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ABSTRACT
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FOR FLOOD PLANNING AND OPERATIONAL STUDIES IN DATA -
SCARCE BASINS
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September 202078 pages

With the increasing rates of urbanization, floods have becamw®re critical
problem day by day. Consequently, the perception arises that the flood control
structures have become insufficient. Wlibrated weather forecasting and
hydrological models are important complementary tools to reduce the damage
caused bylbods.Such applications can yield results as useful as structural measures.
In this study, the effects of the use of numerical weather forecasting and hydrological
models on structural andonstructural based flood protection activities were
examined. Lke Mogan basiim Ankarais chosen as the study area. In the amalys

the outputs of 2 different numerical weather forecast models (Weather Research
Forecasting (WRF) and Transition Step Between ALadin and AROme (ALARO,
ALR), which are used operationallyy the Turkish StateGeneral Directorate of
MeteorologyMe t eor ol o i QWGME WereNbketh frontthe MEGM, for

6 different dates. The accuracy of the precipitatiorecastswas measured by
various statistical methods on a point and areal bakes r@sults obtained showed
that the areal basefbrecastsgive better results than the polmsedforecasts

However, it has been observed that the param#tatshe MGM uses to run the



WRF and ALR numerical weather models are not successful in prefditie
convectional precipitation in this basin. There is no stream gauge station with a long
term measurement in the study arBasides, in recent years, water transfer to the
Mogan Lake basin has been provided by pipelines outside the basin, the exact
amount and time of which cannot be determimpeecisdy. For these reasons, the
hydrological model constructed for the basin could be calibrated on anbassd

basis with water level measurement values of Lake Mogan. Flood operation
simulations have beetrarried out in 2 main scenarios. In the first scenario, it was
assumed that Mogan Detention Pond, located upstream of Mogan Lake, is in
operationand the water level of Lake Mogan is at current operating values (973.42
m., value on 14.03.2016). In thecead scenario, Mvas assumed that the detention
pond is not builtand the normal operating level of the Lake Mogan is 972.00 m. as
given inthe planning report®f the State Hydraulic Work(e v et Su Kkl er i Ge
M¢ d ¢ r, 1 ¢08gder these two mainenarios, different cases have been created

in which 5@, 100 and 500year storms can occur, and the capacity of the canal
located at the exit of Lake Mogan is taken as either 15 or %€ Rrecipitation
forecasts of WRF and ALR models regarding 300, and 500 years design
hydrographs were created fictitiously using observed forecasts of the 14.03.2016
event.According to the results dfieflood operation studies, it is seen that the-500
year flood reachefl74,850 min the 1st scenario ar®¥4,909m. in the 2nd scenario

in the most disadvantageous cases. These results are thought to contribute to
decisionmakers regarding structural and r&tructural solution alternatives in flood

planning studies.

Keywords: Lake Mogan, Numerical Weather Foasts, Hydrological Modeling,
Flood PlanningDecision Making

Vi
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VERK KITLIJI OLAN HAVZALARDA TAKKI N PL#
TAKKI N KKLETME ¢ALI KkMALARI K¢KN SAYI SAL
MODELLERKNKN KULLANI Ml

A

Bozkurt, Okan ¢ajré
isliJi

DoktoraKnkaat M¢hendi s
Tez Y?° rDeot-Dr.&NurisVierzi
Ortak Tez ¥neticisi:Prof.Dr.Zu hal Aky¢r ek

Ey !l ¢ 1,172 <a2a0

Artan kKehirlekme oranlaréyla beraber, t a
haline gel meye baxkl améktér. Buna bajl é o
hal e gel di i algesée ortaya -ékmaktader.
hidrolojik model | er i, takkénl ar én yaratacaj é
tamamlayan ©°neBu it iap ary gauldaamadléar., yapésal
sonu-1 ar verebil mektedir. Bu -al ékmada

kull anéméenérm, eympéshalzl e t akkeén kor uma

incelenmi ktir. ¢ aldédkavkaig ath a el ol haak adrdaka
Anali zl erde Meteorol oji Genel M¢ederl ¢ ¢

kull anél an 2 far kl & ns(Weathes RdsearbhaForacasting h mi n
v

( WRF) e Transition Step Between ALadin

6 farklé tarih i-in MGMéden al énarak kul
-ekKi tli i statisti ksel met ontglkdrglra, End alet a c
sonu-1|lar, alansal dajéelem ile elde edil el
sonu-1 ar verdiJini gostermi kKtir. Ancak
model |l erini -al ékt érmak i - iknkorwekdignelndej é
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yajJ ékl areée tahmin etmekte bakarel e ol amade]j ¢

s¢reli kayetlaré olan bir akém g°zlem istas)
Mogan G°l ¢ havzaséna, hkhawmaaéd&eéemdanaber meh
belirlenemeyens u takviyesi yapél mékter. Bu neden|
olukturulan hidrolojik modelin kalibrasyonu
°]l -¢m dejerleri i1le yapél maya -al exkeéel méxkteér
2 ana senmasriyad e- eyra-peeM me kKt ér . KIl'k senaryoda |
bul unan Mogan Sel Kapanén ikletmede ol duju
géencel i Kl etme dejerlerinde, (14.03.2016 t
varsayeéel mexter. 2.n siemkaa yedial memi ks ed | kuajpua nve

i Kl etme seviyesinin de DSK planlama raporl a

kabul edi |l mi ktir. Bu i ki ana senaryo alteéen
kanal én kapasi #esionlidd(oug 505y, 10l énk yaj ekl ar ¢
oluktuju farkl e al tWRFevaALR ynodellarinin ®)]100k t ur ul mu K
ve 500 yélléek tasarém hidrograflaréna il ik}
g%zl emlenen tahminleri kul | anEBde adilemk kur gusa
ger-ek zamanl e takkén ikKkletme -alékmasé so
dezavantajl & dur 9mB5m.d2a Senaflyoda iSeé4Pa@9rny. o d a
seviyelerine geldifji gor ¢l megkt ¢gr . Bu sonu- |
yapeéesalapésal ol mayan -°z¢m alternatiflerine
sajlayacajé d¢kegnegl mektedir.

Anahtar KelimelerMogan G°Il ¢ Havzasé, Sayeésal Hava Ta

Modelleme,T a kK k & n ,Karar\fetma.m a
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CHAPTER 1

INTRODUCTION

1.1 General

Floods are one of the most important natural disasters that affect human life and
cause loss of property. It has been reportedftbatls caused 43.7% of climate
related and geophysical disasters between 1988 and 2017; as amaesuthan two
billion people were affected, approximately 142,000 people, diedl $ 656 billion

worth of financial losses were confronted (Wallemacq, 2018).

Flooding events occur due to a combination of meteorological, hydrolpgital
human factors. These factors are clasgias follows (APFM, 2008)

Meteorological Factors: Rainfall, cyclonic storms, small-scale storms,

temperaturesnowfall, and snowmelt

Hydrological Factors: Soil moisture levelgroundwater level prior t@a

storm, natural surface infiltration rate, presenf impervious cover, channel
crosssectional shape and roughness, presence or absence of overbank flow,
channel network, synchronization of runoffs from various partghef

watershed, high tide impeding drainage

Human Factors: Landuse changes, occupat of the flood plain
obstructing flows, inefficiency or nemaintenance of infrastructure, too
efficient drainage of upstream areas (increasing flood peaks), climate change

effects, urban microclimate

According to seasonality, meteorological conditiagaltion, temporal and spatial
distribution, World Meteorological Organization (2011) classifies floods as follows
(WMO, 2012 APFM, 2017)



Fluvial (riverine) floods: They are generally triggered by snowmelt or heavy
rainfall intheupstream region. River levels increase slowly in a long period of time
and when flow capacities dhe river are exceeded, spilling over river banks are
started and deltaic, flat slope regns remain inundated

Flash floods: These types of floods occun a small areamainly due to heavy
convective storms in a short duration. They are generally seen in areasthehere
terrain is steep. Discharges reach peak value quicklglandvithdrawrapidly. They

are more damaging than riverine floods.

Single Event FloodsThiswidespreadype of flood occurs due to widespread heavy
rainfalls which last in several hours to few days associated with cyclonic
disturbances, mithtitude depressionsindstorms. This type of flood has a single

peak and longer duration than flash floods.

Multiple Event Floods: Due to more complex atmospheric conditions than single
event floods have, successive flood peaks that follow each other closely may occur.

These kinls of floods are named multipéent floods.

Seasonal FloodsAs a result of seasonal regular precipitation pagfesame regions

of the world are subjected to more inundate
Flooding lass for a period of weeks in a basimide range. This type of flooi

generally observed in regions where monsoonal type climate is effective.

Coastal Floods:This typeof flooding occus mainly for high winds coinciding with
high tides and storm surges. Rivenilovill be blocked due to the surgand that
will result in flooding in coastal zones. Tsunamis are also the cause of coastal floods

with very high impact.

Estuarine Floods: This type of flood is mostly observed in deltaic areas of rivers
along the coastaones due tohe interaction betweethe landward flow of saline

water andheseaward flow of river water.

Snowmelt Floods: Regionswhere extensive snow accumulation exisigy be

subject to snowmelt floodS.he apid temperature rises the spring seasqrand



heavy precipitation rates produce heavy meltwater rundfich caussflooding in

downstream areas.

IceT and debrisjam Floods: If rapid seasonal melting is formed in snowy regions,
ice masses may accuraté in riverswhich may form constrictionsThe sidden

break of those ice masses may cause flood sideedambreak flows.

Urban Floods: This type of flood generally occurs in areas where impervious
regions are dominant. Intense rainfall creates rapoff rates andthe capacity of

the storm drainage system remsimsufficient. Blocks and deposits the storm
drainage systerarealso important reasarfor this type of flood. Ponds in low lying

areas and overland flows over streets are formed due to those reasons.

As a result of different combinations of factors that contribute to flooding, urban
floods are more likely seen anymore. Andjelkovic (20@isgssesthe effects of
urbanization more systematica(fyigurel-1). As building density increasdhgrate

of impervious structures also incressandtheexisting drainage system may remain
insufficient. Withthe additional effect of urban climate changes, runoff volume and
flow velocity increasgwhich reduces the runoff travel time. As a result, peak runoff

rates increasend flood control problemare started to be observed.

Impervious
Area Increases

Runoff Volume
Increases

Peak Runoff

"] Rate Increasesg

Flood Control
Problems

Building Density
Increases

.| Urban Climate

Changes

A

Drainage
Sytem Modifies

Flow Velocity
Increases

.| Runoff Travel
"| Time Reduces

Figurel-1. Hydrologic Impacts of Urbanization (Andjelkovic, 2001)




In order to prevent flooding events, structural and-sipactural/operational based
solutions areproposed. In structural based solutions, construction of new storage
structures such as dams, ponds, dikes/levees, channel conveyance lines, change on
river sectionsand riverbypassesre generally proposed. Constructing reservoirs
with flood control puposes can be an effective solutipbut the land-use ofthe
reservoir is amssentialimiting issue. Changing river sections, decreasing roughness
may increase flow capacityhowever these changes may have environmental
impacts in the reacand affect downstream sites by adding additional runoff rates.
River deviationalso hassimilar outcomes. Flow coming from siasins or
tributaries should also be considered while constructingsdik levees in order not

to threaendownstream sites by additional peak discharges. Additionally, all of these

solutions can be costly in most situations.

Levees along the rivers, stormwater drainage system, deteamidnetention ponds

are the main ements of the flood control structures in urban areas. Water control
structures of the natural lakes can also be consideresh agban flood control
structure. These types of structures are generally constructed for flood control;
however, priorities oftte local administrative officers may change over tiarel

these structures could be used for different objectihese situations may be due

to thegain of recreation areas and ecological reasons. This kind of priority changes
may create problems in stitural based solutionsorecass of the incoming flood

must be availabléo operatemulti-functional reservos for flood control(WMO,

2011)

Non-structural or operatiehased solutionsould be applied in combination with
structural measures. Rehalatibn and effective use of existing flood control
structurescould also be suggested. These kinds of measures are obviously less
expensive. Major measures can be listed as flowgping/zoning, insurance
policies, implementation of early warnirend flood forecasting systems. In order to
minimize flood impacts, flood risk areas could be detected by working to obtain

hazard maps. Spatial planning would be applied in-hgiregions. Flood insurance



issue can be implemented in developed countn@sever, it is not very common in

the rest of the world.

Flood retentioror detention ponddakes and othereservoirs can play a crucial role

in flood control. Forecasting meteorological events a few days in advance and
operating control structures@ordingly may be the most effective operatiased
solution to prevent flood damagéfowever, these operations require waijanized

forecasting algorithm and measurement instruments on the drainage basin

In order to havan effective early warning ahflood forecasting systera,series of
issues should be worked in an organized manner. Haviagerical forecast system
that can produce appropriate results ariemporal and spatial basis aride
establishment of well-distributed hydrometric statiametwork is essential for this

purpose.

Existence and accurate records of meteorological weather stations, rainfall estimates
of radar stations, satellite imagasd numerical weather model forecasts are highly
important for conductingflood operationstudes. Beside these,a well-suited
hydrological watershed model is essen#aproactiveoperationschemewould be

very beneficial in flood studies by using any typé rainfall forecasts in a

hydrological model.

There are different numericaleather forecast modelandWeather Research and
Forecasting (WRF) model is a common tool for weather predictiosndthe
world. Transition Step Between AlLadin and AROme (ALARO or ALRpdel,
appropriate for limited arsais also used in Turkey foveather forecasting

Forecast results of these models can be used as input values for hydrological models
(rainfall-runoff models). Hydrological models have been developed over the years.
The models can be classified according to their structure, spatshcierization,

time basisand equations used in the model. As expected, when the complexity is

increased, input data requirements are also increased in hydrological models.



Accuracy of the result of rainfatunoff models is generally measured with meiso

of stream gages. It is expected that runoff results of models should be consistent
with the records of the gges. Mostly past rainfall and streamflowugas are used

for calibration and validation of models. However, irungaugedor datascarce
basins it becomes more difficult to calibrate and validate the modalke level

measurements can be used in these situations as an alternative calibration parameter.

1.2 Problem Statement

Basins of Lake Mogan, Lake Eymir, and Knces.!
of the same systenthe Lake Mogan basin has the greatest watershednitiean

area of 934 krh There are two small irrigation reservoirs in the upstream part of the
basnnamel y Di kilitak and Kkiontheemainsileam,an Det ent
and the Lake Mogan takes place downstream of thiegetures discharged water

from this | ake enters Lake Eymir. At the ex
Pond exists which is followed by aclosed conduit. The discharged water is

conveyed via this conduit and integrated into the city stormwater drainage system.

Although the total drainage area dficesu Detention Pond (1100 Rmis

approximately 1/3 of the drainage areh Ankara city, there is a scarcity of

streamflow gauge and data; that situation creates difficulties in hydrological

modelingstudies

Over recent past years, flooding events occurred in the basin. In order to prevent

flooding damages, Mogan Detention EHeovasconstructed in 2018pstream of Lake

Mogan However, it is still necessary to have a gllodd operation scheme for the

basin because of the importance of downstream regions and inadequate
infrastructuresAlthoughthenormal operation level of Lakdogan was determined

as 972.00 m. in all planning repodé St at e Hydr aulthedakewor ks ( DSK
operation leveat the beginning aheflood was taken as 971.00 mtime planning

report of Mogan Detention Pond. Furthermahe,operation level of Like Mogan is

generally keptelatively high. Besides thesehe capacity of closed conduit at the



exit of Kncesu Detention Pond and the st
situationcreate problems in the city center when precipitation occurs even if at a
moderate level.These circumstances reveal the need teveduate the flood

planning stdies and propose a new flood operation algorithnthferbasin.

1.3 Methodology and Obijective

This studyaimsto use numerical weather forecasting models in flgganning and
operation studies ianungauged.ake Mogarbasin by comparing the effectiveness

of structural and nostructural intervention measures.

The general framework of the study can be seeRigurel-2. Therearethree main
parts in the study. In the first part of the stuthe precipitation outpig of two
numerical weather forecasting models, WRF and Ak&gecompared with theain
gauge station recordar the selected eventSvents with a relatively highenaount

of daily or hourly precipitation and having different rainfall types were considered
in comparisonsTotally six events were selectexhd @mparisonsvere performed

by means of statistical scores in point and areal based andlgsigfect of lead
times wasalso one of the main interests. Results of on the day, one day, lz&fdre
two days before forecasts were compared with each dthiris way, it was tested
how successful the Gener al Directorate o
while using numerical weather prediction methods in predicting different types of
precipitation (convective and naronvective) in this basinThe relatively more
successful precipitation forecast typess taken as asample eventin flood

management studies.

In the second part of the study, a hydrological model of the catchment area was
created Hydrological modeling is heavily used in water resources engineering for
various purposesandtheir role in flood forecasting is inevitable. In this study,
Hydrologic Modeling System (HEEHIMS) software was used for rainfalinoff

modeling.The sudy area is divided int@ubbasinsand characteristicare defined
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Figurel-2. General Flowchart of Proposétethodology

in the program. Events and corresponding datet can be used for validation and

calibration in the basin were investigatétie sudy area is a datscarce basirand



there is no streamflow data that can be used for modeling. Three ewestteated

for the calibration and validation of the model. Instead of streamflow records,
measured water levels of Lake Mogan was used for calibration and validdien.
model was run by making the spatial distribution of precipitation measured at the
meteorology stationsfor the selected three eventé. validated evenbased
hydrological model was used in flogdanning and operation studies in the third

part.

In the third part of the study, flood planning and operation studies were performed.
The aim wasto compare structural and nstructural alternative solutions by
evaluating the situations with and without Mogan Detention P®hd. current /
realized operating conditions of the lake and the operating conditions proposed in
the planningreports f St at e Hy dr wardtested uide0, K0, afdD S K )
500yeardesignstorms Since desigistormsneed to beised in planning studies, the
outputs ofnumericalweatherpredictionmodels were used indirectly at this stage.
This is ecause it is alwst impossible to findorecastingprecipitation vales that

predict desigrstorms The precipitation values of the event, which gave relatively
more successfugdtatisticalresults by the models the first stage of the studyere
increased to design sto values andfictitious precipitation forecastalues were
formed. Using these values in the hydrological model created in the second stage of
the study, the flood volume thabwld come to Lake Mogan ascalculatedandthe
required discharge amountdgacuate the forecasted amount of exeefame was
estimatedThese operatiortsave been carried out fthreesuccessivéead timegon

the day, one day before, and two days bef@egording to the reswdt forecasting
hydrographsthe amount of water to be released downstream was deditied
hydrological model was rerun by thmedefined discharge rate and actual design
storm valuesThis proceduravas repeated for three lead timasd final results are
comparedn terms ofthewater level of Lake Mogam.he dfectiveness of structural

and nonstructural measuresastried to be showby these analyses.



1.4  Thesis Outline

Content of the subjects in the following chapters are given below:

In Chapter 2anoverview of the past studie®nductedn the study area is given.
Literature review on numerical weather predictions and hydrological modeling

applicationgs presented.

In Chaptei3, ageneral description dhestudy area and available dat@presented.
Hydrometeorological ltaracteristis, land use and soil datd subbasinsavailable
lake water level observation dat@cords of rain gage stationsand frequency
analysis of those records are explaingtthin the chapter

In Chapter4, the output of nunerical weather prediction models is presented.
Statistical analyses amdcuracy oWRF and ALRmodel outputs areompared and
discussed.

In Chapters, hydrological moding in datascarce basins is explained. Calibration
and validation methods are discedsandflood planning andperationstudies are
descriled. The proposed flood operation scheme and the result of this scheme for

planning conditions are investigated.

In Chapter 6, the summary and conclusiofithe study are presented.

10



CHAPTER 2

LITERATURE REVIEW

2.1  Overview of Past Studies on Study Area

Cubuk, Hatip, and Kncesu creeks are the 1
come together inside the city center of
Ankara Creek. A general view of the catchment area of Ankara Crapkeis in

Figure2-1. Kzbérak (1978) states t heentialypel cr eel
streams. These streams have irregular f
decrease, or streams will totally become dry when precipitation season ends or
temperature increase; they start to increase again with the start of precipitation seaso

and also the effects of snowmelt (Atalay, 2004).

In this study, the main focus is giventtee drainage area tfake Moganon the

upstr eam o f HoWeverehe low Gapaeitee& of downstream facilities are
also crucial for floodoperation studies in Lake Mogan. Therefore, general
information about downstream conditions is also given very briefly in the following

sections.

A flooding event that causes maximum loss of life in Turkey took place in Ankara

on Hatip Creek at 11.09.1957. According to official records, 169 people passed
away, and severe economic | osses occurre
flooding events ocurred before and after that date, and in 1963, State Hydraulic

Wor ks (DSK) prepared a planning report r
was pointed out that studies conducted until that time were not cover the whole
catchment area of Ankara;dividual reports and works for different streams were

prepared. However, as the upstream and downstream conditions of the facilities
constructed were not met, sufficient benefit was not obtained from those studies.

Sever al Sstructuridati pemeldiilemen,on amd bukr

11
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Figure2-1. General View of Catchment Area of Ankara Creek
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proposed together at a preliminary | evel
which was constrct ed at the downstream of Mo gan
Creek was also proposed in that report. Application details of all projects were
summarized in a report which was prepared for State Hydraulic Works in 1968
(Batukan, 1968). Since the sewage ofjhbring living areas was flowing directly

into the Kncesu Creek, the stream sectior

closed in the next years.

