IMPACT OF CLIMATE CHANGE OVER THE VARIABILITY OF DROUGHT
CHARACTERISTICS OVER 25 BASINS OF TURKEY

A THESIS SUBMITTED TO
THE GRADUATE SCHOOL OF NATURAL AND APPLIED SCIENCES
OF
MIDDLE EAST TECHNICAL UNIVERSITY

BY

NURK E RERZQY

IN PARTIAL FULFILLMENT OF THE REQUIREMENTS
FOR
THE DEGREE ORMASTER OF SCIENCE
IN
CIVIL ENGINEERING

MARCH 2022






Approval of the thesis:

IMPACT OF CLIMATE CHANGE OVER THE VARIABILITY OF
DROUGHT CHARACTERISTICS OVER 25 BASINS OF TURKEY

submitted bY)NUR K E RHA N inpRt&Aifillment of the requirements for
the degree oMaster of Sciencein Civil Engineering, Middle East Technical
University by,

Prof . Dr . Hal i | Kal ép- €&l ar
Dean, Graduate School Nftural and Applied Sciences

Prof. Dr. Erdem Canbay
Head of the Departmertivil Engineering

Assoc. Prof . Dr . M. Tujrul
SupervisorCivil Engineering Dept., METU

Examining Committee Members:

Prof . Dr . Ksmail Yg¢cel
Civil Engineering Dept., METU

Assoc. Prof . Dr . M. Tujrul
Civil Engineering Dept., METU

Prof . Dr . El -in Kentel Er d
Civil Engineering Dept., METU

Assoc. Prof . Dr . Koray K.
Civil Engineering Dept., METU

Assi st . Prof . Dr. Serta- C
Civil Engineering Dept., Ahi Evran University

Date:11.02.2022



| hereby declare that allinformation in this document has been obtained and
presented in accordance with academic rules and ethical conduct. | also declare
that, as required by these rules and conduct, | have fully cited and referenced
all material and results that are not origind to this work.

Name Last name : Nuri Erhan Ersoy

Signature :



ABSTRACT

IMPACT OF CLIMATE CHANGE OVER THE VARIABILITY OF
DROUGHT CHARACTERISTICS OVER 25 BASINS OF TURKEY

Ersoy, Nuri Erhan
Master of SciengeCivil Engineering
SupervisorAssoc. Prof . Dr. M. Tujrul

March 2022 137 pages

Analyzing the effects of drought and making accurate predictions for the future under
changing climate conditions are of great importance in the agricultural, drinking
water, industrial and ecostem policies to be determined. The climate projection
simulations generated over CORDEX domains are one the most popular datasets
used today in climate change related studies. In this study impact of climate change
over the variability of drought charaasgics over 25 basins of Turkey were
investigated using climate projection datasets run over CORDEX domain. Historical
and future climate projections over Turkey from 56 GCNRCM pairs at 0.11
spatial resolution for the CMIP5 RCP8.5 scenarios were dmageld from
CORDEX EUR11. Accuracy assessments of historical simulations against ground
observations were performed to eliminate the 14 poor performing models and retain
42 better performing models. Additionally, bias corrections of GRGEM model
simulatians for historical and future simulations were performed using ER#&I

dataset over 25 basins separately. Future drought analyzes were performed using the



standardized precipitation index (SPI) calculated using historical and future
projection datasets ev each basin separately. Overall, the precipitation projections
show a decreasing trend where the rate of the decline increases towards the last 30
years of the century. Consistent with this trend, the drought analysis made via SPI
show the drought sevéyiand lengths increase between 2071 and 2100 over all of
the basins and entire Turkey. Accordingly, the last 30 years of the century are
expected to show the most severe drought conditions that has not seen before over

the region.

