected resultvasa significant decrease in the flood inundateomd hazard maps,
as shown irFigure7.11, and adecreasén the vulnerability of the previously floed
prone areasA considerable reductiors detectedetweerthe flood hazard maps of
a 500year return period with and without the channeFigure 7.11a andFigure
7.11b, respectively.
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Figure7.10 Flood Hazard of 10(Year Return Period Flood Event. a) Before Channel, b) After Char
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Figure7.11 Flood Hazard of 500 ear Return Period Flood Event. a) Bef@ieannel, b) After Channel
















































































































