Ankara Metropolitan Municipalitasked METU tgreparea report orMogan and

Eymir lakes and it wa completed in 1995That report is still the most inclusive
report which is prepared until today for the study area. Hydrological,
meteorological, geological, hydrogeological, environmental, limnological,
bathymetric, isotopeand some other propertiebtbe basin were investigated, and
solution methodologies were proposed in the report. The bathymetric map of the
lakes was also updated, and flood operation studies usthgur2rainfall duration

for 100 and 50§ear storms were also performed. Whilefpeming flood operation
studi es, the effects of two irrigation
neglected. The normal operating level of Lake Mogan has been taken as 972,00 m
as given in all planning reports of ES he curve number of the regiorasvtaken as

75 for the whole basin.

Mer zi and Aktak (2000) i nvestigated the
(Yavrucak, Bakpénar, and Sukesen subbasi
number of subbasins was calculated by using GIS tools and estimatund 86.

They also tried to form the inundation map of the Lake Mogan using the results of
studies conducted by METU in 1995.

DSK had been prepared a flood planning r
Mogan Detention Pond toeam of PakeoMogasHoodCr e e k 1
operation studies for the 5@@ar storm were performed by considering existing

Di kilitak and Kkizce reservoirs, Mogan ar
Bat hymetric values of Lake Mpaediml9%da s t ak

13



( DSK, 1994) . & duree namberiwasetaken @xy80,0and the normal

operation level of Lake Mogan is taken as 971.00 m at the beginning of the flooding

event . The discharge capacity of downstrear
which is very important for flood operation studies, is given a848¥/s.Based on

this planning report, Mogan Detention Pond was latithe end of 201%nd it has

been operated sintlen

Bozkurt (2013) evaluated the operation performanceaiér control structures at

Mogan and Eymir | akes and Kncesu Detention
area was estimated by using soil and land use maps for all the subbasins. Canal

capacity between Mogan and Eymir lakes (7, 15, and %) nthe reten period of

design storm (50, 100, and 500 years), and operation level of Lake Mogan (972.00,

972.50, and 973.00 m.) were used for testing the different operational conditions of

the system.

General Directorate of Ankara Water and Sewerage Administrstiaded that if the

water discharged from the 3modensocidet ent i on
in the downstream regions around the city ceé¢
performed flood management studies by considering all existing anaeplavater

control structures in the basin. They proposed four new deteptiodson side

streams of ,|daed @ the downstredm region of Lake Eymir on

Kmrahor Valley. I n this way, it was ensure

dischargedfrm t he Kncesu Detent¥son Pond was ar ounoc

In 2016, flood hazard maps of several streams in Ankara had been prepared by the

DSK Flood inundation areas of the downstream region of Lake Mogan and Sukesen

Creek were also determined inthatstudybyiusi hydr aul i ¢ model i ng sof
2016). The normal operation level of Lake Mogan was taken as 972.50 m; the

discharge capacity of the canal between Mogan and Eymir lakes was determined as

1315m¥ s, and the safe disch®ondwastmkepasci ty of
48 m¥/s throughout the studies.

14



General Directorate of Water ManageméBY GM) prepared a report regarding

flood measures for the Sakarya Basin in 2018 (SYGM, 2018). Based on the result of
studi es c¢onduc tS¥GM pmyosetdoSolden the cloged deétions of
Kncesu Creek beginning at Ktdlad i e ¥iztdeof ( R
studied the criteria for stream daylightifog the closed rivers and showed that flood

susceptible streams are generally overlapped with tisealstreams of Ankara.

In addition to flood studies, many studies have been carried out regarding biological,
ecological, groundwater, and water potential in the region throughout the years.
Since the data collected in these studies and thesasatyadecan also be used in

future interdisciplinary studies, some of them are briefly mentioned below.

I n 1988, G°l baké Municipality prepared a
Mo gan (G°1l bakeée Municipality, 1988) . Du e
imnologi cal study report (DSK, 1993) and re
prepared by DSK in 1993 and 1994, respec!

Mogan and Eymir | akes environment al conyv
Municipality. Various issues, including water resostc@ollution, ecological,

biological, erosion, land planning, special environmental protection plan,
recreational use, birdlife, bottom mud, and rehabilitation suggestions, were
addressed at the congress, including international participants, and 33vpaigers

presented.

Abolished Electrical Work Investigation Administratidh [ e kt r i kK Kk |l er i Et
EKEK had prepared two reports in 2001 and 2005 regarding hydrometeorological
characteristics of the Mogan and Eymir lakes basin. The water budgethzsine

had been examined by using the records collected between 1999 and 2004. Water

guality measurement studies were also done in the scope of those studies.

Ya] basan and Yazécégil (20009) studied t
Mogan and Eymir lakeand concluded that groundwater inflows and outflows have

the | owest contribution to the overal/ll |

15



Yazécegi l (2012) and Ya] basan et al . (201
management of lakes in the future lonsidering the effect of climate change. They

investigated the effects of climate change under different scenarios, and it was

concluded that small but lortgrm changes in precipitation regime and temperature

could cause significant decreases in wateelleand even drying dfake Mogan

andLakeEy mi r . Ya] basan et al . (2020) stwudied t
and hydrometeorological variables in Mogan and Eymir lakes. They tried to find a

relationship between evaporation, precipitation, evaporation, humidity, wind speed,

cloud cover, radiaston, and water | evels in those two |
(2020) studied the water budget of Mogan and Eymir lakes. They claimed that if

Lake Mogan had been kept in natural conditions in the last 50 years, it would dry up

completely once and shrumnk considerable amounts several times.

A group of researchers calculated unit nutrient pollution loads for Lake Mogan basin

during wet periods within 2002010 years based on the data obtained from the
monitoring station on 2Yalwr; u céazkc aonr eeetk .al (. ¥ z c2a0
usingttesame dat a, ¥zcan et al . (2017hb) appl i e
(SWAT) model to evaluate the effectiveness of agricultural management practices

by considering a reduction in pollution loads.

Limnological surveys, @urces of pollution, water quality, the concentration of

contaminants on sediments and water on Lake Mogan has also been studied by
various researchers (Bekliojlu et al. 2017;
et al . 2003; Coppgnstkal 2816; Sanhl and Ddénir,2018, Benzer

et al. 2015, Mangit and Yerli, 201.0

2.2 Literature Review on Numerical Weather Predictions

Accurate estimation of hydrological data is essential to provide valuable information
for water resources management in ddfe sectors (Estevez et al.,, 2020) and

precipitation is one of the primary hydrometeorological drivers for flood simulation

16



and operational flood forecasting (Singh and Woolhiser, 2002). Numerical weather
prediction (NWP) modelprovide beneficial precigation estimations that can be
used in hydrological modeling for river flow forecasting and flood warning
(Nasrollahi et al., 201Ran et al., 2018)[heycan significantly increase lead times

for flood warnings when used in combination with hydrologimallels (Banihabib

et al., 2015)In this way, more extensive and proactive measures can be taken for

heavy rainfall events in flood management operations (Lin et al., 2005).

Benjamin et al. (2018) divided the evolution of weather forecastingonteeras of
2030yearsst arting from 1919. Those periods a
(191971 1939: maps only; observations and extrapolation/advection technjgies)
AEra 2 (19391 1956: increasing science understanding; application espetially
aviation; birth of computersjfiEra 3 (19561 1985: the advent of NWP and dawn

of remote sensingandiiEra 4 (19851 2018: weather forecasting, and especially
NWP, mature and penetrate virtually all areas of human activitythin era 4,
especiallyafter the emergence of ensemble forecasting, the use of numerical weather

predictions has been increased considerably in hydrological models.

Over the years, the use of atmospheric models has been expanded, and the
performance of thevarious models has beenomparedby different researchers
considering the different locations and different conditidasmrath et al. (2000)
studied the verificatin of two numerical weather prediction modekhe
EuropaModell (EM) and the DeutschlamMbdell (DM), of the German Weather
Services by using existing sevgear dataFrei et al. (2003) tried to evaluate and
compare five regional European climate modeARREGE, CHRM, HadRM,
HIRHAM, and REMO) on daily basis records of 6400 rain gauge stations in the
19791993 period for the Alpine regioén wher
domain.Kaufmann et al. (2003) performed an evaluation of rainfall records of Swiss
Model (SM) in Switzerland by using the available eigbar data. Richard et al.
(2003) evaluated the four mesoscale forecasting models which are used by
operationally in Switzednd (Swiss Model, SM), Canada (MC2), Italy (Bolam3) and
France (Mesd\H) for heavy precipitation events occurred in Toce Ticino (ltaly) or
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Ammer (Germany) catchments. Habets et al. (2004) studied the utilization of
precipitation forecasts of ARPEGE and ADM models for streamflow prediction

on the Rhone basin in Franc&all et al. (2006) investigated the MM5 and WRF

model performance to predict the heavy rainfalls in Senegal by considering the event

that occurred on-21 January 2002, and they concluds those models can become

a part of regional hazard mitigation plannipy Bhowmik et al. (2007) evaluated

the performance ofhenumerical weather prediction model of India Meteorological
Department for 2001 and 2003 years over the monsoon rdgibnlerd (2008)

studied the suitability ofhe WRF model to predict June @B fifire weatheo for

interior Alaska. Pressure, precipitation, shortwave downward radiation, temperature,

relative humidity, and wind parameters, which are fire-redkvant meteorolagal

parameters are evaluated based on the model results and meteorological
observations. The precipitation performance of the WRF model, which is formed for

the study is found as comparable to other mesoscale atmospheric models for
midlatitudes.Ghile and Schulze (2010) compared the precipitation forecasts of

CCAM, UM, and NCEPMRF modelsover the Mgeni catchment in South Africa for

the selected four events. Shresta et al. (2012) evaluated the performance of four
Australian Numerical Weather Predictionodels (ACCESS5, ACCESSR,

ACCESSA, and ACCESSV/T) for the shorterm streamflow forecasting over the

Ovens catchment in Australia between 2010 and 2fddel (2015) investigated the

performance othe WRF model for simulation of flash flooding eventattbccurred

in the Ayamama B a sl2SeptemberR@09. aanob et bl. (2018 i ng 7
evaluated the success of tHARMONIE, High Resolution Limited Area Model

(HIRLAM) and WRF modeldor the severe precipitation events that occurred-on 8
9Septembe 2009 and cause flash floods in Kstant
precipitation forecasts of three modelBufopean Centre for MediuRange

Weather Forecasts (ECMWF); the U.K. Meteorological Office (UKMO); died

China Meteorological Administratio(CMA)] on Linxian and Jiuzhaigou basins in

China for the flood season during 262013. ¥ zkaya and Aky¢r ek (2¢C

compared weather radar data, Hyéistimator satellite rainfall product, and WRF
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model precipitation data in physibssed distributed WRHRydro hydrological
model in the Terme basin of eastern Black Sea Region in Samsun, TKinka#ki.et

al. (2020) evaluated AROME, ALADIN, used by the Directorate of National
Meteorology in Morocco, and WRF models for prediction of selected flood events

in the Rheraya and Ourika basins during the 2BQB6 period.

Accurate precipitation forecasting is a very challenging issue dtrestwonlinear

and dynamic characteristics of precipitation (Liu et al., 2019). Therefore, they
contain a high level ofincertainty (Crochemore et.aR016; Moghim and Bras,
2017; Jabbari and Bae, 2018@nd improvement of predictions is still one of the
greatest challenges of thessearchers (Estevez et al., 208M)ce most of the general
circulation models have coarsesolutions and generally use hydrostatic equations,
they may become inadequate in local atmospheric forecasts, especially for extreme
rainfall analysis (Chawla, 2018). Because of this situation, mesoscale (medium
sized) atmospheric models that have firesolutions are widely used in weather
forecasting all around the worloh Turkey,the General Directorate of Meteorology
also uses two mesoscale atmospheric modesMeather Research and Forecasting
(WRF) andALARO - ALR (Transition step between ALADI and AROME) for

operational purposes.

The Weather Research and Forecasting (WRF) model is one of the widely used
mesoscale numerical weather prediction (NWP) system, which is designed for
operational and research applicationsere isa huge amount o$tudies for WRF

models in the literature that investigate the use and success of the model due to its
good performance (Morroni et al., 2011)has a wide physics and two dynamic

solvers optionsi.e., the Advanced Research WRF (ARW) and Nonhydrostatic
Mesoscale Model (NMM), for simulations. It is developed under the collaboration

of the National Oceanic and Atmospheric
Centers for Environmental Prediction (NCEP) and Earth System Research
Laboratory (ESRL), National Centef o r At mospheric Resear
Mesoscale and Microscale Meteorology (MMM) Division, the Center for Analysis

and Prediction of Storms (CAPS) at the University of Oklahoma, the Department of
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Defenseds Air Force Weather Agoerataryy ( AFWA)
(NRL) and the Federal Aviation Administration (FAA) of United States Departments

of Transportation(Skamarock et al., 2008). The Advanced Research \WRW

solver is developed at NCAR mainly for research, wtileWRFNMM solver is

developed at BEP for operational usage (Skamarock et al., 2Q@8adavut, 2014).

Initial conditions, resolution and configuration of model parameters highly
influence the performance tiie WRF model (Kyrza et al., 20133nd parameter
sensitivity of model physics is genally dependent on local conditions (Di et al.,
2015). Therefore the parametrization of numerical weather prediction models for
different regions and seasons is widely researched in the scientific cotyrfiouni
different purposesFor instance Calvetti and Filho (2014) used different initial
conditions and model physics to improve hourly WRF forecasts for the-twoty
rainfall events between 2005 and 2010, which is modeled for the Igacu River Basin
in Southern Brazil. Verification studies are carriad by using the Brier skill score,
MSE, RMSE, and correlatioMoreover,Y ¢, ¢ e | and ¥nen (2014) stud
of data assimilation techniques in the WRF model with different parameterizations
to captureheavy rainfall events in the western Black Sea Region. Precipitation
derived from the WRF model with and without data assimilation are compared with
the gauge precipitation records by evaluating RMSE, R, and bias for hourly based
values, where categoricskill scores are also evaluated for daily vali@sssola et

al. (2015)soughtto find the best parametrization scheme of the WRF model to
predict severe rainfall eventisatoccurred over the Liguria region in Italy between
October 2010 and November 20dyiconsidering three different case studig, | | e r
et al. (2016) studied WRF model performance by considering precipitatiorrand 2
temperature parameters. Evaluation is based on simulationskat §d spacing

over La Plata basin in southern South Aiceefor the period from 1 August 2012 to

3 July 2014. Observed station data is compared with the nearest grid point of
forecasted points. Results of WRF model precipitation values are evaluated in terms
of occurrence/nonoccurrence of daily events by usatggorical skill scores (PC,
POD, FAR, HSS, BIAS scoreMorroni et al. (2018) analyzed an ensemble of
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microphysics schemes of th&RF forecasting model operated lkie Chilean
Weather Agency by using three rainfall events between 2015 andR@d&lisand
Werner (208) tested the configuration of the WRF model that is usettidlyydro-
meteorological agency of Colombia, IDEANY see the utilization of the model
outputs for flood early warning systeim tropical mountainous catchmen@hawla

et al. (D18) also studied the effect of different processes in WRF model
configuration to forecast extreme rainfall events by computing MAE and RMSE

a daily basis period over the Ganga Basin in India around the HimaRy@isgo et

al. (2018) used a combinedase approach to evaluate the overall performance of
heavy rainfall forecast results of the WRF model in Sri Lanka to identify the best
model configuration by using PC, POD, TS, FAR, and Pearson correlation
coefficient.Lastly, Pilatin (2020) studiedhebest configuration options of the WRF
model over two different regions of Turkey by using four different rainfall evants
the study arean different seasondMore examples of such studies can easily be

found in the literature.

The lead time of operatiahflood forecasting is very critical for flood alert and flood
risk reduction operationsand it is impossible to extend the lead time of flood
forecasting just by using rain gauge observatipfeo et al., 2019)It has been
widely recognized that thedd time of flood forecasting can be increased by using
the precipitation forecasts derived from numerical weather prediction m@tels

et al., 2018; Todini, 2017; Zhang et al., 2016). Shrestha et al. (201) $hait
success in forecasting decreasethwonger lead times and increases with rising
precipitation accumulation period$¥he latest numerical weather forecast model
could provide 115-day quantitative precipitation forecasting products in grid format
(Ahlgrimm et al., 2016Li etal., 2017).Besideshe above studies related to model
configuration and initial conditionslee and Kim (2017) tried to see the effects of
domain size and lead time of the WRF model for a heavy rainfall event in Seoul in
South Korea, where localized heavy rainfallased flash floods. In order to evaluate
forecast performance, POD, FAR, and ETS vaaresalculated by considerirtge

0.5 mm/h threshold value and correlation coefficient, BIAS, and RMSE parameters
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are calculate@dn an hourly and daily basihere arealso other studies testiniget
capability of the WRF precipitation to increase the lead time of flood forecasting
and warning has also been tested in recent stydeesBerezowski & Chybicki,
2018 Zhou et al., 201)7

ALARO - ALR (Transition step between ALADIN and AROME) modehkisother

mesoscale weather prediction model developedAby r e Limt®e Adapt a:
Dynami que D®vel op gesoiumt It dlso has ndrydrdstatic n a |

and hydrostatic versions with &B horizontal resolution, and it takes boundary and

initial conditions from the global ARPEGE model, which is developed by Meteo

France.

Research studies for the ALR model remain limited compared to the WRF model. In

Turkey, the ALR model is also used IheGeneral Directorate of Meteorologyr

operational services. Karadavut (2014) studied WRF and ALR models to compare

actual pressure, temperature, precipitation, and wind magnitude parameters with

records of 361 automated meteorological observationostatover Turkey for

January and July months the20092 013 peri od. Durmuk (2016)
precipitation forecast of ALR and WRF models for the flooding event at Hopa,

Artvin, on 24 August 2015 by considering-Bdur cumulative rainfall amount.

It is seen that numerical weather prediction models are used heavily in weather
forecasting. As a general result, these studies showed that more complex

microphysics parameterizations resulted in better precipitation forecast values.

In this study, WRF and ALRnhodel precipitation data are selected to evaluate their
performance for the selected events in the study &aracast results are directly
taken from theTurkish State General Directorate of Meteorol¢tyGM). Model
parameters thatreused in WRFand ALR simulationsby MGM are given inTable

2-1.
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Table2-1. Summary of WRRnd ALR Configurations

Model WRF 3.3.1 ALR
Grid Size 649 x 430 709 x 439
Grid Resolution 4.5 km 4.5 km
Number of Vertical 46 60
Layers
Microphysics WSM5 - WRF Single 5
3MT
class Scheme
Cumulus Kain-Fritsch Scheme Xu-Randal
Radiation (Longwave] RRTM Longwave Schemg ACRANEB (New
Radiation (Shortwave| Dudhia Shortwave Schem Geleyn)
Land Surfacd.ayer Unified Noah Land Surfac
ISBA
Model
Boundary Layer Yonsei University Schemg
(YSU) Geleyn

2.3 Literature Review on Hydrological Modeling

Hydrology is defined as earth science, which deals with the circulation of water
between the earth and atmosphere, which is defined as a hydrologic cycle. All the
processes that govern the movement of water over and under the land surface,
physical and chmeical properties during the hydrologic cycle and its reaction with

the environment are subject to hydrology science.

Chow (1964) divided and defined the historical development of this science into a

series of periods under the influence of Meinzer (1844pllows:

1) Period of Speculation (Ancient Time4400): Although this period was

mainly speculated with erroneous concepts by many philosophers; great
hydraulic works like Arabian wells, Roman aqueducts, irrigation projects
at Egypt and Mesopotamia wesenstructed during this period.

2) Period of Observation (1400 1600): Based on observationghe

hydrologic cycle was started to be understood during this period.
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3) Period of Measurement (1600.700): Correct conclusions on observed

hydrologic phenomenaave begun by measurements in the 17th century.

4) Period of Experimentation (1700 1800): By performing hydraulic

experiments, hydrologic studies were moved to a quantitative basis.
5) Period of Modernization (1808 1900): During this era, several

governmerdl agencies were started to be founded. Experimental studies
were moved to a more modern level by the development of measuring
instruments and the development of many flow formulas.

6) Period of Empiricism (1900 1930): Lots of empirical formulas were

propo®d to solve the practical problems of engineers during this period.

7) Period of Rationalization (19301950): Instead of empirical analyses,

rational analyses were started to solve hydrologic problems.

8) Period of Theorization (1950date):theoretical approaches have been

started to be used by the 1950s. Mathematical analyses of rational
hydrologic principles have been started to deal. Complicated hydraulic
equations can be solved by employing kigbh computers and software.

Af t er @duging Pesiods in hydrology, many scientists have been studying
problems in hydrology, and new periods may be offered to the science community
for the years later than the 1950s based on those studies.

Pl ate (2009) stated that todaydéds hydrol ogi st
The first one isa better understandingf nature, and the second one is providing

analytical tools for helping engineers and decisitakers to overcome management

problems and produce better designs. In parallel to this standpoint, 230 scientists all

over the World identified 23 unsolved problems in 6 groups for hydrology science

as a result of collaborative studies in 201
definal as time variability and change, space variability and scaling, the variability

of extremes, measurements and data, interfaces with society, and modeling methods.