Keywords: CORDEX, EURL1, ERA5LAND, CMIP5, SPI, Drought, Turkey
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¥Z

KKLKM DEJKKKKLKJKNKN T! RKKYEODEKK 25 HA
KURAKLI K KARAKTERKSTKKLERKNKN DEJKkKKENL

Ersoy, Nuri Erhan
Y¢ ksek,Kniksaaants M¢g hendi sl i i
Tez Y°neticisi: Do - . Dr . Mustaf a

Mart 2022 137 sayfa

Kurakl éjén etkilerinin analiz edil mesi Ve
dojru tahminlerde bulunul masé, ekosigdmi r | ene:
politikalarénda b¢yéek °nem takémaktader.
ikl im projeksiyon sim¢glasyonl aré, geéng¢mg:z:
kull anélan en pop¢ler veri setlerinden
iZerinden y¢regteéelen i klim projeksiyonu ve
Te¢rkiyeddeki 25 havza °zelindeki Kur
arakteéereéel maktader . CMI P55 °RgR8rb¢kie@aabpolC
RCM mode

CORDEX EUR1 1" den indirilmiktir. Ge-mi K ver.i

dojruluk dejerlendirmeleri yapélarak kot

| - iyfetiyrmdehn i Kknki ge-mi kK ve gel ec

ve daha ivyi perfolrmahde gPster mak#4@2r moHle
gel ecekt eki Si m¢gtRCSM omlode | i sim¢gl@GMonl a
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d¢zel t mel eri, 26 havzaandevende sayrée kaVyt a

ger-eklexktirilmiktir. Gel ecerkitrecka &wirré kd yerke
ge-mi kK ve gelecek projeksiyon veri setl eri k
ya] €k i ndeksi (SPI') kullanélarak ger-ekl ekt
azalan bir ejilim g°Pstermektdedi k. hBuéeyagryek
g°stermektedir. Bu ejilimle uyumlu ol ar ak,
havzal arda ve t¢m T¢egrkiye' de 2071 ile 2100
uzunl ukl arénén arttéjéené g°st earéme kbt°e dgier . B u

iczerinde daha °nce gor ¢l memi kK en Kiddetl i

bekl enmektedir. Sonu-Ilar CMIP5 deneyl erinde
el de edil mik olsa da, CMI P6 deneyl eri dah
modellere sahpt i r . Bu nedenl e CMI P6 deneyl eri [

sim¢gl asyonl aré mevcut ol dujunda benzer anal

Anahtar Kelimeler: CORDEX, EUR1, ERASL AND, CMI P5, SPI | Kur a
T¢erkiye
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CHAPTER 1

INTRODUCTION

Climate has been changing over almost entire globe drastically during the last
century. Global warming has contributed to the increase in natural disasters such as
flood and drought events as a result of both changing and accelerating climate. Over
many laations, changing climate manifest itself as increase in temperature and
extreme event probabilityOruc et al., 2020while simultaneous decrease in
precipitation further increases the risks faced as result of extreme events. Among the
extreme events,rdught is an extreme frequentative event that occurs in almost all
climate regimes with observed warming tre(ilsao et al., 2021 where the severity

and frequency of drought is significantly impac{&im & Jehanzaib, 2020)

Investigation of droughts as a natural hazard has primary importance for water
resources management due to several reasons. First, drought is one of the costliest
natural hazards on a yearly basis which means their impacts are huge and widespread
that is dfecting many economic secto(g¢/MO & GWP, 2016) Between 1980

2011, 16 drought events were tracked in USA, which caused damages that costs
$210.1 Billion in total Smith & Katz, 2013)Among those, 1988 drought caused the
largest loss, which was $&6billion (Changnon et al., 200.7%econdly, unlike the

other natural hazards, the effects of a drought build up slowly, usually accumulate
over a substantial period of time, and can last for years after it ends. Impact of
droughts are not precise an@ apread over larger areas than that may results from
other natural hazards. Lastly, the human activities such asfaweing, over
irrigation, deforestation, and erosion can directly stimulate drought differently from
the other natural hazar@dishra & Singh, 2010)Thus, the quantification of adverse



effects of drought is much more difficult than for the other natural hazards. As
climate change is getting more severe, understanding the impacts on drought
characteristics is highly important in orderitoprove adaptation and mitigation

measures.

The main gap in the literature, on the other hand, is that there is no study investigated
the impact of climate change over the drought characteristics over different basins in
Turkey using large number of muthodel ensemble approach at high resolution. In
this study, the effect of climate change in whole Turkey is investigated and it is aimed
to analyze drought characteristics of basins of Turkey by using multiple- CM
couples (56 GCMRCM Couples) calculatd ov er CORIDHohEGIE EUR

This thesis includes five major chapters. In Chapter 1, the effects of climate change
and drought on the world and why it needs to be studied in detail are mentioned. The
purpose of the study and the study area are givbackground and literature review
about the definitions of drought, advantages and disadvantages of commonly used
drought indices, and studies made on globally and on Turkey are discussed in
Chapter 2. Chapter 3 provides the details of the datasets @hddsi@f this study.