Modeling in hydrology has been one of the major challenging issues for engineers

through tle years due to the heterogeneous distribution of model components and
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the lack of continuous data. Moradkhani and Sorooshian (2009) defined the
hydrological model as a simplified representation of a-weald system. While
simplifying the real catchmentystem, the main purpose is predicting system
behavior under different hydrometeorological conditions. In order to estimate those
system responses, various methods may be applied by using various parameters.
Parameters related to climate, land use, hydreonelogy, and soil characteristics

with their temporal and spatial features are integrated within the models. Those
models would be used for watershed management, flood mitigation, groundwater
monitoring, reservoir operation, and they have become extreanatial for water
resources management (Dwarakish and Ganasri, 2015). Especially in ungauged or
poorly gauged catchments, modeling studies would present highly appreciated
outcomes to the engineers and decisiakers.

With the development of computer lemlogy in the 1960s, hydrological modeling
also began to gain momentum. After Crawford and Linsey (1966) introduced the
Stanford Watershed Model (SWM), which virtually models the entire hydrological
cycle, a wide range of models has been developed (8m#jnVoolhiser, 2002).

The World Meteorological Organization published three reports in 1975, 1986, and
1992 to make a comparison among hydrological models. The first one dealt with
conceptual models that were used in operational hydrological forecakgrigetme

of the second one was the snowmelt runoff, and the content of the third one was
streamflow forecasting in reéime. Besides these studies, Singh and Frevert (2005)
stated that the Bureau of Reclamation in the USA prepared an inventory of 64
watesheds which are classified in 4 groups in 1991; Singh (1995) made a summary
for 26 watershed model from around the world; Wurbs (1998) made a list of
generalized hydrologic models in seven categories, and Singh and Frevert (2002a,
2002b) made an edition ovo books one for small watersheds and one for large

watersheds which contain totally 38 models.

A number of review studies about hydrologic modeling can be found in the literature
easily. Pechlivanidis et al. (2011Jajarmizadetet al. (2012), Devia edl. (2015),
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Dwarakish and Ganasri (201%ye some recent examples from those studies.

Classification of models is generally being done on the basis of certain basic criteria.

Based on model structure or simulation, algorithm models would be classited as
metric or empirical, conceptual, and phybased. Metric models are valid within
their boundaries, and they are primarily based on observations. Unit hydrograph,
artificial neural network, and fuzzy logic methods example®f this type of model.
Semtempirical equations are used in conceptual models, and the value of model
variables is determined not only from field studies but also from the calibration of
the model (Devia et al., 2015). In physiased (mechanistic) models, the flow of
water is calclated based on governing equations of motiacflivanidis et al.,
2011). According to spatial representation, lumped, distributed, anddistributed
models would be considered. In lumped models, the whole watershed area is
assumed to be homogenousd ail parameters are averaged over the catchment.
Whereas in distributed models, all parameters would be considered on a unit or grid
base, and model parameters are defined as a function of space.-ttistemited
models, hydrologically similar areaseamodeled as a single unit. Tirbased
models would be divided into two as ewdaised and continuous based models. In
eventbased models, a single specific event for a short time interval is simulated
while in continuous models, simulation is performaddonger time interval. Based

on governing equations, deterministic and stochastic models come into the picture.
Deterministic models produce the same results with a set of known parameters.
Whereas in stochastic models, results are in the form of tstalfigrobabilistic

outputs.

By considering these different kinds of models, several studies are carried on that
which model will yield more consistent results with observed discharges. If more
detailed results are needed, more complicated models like digtributed or
physically based models may be required (Elfert & Bormann, 2010). However, it is
stated that complex modeling may not always provide better reantisthe best
model is the onthatpresers more accurate results to reality accordinthsneeds

of purposes by usinthe least parameters with simple model complexity (Devia et
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al., 2015). In many cases, required data may not be in the continuous form or may
not exist or not at gliso generallythe type of model is chosen accordingthe
availability of data (Singh and Woolhiser, 2002).

For flood management practices, hydrological modeling could be used both for
planning and operating purposes. In the planning phase, inundation areas and water
levels can be determined by using the respiitmodels based on historical data, and
necessary precautions can be taken. Whereas for the operation phase, models are
generally used as a forecasting tool in operational studies. Releasing water for the
anticipation of incoming floods and taking prestetined actions to prevent or
reduce flood damages could be achieved by means of hydrological models (Plate,
2009). In this study, hydrological modeling is also used for this purlppsesing

daily lake level measurements of Lake Mogan
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CHAPTER 3

GENERAL DESCRIPTION OF STUDY AREA

3.1  Description of Study Area

Kn c e s uisc@npasediof approximately otieird of the 3300 krhdrainage area

of Ankara Creek. Lake Mogan, Lake Eymandkicesu Detention Pond are the main
elemerts of Kicesu Creek. There is a 934 kdnainage ar@at the upstream part of
Lake Mogan. A sub basin area between Lake Mogan and Lake Eymir is%2 km
whereas it is 98 kfbetween Lake Eymir ancesu Detention Pondfmrahor
Valley starts at the exit ofdke Eymir. Creek follows an irregular pattern through
the valley and reaches Incesu Detention Radch was constructed in 196bhe
height of this ponds 12 m, and it is followed by a closed conduit through the city
center which is mergedhenwi t h ¢ u b u k a atédrouHdtheA kpk °cpreége k s
District of Ankara.The @pacity ofthe closed conduit is given as high as 9%smin
past r epor;theveverfh&crrent 2apaei® is so much lowerccording

to municipality authorite¢ ASKK,. 201 3)

In this studythemain focus is given tthedrainage area of Lake Mogan. Lake has
anearly 934 kri catchment area. ASTER GDEM (Advanced Spaceborn Thermal
Emission and Reflection Radiometer (ASTER) Global Digital Elevation Model
(GDEM)) isused for basin processing issuetheGIS envirmment In theupstream

part of the basin, there are two small
Kki zce. MondPandtakeeptaee attthe downstream part of these reservoirs

on the mainstreanit is upstream of Lake Mogan.

Di ki |l it akwhiéheis the masti upstream structure on the hasias
constructed on S ahekeightof thebodyis€@ rk. and thalvie§ 8 7 .

elevation is 1031 m. Active storage volume #@melannualaveragavater budget of
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thereservoir are givenas 9 Rand 1.24hfir e s pect i v e [TheddimdgK, 2008) .
area of this reservoir is calculated as 16%.km

Kki zce Reser voinhejght,wasicanstructed an MéngilennCreek at
the 1054meter thalweg elevation in 1976. Active storage volumethednnual
averagewater budget ofthe reservoir are given as 1.10 hrmand 1.27 hrh
respect i v e lThe déimag: Krea oRti@isoresivis calculated as 52 Km

Mogan Detention Pond is conswhichuigtheed in 201
mainstream feeding Lake MogaFhe Detention pnd is located on 7 km upstream

of the lake The feight of the pond is 10 nandthedrainage area 542 kn?, which

al so includes drainage ar @esbacdbetideek i | i t ak a
these reservoirs antthe detention pond is calculated as 321°2khalweg and

spillway crest elevatian of the detention pond are 982.00 m. and 990.85 m.
respectively.The maximum storage volume tfiedetention pond is calculated from

the elevationarea curve othereservoir which is given in the repothathad been

prepar ed b yanditSsfoundras 32.0 BhBozkurt et al. (2013) stated

thata 500-year storm could be stored in this reservoir without releasing any water

from the sluiceway maximum water elevation would be equal to 988.53nnthat

casewhich is below spillway crest elevation.

¢°l ovaseomest eglkt her wi t h ¥awarmruccarke ekrsd aB a Ktpl
downstream part of Mogan Detention Pofilde regiorwh er e ¢° |1 ovasé Cr eek
the LakeMogam s known as ¢°kek Mar sh. thdidieer e ar e se
definedint he reports of State Hydr auifightc Wor ks (
sidsof Lake Mogan. B a jaenrds aBku,r c@P°plécn¢akr, sTuabtblaésm n s
thelefth and si de,,and Hultesdn subbadine @xistron the +igind side

of Lake Mogan. Among these subbasins, th§Sukesen subbasin creek has awell

defined stream bed. All other creeks are in the formnohtermittent (ephemeral)

stream. These streams become almossiivie, with very low slopes on the wet zone

area of Lake Mogan.

According to BEK(2005) reportthe contribution of these sidstreams to Lake
Mogan is very limited. It is stated that based on data collected between 1999 and
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2004, 80 (in dry years) to39(in wet years) percent of streamflows entering to the
Lake Mogan is coming fr om,agdthecontriausian Cr e e k
of Sukesen Creek was reporesi56 percent.

The generallayout of the study area can be seerFigure 3-1. Some of the
geomorphological characteristics of all of these subbasins are giVeable3-1.

Table3-1. Some of the Geomorphological Characteristics of Subbasins

: Area Elevation (m) Average
Subbasin Name
(km? | Min. | Max. | Mean | Slope (%
kizce Reservoir 51.99 | 1051 | 1398 1189 4.42
Dikilitad Reservoir 168.91| 1026 | 1432 1156 471

Mogan Detention Pond | 321.00| 975 | 1437 | 1087 4.46
Upstream of Lake Moga| 249.53| 975 | 1506 | 1123 5.22

Sukesen Creek 3254 | 975 1708 1257 9.59
Kepir Creek 8.39 975 | 1157 | 1047 4.33
T li Creek 1791 | 975 | 1511 | 1163 6.64

. FEPNEI] / N 973 | 975 | 1270 | 1115 6.21
DI £t ON1 / NBS§| 2275| 975 | 1269 | 1102 5.00
TatlPn Creek 1414 | 975 | 1252 | 1077 4.96
Burcugar Creek 1259 | 975 | 1272 | 1075 5.15
Whole Mogan Basin 933.72| 975 | 1708 | 1118 4.98

Lake Mogan is a shallow alluvial lake that is produced by the deposition of alluvial
materi al from Sukesen Creek (METU, 1995
surface area of the lake changes with respect to water level and the elevation of the
deepest poins given as 969.00 m. The length and width of the lake are about 6 and

1 km, respectively. Information abotlite surface area, water level, and volume of

Lake Mogan is given iffable3-2. The elevatiorstorage relationship of Lake Mogan

is given inTable3-3.

Table3-2. Basic Characteristics of Lake Mogan

Characteristics Minimum | Normal | Maximum
Water Level (m) 971 972 973.25
Volume (hnf) 6.20 11.63 20.19
Area (kn?) 4.77 6.07 7.72
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Figure3-1. General Layout of the Study Area
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Table3-3. ElevationStorage Relationship of Lake Mogan (METU, 1995)

Elevation (m) | Volume (hm?3) Elevation (m) Volume (hm?3)
971.00 6.20 973.75 24.24
972.00 11.63 974.00 26.43
972.50 14.82 974.25 28.70
973.00 18.32 974.50 31.06
973.25 20.19 974.75 32.42
973.50 22.16 975.00 34.94

During the studies performed by METhtil 1995 the bathymetric maps of Lake

Mogan for the year$968, 1990, and 1995 were compared. It was determined that
between 1968990 and 1964995, 4.5 hriiand 6.4 hr volume loss (sediment

accumulation) occurred on Lake Mogan, respectidhETU, 1995. 2.7 hn?

sediment was cleaned from the bottom of the lake within the scope of sediment

cleaning works carried out by the Ministry of Environment and Urbanization
between 2012018 (webl) The current bathymetry map could not be obtained

within the scope of this stly.

At the exit of Lake Mogan, there existsvater control structurthatis composed of

two vertical sluice gate3.he width and base elevation each ofthese sluice gates

is 3.25 m. and 971.00,mespectively.The water control structure i®llowed by a

lined canal through 1.4 knand discharged water is conveyedhewet zone area

of Lake Eymir which is also ahallow alluviallake.

An area of 245 ki includingsomer e gi on's

of Mogan

,&vasd

declared as special enironmental protection area (SEPA) by the decisiothef

Council of Ministers in 199@nd it is forbidden to make any construction in the area

without special permissiohere are 18 SEPA all over Turkey, and this region is

crucial for the survival of raerous species of plants and animalse marsh area

of the region is used by the 227 bird species for shelter, breedimd)

accommodation (wel). However, it is stated that buiipp areas have been

increasingand agricultural areas and open spaceg haen decreasing in the zone

sincethed ec!| ar ati on

o f,2085E P A
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3.2 Soil Data

In order to establisha rainfall-runoff relationship, soil parameters are used
throughout the years. Measured infiltrdere runoff and rainfall data had been used

to assign hydrologic soil groups (Mussgrave, 1955). Soil Conservation Service (now
Natural Resources Conservation Service, NRCS) defined criteria to assign four
hydrologic soil groups by using depth of watepermeable layer, depth tbehigh

water table, saturated hydraulic conductivity£Kof the least transmissive layer in
depth range, and & depth range (NRCS, 2009). General characteristics of these
hydrologic soil groups are given able 3-4. The slope othe soil surface is not

taken into account while assigning these hydrologic soil groups.

Table3-4 General Characteristics of Hydogic Soil Groups

Hydrologic
Soll Explanation General Form
Groups
: Have less than 10% clay, more than 9
Have low runoff potential )
A sand or gravel, and have gravel and s3
when thoroughly wet
textures.
Have moderately low runoff Have 1020% clay and 5®0 percent
B potential wherthoroughly | sand and have loam sand or sandy log
wet. textures.
Have r_noderately high runo Have 2040% clay and less than 50
C potential when thoroughly
wet percent sand and have loam textures.
Have highrunoff potential | Have more than 40% clay, less than 5
D
when thoroughly wet. percent sand, and have clayey texture

In this study, erosion rate and depth of soil maps and great soil group riegp of
study areawhich are obtained from 1/25000 scale nadicsoil databasere used in

order to determinthe hydrological soil group of the basin. It is seen that majority of

the area is composed of brown soil. Soil depths are generally in deep and moderately
deep levels. Water erosion is not high across the basin. These three soil maps are
used to establish hyologic soil maps according tbegiven criteriagiven inTable

3-5. It is found that thenost of the area has a type B hydrological soil group
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Table3-5 Determination of Hydrologic Soil Group

Classification of Great Soil Groups (GSG)

Symbol

Explanation

Value

Chestnut Color Soill

=

Colluvial Soill

Basaltic Soill

Alivuial Soill

Brown Soil

Lime-Free Brown Forest Soil

Reddish Maroon Soil

Reddish Brown Soil

High Mountain Pasture Lands

Brown Forest Soill

Lime-Free Brown Soil

Grey Brown Podzolic Soll

Hydromorphic Alluvial Soil

Organic Soil

Red Yellow Podzolic Soil

O'UOI(.‘)CZ-<T|DZUJ)>><7<I.<?.I

Saline-Alkali and Saline Alkali Melange Soil

N(R|R[N[R|Rr|Rr[R|RRR]RR NN

Classification of Soil De pths (SD)

Explanation

Value

Deep (+ 90 cm)

Moderately Deep ( 90 - 50 cm)

Shallow (50 - 20 cm)

Very Shallow (20 - 0 cm)

Lithologic

glhfw|N

Classification of Erosion Level (EL)

Explanation

Value

None or Very Little Water Erosion

Moderate Water Erosion

Intensive Water Erosion

Very Intensive Water Erosion

AN

Determination of Hydrological Soil Group (HSG)

Value

HSG

GSG Depth

Erosion

2 -

34

1 1-2

1-2

1 3-4-5

1-2-3

olo|®|>

Other Cases
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Soil Conservation Service (USDA, 1972) introdsitke curve number (CN) (a
conceptual parameter) approach to estimate direct runoff generatiomairdail.

By using hydrologic soil groups and various land use/land cover information, a series
of curve numbers were assigned by also considering antecedent soil moisture
conditiors. Based orhetotal 5day antecedent rainfall amount and season (growing
or dormant), three typef soil moisture conditioaredefined which are type 1 (dry
condition), type 2 (normal conditipnand type 3 (wet condition). CN values for
normal antecedent moisture conditions were assigned empirically from rainfall
runoff meaurements. These values have been obtained generally from small
agricultural watersheds whetbe slope ha a limited effect onthe infiltration
process. Since steep slopes causeluction in infiltration an@nincreagin surface
runoff, it is acceptedhat CN valueghatare generated by SCS are appropriate for
watershed slopes around 5%afvidou, E. et al 2016. In this study average
watershed slopes aaéso calculateds around 5%and it is acceptable to ugeCN
approach in hydrological modeling. In order to generate curve numbers for the study
area, land use data is obtained from Corine (Coordination of Information on the
Environment) 2018 maps. According to these m#psbasin is mainly composed

of agriculural areas (more than 85% of the area). By using standard curve number
tables given irtheliterature (USDA, 1972Chow, V.T. et al 1988 Hoogan, 1989),
curve numbers are assigned to every Corine layer for four different hydrologic soll
groups. Those adgned numbers were also calibrated within the hydrologic
modeling studiesThosenumbers can bebservedn Table3-6. The average curve
number for the whole basin is calculated aroundGtéatsoil group, erosion rate

and depth of soil, hydrological soil groups, Coriaad curve number maps olie

study aeacan be seehetweerFigure3-2 andFigure3-7.
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Table3-6 Determination of Hydrologic Soil Group

Corine Code|Explanation A B C D
111 Continuous urban fabric 77 86 91 94
112 Discontinuous urban fabric 76 85 90 93
121 Industrial or commercial units 77 86 91 94
122 Road and rail networks and associated land 77 86 91 94
123 Port areas 77 86 91 94
124 Airports 77 86 91 94
131 Mineral extraction sites 77 86 91 94
132 Dump sites 77 86 91 94
133 Construction sites 77 86 91 94
141 Green urban areas 74 83 88 91
142 Sport and leisure facilties 76 85 90 93
211 Non-irrigated arable land 63 74 | 79 84
212 Permanently irrigated land 64 75 80 85
213 Rice fields 65 77 85 89
221 Vineyards 30 [ 60 | 73 79
222 Fruit trees and berry plantations 30 60 73 79
223 Olive groves 30 60 73 79
231 Pastures 39 68 78 83
241 Annual crops associated with permanent cfopkb 72 82 86
242 Complex cultivation patterns 30 61 72 78
243 Land principally occupied by agriculture, witf 56 72 80 85
244 Agro-forestry areas 40 65 77 83
311 Broad-leaved forest 38 52 62 70
312 Coniferous forest 38 52 62 70
313 Mixed forest 38 52 62 70
321 Natural grasslands 39 57 71 77
322 Moors and heathland 39 57 71 77
323 Sclerophyllous vegetation 39 57 71 77
324 Transitional woodland-shrub 39 57 71 77
331 Beaches, dunes, sands 56 73 82 86
332 Bare rocks 98 98 98 98
333 Sparsely vegetated areas 58 75 84 88
334 Burnt areas 77 86 91 94
411 Inland marshes 77 86 91 94
412 Peat bogs 77 86 91 94
421 Salt marshes 77 86 91 94
422 Salines 77 86 91 94
423 Intertidal flats 77 86 91 94
511 Water courses 100 | 100 | 100 [ 100
512 Water bodies 100 | 100 | 100 | 100
521 Coastal lagoons 100 | 100 | 100 | 100
522 Estuaries 100 | 100 | 100 | 100
523 Sea and ocean 100 | 100 | 100 | 100
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3.3 Rainfall Data

Required minimum densities of hydrometeorological stations depend on different
geographic and climatic zones. Spatial and temporal variations of rainfall, relation
with and location of streamflow gaugésepopulation density ahearea, economic
circumgances also affecthe density of hydrometeorological stations network.
World Meteorological Organization Balefined basics characteristics of general
hydrometeorological network density. For precipitation measurement, it is advised
to have at least onecording station per 3P0 kn? in urban areas and at least one
nonrecording station per 575 Krfor interior plains unless any other zonal special

requirements will not exist (WMO, 2008).

The airrent meteorological station networktbie study area canebseen irFigure

3-1. All of the precipitation records that belong to the meteorological stations in
Ankara for the period between 1970 and 2019 were supplied by:émeral
Directorate of Meteorologyor this stuly. Some of the stations do not operate
currently and some of the closed stations have recently been reopened in the
immediate vicinity of the previous location®peration periods of stations the

study area are given fable3-7.

Table3-7. Operations Periods of Meteorological Stations in Study Area

Station Name Status | Data Period

Ahi boz K©°yOpen [2015-Present

Culuk Closed |1999- 2004

¢al daj Open | 2014 - Present

Dikmen Closed | 19667 1991 (1970 is missing)
E|l ma-Raaldr Open | 2007- Present
G¢na(lm$K) |Closed |1972- 2005

Haymana KK Closed |1957- 1990

Haymana Open | 2014- Present

Haymana T4gOpen |2007-Present
Haymana Yenice Closed |1986- 1995
Haymana Yenice Bld Open | 2016- Present

Kkizce Closed |1966- 2004
Kki zce Zi nClosed |1931-1938, 19561973, 19751982, 19841987
Tepeyurt Closed |1999- 2001,2004

Uf uk Dani §Open [2007-Present
Yaj |l épénanOpen |2019-Present
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In order to be able to make judgements about the amounts of individual rainfalls,
probability distribution analyses were carried out for the stations. By using the
maximum daily precipitation records of each ygaobable maximum daily rainfall
amounts of different return periods were calculabsd using the spreadsheet
prepared byD S.KResult sheets of calculations are given in &ujix A. Before
starting calculations, the records of stations in close proximity were united to obtain

a longer data period-hesummary of theesuls can be seen ifiable3-8.

Table3-8. Frequency Analysis of Selected StatiamStudy Area

Return Period

Stations Number Frequency Type
of Years q y 1yp 50yr | 100yr [ 500yr
(mm) | (mm) | (mm)
Uf uk Dani knl 13 Pearson Typ& 75.47 | 85.06 | 103.99
Di kmen + ¢a 31 Gumbel 59.06 | 65.19 | 79.34
El madaj Rad 13 Pearson Typ& 59.47 | 63.17 | 70.10

G¢nalan (DS 39 Log-Pearson Typ8&| 63.18 | 71.39 | 90.07
Haymana KK + Hayman| 26 Log-Pearson Typ&| 51.18 [ 54.15 | 59.85
Kk i zHaey ma n a 52 Log-Pearson Typ&| 60.93 ( 70.06 | 91.57

Haymana Yenice +
Haymana Yenice Bld.

14 Gumbel 69.66 | 77.22 | 94.67

After these analyses, days that have precipitadiormore than 40 mmwhich is
around 510 year daily total amount of rainfallvere selected. Besides daily
precipitation records of climate stations, precipitation records higher than the 10
mm/hour of automated stations are also investigated. Lastly, days that have non
conwective precipitation typeare investigated in order to analyze the success of
numerical weather prediction models in different rainfall types, although they have
aless total amount of precipitatiaghan 40 mmAmong these eventsix of them

which occurred after 2@l are selected since weather forecasting modelkheof
Turkish State General Directorate of Meteorol¢ig\GM) are available after 21
Finally, theresults of weather forecasting models (WRF, ALR) of thesevents

are providedrom the MGM. Those dates are givenTable3-9.
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Table3-9. Dates of Selected Events

27.9.2014| 11.8.2015| 18.12.2017
29.5.2015| 14.3.2016| 20.5.2018

Areal distribution of precipitation is of considerable interest for flood analysis
(Tarpanelli et al., 2012). Accurate estimation of the spatial distribution of
precipitationis crucialin hydrological modeling and planning and management of
water resource (Woldemeskel et al., 2013)hereare various spatial interpolation
techniques that have been employed in different fields suitte asarest neighbor,
Thiessen polygons, inverse distance weighting, geographically weighted regression,
global polynomial, local polynomial, trend surface analysis, radial basic function,
Kriging, and so oriChen and Liu, 2012)n this study, the inverse distance wegght
(IDW) method was used to obtain the areal distribution ef 500, and 500year
storms.The obtained results are given irable3-10, andarealfigures can be seen

in Appendix B.

Table3-10. Areal Precipitation Amourf Subbasingor Design Stormgmm)

Subbasin Name 50-year | 100year | 500-year
(mm) (mm) (mm)
KizceReservoir 61.05 69.40 88.57
Di k i Resetvairk 62.18 69.20 84.74
Sukesen Creek 68.73 76.23 90.76
Kepir Creek 71.08 79.55 96.07
Kdleli Creek 68.50 76.41 92.05
Ba r8ak Creek 69.30 77.23 92.05
G° | Credk 68.08 75.85 90.64
Tatlen Creek 67.07 74.92 90.46
Burcupinar Creek 66.49 74.39 90.32
Upstream of Lake Mogan
(Area between the lake atiie pond) 64.12 72.17 89.58
Mogan Detention Pond
(Except Dikilitak]| 6217 70.34 88.82
Whole Mogan Basin 63.60 71.50 88.73
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34 Streamflow and Lake Observation Data

Although the Lake Mogan basin is one of the important drainage areas of Ankara
Creek, available streamflow data is not much doesnot cover long time periods.

Mi ddl e East Techni cal Uni ver si tagdth¢ MET U)
abolished Electrical Work Irestigation Administration (EEK had operated several
streamflow gauges in the pabut they were all closed more than ten years ago.

Furthermore, records of gauges operated

Lake level measurements in Lake Mogagrealso done ypthe General Directorate
of Protection of Natural Assets (GDPNAh a monthly basis between 1996 and
2011. These records can be seehigure3-8.

Discharged water from controlled gates of Lake Mogan and lake level measurements
on adaily basisperformedby State Hydraulic Works between 2013 and 2018 years

are given irFigure3-9.

As shown in the given figures the lakés operating level has been kept well above
the 972.00m. level almost all the timen addition, he amount of water released
from the lake is extrenhglow, a maximum 2.75 ffs of water was discharged.
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Figure3-9. Water Level and Discharged Water Amounts of Lake Mogan between
2013 and 2018
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CHAPTER 4

PRECIPITATION FORECASTS AND STATI STICAL ANALYSES

4.1 General

Numerical weather forecasting models are increasingly beind fmsedecision
support in water maas asp statee m Chafted@ Tlurkeg,r , 2 0 1 ¢
the General Directorate of Meteorologyso uses numerical models for operational
purposesThe elationshig between forecast values and corresponding observations
are always measurednd the quality of forecastss examined fora variety of
reasons. These reasamsre categorized as administrative, scientidicd economic
purposes by Brier and Allen (195MVilks (2011) made also poid out these
aspects as follows. Administrative authorities may examine trends of forecast
performance over timeand forecast improvement for different lead times and
locations can be compared. Those comparisons altdw seethe performance of

the forecaster and forecasting system. Forecast values for an event from different
sources can also be compared. Studying stremagith deficiencies or weakress in

a set of forecasts will lead to better forecaststha next times by pplying
methodological improvements scientifically. Economic aspects for forecast
verification are also lien better decision making. Enterprises gathering information
from forecasted events desire to maximize their gains or institutes wants to prevent
damages due to atmospheric events by taking some early precautions. Knowing the

reliability or sufficiency otthe forecast isalsoessential from this point of wie

Quantitative precipitation forecasts (QRI§o haven important role in determining
the patential for flooding eventsespecially for urban catchments on short time
intervals; however, decisiemakers are unwilling to devise to makeaction based

on forecasts whose quality is less or unknown (Rossa et al. 2008).
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As explained above, verification or validation of forecasts is an essential part of work
for reliable action plans. Since precipitation forecasts hdasge variability bothn

space and in time, localization and timing of the events and precipitation intensity
are the potential error fields (Habets et al., 2004). In order to reduce these kinds of
errors, researchers have been studied both verification techniques and dgvelopi
well-suited numerical forecast models by applying various alternatives. Theae are
number of papers and textbooks (WjlkX¥11 Von Storch and Zwiers200B;
Mudelsee 2013) that explain the general framework and details about the

verification of precitation methods in atmospheric science.

Parameters that are used for verification are defined as skill scores. Traditional
verification methods are generally broad into two geoags qualitatively or
categorical skills and quantitative skills. These ddlbres will be explained below

parts.

41.1 Categorical Skill Scores

Categorical forecasts are generally done in two or more cldikselselow normal,
around normaland above normal, which are clearly stated according to priori
defined threshold value¥¢n Storch and Zwiers2003. The @ntingency table is
heavily used in atmospheric science in terms of occurrence ardcoarrence of
events for the verification of yes/no forecasts (Wilks, 2011). Four possible
combination of forecasts (occurrence/nofccurrence) and observations
(occurrence/nomccurrence) are identified in 2x2 contingency taflable 4-1).
These possible combinati®are classified ashit (N1), where an event is observed
and forecasted; miss §Nl\where an event is observed but not forecasted; false alarm
(N3), where an evensnot observed but forecasted; and correct rejectiapwiNere

an event is not observeahd not forecasted.iNs denoted athe total number of

forecasts. Categorical skill scores are calculated based on these parameters. Since

thedi mensi onal ity of 2x21=%3),fotecastgedanntaycet abl e
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should be expressed at lemsth three parameters (Wilks, 201The nost widely

used parameters that are associated with 2x2 contingency table are given below.

Table4-1. Contingency Table

Event Observed Not observed
Forecasted N1 (hit) N3 (false alarm)
Not forecasted N2 (miss) N4 (correct rejection

Proportion Correct (PC)

Proportion correct is a measure of accuraay it is the ratio of summation of hits
and correct rejections to the total forecast numbey. (N perfect forecasts, MNand

N3 values will be equal to 0. In other words, all of the occurrence andecmnrence

of events will be forecasted without amyjsses or false alarms. The worst and the

best scores are zero and pmspectively. This parameter is found to be misleading,

especially inthec a s e

~

Lo ——

Threat Score (TS)

of

rar e

events (M°Il der s,

(4.1)

200 ¢

Threat score (TS) or critical success index (CSI) is also a measure of accuracy. It is

found to be useful whera forecasted event is less frequently occurs than

nonoccurrencelhe number of hitgs divided bythesummation of hits, falsglarms

and misses. The worst and the best scores are zero amdspeetively.

"Y“Y 6 “Y"O

BIAS

It is the ratioof forecasted events (hits + false alarms) to the observed events (hits +

misses).The perfect score for bias is, And it can take values between zero and
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infinity. A value geater than 1 shows that event was forecasted more times than the
observed situatia) which is called as overforecastinghe @posite situation is

referredto as underforecasting wheae@event is observed more than forecasted.

0Y —— (4.3)

False Alarm Ratio (FAR)

It is the fraction of eventthatarepredcted tooccurbut actually @ not occur. Since
this value is negative oriented, smaller values are preferable. The worst and the

best scores are one and zeespectively.

"00Y —— (4.4)

Probability of Detection (POD)

It is defined as the ratio @he number of hits (correct forecasts) to the number of
total events that occur. It is also known as hit rate. The worst and the best scores are
zero and ongespectively.

000 —— (4.5)

Heidke Skill Score

It measures the fraction of true forecasts after eliminating forecasts that would be
true by random c h a theperfedt forechsit s egsalto 2 for0 8 ) .

therandom changet is 0, and for worse than random chanitéas negatig values.

oY (4.6)
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A summary of these scores can be sedrainie4-2. In addition to these scores, there
are also more scores described in literature like Brier skill score, Peirce skill score,
Clayton skill score, Gilbert Skill scoreextreme dependency scorsymmetric
extreme dependency scpamd so on.

Table4-2. Summary of Categorical Skill Scores

Skill Scores Equation Definition Range
Proportion .. 0 0 Fraction of correct | 0-1, with 1 beinga
0O -
Correct v forecasts perfect score
Fraction of hits over ) _
e 0-1, with 1 beinga
Threat Score | "Y'Y 0 "Y'O + total forecast except
v o perfect score
correct rejection
Ratio of forecasted
Bias Score 0"y events tahe observed (D) ( D)
events
Fraction of forecasted ) )
False Alarm . 0 N 0-1, with O beinga
) "00 'Y positive events that
Ratio v v _ perfect score
actually did not occur
Probability of 550 0 Ratio of hits over total| 0-1, with 1 beinga
0 0
Detection v v observed events perfect score
Heidke Skill oY w Number of correct -7 (1)
Score w0 forecasts which not
cCoo 0 occur by chance
o 0 0 0
o 0 0 0
4.1.2 Quantitative Skill Scores

Correlation

Pearson correlation coefficient is one of the most widely used statistical parameters

that is used in natural sciences and estimates the degeeknefr relationship
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(Mudelsee, 2010). It takes values betwekmnd +1 where the valu® shows no
positive or negative linear relationship between taeables It is sensitive to

extremevalues of the variablesg., statistical outliers (DEFRA, 2013).

. B r
1 = = 4.7
Variance

Var i a? isa mdasurement of the spread between numbers in a data set. It
measures how far each number in the set is from the mean and is calculated by taking
the sum of the squares of differences between the individual observationseand t

mean and dividing by the number of observationfe setminus one

o2t (4.9)

Standard Deviation

It is a measure of the amount of variation or dispersion of a set of valugs and

calculated as the square root of the variance for a statistical population.

(4.9)

Mean Absolute Error (MAE)

It is used to estimate the closenesqaifserved and forecastedata pairs. It is
calculated by takinghe absolute difference afbservedand predictedlata value
corresponding tahe same time stepnddividing by the number of observations

Therefore it is always positiveand small values are preferable.

DOO -Bw 5 w j (4.10)
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Root Mean Square Error

The Root Mean Square Error (RMSE)Very commonlyused as a measure tbe
overall performancef the modeland calculated as the square root of the mean

squared difference betwetarecastednd observed values for a given time period.

5
oy

YO YO

(4.11)

Mean Bias

The dfference betweerany forecasted andhbserved value is named as hiasd
correspondinglymean bias is the averagetbé differences between tfarecasted

and observedata pairsn thedomain

0 Qwi-B w 5 » j (4.12)

4.2  Comparison of Rainfall Forecasts

In order to comparéhe success of two weather forecasting models, namely WRF
and ALR, quantitative and categorical statistical parameters are used. For
guantitative analyses, Pearson correlations (r), root mean square errors (RMSE)
biases ee calculated. On the other hand, for categorical statistical analyses,
proportion correct (PC), threat score (TS), bias, false alarm ratio (FAR), probability
of detection (PODQ)and Heidke skill scores are calculated by using 0.25 mm/hr

threshold value.

Statistical analyses were carried out for three leadstiorethe day, one day before

and two days before times a point and areal basis

In pointbased analyses, four different meteorological observation stations are used.

Three of these stations agerrently operating in the study area. These stations are

G°l bakée Ufuk DanékamedntE!l nhadyanja nRaa dTaarr ésnt at i
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to these stations, Ankara station is selected to see the precipitation and forecast

patterrs to analyze statistical msurements outside the study a@anvective and

nonrconvective type of precipitation forecasts are given for every grid point at the

result files of WRF and ALR model§hese forecast results are also given separately

in statisticalanalys t a b laemd. ACOMO stands for convectiywv
ANCO and f Gtenoncenveatimedype of poecipitation. Averages of the

nearest grid points to stations are used in statistical analyses.

In areatbased analyseshe study area is divided io 11 subbasinsand average
weighted precipitation values are calculated by uiiegnverse distance weighted

(IDW) method for every hour time step.

All these analyses are carried out for selected six different case events. Results are
given in graphsand tablesThe nost distinguished statistical results of every point

and areal analyses are explained in subsequent sections for eveypedem@neral
evaluation is given in the last subsection. Som#hetategorical scores cannot be
calculated duect zero value irthe denominataorand these values are specified as
AN. A. 0.

42.1 2709.2014 Event

Precipitation gauge records, WRF and ALR fo
El madaj,amadHay mana T atheh09.2014aeventane giverd o r
betweenFigure 4-1 and Figure 4-4. Areal distribution of actual precipitation and

forecast values are givenhiigure4-5. Calculated statistics based on point and areal

forecastsare given betweenable4-3 and Table4-5.

For Ankara statiopALR forecasts are a bit better than WRF forecasts. Cumulative
precipitation values are quite overestimated in WRF forecasts, r and RMSE statistics
are better in ALR foreasts for on the day and one day beftire forecast sets.

However r values are quite low for both WRF and ALR. Categorical statistics show
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better results compared to quantitative statisTibg. iesults othe ALR forecast are
again better than WRF foresta.

For GUFb&ak®ani kment Station forecast val.
forecasts and cumulative precipitation values are quite good for WRF forecast
especially for on the day and one day before forecast sets. Howewelr RMSE

values danot show that much satisfaction. @re other hand, categorical skills are

better in ALR forecasts.

For EI mada] tikbabtaatal pSetimtdationoalugasseen in one day

before ALR forecast witta 0.43 correlation score. Other forecast resghow
overestimated values with low correlation and high RMSE scores. Simitae to
results of G°l baké Ufuk Dani kment stati or

forecasts.

For Haymana Tarém Station, on the day a
similar to each other with overestimated total precipitation values, while on the day

ALR forecast a bit better than those with underestimated total precipitation value.

In generalfwo days beforéd\LR forecasts are quite unsatisfactory when compared
to other ones in poiAbasedanalyses Correlation and RMSE statistics are not
adequate for all precipitation sets. Categorical statistics seem more meaningful for

both typeswhile they are generally better for ALR forecasts.

In an arealbased analysjstwo days beforeALR forecasts are again quite
unsatisfactory which is normal when poidtased forecastsare considered.
Cumulative precipitation values are seen around 1 mm for all points and basins.
While one day before ALR forecasts are closer to geegerds than WRF forecasts
categorical skills are also better for on the day and one day before ALR forecasts for
all subbasins.

In the Sukesen subasin, one day before ALR forecasts hav@.03 correlation
coefficient but the total precipitation valués closer to gauge records than WRF

forecasts.
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Il n Kepir, Bajérand, BGPtup&npnamMaslubmasi ns,

forecasts are closer to gauge records (less BIAS values) with higher correlation
coefficient and but also with high RMSE. One day before ALR forecasts have higher
correlation coefficients, less RM$S&nd better bisscores with underestimated total

precipitation values.

IntheK] d el i tlseaumbladive precipitation value of on the day ALR forecast
hasavery small BIAS value but again withvery low correlation coefficient.

IntheKk i z c e s u ldyAlsRifonecastis undérestimatdat its Bias score
is close to zeraand its correlation coefficient is higher with lower RMSE for on the
day forecasts. One day before ALR forecasts have less bias and correlation scores

with overestimated total prectption values.

IntheDi ki | i t aloth VR dndALR forecasts are overestimated. On the
day ALR forecasts have a bit better scores than WRF foreeast®ne day before
forecasts have similar bias scores while WRF forecasts aaigher correlatn

with lesser RMSE.

For ypstream of Lake Mogarcorrelation values are higher in WRF forecasts, bias
scores are better in ALR forecasts. RMSE vaharetigher in on the day WRF and

one day before ALR forecasts.
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Figure4-3. Precipitation Records and Forecast Values of 27.09.2014 Event for
El mada] Radar Station
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Figure4-5. Areal Distribution of Actual Precipitation and Forecast Values of
27.09.2014 Event
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Table4-3. Statistical Scores of Forecasts PointBasisfor 27.09.2014 Event

Quantitative Scores

WRF Forecast

ALR Forecast

. Gage Forecast
Station Record Time
C | NC|Total] r |RMSE Bias | Con| Gec|Total] r |[RMSKE Bias
Onthe Day| 4.5712.7§ 17.33 0.290 1.84 0.33 3.60 8.6912.29 0.25 1.19 0.11
ANKARA 9.60 | 1Day Beforg 23.4217.6841.10 0.21 3.8 1.31 1.21 6.174 7.39 0.57 0.71 -0.09
2 Days Beforpl3.50 2.69 16.19 -0.07 1.3 0.279) 0.00 1.14 1.14 -0.1§ 0.9 -0.34
Onthe Day| 5.41115.6421.04 0.28 2.7§ -0.1q 2.9411.67 14.61 0.0§4 2.23 -0.31
GOLBASI-
UFUK 23.40 (| 1 Day Beforg 18.67 6.87 25.53 0.11 2.2 0.09 2.50 11.84 14.3¢ 0.30 1.92 -0.3§
5! bT a
2 Days Beforgl3.79 1.2215.01 0.29 1.89 -0.3§5 0.03 0.30 0.3] 0.8 2.09 -0.94
Onthe Day| 7.0422.3029.3§ 0.04 4.21 0.50{16.1911.24 27.41 0.0Y 3.32 0.42
ELMADAG- 17.40 (| 1 Day Beforg 21.254 9.92 31.14 0.07 2.63 0.5 2.1912.8415.04 0.43 1.45 -0.1Q
RADAR
2 Days Beforg 6.79 0.79 7.51 0.19 1.50 -0.41 0.04 0.77 0.8 0.6§ 1.56 -0.69
On the Day| 8.3915.4123.8¢0 0.51 1.8 0.35 1.8 8.6910.54 0.67 0.77 -0.2d
H?_X'\;ﬁTA 15.40 (| 1 Day Beforg 17.57 3.6721.24 0.64 1.02 0.24 8.0)14.9022.91 0.30 1.6 0.31
2 Days Beforg 8.69 0.69 9.37 -0.071 1.1§ -0.2§ 0.65 0.4 1.11 -0.17 1.18 -0.60
Categorical Scores
_ Gage Forecast WREF Forecast ALR Forecast
Station Record Time
PC| TS| BS | FAR| POD|Heidkel] PC| TS | BS | FAR| POD|Heidke|
Onthe Day| 0.67 0.27 1.33 0.63 0.50 0.2 0.8 0.63 1.17 0.29 0.83 0.64
ANKARA 9.60 | 1Day Beforg 0.3§ 0.2 3.17 0.74 0.83 0.03 0.92 0.7 1.33 0.29 1.00 0.80
2 Days Beforg 0.54 0.21 1.83 0.73 0.50 0.04 0.67 0.00 0.33 1.00 0.00 -0.14
Onthe Day|| 0.79 0.5 1.13 0.33 0.7 0.55 0.8 0.67 0.8§ 0.14 0.74 0.71
GOLBASI-
UFUK 23.40 (| 1 Day Beforg 0.71 0.50 1.63 0.49 0.8 0.43 0.9 0.80 1.25 0.20 1.00 0.87
5! bT a
2 Days Beforp 0.8 0.73 1.3 0.27 1.00 0.74 0.67] 0.00 0.00 N.A.| 0.0 0.00
Onthe Day| 0.71] 0.42 1.13 0.44 0.63 0.3¢ 0.83 0.60 1.0 0.2 0.7 0.63
EI'R&'EI?AA&G 17.40 (| 1 Day Beforg 0.79 0.54 1.50 0.42 0.8§ 0.50/ 1.00 1.00 1.00 0.00 1.00 1.0Q
2 Days Beforg 0.83 0.60 1.00 0.2 0.79 0.63 0.67 0.00 0.00 N.A.| 0.00 0.0d
Onthe Day|| 0.79 0.50 1.00 0.33 0.67 0.47 1.0 1.0 1.0 0.0 1.00 1.0d
H?XI\’:IA,\IA\IA 15.40 (| 1 Day Beforg 0.67] 0.50 1.67 0.47 0.89 0.37 0.89 0.73 1.11] 0.20 0.89 0.74
2 Days Beforg 0.54 0.27 1.11] 0.6 0.44 0.04 054 0.00 0.22 1.00 0.00 -0.14
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Table4-4. Quantitative Statistical Scores of ForecastsArealBasisfor
27.09.2014 Event