The results of the analysis are discussed in Chapter 4 as four main parts. Finally,
main findings and results of the study are highlighted, and future recommendations

are given in Chapter 5.



CHAPTER 2

LITERATURE REVIEW

2.1  Climate Change and Drowght

Drought has significant impacts over various end users of water or bodies that are
under increased heat stress (e.g. agriculture, society, water resources, etc.) drought
is a complex concept and therefore, there is no universal or precise defwétion

Loon, 2015)due to the different characteristics of regions suffering from drought
(Mishra & Singh, 201Q)Mishra and Sing(2010)mentioned eight different drought
definitions in their review article. While the WMO defines the drought as a long
term lack of precipitation, UN Secretariat General defines it as a naturally occurring
trend in which precipitation is significantly lower than normal, causing serious
hydrological imbalances that negatively affect systems of resource production
(Mishra & Sngh, 2010) In terms of agriculture, FAO defines the concept as the
percentage of years when crops fail due to a lack of moigEh®@, 2017) Another
definition mentioned (2010)iMass prolangedpedod Si ngh
of l ow rainfall (a season, a year or SeEe
statistical multiyear mean of a region. Drought as the minimum annual value of
daily flow is another expression. The seventh definition for droggig a significant
deviation from the normal hydrological conditions of an area. Lastly, the drought
was also defined as a sustained period of time without significant rgMfalira &

Singh, 2010) Although there are hundreds of definitions, droughigéenerally
defined as a natural hazard that is severe deficit of precipitation below the normal
expected levels which restricts some type of activities and affects the other natural
systemgWilhite et al., 2007)



Although the definitions vary dependitg the variables in regions and needs, in
general, the droughts are categorized in terms of four basic(Wfilege & Glantz,
1985) listed below:

a. Meteorological drought: The most common definition of drought is
meteorological definition. It is gendlpdefined based on the level of dryness
compared to typical or average amount and the length of the dry period
(Wilhite & Glantz, 1985) In the meteorological drought, drought is usually
considered as lack of precipitation compared to average valagseiiod of
time (Mishra & Singh, 201Q)Studies specified that this analysis is site
specific since the meteorological conditions vary from one region to another.
While some regions are characterized by a-yeand precipitation regime,
the others cannly be characterized seasondDMC, 2022)

b. Hydrological drought: Hydrological drought definition is typically concerned
with the effects of periods of precipitation deficit on surface or subsurface
water resource$Wilhite & Glantz, 1985) Linsley et al. (1958) basically
defines the hydrological drought as fna
i nadequate to supply established water
analysis, streamflow data have been commonly (Mesdhra & Singh, 201Q)
The anaysis of the hydrological drought is often on the basis of its influence
on a basir{Wilhite & Glantz, 1985)

c. Agricultural drought: As the simplest definition, agricultural drought is a
period with declining soil moisture and subsequent crop fa{Miéhite &
Glantz, 1985)Thus, agricultural drought is also called soil moisture drought
(van Loon, 2015)Definition of agricultural drought links numerous factors
of meteorological drought to agricultural impafgilhite & Glantz, 1985)
such as prepitation, temperature soil moisture, soil water deficits and actual
and potential evapotranspirativishra & Singh, 2010; NDMC, 2022)



d. Socioeconomic drought: Definitions of the socioeconomic effects of drought
may also include the impacts of meteogi@l, agricultural and hydrological
drought(Wilhite & Glantz, 1985) The socioeconomic drought is linked with
the failure of water supply systems so that they cannot meet the water demand
and thus associating droughts with a balance of supply and demand of
economic goods (water). When the demand for an economic goodés mo
than the supply, socioeconomic drought will occur as a result of a weather
related shortfall in water suppishra & Singh, 2010)As a result, this
extreme event impacts the societies willingnessto(pdyy d oj du et al

under new dry contions.

Although there are new types of droughts that are recently researched such as
groundwater drought (decreasing in groundwater level and dischigdyra &

Singh, 2010and ecological drought (stresses across ecosystem due to the prolonged
deficiency in natural water supplie$NDMC, 2022) the literature overall, above

listed four types of droughts are studied the most so far.

2.2 Impact of Climate Change over Drought Characteristics and Its Spatial

Variability

As temperature rises as a result afnelte change, evapotranspiration may rise,
affecting the spatial and temporal variation of water cycles and raising the
uncertainty of the spatial and temporal distribution of precipitation. All these changes
could lead to more severe and recurring extrdroeght eventéZhou et al., 2021)

Gao et al.(2015)found that there is a strong correlation between aridity change
pattern and precipitation, sunshine duration and diurnal temperature range. Besides
intensity, duration and frequency of the droyghtbught impacts also varies based

on the spatial characteristigdVilhite, 2005) Changes in hydrometeorological



conditions in terms of precipitation and temperature may result in changes in drought

spatial extent.

Droughts are generally regional et®mand cover large areas. Therefore, drought
characteristics also varies spatially as well as impacts of climate change on
hydrological conditiongWong et al., 2011)Therefore, spatial variability of the
impact of climate change over drought charastes should also be studied.

Understanding the effects of climate change on the potential changes in drought
characteristics helps to reduce vulnerability and to adopt mitigation and adaptation
strategies. Drought characteristics in terms of duratioaguincy, severity,
frequency and spatial extent which can be determined by the use of drought indices
(Mirakbari & EbrahimiKhusfi, 2021)can be increased due to temperature and
precipitation changes resulted from climate cha(@emed et al., 2018)As
temperature increases and precipitation distribution changes, the drought risk is

expected to increase as well.

2.3 Drought Indices

The slow characteristics of drought allows the studies to observe the changes in
temperature, precipitation, and the genesitlation of surface and groundwater
resources in a regigWwMO & GWP, 2016) In order to analyze drought, there are
various indicators/inputs to be used such as temperature, precipitation, soil moisture,
streamflow and snowpack, groundwater and reseleeels(Mishra & Singh, 2010;

WMO & GWP, 2016) Based on the indicators of the drought, indices represent the
severity and duration of the drought by using indicators/inputs in order to draw a
comprehensive picture for decision makitglamian et al.2017; WMO & GWP,

2016) There are several indices developed for drought representation, some of

which perform better over the others in certain conditions although no one has



priority (Eslamian et al., 2017%ome of the most common indices are giverable

2.1 including their inputs, strength and limitatiofisslamian et al., 2017; Mishra &
Singh, 2010; WMO & GWP, 2016)Among themstandardized precipitation index
(SP1) is one of the earliest proposefMckee et al., 1993and one of the most

commonly used drought indices, that is also recommended by \Wi¢0Od, 2012)

Mckee et al(1993)developed SPI based on the frequeneggth, and time scale
relationships of drought. SPI was developed to express a precipitation probability for
different number of time scales (1 month to 48 months or longer periods) using
historical precipitation data. The SPI provides a normalized tranafmn of the

observed precipitation probabilifyDoj an., 201 3)

Table2.1. Common Drought Indices

Index Reference | Input Timeframe | Strength Limitations
N .
Predicts drough Values of input datg
before occurrence a
IR - |could be chaged.
estimating its severity * Since the only input i
Standardized 3-6-9-12- * Using only T Y NP
S McKee et S L | precipitation, it may
Precipitation Precipitation | 24-48 month| precipitation datd . |
al., 1993 . . miss the temporg
Index (SPI) periods makes SPI is very ea h
to use changes to compa
. . . | events of differen
Applicable in all .
L : temperature scenarios
climatic regions
* More suitable fo
agricultural impacts
Palmer Temperature, * During winter seaso
Precipitation, Gives a spatial an| and higher elevations,
Drought Palmer, il moi hl | oi by i ionable d
Severity 1965 Soil moisture{ Monthly temporal  picture is questionable due {
Evapotranspi historical droughts use only precipitation
Index (PDSI) - *
ation Slow to respond tg
developing of
diminishing droughts




Table2.1 (Continued)

Index Reference | Input Timeframe | Strength Limitations
* Changes in dat
Reservoir sources or includin
storage, Good measure | additional data result i
Surface Shafer and streamflow monitor the impact of the recalculation of th
Water Supply (for summer) hydrologic  drought§ entire inaex.
Dezman, Monthly . A [ .
Index 1982 snow  pack due to taking intq¢* Since calculations ar
(Swsl) (for winter), account the full wate based on a region, it
and resources of a basin | difficult to compare
precipitation basins or homogeneo
regions.
Weekly
\?vf;ﬁma:rg;r Possible to compare
Crop = y different climate * Developed
. almer, temperature, : .
Moisture Weekly regimes. Respond specifically for the
1968 and the ? ) . . .
Index (CMI) revious quickly to rapidly| grain-producing region
P N changing conditions.
weekobs
value.