Gage WRF Forecast (IDW)| ALR Forecast (IDW)

Subbasir| Record For_ecast _ _
(IDW) Time Total| r |RMSEBias|Total| r |RMSEK Bias
IKizce Onthe Day|[22.84 0.5 1.51 0.3 9.0) 0.63 0.67 -0.2¢
Pond 13.80 || 1 Day Beforg 21.64 0.6 1.21 0.3319.74 0.3q 0.2 0.25
2 Days Beforgl0.11 -0.25 1.1Q -0.15 1.65 -0.24 0.99 -0.5]
- Onthe Day|23.32 0.29 2.48 0.4518.51 0.327 1.28 0.26
D'Pk(')lr']tgs 12.44 | 1 Day Beford 22.90 0.43 1.11 0442281 0.25 191 0.43
2 Days Beforg 8.44 0.53 0.63 -0.17 0.90 0.63 0.83 -0.49
Sukeser Onthe Day|[24.50 0.20 2.90 0.2420.14 0.03 2.41 0.06
Creek 18.69 | 1 Day Beforg 27.49 0.13 1.94 0.3716.39 0.34 1.51f -0.10
2 Days Beforpl13.98 0.07 1.52 -0.2¢ 0.4 0.79 1.55 -0.76
Kepir Onthe Day|[22.5§ 0.27 2.52 0.1414.54 0.04 1.90Q -0.19
Creek 19.15 || 1 Day Beforg 25.93 0.1 1.83 0.2§ 16.29 0.37 1.52 -0.17
2 Days Beforgl5.60 0.19 1.51 -0.15 0.3 0.6 1.62 -0.79
Igdeli Onthe Day|[24.0§ 0.24 2.63 0.26(17.44 0.09 2.15 -0.02
Creek 17.80 || 1 Day Beforg 26.39 0.1 1.7 0.3¢ 18.24 0.3§ 1.53 0.0%
2 Days Beforgl5.21 0.0§ 1.46 -0.11f 0.3§ 0.72 1.47 -0.73
Bagirsak On the Day|[16.63 0.35 1.69 -0.0]12.84 0.21] 1.50 -0.17
Creek 16.87 || 1 Day Beforg 24.23 0.27] 1.56 0.31)13.24 0.64 0.99 -0.15
2 Days Beforpl2.1§ 0.23 1.29 -0.2¢ 1.32 -0.1Y 1.43 -0.65
DI £ Onthe Day|(17.0§ 0.3 1.55 0.0512.8] 0.20 1.5Q -0.12
Creek 15.81 || 1 Day Beforg 24.19Q 0.29 1.43 0.3513.39 0.7 0.83 -0.10
2 Days Beforgl1.97 0.21) 1.2Q0 -0.16( 1.7§ -0.15 1.34 -0.58
Tatlim Onthe Day|[19.37 0.37 1.63 0.16/10.23 0.27 1.19 -0.22
Creek 15.45 | 1 Day Beforg 24.37 0.30 1.31] 0.3713.73 0.63 0.8§ -0.07%
2 Days Beforgl0.50 0.13 1.18 -0.21] 1.64 -0.14 1.27 -0.58
‘ Onthe Day|[20.53 0.37 1.70 0.2 9.6 0.327 1.1Q -0.24
B“g‘;‘;'l':a 15.34 | 1 Day Beford 24.57 0.31] 1.2 0.3914.1d 0.58 0.9 -0.09
2 Days Beforp 9.35 0.0§ 1.19 -0.25 1.59 -0.14 1.24 -0.57
Upstrearn Onthe Day|23.7§ 0.39 1.92 0.36/12.50 0.28 1.25 -0.11
of Lake | 15.10 | 1 Day Beforg 23.44 0.42 1.13 0.3518.81 0.39 1.31 0.1§
Mogan 2 Days Beforgl11.0] 0.03 1.0§ -0.17 1.14 -0.11 1.13 -0.54
Mogan Onthe Day|(25.1 0.50 2.09 0.4514.54 0.4 1.1 0.01
Detention| 14.43 | 1 Day Beforg{ 25.67 0.49 1.20 0.4727.29 0.2 2.24 0.54
Pond 2 Days Beforgl0.0§ 0.14 0.88 -0.1§ 0.6 0.34 0.99 -0.57
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Table4-5. Categorical Statistical Scores of Forecast#\realBasisfor 27.09.2014

Event
| Gage | oecast WRF Forecast (IDW) ALR Forecast (IDW)
Subbasin Record T
IDW ime PC| TS| BS | FAR| POD|Heidke| PC| TS| BS | FAR| POD|Heidke]
(IDW)
Onthe Day| 0.67 0.43 1.0 0.40 0.6d 0.31 0.9 0.99 0.9q 0.0d 0.9 0.91
Ikizce
pong | 1380 | 1Day Beford 0.67 0.50 1.4q 0.43 0.8q 0.33 0.97081§ 100 019 099 0.83
2 Days Beforg 0.50 0.20 0.80 0.63 0.3q -0.04 0.54 0.0q 0.1d 1.0J 0.0q -0.09
Onthe Day| 0.63 0.40 0.91 0.40 055 0.24 1.0d 1.0d 1.0q 0.0d 1.0 1.04
Dikilitas i
pong | 1244 | 1DayBeforg 0.71 0.5§ 1.27 0.3f 083 043 0.92 0.8 100 0.09 0.91 0.83
2 Days Beforg 0.9 0.85 1.1 0.1 1.0q 0.84 0.54 0.0 0.0 N.A.| 0.0 0.0d
Onthe Day| 0.67 0.38 1.0q 0.44 056 0.29 0.8 0.60 0.7 0.14 0.67 0.63
Sukesern
Croek | 1869 | 1DayBeforg 0.7 0.5 1.5§ 0.43 0.89 044 092 087 123 014 100 0.8
2 Days Beforp 0.83 0.69 1.44 0.31 1.0q 0.67 0.63 0.0 0.0 N.A.| 0.00 0.0d
Onthe Day| 0.67 0.43 1.24 0.48 0.67 0.33 0.8 0.60 0.7 0.14 0.67 0.63
Kepir
Croek | 1915 | 1DayBeforg 0.67 047 1.44 04§ 0.74 0.3 0.9¢ 0.9 111 019 1.0J 0.9
2 Days Beforp 0.79 0.64 1.5 0.3 1.0q 0.60 0.63 0.0 0.0d N.A.| 0.00 0.0d
Onthe Day| 0.71] 0.4 1.11 0.40 0.67 0.39 0.8 0.60 0.7 0.14 0.67 0.63
Igdeli
é’re‘;'( 17.80 | 1 Day Beforg 0.71] 0.53 1.5 0.43 0.8 0.44 0.92 0.82 1.2 0.1 1.0 0.83
2 Days Beforg 0.7 0.60 1.67 0.40 1.0q 0.53 0.63 0.0 0.0 N.A.| 0.00 0.00
Onthe Day| 0.67 0.3 1.0 0.44 0.5 0.29 0.8 0.70.889 0.13 0.7 0.73
Bagirsak
Creek | 1687 | 1DayBeforg 0.7 0.5 1.5 0.43 089 044 0.9¢ 09111) 019 10J 0.9
2 Days Beforg 0.83 0.67 1.24 0.27 0.8 0.64 0.54 0.0 0.29 1.0J 0.0 -0.1
Onthe Day| 0.71] 0.4 1.11 0.40 0.67 0.39 0.99 0.8d 1.0 0.11] 0.8 0.83
DI f g
Creek | 1581 | 1DayBeforg 0.67 0.50 1.67 0.47 0.89 0.37 0.9¢ 0.9¢ 111 019 10d 0.9]
2 Days Beforg 0.79 0.62 1.33 0.33 0.8 0.58 0.54 0.0q 0.24 1.0J 0.0q -0.1
Onthe Day| 0.67 0.43 1.0 0.40 0.6d 0.31 0.9 0.99 0.9 0.0d 0.9 0.91
Tatlim
Creek | 1545 | 1DayBeforg 0.7 0.5 1.5 0.49 0.99 044 092 083 100 019 099 0.8
2 Days Beforg 0.83 0.67 1.0J 0.2 0.8q 0.64 0.5d 0.0q 0.2d 1.0J 0.0 -0.16
Onthe Day| 0.67 0.43 1.0q 0.40 0.6d 0.31 0.9 0.99 0.9q 0.0d 0.9 0.91
ButuPnal 15.34 | 1Day Beford 067 050 1.4d 0.43 0.8 033 097 087 1.0q 0.1d 0.9q 0.83
2 Days Beforg 0.83 0.67 1.0J 0.2 0.8 0.64 0.5d 0.0q 0.2d 1.0d 0.0q -0.16
Onthe Day| 0.63 0.40 1.1q 0.45 0.6d 0.24 0.9 0.99 0.9 0.0d 0.9 0.9
Upstrean
of Lake | 15.10 | 1 Day Beforg 0.71] 0.59 1.7q 0.41 1.0 0.44 0.9 0.91 1.1 0.09 1.0 0.94
Mogan
g 2 Days Beforg 0.67] 0.47 1.20 0.42 0.7q 0.33 0.54 0.0q 0.1d 1.0d 0.0 -0.08
" Onthe Day| 0.67 0.43 1.0 0.40 0.6d 0.31f 0.99 0.84 1.0q 0.1 0.9 0.83
ogan
Detention| 14.43 [ 1 Day Beforgl 0.67 0.50 1.40 0.43 0.8 0.3 0.94 0.91 1.1 0.09 1.0 0.92
Pond
2 Days Beforg 0.58 0.3 1.20 0.50 0.6 0.17 0.58 0.0 0.0 N.A.| 0.00 0.00
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4.2.2 29.05.201%vent

Precipitation gauge records, WRF and ALR
El madaj,amddHay mana T athe2n05.2015aevent@ne giveri o r
betweenFigure 4-6 and Figure 4-9. Areal distribution of actual precipitation and

forecast values are given kFigure 4-10. Calculated statistics based on point and

arealforecastsare given betweehable4-6 andTable4-8.

For Ankara Station, one day before WRid ALR forecasts are quite overestimated
with low correlation valuesTwo days befor&VRF and ALR forecasts and on the
day ALR forecasts also give Higotal precipitation values with poor correlations
and RMSE valuesThe lest result for this station is achieved by on the day WRF
forecast in tams of total precipitation value, bttiecorrelation coefficient is almost

zero. Categorical skill scores WfRF and ALR forecasts are quite unsatisfactory.

For GUFb&k ®ani k nileWRF fofetast are quite, underestimated
with high RMSE values. In terms of total precipitation value, ALR forecasts produce
much better results. One day before ALR &@rgt gives close resslto the station
record. Other ALR forecasts are better than WRF forecasts but still underestimated
significantly. ALR forecastgive similar raults in categorical statisticand they are

a bit better than WRF forecasts.

For Elmac jRadar station, all foress, especially ALR onesproduce highly
overestimated results. On the day and one day before WRF and ALR forecasts
produce close results in themselveao days beforéorecasts are better than other

forecasts but still overestimated. Categorical skill scores are also unacceptably bad.

For Haymana Tarém stati oradrags wlttas i aorne sb
good enough. On the day forecasts are overestimatbdow correlation values.

The kest forecast result is obtained frawo days befordLR forecast witha 0.01

bias score but witla 0.14 correlationThe kest correlation score is obtainadrh

one day before WRF forecast. Categorical scores of ALRdsteseem better than

the WRF forecasts.

67



In arealanalysestwo days befor&/RF forecasts are quite underestimated for this
event. On the other hantiyo days befordLR forecasts seem reasonable in terms

of total precipitation valuéut correlation codicients are not as good as them.

In Sukesen, Kepirand Kj del i subbasins, on the day a
forecasts are resulteth underestimated total precipitation value with low

correlation whereas on the day and one day before ALR forecastda@suith

overestimated total precipitation value with higher correlation. Categorical skill

scores of WRF and ALR forecasts are close to each,diberALR values are

slightly better than WRF values.

I n Bajérsak and G°Il c¢ k s (Rbdieaasts ressilteid on t he da
reasonable total precipitation valug$ie orrelation coefficierson ALR forecasts

are better than WRFO0Os. One dreagondbletbtalr e WRF f C
precipitation values with some overestimation and low correlation. However, one

day before ALR forecast produaefairly high total precipitation value with a

correlation of about 0.50The majority of categorical scores are better in ALR

forecasts, wheredawo days befor&V/RF forecasts a bit better than ALR forecasts.

I n Tatl ém and Burcupénar subbasinie, on the
reasonable total precipitation valyeshereas WRF forecasts produce higher
precipitationvalues with lower correlation coefficients. Between one day before

forecasts, ALR haa better correlation coefficient, WRF hadetter estimatebut

both of the models resuib overestimated total precipitation values. Categorical

scores are close toaraother.

FortheKki zce subbasin, one day before WRF for .
precipitation value and good correlation coefficient. On the day WRF and ALR

forecasts resulh overestimated total precipitation and low correlation coefficients

Two days befordLR forecast has a good correlation score but underestimated total

precipitation value. Categorical scores are better in WRF only in on the day forecasts.
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FortheDi ki |l itak subbasin, on the day WRF
precipitation value. One day before WRF forecast has also overestimated value
wheretwo days beforéorecast has underestimated total precipitation values. ALR
forecasts resulh almost 30 percent underestimated total precipitation values. For
categorichestimates, proportion correct, threat score, probability of deteetimh
Heidke scores are better in WRF forecastsereas bias and false alarm ratio scores

are better in ALR forecasts.

For upstream of Lake Mogan, on the day and one day before AeRafsts result
with slightly high total precipitation values with around 0.50 correlation values. One
day before WRF forecasatso has slightly high total precipitation value but with

low correlation value. On the day WRF forecast produmeoverestimged value

with low correlation while two days beforeWRF forecast produck an
underestimated value withhigher correlation. On the day and one day before WRF
and ALR forecasts are close to each gthattwo days befordLR forecast a bit

better than VRF forecasts.

12.00

Precipitation (mm])

1 2 3 4 5 6 7 B 9 0 1 12 13 4 15 16 17 18 18 W0 21 22 23 24
Time (hr)
ALR - ONTHE DAY ——— ALR - 1 DAY BEFORE ——— ALR - 2 DAY BEFORE ® & » » GAGE RECORDS
WRF - ON THE DAY WRF - 1 DAY BEFORE e \W/RF - 2 DAY BEFORE

Figure4-6. Precipitation Records and Forecast Values of 29.05.2015 Event for
Ankara Station
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Figure4-8. Precipitation Records and Forecast Values of 29.05.2015 Event for
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Table4-6. Statistical Scores of Forecasts PointBasisfor 29.05.2015 Event

Quantitative Scores

_ Gage Forecast WRF Forecast ALR Forecast
Station Record Time
: C | NC|Total] r |RMSE Bias | Con| Gec|Total] r |[RMSKE Bias
Onthe Day| 3.20 1.3§ 4.54 0.02 0.59 0.03 5.60 10.07 15.64 -0.12 1.04 0.49
ANKARA 3.90 [ 1Day Beforq 4.2420.0124.33 0.1§ 2.19 0.852253 9.2331.74 -0.13 2.70 1.14
2 Days Beforp 7.21 0.49 7.64 -0.13 0.91 0.14 4.6110.1114.74 -0.19 1.12 0.45
On the Day| 5.91/12.10 18.01 0.1§ 7.0 -1.8433.20 13.8447.04 0.2 6.89 -0.63
GOLBASI-
UFUK 62.20 [ 1 Day Beforg 5.60 17.63 23.23 -0.14 7.63 -1.6451.0416.8467.8 0.51 5.91 0.24
5! bT a
2 Days Beforg 3.48 1.49 4.97 0.44 7.11 -2.3§17.6512.5430.19 -0.04 7.50 -1.33
Onthe Day| 840 9.25917.64 -0.13 1.21 0.6934.04 13.44 47.49 -0.14 3.93 1.93
ELRNAI\AI‘DI?AARG 1.20 | 1 Day Beforg 5.89 9.8415.74 0.00 1.25 0.6127.1122.10 49.2¢4 -0.25 3.34 2.00
2 Days Beforp 2.61 5.47 8.04 -0.09 1.02 0.29 7.99 17.70 25.69 -0.19 2.1§ 1.02
Onthe Day| 7.50 20.7428.24 0.02 2.1 0.5§ 14.5§ 6.4120.99 -0.13 2.4 0.2
H?_X'\;ﬁTA 14.20 [ 1 Day Beforg 7.1211.90 19.04 0.79 0.97 0.24 2.9 5.31 8.21 0.49 1.2 -0.2§
2 Days Beforg 2.45 0.6 3.1 -0.03 1.50 -0.4 9.23 5.2914.54 0.14 1.6 0.01
Categorical Scores
_ Gage Forecast WREF Forecast ALR Forecast
Station Record Time
PC| TS| BS | FAR| POD|Heidke|] PC| TS| BS | FAR| POD|Heidke
Onthe Day| 0.63 0.10 4.50 0.89 0.50 0.04 0.50 0.14 7.0q 0.8 1.00 0.17
ANKARA 3.90 || 1Day Beforg 0.71 0.22 4.50 0.74 1.00 0.2 0.58 0.09 5.00 0.90 0.50 0.03
2 Days Beforg 0.67] 0.00 3.00 1.00 0.00 -0.14 0.42 0.07 7.00 0.93 0.50 -0.0Z
Onthe Day| 0.424 0.1§ 2.33 0.79 0.50 -0.04 0.58 0.3§ 2.67] 0.63 1.00 0.29
GOLBASI-
UFUK 62.20 | 1 Day Beforgg 0.54 0.27 2.17 0.69 0.67 0.17 0.54 0.3§ 2.83 0.6§ 1.00 0.24
5! bT a
2 Days Beforp 0.79 0.39 0.83 0.40 0.50 0.414 050 0.29 2.67 0.69 0.83 0.14
Onthe Day| 0.42 0.00 6.00 1.00 0.00 -0.14 0.29 0.04 8.5(0 0.94 0.50 -0.0
ELMADAG- 1.20 | 1Day Beforg 0.44 0.0 5.50 1.00 0.00 -0.1¢ 0.33 0.00 7.00 1.00 0.0 -0.17
RADAR
2 Days Beforg 0.7 0.14 3.00 0.83 0.50 0.14 0.25 0.00 8.00 1.00 0.0 -0.17
Onthe Day|| 0.50 0.29 3.4Q0 0.71] 1.00 0.2¢ 0.63 0.1 1.20 0.83 0.20 -0.04
HATX'\FQIA'\:IA 14.20 | 1 Day Beforgg 0.54 0.27 2.80 0.71 0.80 0.1 0.79 0.44 1.60 050 0.80 0.44
2 Days Beforp 0.71 0.224 1.2 0.67 0.40 0.1 0.7§ 0.40 1.80 0.5 0.80 0.41
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Table4-7. Quantitative Statistical Scores of ForecastsArealBasisfor
29.05.2015 Event

Gage

WRF Forecast (IDW)

ALR Forecast (IDW)

Subbasir| Record For.ecast
(IDW) Time Total| r |RMSKEBias|Total| r [RMSE Bias
IKizce On the Day|26.61 0.29 1.51 0.4532.33 -0.01 3.0Y 0.69
Pond 15.84 || 1 Day Beforg 19.24 0.72 0.8 0.148.895 0.62 -0.29 -0.2¢
2 Days Beforg 4.77) 0.05 1.15 -0.46(15.60 0.28 1.31 -0.01
Dikilitas Onthe Day|[42.94 0.29 2.5 1.1§ 9.81 0.0Z 0.99 -0.2¢
Pond 14.64 || 1 Day Beforg 21.81 0.40 1.1 0.30/10.19 0.4 0.76 -0.19
2 Days Before 6.0) 0.20 0.77 -0.3¢ 7.53 0.32 0.7§ -0.3C
On the Day|22.51 -0.03 3.37 -0.3746.64 0.50 3.03 0.64
Sg‘::ji” 31.29 | 1 Day Beford 19.19 -0.11] 3.74 -0.5150.28 0.51 2.9 0.7
2 Days Beforg 5.39 0.24 3.27 -1.04 25.53 -0.02 3.73 -0.24
Kepir On the Day|26.11 0.03 3.95 -0.4741.35 0.42 3.63 0.14
Creek 37.51 || 1 Day Beforgl 23.34 -0.13 4.56 -0.59/44.25 0.52 3.29 0.29
2 Days Beforg 5.12 0.55 3.8§ -1.35 26.54 -0.04 4.33 -0.44
Igdeli On the Day|(26.34 -0.04 3.01 -0.0935.19 0.48 2.55 0.29
Creek 28.41 (| 1 Day Beforg 21.14 -0.10 3.51f -0.39/41.99 0.45 2.72 0.5%
2 Days Beforg 4.87 0.45 2.82 -0.9§24.49 0.01 3.31 -0.14
Bagirsak On the Day|20.5] 0.21] 2.27 -0.1926.89 0.60 1.8 0.09
Creek 24.98 | 1 Day Beforq 28.24 -0.14 3.44 0.1448.771 0.54 2.33 0.99
2 Days Beforg 3.34 0.75 2.2§ -0.9(01 29.49 -0.09 2.97 0.19
Dl £ On the Day|23.02 0.21] 1.97 0.0624.02 0.6§ 1.49 0.1¢
Creek 21.60 || 1 Day Beforg 28.29 -0.13 3.12 0.2§45.99 0.50 2.21 1.07
2 Days Beforg 3.13 0.8 1.87 -0.74/31.99 -0.10 2.75 0.43
Tatlim Onthe Day|28.95 0.24 2.03 0.3422.79 0.59 1.52 0.04
Creek 20.76 | 1 Day Beforq 27.2¢4 -0.09 2.97 0.2734.42 0.45 1.85 0.57
2 Days Beforg 3.22 0.83 1.76 -0.7327.70 -0.07 2.50 0.29
_ On the Day|31.3§ 0.25 2.11 0.4621.92 0.57 1.49 0.07
Bug:rl;r::ar 20.34 | 1 Day Beford 26.74 -0.06 2.93 0.2729.49 0.42 1.74 0.39
2 Days Beforg 3.42 0.79 1.6§ -0.7(1 24.77 -0.03 2.27 0.1
Upstrear Onthe Day| 31.05 0.14 1.7 0.6020.12 0.53 1.14 0.14
of Lake | 16.70 | 1 Day Beforg 22.74 0.1 2.11f 0.2423.33 0.44 1.24 0.2§
Mogan 2 Days Beforg 3.83 0.50 1.25 -0.5419.13 0.1 1.47 0.10
Mogan Onthe Day|35.73 0.39 1.60 0.9713.21 0.1 1.0§ 0.03
Detention| 12.38 | 1 Day Beforg 19.63 0.51] 1.20 0.30113.64 0.58 0.68 0.05
Pond 2 Days Beforg 4.42 0.0 0.85 -0.3311.79 0.25 0.99 -0.03
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Table4-8. Categorical Statistical Scores of Forecast#\realBasisfor 29.05.2015

Event
_ Gage | o cast WRF Forecast (IDW) ALR Forecast (IDW)
Subbasinl Record Ti
(IDW) ime PC| TS| BS | FAR| POD|Heidke] PC| TS| BS | FAR| POD|Heidke]
Onthe Day| 0.79 0.71] 1.23 0.29 097 0.57 0.63 0.47 0.99 0.33 0.62 0.2
Ikizce ]
pond | 1584 | 1DayBeford 071 059 1.04 0.29 0.77 041 083 071 085 0.094 0.7] 0.6
2 Days Beforp 0.50 0.25 0.54 0.43 0.31 0.03 0.75 0.6 0.85 0.1 0.69 0.5¢
Onthe Day| 0.8 0.84 1.07 0.13 0.93 0.74 0.63 0.47 0.67 0.2 0.53 0.2
Dikilitas
pond | 1464 | 1DayBeford 0.79 0.69 0.8q 0.0§ 0.7 05§ 067 047 047 0.0q 047 044
2 Days Beforp 0.50 0.33 0.60 0.33 0.40 0.0 0.54 0.31 0.40 0.17 0.33 0.19
Onthe Day| 0.33 0.1 2.14 0.80 0.43 -0.24f 0.59 0.41 2.43 0.59 1.0d 0.29
Sukeser
Creek | 3129 | 1Day Beford 0.67 043 1.8 0.54 0.8 03§ 05§ 041 243 059 1.00 0.2
2 Days Beforp 0.83 0.50 0.71 0.20 0.57 0.56 0.4 0.28§ 2.29 0.69 0.71 0.0
Onthe Day| 0.3 0.21] 2.29 0.79 057 -0.1d 0.67 0.47 2.14 0.53 1.0d 0.49
Kepir
Cre‘;k 37.51 | 1 Day Beforel 0.50 0.25 1.84 0.69 0.57 0.03 0.63 0.44 2.29 056 1.00 0.34
2 Days Beforp 0.8 0.63 0.8 0.17 0.7 0.64 0.50 0.29 2.14 0.67 0.7 0.09
Onthe Day| 0.5 0.37 2.29 0.61 0.8 0.14 0.71] 053 1.89 0.47 1.0d 0.44
Igdeli
Cgreek 28.41 | 1 Day Beforgl 0.5 0.3 1.7 0.57 0.79 0.24 0.71 0.53 1.89 0.47 1.0q 0.49
2 Days Beforp 0.79 0.5 0.8§ 0.29 0.6 0.53 0.54 0.35 1.89 0.60 0.79 0.1
Onthe Day| 0.54 0.31 1.63 0.6 0.6 0.11 0.670.461 1.79 0.5 0.8 0.37
Bagirsak ] ]
Creek | 2498 | 1Day Beford 0.6 040 1.63 054 0.7 027 0.710.5331.87§ 0.47 1.00 0.4
2 Days Beforp 0.79 0.4q 0.7§ 0.33 0.50 0.4q 0.58 0.3 1.79 0.57 0.79 0.2
Onthe Day| 0.5 0.29 1.7 0.64 0.63 0.04 0.67 0.43 150 0.5 0.74 0.33
DI f Q
Croek | 2160 | 1Day Beford 0.54 0.31 1.63 0.62 0.6 0.1 0.7) 053 1.84 047 1.00 0.4
2 Days Beforp 0.79 0.4q 0.75 0.33 0.50 0.4q 0.63 0.44 1.89 053 0.8 0.3
Onthe Day| 0.42 0.3 1.89 0.69 0.677 -0.04 0.63 0.3d 1.11 0.5 0.5 0.2
Tatlim ]
Creek | 20-76 | 1Day Beford 0.63 044 15§ 0.50 0.7 02§ 067 050 1.67 047 0.89 03
2 Days Beforp 0.79 0.4q 0.5 0.20 0.44 0.41 0.63 0.44 1.5 0.50 0.7 0.2
Onthe Day| 0.5 0.4 1.80 0.5 0.8 0.0 0.59 0.33 1.0d 0.5 0.50 0.14
BUUPal 20.34 | 1Day Beforg 0.67 0.5 1.4q 043 0.8q 0.33 0.67 050 1.4d 0.49 0.8d 0.3
2 Days Beforp 0.71] 0.3 0.50 0.20 0.40 0.35 0.63 0.44 1.30 0.4 0.7 0.2
Onthe Day| 0.7 0.67 1.50 0.33 1.0 0.5¢ 0.71] 0.5 1.04 0.31 0.7§ 0.43
Upstrean|
of Lake | 16.70 | 1 Day Beforgl 0.79 0.63 1.17 0.29 0.8 0.54 0.7 0.65 1.33 0.31] 0.92 0.5¢
Mogan
d 2 Days Beforp 0.63 0.3 0.58 0.29 0.42 0.25 0.79 0.64 0.9 0.1 0.79 0.59
Mogan Onthe Day| 0.79 0.71] 1.42 0.29 1.0d 0.5 0.59 0.38 0.8 0.4q 0.5 0.11
Detention| 12.38 | 1 Day Beford 0.71] 0.59 1.2§ 0.33 0.83 0.43 0.79 0.67 1.0§ 0.23 0.83 0.59
Pond
2 Days Beforp 0.63 0.44 0.92 0.3 058 0.24 0.83 0.69 0.83 0.10 0.79 0.67

75



4.2.3 11.08.2015 Event

Precipitation gauge records, WRF and ALR

El madaj,améddHay mana T athed08.2015aevent@ne giveri o r
betweenFigure4-11 andFigure4-14. The aeal distribution of actual precipitation
and forecast values are giverHigure4-15. Calculated statistics based on point and

arealforecastsare given betweehable4-9 andTable4-11.

For Ankara Stationthe total precipitation gage record is 1.10 mm. The closest
forecast resulis seen in one day before WRF forecast with a value of 0.76 mm total

precipitation but with a correlation of around zero.

For GUF ba&k ®ané k nhebest foedast tesulb in seen in on the day
WRF forecast however even that forecast is quite underestimatadd the
correlation coefficient is too low. Although some categorical skills seem to have
good scores, all other forecasts are very unsatisfactory.

For E |-Radad Stgtion, one the dayRW forecasts are similar to those for
G°l bakeé Uf uk Dan é kattkistitme,tSetotltpreapiation Falueve v e r
is so close tahe gauge recordwhereas correlation and RMSE values are still low.

The resuls of categorical skillsarealsosimila t o t hose for G°I| bakeé

Station.

For Hay mana ihatotal mreciiamttom gage, record is 1.40 mm.
However on the day WRF and ALR forecasts are around 28 and 15 mm
respectively which are too overestimatednd correlation is araa zero for both
forecasts. One antdio days beforéorecasts are not that mualorse,but statistical

scores seem unsatisfactory overall.

On anarealbasis in all subbasins except thi&izce subbasin, the total precipitation
value was calculated betwed5 and 26 mm. In all those subbasins, WRF total
precipitation value was calculated around thm for every lead time, one atwio

days beforéALR forecasts were resulteéa around 0.5 mm total precipitation value.
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On the day ALR forecasts for the sublmasi Baj ér sak, ,a@P | c¢ k,
Burcupénar (which are on the | eft side of
underestimated total precipitation values. For Sukesen, Kepird KJj d el i subb
thetotal precipitation value of one the day ALR forecasts are also around 3imm.

generalthecorrelation values of all those forecasts are below zero.

FortheK k i z c e tBetotallpracipitation value was calculated as 6.88. All WRF
forecasts resulted around 4 mm total precipitation value and vatbw correlation
coefficient. Only on the day ALR forecasts produce overestimated total precipitation

value in this event with0.08 correlation and 2.08 RMSE values.

FortheDi ki | i t a WRFsfarebdsta argalaulated as-4 mm with negative
bias and low correlation valgeOn the other hantheresult of ALR forecasts worse

than the WRF6s ones with around 1 mm t ot .

For Mogan Detention Pond and upstream of Lake Mogan subbasins, on the day ALR
forecasts are better than othenewever they are stll underestimated with low

correlation and RMSE values.

Exceptfor PC scores, categorical scores are found to be also unsatisfactory for all

subbasins.
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Figure4-15. Areal Distribution of Actual Precipitation and Forecast Values of
11.08.2015 Event
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Table4-9. Statistical Scores of Forecasts PointBasisfor 11.08.2015 Event

Quantitative Scores

_ Gage Forecast WRF Forecast ALR Forecast
Station Record Time
: C | NC|Total] r |RMSE Bias | Con| Gec|Total] r |[RMSKE Bias
Onthe Day| 3.20 1.3§ 4.59 0.14 0.32 0.14 0.01 0.290.30] 0.65 0.1 -0.03
ANKARA 1.10 | 1 Day Beforg 0.76 0.00 0.74 -0.04 0.22 -0.01 0.00 0.0Q0 0.004 -0.0§ 0.21 -0.0%
2 Days Beforp 0.52 0.00 0.54 -0.09 0.21] -0.04 0.0Y] 0.020.023 0.74 0.20 -0.04
On the Day| 5.91 12.10 18.0% -0.17 5.8 -0.7q 0.3 2.9§ 3.33 -0.04 5.7 -1.31
GOLBASI-
UFUK 34.80 | 1 Day Beforgt 0.45 0.00 0.4 -0.11 5.74 -1.43 0.01 0.190.203 -0.1J 5.74 -1.44
5! bT a
2 Days Beforg 1.9§ 0.0 1.99 0.01 5.72 -1.37 0.02 0.320.344 0.53 5.71 -1.44
Onthe Day| 840 9.2517.64 -0.1§ 2.1§ 0.04f 1.92 1.0 2.983 0.41 1.81 -0.61
ELMADAG- 17.60 | 1 Day Beforgg 2.4 0.00 2.44 -0.04 1.93 -0.63 0.0 0.04 0.0d4 -0.13 1.9 -0.73
RADAR
2 Days Beforp 2.89 0.00 2.89 0.04 1.92 -0.61 0.27] 0.630.90]1 0.5 1.8 -0.70
On the Day| 7.50 20.7428.24 0.07 1.8 1.1 9.800 5.1 14.94 -0.04 2.53 0.57
H?_X'\;ﬁTA 1.40 | 1Day Beforg 3.84 0.00 3.84 0.30 0.33 0.1 0.03 0.3 0.394 -0.11 0.22 -0.04
2 Days Beforg 2.02 0.00 2.03 0.31 0.29 0.03 0.67 1.37 2.04 0.49 0.2 0.03
Categorical Scores
_ Gage Forecast WREF Forecast ALR Forecast
Station Record Time
PC| TS| BS | FAR| POD|Heidke|] PC| TS| BS | FAR| POD|Heidke
Onthe Day| 0.67 0.11] 9.00 0.89 1.00 0.14 0.9 0.00 0.0 N.A.[ 0.00 0.0d
ANKARA 1.10 | 1Day Beforg 0.92 0.0 1.00 1.00 0.00 -0.04 0.9 0.00 0.00 N.A.| 0.00 0.00
2 Days Beforg 0.9 0.00 0.00 N.A.| 0.00 0.0 0.9 0.00 0.00 N.A.| 0.00 0.0d
Onthe Day|| 0.33 0.00 7.00 1.0d 0.0 -0.14 0.79 0.0 1.50 1.0 0.00 -0.11
GOLBASI-
UFUK 34.80 || 1 Day Beforg 0.92 0.00 0.00 N.A.] 0.00 0.0 0.92 0.00 0.00 N.A.| 0.00 0.0d
5! bT a
2 Days Beforp 0.79 0.00 1.5 1.00 0.00 -0.11 0.92 0.00 0.00 N.A.| 0.0 0.00
Onthe Day| 0.50 0.14 3.00 0.83 0.50 0.04f 0.8 0.40 0.7 0.33 0.50 0.50
ELR&%%;G 17.60 | 1 Day Beforg 0.671 0.00 1.0 1.0 0.00 -0.2df 0.83 0.00 0.00 N.A.| 0.00 0.0q
2 Days Beforg 0.7 0.13 1.2 0.8 0.2 0.0 0.89 0.2 0.25 0.0 0.2§ 0.36
Onthe Day| 0.29 0.04 850 0.94 0.50 -0.04 0.83 0.0 1.0 1.09 0.00 -0.09
HATX'\FQIA'\:IA 1.40 | 1Day Beforg 0.83 0.33 3.0 0.67 1.00 0.43 0.92 0.00 0.00 N.A.| 0.0 0.00
2 Days Beforp 0.8 0.29 1.50 0.671 0.50 0.33 0.92 0.33 1.0 0.50 0.5 0.45
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Table4-10. Quantitative Statistical Scores of Forecast#Areal Basisfor
11.08.2015 Event

Gage

WRF Forecast (IDW)

ALR Forecast (IDW)

Subbasin Record For.ecast
(IDW) Time Total| r |RMSKEBias|Total| r [RMSE Bias
IKizce On the Day| 4.24 -0.12 1.07| -0.11)12.67 -0.0§ 2.08 0.24
Pond 6.88 | 1 Day Beforq 4.45 0.15 0.99 -0.1¢ 0.2Q -0.1Q -0.2§ -0.2§
2 Days Beforg 3.1§ 0.20 0.98 -0.15 4.1 0.24 1.03 -0.11
. On the Day| 4.20 -0.07 2.19 -0.44 0.79 -0.0§ 2.18 -0.5§
D'Pk(')'r']tjs 14.81 | 1 Day Beford 6.91 0.15 2.1d -0.33 0.84 -0.14 2.19 -0.5
2 Days Beforpe 4.94 -0.09 2.17 -0.41 0.26 -0.03 2.1§ -0.61
On the Day| 3.11f -0.09 3.62 -0.89 3.34 -0.01 3.62 -0.8§
Sg‘::ji” 24.40 | 1 Day Beford 1.4d -0.1d 3.69 -0.94 0.25 -0.1J 3.69 -1.01
2 Days Beforg 2.2 -0.0§ 3.62 -0.92 0.45 0.81] 3.59 -1.0d
Kepir On the Day| 2.89 -0.10 4.1§ -0.9§ 3.78 -0.05 4.17 -0.94
Creek 26.29 (| 1 Day Beforq 1.09 -0.13 4.1¢ -1.03 0.43 -0.12 4.14 -1.0§
2 Days Beforg 2.36 -0.0§ 4.1 -1.00/ 0.45 0.13 4.15 -1.04
Igdeli On the Day| 2.69 -0.09 3.58 -0.87 4.07 -0.03 3.58 -0.83
Creek 23.64 | 1 Day Beforg 1.66 -0.15 3.59 -0.92 0.44 -0.12 3.59 -0.97
2 Days Beforg 2.33 -0.04 3.59 -0.89 0.4 0.19 3.57 -0.97
Bagirsak On the Day| 3.06 -0.09 3.42 -0.77 5.63 -0.09 3.48 -0.64
Creek 21.45 || 1 Day Beforg 1.31 -0.13 3.43 -0.84 0.4§ -0.12 3.43 -0.87
2 Days Beforg 2.54 0.0)] 3.41 -0.79 0.5 0.20 3.41 -0.87
Dl £ On the Day| 3.56 -0.10 2.9 -0.63 6.91 -0.04 3.0§ -0.49
Creek 18.70 || 1 Day Beforg 1.44 -0.14 2.95 -0.74 0.62 -0.13 2.95 -0.75
2 Days Beforg 2.52 0.0 2.92 -0.64 0.6 0.24 2.93 -0.79
Tatlim On the Day| 3.47 -0.09 2.7 -0.59 8.5 -0.03 2.97 -0.3§
Creek 17.73 | 1 Day Beforg 1.54 -0.14 2.7¢ -0.64 0.73 -0.13 2.7q -0.71
2 Days Beforg 2.44 0.05 2.73 -0.64 0.70 0.2 2.73 -0.71
_ On the Day| 3.17] -0.09 2.64 -0.59 10.41 -0.03 3.04 -0.29
puruPind) 17.26 | 1Day Beforq 1.61 -0.19 2.6 -0.6§ 0.73 -0.19 2.66 -0.6
2 Days Beforg 2.22 0.0)] 2.6 -0.63 0.7 0.29 2.63 -0.69
Upstrean On the Day| 3.54 -0.07 2.48 -0.5510.15 -0.04 2.89 -0.2§
of Lake | 16.77 || 1 Day Beforg 2.59 -0.03 2.4 -0.59 0.67 -0.13 2.48 -0.67
Mogan 2 Days Beforg 2.45 0.0 2.45 -0.60 1.27 0.4 2.42 -0.65
Mogan On the Day| 3.19 -0.03 2.23 -0.5() 6.19 -0.0§ 2.43 -0.34
Detention| 15.27 || 1 Day Beforgg 5.03 0.12 2.18 -0.43 1.20 -0.12 2.24 -0.59
Pond 2 Days Beforg 2.20 0.1 2.2Q0 -0.54 1.00 0.2 2.21 -0.59

82



Table4-11. Quantitative Statistical Scores of Forecast#real Basisfor
11.08.2015 Event