2.4  Global Drought Studies

The drought assessments and understanding of drought characteristics depend on
drought region, the type of drought, the natural vulnerability in the region, and the
accessible information in that regigHasan et al., 2019)herefore, quality and

guantty of the information or data defines the accuracy of the study.

Many studies assessed drought and examined drought characteristics in both global
and regional scales using different datasets and drought indicators. In order to
simulate historical and fute climate variables, Xu et §2019)investigates global
drought trends by using 18 models from CMIP5 in which precipitation, temperature,
and soil moisture variables are all available. According to their analyses of SPI,
Northern hemisphere has under less drought risk than southwestericaraeuth

America, a part of Australia, southern Africa, and Malay Archipelego undeC1.5

10



possible warming. Chiang et §2021)reveals an increasing in the anthropogenic
impacts on global drought frequency, length and intensity by using SPI ifidices

an ensemble of 9 CMIP6 models. On the other hand, Spinoni e{24l19)
investigates the global meteorological drought events by using a new global database
mostly based on the statimibserved data, which are the Global Precipitation
Climatology Gentre dataset of German Weather Service and the Climatic Research
Unit Time-Series of the University of East Anglia by using monthly gridded
precipitation data. Finally, they revealed that more than 4500 worldwide drought
events between 1954016 were idetified.

There are also studies investigating drought at regional scales as Europe, Africa,
America, Mediterranean region etc. Spinoni et(2018)investigate the expected
frequency of drought events in Europe by using an ensemble of Thdjissed
simulations from EURGCORDEX datasets, 6 GCM and 5 RCM couples under RCP
4.5 and RCP8.5 scenarios. Haile et(2D20) studied on the impacts of climate
change on drought patterns over East Africa using an ensemble of 5 GCMs in CMIP5
under RCP 2.6,45dn 8. 5 scenari os. (Eh8yassessedthe an d
future drought risk in the Southeastern USA by using 32 downscaled GCMs from
CMIP5 models. In India, Vishwakarma et §020)investigated of the performance

of CMIP5 and CORDEXSA models oer the droughprone region by using 5 best
GCMs from CMIP5 and their corresponding RCMs from CORDEX.

In summary, the drought study methods differ in accordance with the aim of study
including scale, data availability etc. There are studies using dabésaitsed from
meteorological stations as well as using models (CMHB3 CORDEX, ISIMIP

etc.). Tens of different GCM model and tens of different RCM models datasets exist
and openly available to everyone for the climate change related studies. It is seen
that there is no optimum number of haweuse couple in the literature. This number

may differ based on the study area and aim.

11

K



2.5 Drought Characteristics

Drought characteristics are described by drought duration (length), severity, intensity
and frequencyAnalyses of drought characteristics are highly important in order to
construct drought management or risk assessment plans. In order to determine
drought characteristics, drought indices are generally used for comprehensive
outlook of decision makin@Eslamian et al., 2017 5pinoni et al(2014)analyzed

global drought frequency, severity and duration based on SPI calculation in 1951
2010, I i ke Ch (2862a)ghick ¢xamankes. giblsal dougiot drgquency,
duration and intensity by using SPI and SPEI indices. Afshar and(2020)also
examined the impact of climate change on Ankara, Turkey. Drought occurrence,

duration and severity across Ankara, Turkey by &Riulation.

According to Mckee et a{1993) drought characteristics such as frequency, duration
and intensity are all the time dependent functions. They revealed that drought
frequency inversely decreases and duration linearly increases with tatee sc
Duration of drought can be explained as the number of months between its start
(included) and end month (exclude@pinoni et al., 2014)Mckee et al(1993)
describes the start and end months as SPI value as les4 thath more thanl,
respetively. In addition,severity is defined by the absolute value of the integral
area between SPI area and horizontal axis from the start to the end month of the
drought.Intensity on the other hand, is usually described as the lowest SPI value of
the drought ever(Spinoni et al., 2014)

The drought characteristics such as severity and duration are interdependent which
means one is affecting the other. In fact, severity of drought can be calculation by
multiplication of drought duration and average severity which is average of SPI

values n a drought perio¢Afshar et al., 2016)
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2.6  Drought Studies in Turkey

In Turkey, the frequency of the drought has been increasing as a result of the
changing climate. Due to the recent dry conditions, trends of annual stream flows of
rivers are decreasirfgr most basins in TurkefKahya & Kalayci, 2004)

Studies have generally analyzed drought based on the basins or regions due the
different characteristics of basins. While Mehr e{2020) and Afshar et al2020)

investigated meteorological drght in Ankara, Alivi et al(2021)investigates the

climate change effects on annual average streamflow in the Euphigiissbasin.

Akar - ay c [Kals 20@1)abdakenyan Closed Basifbuygu et al., 2017,

Yilmaz, 2017) Ceyhan Basitf ¢ uh &d &t ék, 2019; ,S@yhan- et al
Ceyhan River basi(Gumus & Algin, 2017)Mediterranean Basir{Bayer Altin &

Altin, 2021), and Asi Basin(Dikici, 2020) were investigated for the drought
characteristics, risks, and vulnerabilitfoyraz (2018) analyzed the change of

drought conditions from past to future in the Mediterranean region by using 12
GCM/RCM couples of CORDEXOnly a few studies analyzed drought hazard and
vulnerability over Turkef Dabanl i, 2018; Si msedal.& Cakma
2005; Tatl i, 2015 ¥zT¢r k(20E7}aoairivestighte the 2 0 0 9)
precipitation and climatology on the larger region, Central Asia, which also includes
Turkey. On the other hand, there is still a need focusing drought awer Barkey

utilizing datasets obtained from various models.

Mainly, studies focus on drought in the analyses of instrumental records (monitoring
stations)(Alivi et al., 2021; Bayer Altin & Altin, 2021; Dabanli, 2018; Eris et al.,

n.d.; Gumus & Algin, 20 7 ; Kal e, 2021; Si msek & Cakma
2005, T ¢ r k e kor bomeTstudids stydied2witt dditputs of global climate

models (CMIP5etc) Duygu et al ., 2017; Mehr et al

et al.,, 2017; Sen et al., 2012atli, 2015; Yilmaz, 2017) B a jet-ah(2021)
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comparatively evaluate precipitation and temperature derived from CMIP5 and
CMIP6 GCMs for climate projection in Mediterranean region, Turkey. They
proposed that simulating of precipitation and temjpeeawith CMIP6 is weaker
than that with CMIP5 for Turkey. Yet, extreme anomalies are more highlighted by

CMIP6 over the country.

In general, studies used limited data of projection model. In 2018, Directorate

General for Water Management in Turkey, psibéis drought management plans for

the 14 different basins at higher rigksrectorate of Water Management, 201B)e

analysis includes meteorological, hydrological, and hydrogeological parameters, and

drought indices. 3 models (HADGEM, CNRM, MPI) awibtscenarios (RCP4.5

RCP8.5) were used to understand the upcomi

studi es. Drought analyses were conducted ov
Ant al ya, Batée Akdeni z, Burdur, Beyeéek Mender
Konya , Kuzey Ege, K¢ - ¢ k  Me nbDicerbasws. OnSleey han, Var
other hand, there is no study so far investigated the impact of climate change over

various drought characteristics using extensive number of model simulations.
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CHAPTER 3

METHODOLOGY

In this study, SRD values are calculated over entire Turkey and 26 basins seperately
using 56 different RCM simulations both in the reference (192005) and future

(20051 2100) periods, where SPI values in the future are adjusted t@biasistent
drought characteristics. The methodology part was examined under 5 main headings.
Details such as what the datasets used and for what purpose they were downloaded
are shared in sectidhl Afterwards, the processes that the downloaded data were
subjected to before the drought analysis were detailed. How the SPI drought index
is calculated is shared in secti8r8. Drought characterization was made with the
outputs of this index. We encountered results that we thought mislead during
characterization. As a result, Future SPI values were adjusted (S8d&joifhe

diagram showing the general flow of the analyzes is shar€igiime3.1.