_ Gage Forecast WRF Forecast (IDW) ALR Forecast (IDW)
Subbasin Record Ti
(IDW) Ime PCc| TS| BS | FAR| POD|Heidke] PC| TS| BS | FAR| POD|Heidke
On the Day| 0.63| 0.00| 2.00| 1.00| 0.00| -0.20 || 0.79| 0.00| 0.67 | 1.00| 0.00| -0.11
lkizce
P'Ozn 4 | ©88 | 1DayBeford 0.71| 0.22| 2.67| 0.75| 0.67| 0.22 | 0.83 0.00| 0.00| N.A.| 0.00| 0.00
2 Days Beforp0.88| 0.40| 1.33| 0.50| 0.67| 0.50 [ 0.88| 0.40| 1.33| 0.50| 0.67| 0.50
On the Day| 0.71| 0.13| 2.00| 0.83| 0.33| 0.07 | 0.79] 0.00| 0.67 | 1.00{ 0.00| -0.11
Dikilitas
pond | 1481 | 1Day Beford 0.75| 0.25| 2.33| 0.71| 0.67| 0.27 | 0.79| 0.00| 0.67| 1.00| 0.00| -0.11
2 Days Beforp0.63| 0.10| 2.67| 0.88| 0.33| 0.00 | 0.88| 0.00| 0.00| N.A.| 0.00| 0.00
Onthe Day| 0.71| 0.22| 1.75| 0.71| 0.50| 0.19 || 0.83| 0.33| 1.00| 0.50| 0.50| 0.40
Sukeser
Creek | 2440 | 1Day Beforq 0.83| 0.00| 0.00| N.A.| 0.00| 0.00 | 0.83| 0.00| 0.00| N.A.| 0.00| 0.00
2 Days Befor0.79| 0.17| 0.75( 0.67| 0.25| 0.17 | 0.83]| 0.00| 0.00| N.A.| 0.00| 0.00
Onthe Day| 0.79| 0.17| 1.33| 0.75| 0.33| 0.17 [ 0.83| 0.20{ 1.00| 0.67| 0.33| 0.24
Kepir
Creek | 2629 | 1Day Beford 0.83| 0.00| 0.00| N.A.| 0.00| 0.00 | 0.88| 0.00| 0.00| N.A.| 0.00| 0.00
2 Days Beforp0.83| 0.20| 1.00| 0.67| 0.33| 0.24 | 0.83| 0.00| 0.33| 1.00| 0.00| -0.07
On the Day| 0.75| 0.00| 1.00| 1.00{ 0.00| -0.14 | 0.79| 0.17| 1.33| 0.75| 0.33| 0.17
Igdeli
(?reeeII( 23.64 || 1 Day Beford 0.83| 0.00| 0.33| 1.00| 0.00| -0.07 | 0.88| 0.00| 0.00| N.A.| 0.00| 0.00
2 Days Befor0.83| 0.20| 1.00| 0.67| 0.33| 0.24 | 0.83| 0.00| 0.33| 1.00| 0.00| -0.07
On the Day| 0.71| 0.00| 1.33| 1.00| 0.00| -0.17 || 0.88| 0.25| 0.67| 0.50| 0.33| 0.33
Bagirsak|
Creek | 2145 | 1Day Beford 0.75| 0.00| 1.00| 1.00| 0.00| -0.14 | 0.88| 0.00| 0.00| N.A.| 0.00| 0.00
2 Days Befor0.83| 0.20( 1.00| 0.67| 0.33| 0.24 | 0.83| 0.00| 0.33| 1.00| 0.00| -0.07
On the Day| 0.71| 0.00| 1.33| 1.00| 0.00| -0.17 | 0.88| 0.25| 0.67| 0.50| 0.33| 0.33
DI t g
Creek | 1870 | 1Day Beford 0.79| 0.00| 0.67| 1.00| 0.00| -0.11] 0.88| 0.00| 0.00| N.A.| 0.00| 0.00
2 Days Beforp0.83| 0.20| 1.00| 0.67| 0.33| 0.24 | 0.83| 0.00| 0.33| 1.00| 0.00| -0.07
On the Day| 0.71| 0.00| 1.33| 1.00| 0.00| -0.17 || 0.88] 0.25| 0.67| 0.50| 0.33| 0.33
Tatlim
creek | 17-73 | 1Day Beford 0.79 0.00| 0.67| 1.00| 0.00| -0.11 ] 0.83| 0.00| 0.33| 1.00| 0.00| -0.07
2 Days Befor0.83| 0.20| 1.00| 0.67| 0.33| 0.24 | 0.83| 0.00| 0.33| 1.00| 0.00| -0.07
On the Day| 0.71| 0.00| 1.33| 1.00| 0.00| -0.17 || 0.88] 0.25| 0.67| 0.50| 0.33| 0.33
Buttupna) 17.26 | 1 Day Beford 0.79| 0.00| 0.67 1.00| 0.00| -0.11 | 0.83| 0.00| 0.33| 1.00| 0.00| -0.07
2 Days Befor0.83| 0.20| 1.00| 0.67| 0.33| 0.24 | 0.83| 0.00| 0.33| 1.00| 0.00| -0.07
On the Day| 0.67 | 0.00| 1.67| 1.00{ 0.00| -0.19 | 0.79| 0.17| 1.33| 0.75| 0.33| 0.17
Upstreanm|
of Lake | 16.77 | 1 Day Beford 0.75| 0.14| 1.67| 0.80{ 0.33| 0.11 | 0.88| 0.00| 0.00| N.A.| 0.00| 0.00
Mogan
g 2 Days Befor0.83| 0.20| 1.00{ 0.67| 0.33| 0.24 [ 0.88]| 0.25| 0.67| 0.50| 0.33| 0.33
y On the Day| 0.71| 0.00| 1.33| 1.00| 0.00| -0.17 [ 0.83| 0.20| 1.00| 0.67 | 0.33| 0.24
ogan
Detention| 15.27 | 1 Day Beforg 0.75| 0.25| 2.33| 0.71| 0.67| 0.27 | 0.79| 0.00| 0.67| 1.00| 0.00| -0.11
Pond
2 Days Beforp0.83| 0.20| 1.00| 0.67| 0.33| 0.24 | 0.88| 0.25| 0.67| 0.50| 0.33| 0.33
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4.2.4 14.03.2016 Event

Precipitation gauge records, WRF and ALR forecasts for Ankara, Dfakn € Kk me nt ,
El madaj,améddHay mana T athedf©03.2016aevent@ne giveri o r
betweenFigure4-16 andFigure4-19. The aeal distribution of actual precipitation

and forecast values are giverHigure4-20. Calculated statistics based on point and

arealforecastsare given betweehable4-12 andTable4-14.

For Ankara Stationthe total precipitation gage record is 11.30 mm.h€ btal

precipitation value of on the day WRF and ALR forecasts are 10.00 and 15.00 mm

with a correlation value of 0®and 0.78respectively. Categorical scores are close

to each other and quite satisfactory. One day before WRF forecast is underestimated

with -0.27 bias and 0.07 correlation valyediereas one day before ALR forecast

resultedin an overestimated total rpcipitation value with 0.52 bias and 0.41

correlation. Categorical scores are again close to each bthéter e sul t of ALROGS
are abit better.Two days befordLR forecast is underestimated wih 34 bias and

0.65 correlationwhereas WRF forecasts@tedin zero precipitation rate. Therefore

categorical scores are also better in ALR forecast.

For G°Il bakeée Uf u ktheDtal precprnaton gage Seicaadtis 26.R0,
mm. On the day and one day before WRF forecasts resaltgdund 12 mm tai
precipitation and-0.50 bias valuesOn the other side, on the day ALR forecast
resultedn 19.00 mm total precipitation and 0.83 correlation values. One day before
ALR forecast is better in terms of total precipitation value with a value of 23.84 mm
but the correlation is worse than on the day forecast. Betwesndays before
forecasts ALR feecast is better in total precipitation valueut they are all
significantly underestimated. For on the day forecdsith WRF and ALR have
quite satisfactory categorical scores. Categorical scores of orteamys before
ALR forecats are better thARF onesand they aratareasonable level.

For EI mada] thetatd precipiGtiomgage ecord is 18.00 mm. On the
day WRF and one day before ALR forecasts are quite closeug®e gacords with
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19.46 and 18.35 mm total precipitation valuesspectively. On the day ALR
forecass are also reasonable with 13.89 mm total precipitation and 0.77 correlation
values. One day before WRF forecast is also acceptable with a value of 14.99 mm
total precipitation however the correlation value is arourzero. Two days before

WRF forecast is quite underestimatedhile the ALR forecast is not that low.
Categorical scores of on the day and one day before WRF and ALR forecasts are
close to each othgand they aratareasonable level.wo days beforédLR foracast

also hasatisfactory categorical scor@sd they are a bit better than the WRF ones.

For Haymana fhetaotaé preci@tatiantgag® necord is 21.80 mm. On

the day WRF nad ALR forecasts have 29.24 and 24.10 mm. total precipitaties valu

with 0.92 correlation value. One atwio days beforéd\LR forecasts are much better

with 18 and 14.82 mm total precipitation

mm. Categorical skill scores are also seen better in ALR forecasts.

In arealbasis the total precipitation value of on the day and one day before ALR
forecasts are quite close touga records with high correlation, low RMShd bias
values in all subbasins. Although WRF forecasts become better with reducing lead
time, they are not asogd as ALR forecastaindtwo days befordorecasts are too

far from the gage records. Correlation of on the day WRF and ALR forecasts are
closeto each other and around 0.90. Categorical scores of on the day WRF and ALR
forecasts are close to eauther, and results are quite good. One &md days before

ALR forecasts are not as good as on the day foretadtshey are still well enough
while theresults of WRF forecasts aaéa moderate level.
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Figure4-16. Precipitation Records and Forecast Values of 14.03.2016 Event for
Ankara Station
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Figure4-17. Precipitation Records and Forecast Values of 14.03.2016 Event for
Uf u k nieatistation
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Figure4-18. Precipitation Records and Forecast Values of 14.03.2016 Event for
El mada] Radar Station
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Figure4-19. PrecipitationRecords and Forecast Values of 14.03.2016 Event for

Haymana Tarem Station
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Figure4-20. Areal Distribution of Actual Precipitation and Forecast Values of
14.03.2016 Event
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Table4-12. Statistical Scores of Forecasis PointBasisfor 14.03.2016 Event

Quantitative Scores

Station Riigfd F(_Jl_rii::St WREF Forecast ALR Forecast
C | NC|Totall r |RMSKE Bias | Con| Gec|Totall r |RMSE Bias
On the Day| 0.00 10.04 10.00 0.99 0.2§ -0.0§ 2.2612.7415.0q 0.74 0.57] 0.1§
ANKARA | 11.30 [ 1 Day Beforg 0.03 4.7 4.73 0.0 0.74 -0.27 1.9121.92423.84 0.4) 1.12 0.57
2 Days Beforp 0.00 0.00 0.04 -0.23 0.73 -0.47 0.82 2.28 3.1 0.6§ 0.55 -0.34
Onthe Day| 0.00 12.24 12.24 0.7 1.07] -0.54 2.0916.95 19.00 0.83 0.79 -0.26

GOLBASI-
UFUK 25.20 || 1 Day Beforg 0.03 12.8Q 12.83 -0.14 1.7 -0.54 4.18 19.66 23.84 0.65 1.07 -0.06
SreT g 2 Days Beforg 0.8 1.73 2.5§ 0.2 1.58 -0.94 4.13 3.888.004 0.13 1.6 -0.77
Onthe Day| 0.00 19.46 19.44 0.7 0.7 0.0§ 0.96 12.9413.89 0.7 0.7 -0.17
ELRNAI\AI‘DI'DAARG 18.00 | 1 Day Beforq 0.00 14.99 14.99 0.0 1.3§ -0.1§ 4.3414.00 18.3§ 0.54 0.95 0.0]
2 Days Beforp 0.72 2.5 3.24 050 1.14 -0.61 4.91 6.7211.64 0.2 1.28 -0.21
Onthe Day| 0.00 29.2429.24 0.92 059 0.3l 2.00 22.1q 24.1 0.92 0.45 0.10
H?’X'\IQ'IA\I\/TIA 21.80 || 1 Day Beforg 0.00 6.63 6.63 -0.14 1.2§ -0.6§ 7.3610.64 18.00 0.59 0.94 -0.16
2 Days Beforg 0.39 2.1 2.54 0.41 1.21 -0.8) 1.0513.7414.84 0.74 0.7§ -0.29
Categorical Scores

Station Riigfd F(-)rrii:::st WRF Forecast ALR Forecast
PC| TS| BS | FAR| POD|Heidke|] PC| TS| BS | FAR| POD|Heidke
Onthe Day| 0.99 0.91 0.9) 0.0 0.9Y4 0.93 0.92 0.82 0.84 0.0 0.82 0.83
ANKARA | 11.30 | 1 Day Beforqg 0.54 0.23 0.45 0.49 0.277 0.14 0.67 0.5 1.5§ 0.41 0.91 0.36
2 Days Beforg 0.54 0.00 0.0 N.A.| 0.00 0.0 0.63 0.1§ 0.1 0.00 0.1 0.19
Onthe Day| 1.00 1.00 1.00 0.0 1.00 1.00 0.92 0.8 0.8 0.0 0.85 0.83

GOLBASI-

UFUK 25.20 || 1 Day Beforg 0.54 0.3§ 0.77 0.40 0.4 0.1 0.88 0.8 1.08§ 0.14 0.92 0.75
SreT A 2 Days Beforp 0.54 0.21 0.31 0.2§ 0.23 0.13 0.67 0.3§ 0.3 0.00 0.3 0.3f
Onthe Day| 0.79 0.67 1.27 0.29 0.9)§ 0.59 0.79 0.62 0.9) 0.2 0.73 0.5
ELR&';%;G 18.00 || 1 Day Beforg 0.71 0.50 0.91 0.3d 0.64 0.43 0.71 0.5 1.27 0.39 0.8 0.42
2 Days Beforg 0.67 0.33 0.45 0.20 0.3§ 0.3() 0.79 0.50 0.64 0.14 0.5 0.4§
Onthe Day| 0.8 0.8 1.084 0.14 0.92 0.75 0.9 0.92 0.92 0.00 0.92 0.97
HATX'\FQIA,\;\IA 21.80 || 1 Day Beforq 0.4 0.24 0.62 0.50 0.3 -0.04 0.79 0.67 0.92 0.17 0.77 0.5
2 Days Beforp 0.59 0.23 0.23 0.00 0.23 0.22] 0.79 0.6 0.62 0.00 0.62 0.59
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Table4-13. Quantitative Statistical Scores of Forecast#real Basisfor
14.03.2016 Event

_ Gage Forecast WRF Forecast (IDW)| ALR Forecast (IDW)
Subbasir| Record Time — —

(IDW) Total| r |RMSEBias|Totall] r |RMSEK Bias

IKizce On the Day|25.64 0.93 0.40 0.1424.34 0.95 0.34 0.04

Pond 22.36 || 1 Day Beforg 7.39 -0.02 1.27 -0.62 18.23 0.64 -0.17 -0.17%

2 Days Beforg 2.49 0.41 1.23 -0.8316.01] 0.71 0.81 -0.24

Dikilitas On the Day|29.48 0.91 0.52 0.2427.57 0.93 0.49 0.17%

Pond 23.61 (| 1 Day Beforg 11.80 -0.11 1.34 -0.4919.84 0.72 0.79 -0.14

2 Days Beforp 2.371 0.02 1.3 -0.8919.65 0.7 0.82 -0.16

Sukeser On the Day| 15.81 0.89 0.6Q -0.2720.13 0.87 0.54 -0.09

Creek 22.28 || 1 Day Beforg 10.37 0.13 1.2 -0.5Q122.44 0.71 0.81 0.01

2 Days Before 3.47] 0.55 1.22 -0.7§ 9.97 0.31 1.22 -0.51

Kepir On the Day| 14.29 0.89 0.7Q0 -0.3§21.33 0.8 0.54 -0.0§

Creek 23.32 || 1 Day Beforg 8.44 -0.01 1.39 -0.6222.04 0.61 0.99 -0.04

2 Days Beforg 3.75 0.53 1.26 -0.84 9.29 0.33 1.25 -0.59

Igdeli On the Day| 16.3§ 0.93 0.50 -0.2521.51 0.87 0.52 -0.04

Creek 22.44 | 1 Day Beforq 7.74 0.20 1.21f -0.61121.91 0.62 0.93 -0.02

2 Days Beforp 3.79 0.55 1.18 -0.7410.20 0.44 1.1Q -0.51

Bagirsak On the Day|13.55 0.78 0.77 -0.3§18.90 0.8 0.52 -0.14

Creek 22.78 || 1 Day Beforg 13.06 -0.05 1.48 -0.41)21.14 0.59 0.93 -0.07%

2 Days Beforp 1.48 0.33 1.35 -0.89 8.04 0.43 1.1§ -0.61

Dl f d On the Day| 14.79 0.83 0.66 -0.3() 19.64 0.8 0.50 -0.1q

Creek 21.99 || 1 Day Beforg 12.65 -0.03 1.41) -0.3920.83 0.59 0.91 -0.04

2 Days Beforp 1.33 0.37] 1.30 -0.86 8.6 0.45 1.1Q -0.56

Tatlim On the Day| 16.27 0.8 0.55 -0.2320.37 0.89 0.44 -0.04

Creek 21.76 | 1 Day Beforg 9.82 -0.02 1.32 -0.50120.41 0.54 0.9§ -0.04

2 Days Beforp 1.82 0.45 1.24 -0.83 9.28 0.44 1.09 -0.52

. On the Day|16.63 0.90 0.51 -0.21120.71 0.90 0.44 -0.04

B“g‘;@';a' 21.68 | 1 Day Beford 8.03 -0.04 1.2d -0.5720.04 0.53 0.96 -0.07

2 Days Beforp 2.11f 0.45 1.21 -0.84 9.59 0.44 1.07 -0.5C

Upstrear On the Day|20.92 0.97 0.26 -0.0522.70 0.92 0.42 0.03

of Lake | 22.11 | 1 Day Beforg 6.15 0.1§ 1.19 -0.67419.74 0.57 0.93 -0.1q

Mogan 2 Days Beforp 2.8 0.50 1.19 -0.8(01 11.44 0.63 0.90 -0.44

Mogan Onthe Day|27.1§ 0.9 0.3 0.1§24.74 0.91 0.47 0.0§

Detention| 22.87 || 1 Day Beforg 9.35 -0.0§ 1.2§ -0.56/19.17 0.53 0.99 -0.14

Pond 2 Days Beforp 1.94 0.41 1.31 -0.8714.89 0.81 0.69 -0.33
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Table4-14. Quantitative Statistical Scores of Forecast#real Basisfor
14.03.2016 Event

_ Gage Forecast WRF Forecast (IDW) ALR Forecast (IDW)
Subbasir| Record Ti
(IDW) ime PC| TS| BS | FAR| POD|Heidke] PC| TS| BS | FAR| POD|Heidke
Onthe Day|| 0.89 0.80 1.0§9 0.14 0.92 0.7 0.92 0.8 1.00 0.0§ 0.92 0.83
Ikizce
Pond 22.36 | 1 Day Beforg 0.54 0.3] 0.62 0.3 0.3§ 0.11 0.79 0.67 0.92 0.17 0.7 0.54
2 Days Beforg 0.5§ 0.23 0.23 0.0 0.23 0.23 0.79 0.6 0.6 0.00 0.62 0.59
Onthe Day| 0.92 0.87 1.1 0.13 1.00 0.83 0.99 0.93 1.09 0.071 1.00 0.97
Dikilitas
Pond 23.61 | 1 Day Befor¢ 0.50 0.33 0.8 0.4 0.49 0.01 0.79 0.69 1.04 0.21 0.8 0.5
2 Days Beforg 0.50 0.14 0.23 0.33 0.1§ 0.0 0.83 0.7Y4 0.8 0.09 0.7 0.67
Onthe Day| 1.00 1.00 1.0 0.00 1.00 1.00 0.9 0.92 0.92 0.0 0.92 0.9
Sukesern
Creek 22.28 | 1 Day Beforg 0.63 0.44 0.77 0.30 0.54 0.2 0.8§ 0.80 1.04 0.14 0.92 0.79
2 Days Beforg 0.54 0.21] 0.31) 0.2§ 0.23 0.13 0.79 0.62 0.64 0.0 0.64 0.59
Onthe Day| 0.92 0.8 0.8 0.00 0.8 0.83 0.92 0.8 0.8 0.0 0.8 0.8
Kepir
Creek 23.32 | 1 Day Beforg 0.5 0.3§ 0.69 0.33 0.49 0.1 0.89 0.80 1.04 0.14 0.92 0.79
2 Days Beforg 0.54 0.1 0.1§ 0.0 0.1 0.14 0.79 0.62 0.64 0.0 0.6 0.59
Onthe Day| 0.92 0.8 0.8 0.00 0.8 0.83 0.9 0.92 0.92 0.0 0.92 0.9
Igdeli
Creek 22.44 || 1 Day Beforgt 0.63 0.44 0.77 0.30 0.54 0.2 0.83 0.73 1.00 0.1 0.8 0.64
2 Days Beforp 0.58§ 0.23 0.23 0.0 0.23 0.24 0.79 0.62 0.64 0.0 0.6 0.59
Onthe Day| 0.99 0.92 0.92 0.00 0.92 0.94 0.920.849 0.8 0.0 0.8 0.83
Bagirsak i
Creek 22.78 || 1 Day Beforgt 0.54 0.39 0.69 0.33 0.4 0.14 0.920.8671 1.1 0.13 1.00 0.83
2 Days Beforp 0.4 0.07 0.13 0.50 0.09 -0.01 0.63 0.31] 0.31 0.0 0.3) 0.29
Onthe Day|| 0.99 0.92 0.92 0.00 092 0.94 0.92 0.8 0.8 0.00 0.8 0.83
DI f
Creek 21.99 || 1 Day Beforg 0.58 0.3§ 0.69 0.33 0.4 0.1 0.92 0.87 1.15 0.13 1.0 0.83
2 Days Beforg 0.50 0.084 0.04 0.0 0.04 0.0 0.63 0.34 0.3 0.00 0.34 0.29
Onthe Day|| 0.99 0.92 0.92 0.00 092 0.93 0.92 0.8 0.8 0.00 0.8 0.83
Tatlim
Creek 21.76 | 1 Day Beforg 0.54 0.3] 0.62 0.3 0.3§ 0.11 0.79 0.69 1.04 0.21] 0.8 0.5
2 Days Beforg 0.50 0.08§ 0.04 0.00 0.04 0.07 0.71 0.4 0.44 0.00 0.4 0.44
Onthe Day| 1.00 1.00 1.00 0.00 1.00 1.0 0.92 0.8 0.8 0.00 0.8 0.83
putupt®) 21.68 | 1Day Beford 050 0.25 054 043 03] 004 0.7 069 109 0.2 08§ 0.58
2 Days Beforg 0.54 0.19 0.1 0.0 0.1 0.14 0.79 0.54 0.54 0.0 0.54 0.53
Onthe Day| 0.92 0.8 1.0 0.094 0.92 0.8 0.9 0.92 0.92 0.0 0.92 0.94
Upstrean
of Lake | 22.11 [| 1 Day Beforey 0.5 0.3§ 0.69 0.33 0.4 0.1§ 0.83 0.73 1.00 0.19 0.85 0.66
Mogan
9 2 Days Beforp 0.58 0.23 0.23 0.0 0.23 0.24 0.83 0.69 0.69 0.0 0.6 0.671
" Onthe Day| 0.99 0.93 1.04 0.07 1.0 0.94 0.92 0.8 1.0 0.04 0.92 0.83
ogan
Detention| 22.87 [ 1 Day Beforg 0.50 0.29 0.69 0.44 0.3 0.04 0.79 0.69 1.0§ 0.21] 0.8 0.59
Pond
2 Days Beforp 0.54 0.1 0.1§ 0.0 0.1 0.14 0.83 0.69 0.69 0.0 0.69 0.671
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4.2.5 18.12.2017 Event

Precipitation gauge records, WRF and ALR
El madaj,améddHay mana T athed8l2.2017aevent@ne giveri o r
betweenFigure4-21 andFigure4-24. The aeal distribution of actual precipitation

and forecast values are giverHigure4-25. Calculated statistics based on point and

arealforecastsare gven betweeable4-15andTable4-17.

Gage records of Ankar a, U fand IHayDaman Tagk me n t
stations are 8.30, 4.80, 7,20hd 4.80 mmrespectively. Among WRF forecasts, on

the day andtwo days beforeforecasts resultedn quite overestimated total
precipitation while one day before forecast resultedunderestimated values.
Although the correlation of on the day forecasssnot too bad, total precipitation

values are quite higithe esult of ALR forecasts become moresoestimated with

decreasing lead time for Ankara Station. On the other hhedyverestimation of

ALR forecastsisdecreasingwitthd e cr easi ng | e aRadar $taen. f or E|
Forecast for Ufuk Danéki ment anderfefay mana
all lead times. Similar to WRF forecasts, all ALR forecdsise also resultedh
overestimated tot al precipitation values
values. Results of categorical scores of WRF and ALR forecasts are generally close

to each other. However, on the day and days befor&VRF and one day before

ALR forecasts are a bit better than other foresdastall stations.

Similar to pointbasedanalyses, all ALR forecasts, excdpto days beforeALR
forecast forthe Di k i | i &sia,kandson thé day and two ddyefore WRF
forecasts resulteith quite overestimated total precipitation values for all subbasins.
While subbasinsaverage total precipitation values are arourd i&m, forecast
results are between 438 mm. Interestinglyone day before WRF forecast resdlt

in much better total precipitation values. Correlation coefficients of on the day WRF
forecasts are generally better atd well-enough level when others are considered.
Categorical skill scores of on the day ana days befor&dVRF forecasts and one

day before ALR forecasts are better in general for all subbasins.
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Figure4-21. Precipitation Records and Forecast Values of 18.12.2017 Event for
Ankara Station
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Figure4-22. Precipitation Records and Forecast Values of 18.12.2017 Event for
Uf uk Danékment Station
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Table4-15. Statistical Scores of Forecasis PointBasisfor 18.12.2017 Event

Quantitative Scores

WRF Forecast

ALR Forecast

. Gage Forecast
Station Record Time
C | NC|Total] r |RMSE Bias | Con| Gec|Total] r |[RMSKE Bias
Onthe Day| 4.5118.84 23.39 0.42 1.24 0.6 5.9215.5621.44 0.08§ 1.29 0.55
ANKARA 8.30 || 1Day Beforg 3.0§ 0.59 3.64 -0.24 0.74 -0.19 7.2711.2418.59 0.1§ 1.12 0.43
2 Days Beforp 0.0( 13.04 13.04 0.09 1.1 0.2 6.39 5.8912.23 0.23 0.7§ 0.14
Onthe Day| 0.24 33.0§ 33.34 0.59 2.13 1.19 6.21 7.54 13.74 0.3 0.83 0.371
GOLBASI-
UFUK 4.80 |[1Day Beforqg 1.53 1.13 2.6 -0.30 0.3 -0.09 3.49 7.99 11.44 0.02 0.82 0.2
5! bT a
2 Days Beforg 0.04 15.6¢0 15.60 0.00 1.1§ 0.45 7.49 5.6313.11 0.14 0.60 0.3§
Onthe Day| 0.2234.27134.49 0.7 2.1 1.14 5.68 9.08 14.74 0.24 0.77 0.31
ELMADAG- 7.20 || 1Day Beforg 1.9 3.8 5.84 -0.41 0.54 -0.04f 6.1211.1417.29 0.09 1.27 0.47
RADAR
2 Days Beforg 0.00 26.4926.49 0.53 1.64 0.8Q) 7.0213.25§20.24 -0.12 1.10 0.54
Onthe Day| 3.2726.2429.54 0.64 1.72 1.03 6.77 4.3911.14 0.4Y 0.6§ 0.2
H?_X'\;ﬁTA 4.80 | 1Day Beforqg 1.20 1.31 2.5] -0.29 0.42 -0.14 4.55 8.90 13.44 0.1 1.09 0.36
2 Days Beforg 0.04 17.40 17.43 0.22 1.19 0.53 6.63 4.6511.24 0.1 0.7 0.27
Categorical Scores
_ Gage Forecast WREF Forecast ALR Forecast
Station Record Time
PC| TS| BS | FAR| POD|Heidkel] PC| TS | BS | FAR| POD|Heidke|
Onthe Day| 0.39 0.25 3.17 0.74 0.83 0.03 0.4 0.24 2.50 0.73 0.67 0.04
ANKARA 8.30 || 1Day Beforg 0.50 0.00 1.00 1.0 0.00 -0.33 0.63 0.3 2.17 0.62 0.83 0.24
2 Days Beforg 0.7 0.40 1.33 0.50 0.67 0.4Q 054 0.29 2.00 0.67 0.67 0.17%
Onthe Day| 0.63 0.3 2.17 0.62 0.83 0.24 0.58 0.23 1.67 0.7 0.50 0.09
GOLBASI-
UFUK 4.80 || 1Day Beforg 0.54 0.00 0.83 1.00 0.0 -0.29 0.59 0.23 1.67 0.70 0.50 0.09
5! bT a
2 Days Beforp 0.71 0.39 1.500 0.5 0.67 0.33 0.3 0.17 2.50 0.80 0.5 -0.11
Onthe Day| 0.71 0.50 1.33 0.42 0.74 0.4 0.67] 0.43 1.2 0.4 0.67 0.32
ELMADAG- 7.20 || 1Day Beforg 0.3§ 0.12 1.11 0.80 0.23 -0.3d 0.54 0.3§ 1.5 0.57 0.67 0.17
RADAR
2 Days Beforg 0.7 0.54 1.22 0.3 0.74 0.49 0.42 0.33 2.11 0.63 0.7§ -0.02
Onthe Day| 0.44 0.32 3.17 0.68§ 1.00 0.1 0.63 0.2§ 1.50 0.67 0.50 0.14
H?XI\’:IAI\IA\IA 4.80 | 1Day Beforg 0.58 0.00 0.67 1.00 0.0 -0.24 0.71 0.30 1.17 0.57 0.50 0.26
2 Days Beforp 0.71 0.39 1.500 0.5 0.67 0.33 0.67] 0.33 1.67 0.60 0.67 0.27
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Table4-16. Quantitative Statistical Scores of Forecast#real Basisfor
18.12.2017 Event

_ Gage Forecast WRF Forecast (IDW)| ALR Forecast (IDW)
Subbasin Record Time — —

(IDW) Total| r |RMSEBias|Total| r |RMSEK Bias

IKizce On the Day|30.43 0.67] 1.73 1.0312.23 0.47 0.6 0.29

Pond 5.62 | 1Day Beforg 2.21f -0.34 0.45 -0.1413.33 0.23 0.32 0.32

2 Days Beforg21.0§ 0.23 1.39 0.6411.74 0.33 0.59 0.26

Dikilitas On the Day|24.60 0.60 1.39 0.7310.80 -0.0§ 0.92 0.14

Pond 6.98 | 1 Day Beforq 7.02 -0.10 0.5 0.0Q/14.85 0.13 0.98 0.33

2 Days Beforpl13.83 0.72 0.59 0.29 4.77 -0.04 0.50 -0.09

Sukeserl Onthe Day|32.99 0.82 1.9 1.11113.92 0.27 0.7 0.37

Creek 6.32 | 1 Day Beforg 5.22 -0.44 0.50 -0.0416.13 -0.0] 1.24 0.41

2 Days Beforg19.83 0.29 1.271 0.56/15.3¢4 -0.14 0.87 0.3

Kepir On the Day|31.84 0.7 1.93 1.0713.29 0.32 0.7§ 0.3Q

Creek 6.14 | 1 Day Beforg 4.8 -0.42 0.50 -0.0413.92 -0.0] 1.09 0.32

2 Days Beforgl5.871 0.15 1.08 0.41)13.76 -0.04 0.77 0.32

Igdeli Onthe Day|31.84 0.82 1.90 1.0/ 12.60 0.28 0.7 0.24

Creek 6.46 | 1 Day Beforg 5.5 -0.44 0.53 -0.0415.51 -0.02 1.2 0.3§

2 Days Beforpl7.55 0.25 1.10 0.4 13.83 -0.1] 0.8 0.31

Bagirsak On the Day|26.30 0.52 1.52 0.79 16.7 0.25 0.92 0.39

Creek 7.22 | 1Day Beforg 4.81 -0.17 0.59 -0.1Q) 15.53 0.09 1.03 0.3§

2 Days Beforg13.50 0.0 1.0§ 0.26/12.5§ 0.23 0.60 0.23

Dl f On the Day|24.74 0.47] 1.43 0.7317.22 0.27 0.92 0.41

Creek 7.32 | 1 Day Beforg 5.03 -0.20 0.57 -0.1)16.54 0.11 1.09 0.39

2 Days Beforg14.14 0.0§ 1.09 0.2§ 12.44 0.27 0.60 0.21

Tatlim Onthe Day|24.92 0.54 1.41] 0.7414.94 0.31 0.82 0.33

Creek 7.05 | 1Day Beforg 5.28 -0.35 0.5 -0.0714.83 0.08§ 1.04 0.37

2 Days Beforpl4.2§ 0.11 1.04 0.30 11.43 0.29 0.54 0.18

_ On the Day|24.99 0.58 1.41 0.7914.03 0.33 0.77] 0.3G

B”::Cr‘;‘;':a 6.88 | 1 Day Beford 5.51] -0.44 0.55 -0.04 14.23 0.07 1.0 0.31

2 Days Beforg14.03 0.12 1.00 0.30/11.24 0.29 0.52 0.1

Upstrean On the Day|27.44 0.7 1.43 0.8 12.09 0.3 0.63 0.24

of Lake | 6.41 | 1Day Beforg 5.07 -0.53 0.49 -0.06 14.7§ 0.07 1.12 0.35

Mogan 2 Days Beforgl6.34 0.22 1.02 0.4111.64 0.0§ 0.63 0.23

Mogan On the Day| 25.47 0.73 1.4q 0.81 9.91 0.21] 0.5 0.14

Detention| 5.98 | 1 Day Beforg 3.65 -0.34 0.44 -0.1Q1 15.53 0.1 1.19 0.4Q

Pond 2 Days Beforp14.13 0.4 0.79 0.34 8.88 -0.03 0.69 0.17
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Table4-17. Quantitative Statistical Scores of Forecast#real Basisfor
18.12.2017 Event

_ Gage Forecast WRF Forecast (IDW) ALR Forecast (IDW)
Subbasin Record Ti
(IDW) ime PC| TS| BS | FAR| POD|Heidkel PC| TS| BS | FAR| POD|Heidke
Onthe Day| 0.50 0.33 2.43 0.69 0.8 0.15 0.63 0.31 1.43 0.6 0.57 0.19
Ikizce
pond | 562 | 1DayBeford 0.54 0.0q 0.57 1.0q 0.0q -0.27 0.54 0.21 1.43 0.79 043 0.0}
2 Days Beforp 0.71] 0.4 1.43 050 0.74 0.37 0.63 0.3 1.71 0.58 0.71 0.2
Onthe Day| 0.67 0.43 1.22 0.44 0.67 0.33 0.63 0.3l 0.89 0.5 0.44 0.18
Dikilitas i i
pond | 698 | 1DayBeforq 04§ 0.19 113 0.7 033 -0.13 0.6 0.3§ 113 050 0.5 0.23
2 Days Beforp 0.83 0.671 1.22 0.27 0.89 0.6 0.54 0.21 0.89 0.6 0.33 0.04
Onthe Day| 0.71] 0.5 1.63 0.4 0.8 0.43 0.54 0.27 1.39 0.64 0.50 0.0
Sukeser
Creek | 632 | 1DayBeford 0.33 0.04 125 0.99 0.13 -0.4) 0.5§ 0.29 1.25 0.60 0.5 0.1
2 Days Beforp 0.83 0.64 1.25 0.3d 0.8 0.6 0.4 0.22 179 0.71 0.5 -0.11
Onthe Day| 0.72] 0.5 1.63 0.4 0.8 0.43 0.59 0.29 1.2 0.6 0.50 0.1
Kepir
Cre‘;k 6.14 | 1 Day Beforg 0.33 0.0 1.25 0.90 0.13 -0.41 0.58 0.29 1.2 0.6 0.5 0.17
2 Days Beforp 0.79 0.5 1.13 0.33 0.79 054 042 022 179 0.7 0.5 -0.11
Onthe Day| 0.7 0.5 1.63 0.44 0.8§ 0.43 0.54 0.27 1.39 0.64 0.50 0.0
Igdeli
cgreek 6.46 | 1Day Beford 0.33 0.0 1.2§ 0.90 0.13 -0.41 0.54 0.21 1.13 0.67 0.3 0.04
2 Days Beforp 0.83 0.64 1.25 0.3d 0.8 0.64 0.4 0.24 1.63 0.6 0.5 -0.04
Onthe Day| 0.79 0.54 1.50 0.44 0.8 0.50 0.59 0.33 1.5 0.59 0.63 0.17
Bagirsak] ]
Creek | 722 | 1DayBeford 0.5§ 0.17 0.7 0.67 02§ 0.0 0.63 049 1.63 054 0.74 0.2
2 Days Beforp 0.79 0.5 1.13 0.33 0.79 054 0.38 0.25 2.13 0.71 0.63 -0.1d
Onthe Day| 0.79 0.54 1.50 0.4 0.8§ 0.50| 0.63 0.4 1.63 0.54 0.79 0.27
DI £
Creek | 7-32 | 1DayBeford 0.5§ 0.17 0.7 0.67 0.2§ 0.0¢ 0.63 049 1.63 0.54 0.74 0.27
2 Days Beforp 0.83 0.64 1.25 0.3d 0.84 0.64 0.3 0.25 2.13 0.7 0.63 -0.1d
Onthe Day| 0.71] 0.4 1.71] 0.50 0.8 0.44 0.63 0.3 1.71] 0.5 0.71 0.25
Tatlim
Creek | 705 | 1DayBeford 042 0.00 1.0q 1.0q 0.0q -0.4) 0.67 0.3§ 157 0.5§ 0.7 0.3}
2 Days Beforp 0.7 0.45 1.29 0.44 0.7 0.44 0.38 0.21 2.29 0.79 0.57 -0.1d
Onthe Day| 0.71] 0.4 1.71] 0.50 0.8 0.43 0.63 0.3 1.71 0.54 0.71 0.25
Butupna) 6.88 | 1DayBeford 0.34 0.0 114 1.0d 0.0 -0.48 0.6 031 143 060 057 0.9
2 Days Beforp 0.71] 0.42 1.43 050 0.74 0.37 0.38 0.24 2.29 0.79 0.57 -0.1d
Onthe Day| 0.6 0.44 1.84 0.53 0.8§ 0.31] 0.54 0.27 1.3 0.64 0.50 0.0
Upstrean|
of Lake| 6.41 | 1DayBeford 0.44 0.13 1.29 0.8d 0.25 -0.24 0.54 0.21] 1.13 0.67 0.3§ 0.0
Mogan
g 2 Days Beforp 0.83 0.64 1.25 0.30 0.8 0.64 0.4 0.24 1.63 0.6 0.5 -0.04
" Onthe Day| 0.79 0.5 1.29 0.4d 0.7 0.47 0.59 0.33 1.50 0.5 0.63 0.17
ogan
Detention| 5.98 | 1 Day Beforg 0.54 0.04 0.63 0.80 0.13 -0.14 0.58 0.23 1.0J 0.63 0.3 0.04
Pond
2 Days Beforg 0.79 0.5 1.13 0.33 0.79 054 0.63 0.31] 1.13 0.5 0.5 0.1
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4.2.6 20.05.2018 Event

Precipitation gauge records, WRF and ALR
El madaj,amddHay mana T athe2®05.2018aevent@ne giveri o r
betweenFigure4-26 andFigure4-29. The aeal distribution of actual precipitation

and forecast values are giverHigure4-30. Calculated statistics based on point and

arealforecastsare given betweehable4-18 andTable4-20.

For Ankara Statiorthetotal precipitation gage record is 7.70 mpand on the day
ALR forecast is 7.81 mpwhich is quite googbutthecorrelation coefficient is 0.58.
Among other forecastswo days befor@VRF forecast is overestimated with 0.27
bias valueand the rest are underestimated with arc0r2D bias valueCategorical
scores are close to each otfteerd they are better in on the day ALR, one aval

days befor&VRF forecasts.

For G°l baké Ufuk Dani kment Station gauge
total precipitation value is 3.87 mmwhich belongone day before WRF forecasts
and the best correlation value is seen in on the day WRF forecast with a value of

0.73. Categorical scores are better in WRF forecasts.

For EI mada] tRoaddya befor@MRE& forieaast is so cloge thetotal
precipitation value but with low correlation. On the day WRF forecast also remains
underestimated with-0.22 bias valugbut it is a bit better thatme remaning ones.
One day before WRF and all ALFbrecastaunderestimatedith around-0.50 bias

valueandlow correlations.

TheHay mana T ar werecBrdiai.20 omand grathe day WRF forecast
produce 4.64 mm total precipitation value with 0.20 correlation and 0.78 RMSE
values This is the best result among other forecasts for this statiandays before
WRF forecastwereresultedn anoverestimated total precipitation value while other
forecasts underestimated with arou0dL7 bias value. Among categorical scores
PC andBS scores are better in ALR forecasisd the rest is better in WRF forecasts.

99



For Sukesen, Kepip n d KJj d e | theawnade botalspriecipgtation values are
around 13 mm. Howevenone of the forecasts could resmltclose values. All of
them hae around0.50 bias score and 1.50 mm RMSE. Categorical skill scores are

partially better in WRF forecasts.

For Bajérsak, a®md| 8gk c uda tinke @verage bfbxadas i n s ,
precipitation gage records is about 10 mm. On the day WRF and ALRBchsts

have around 5 and 4 mm total precipitation and around 0.65 and 0.25 correlation
values respectively.Two days beforeVRF forecasts are better than any other
forecasts in terms of total precipitatiomhe emaining forecasts do not have
satisfactoryvalues. Among categorical scoyékS, POD and Heidke scores are

better in WREwhile PC, BSand FAR sores are better in ALR forecasts.

For Kk i z ¢ and M&@ankDetertidn a8Prnd subbasins, total precipitation
records are around 6 mind on the @y WRF forecasts are close to that value with
around-0.02 bias valueTwo days befor&VRF forecasts resulted 8-9 mm total
precipitation and low correlation valyewhile one day before WRF forecasts
resultedn around 1 mm total precipitation value. Rlforecastslso havevery poor
results with negative biases and low correlation values. Among categorical skill

scoresPC and BS are seem better in ALR forecastd rests are close to eanther.

For upstream of Lake Mogathe average total precipitation value is 8.22 mm. The
closest forecast is seen two days beforeVRF forecast witha 6.01 mm total
precipitation value. On the yaVRF and ALR forecasts have around 5 and 3 mm
total precipitationvalues and the rests have even lower values. Categorical scores
are close to each othérut ALR scores aralittle better than WRF scores.
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Figure4-26. Precipitation Records and Forec¥siues of 20.05.2018 Event for
Ankara Station
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Figure4-27. Precipitation Records and Forecast Values of 20.05.2018 Event for
Uf uk Danékment Station
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Figure4-28. Precipitation Records and Forecast Value3®05.2018&vent for
El mada] Radar Station
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Figure4-29. Precipitation Records and Forecast Values of 20.05.2018 Event for
Haymana Tarém Station
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Figure4-30. Areal Distribution of Actual Precipitation and Forecast Values of
20.05.2018 Event
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