3.1 Datasets

3.1.1 Climate Projections (RCMi GCM)

Outputs of general circulation models (GCM) provide coarse resolutionX.55
projections of the climate for the entire globe, while regional climate models (RCM)
use the outputs of GCMs and provide projections of the climate at much higher
spatial resolutior(0.1040.54 over limited areas. As part of ti@oupled Model
Intercomparson Project Phase 5 (CMIP5) experiment results available since 2007

for various carbon emission scenarios, where the-tagblution RCM simulations

15



as part of Coordinated Regional Climate Downscaling Experiment (CORDEX)
(Climate Information, 2021are arrently available for over 14 regions utilizing
100+ GCMRCM model couples. On the other hand, high resolution RCM
simulations utilizing more rece@oupled Model Intercomparison Project Phase 6
(CMIPB6) is not available over most part of the globe utiizmany GCMRCM
coupled models. As a result, in this study, only CMIP5 experiment results are used

over Turkey to benefit from higher resolution projections of the future climate.

CMIP5 is a standard experimental protocol in order to study the outpoupfec
atmospher®cean GCMs to understand climatic drivers and differences in model
results. CMIP5 provides a framework that supports climate model diagnosis,
validation, intercomparison, documentation, and data ac@@bsiate Information,
2021) In arder to analyze the effect of climate change on drought events, simulation
of GCMs based on the representative concentration pathway climate scenarios is
commonly usedGiorgetta et al., 2013)There are several RCPs used in literature
(e.g., RCP4.5 anRCP8.5). RCP4.5 is intermediate stabilization pathways in which
radiative forcing is stabilized at approximately 4.5 &y 2100 while RCP8.5 is a
high pathway for which radiative forcing reaches more than 8.5\04/100(IPCC

Data Distribution Centre2021) Recent studie@Barredo et al., 2017; Christensen et
al., 2018; Schwalm et al., 2026how that the total cumulative G@&mission value

is closer to the RCP8.5 scenario. In addition, even takingtknng economic growth
projections into accountt is stated that C&concentrations are at least 35% likely

to exceed defaults in RCP8.5 by 2100. Therefore, the RCP8.5 climate scenario is
used in this studyCORDEX is for advancing and coordinating the science and
application of regional climate mets (RCMs) for dynamical downscaling GCM
results, which provides an understanding of regional climate procéSkesmte
Information, 2021) The CORDEX RCMs for European Domain which includes
Turkey are conducted at two different spatial resolutionss@laee EURI4 which

has resolution of 0.4%(approximately 50 km) and EURL which has the finer
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resolution of 0.1A(approximately 12.5 kmlEURO-CORDEX Data2021) In this

study, 4 different CORDEX domains (ELHR, MENA-22, AFR22, CAS) were

evaluated in terms of data availability, resolution, and land coverage percentage.
SinceEUR1 16s dataset can be obtalichisdghat spat
than the other ones, and contains more comprehensive dataset,l6t/Rsed as a

doman of study. Accordingly, all EURL1 domain datasets are downloaded from
CORDEX official web pagehttps://cordex.org/dataccess!

Overall, in this study, daily precipitation data from 56 G&R@M model coples
simulating RCP8.5 emission scenario utilizing CMIP5 experiments between 1950
and 2005 (for the historical simulations) and 2006 and 2100 (for the future scenarios)
were downloaded and used. The daily datasets are initially accumulated to monthly
sumsbefore their use in the study, accordingly, all analyses in this study uses these
monthly sums. Although EUR1 domain does not cover some part of Turkey (Van
Gel ¢, Dicle and Aras Basins), some COuUf
Accordingly, these lmns (i.e., Dicle, Aras, and Van Basins) still contain some data
even though they seem to be located outside of the ELldbmain. Data availability

of the models over each basin can be inferred from the Table in APPEBIQIX,

NaN values imply the rel@nt model over the relevant basin does not exist). The
model pairs used in the study are given infthble3.1. List of basins and study area

with the border of EUR11 Domain are given iffable 3.2 and Figure 3.2. Even

though CORDEX also offers corrected precipitation data, the number of BCM

couples for such datasets is very low, while it is not clear the corrections are done
locally (i.e., over Turkey using stations observations collected in Turkey) or
regionally (e.g., over entire Europe similar correction factors). Accordingly; non
corrected pr values from CORDEX web page are obtained and these datasets are
later corrected in this study using a multiplicative correction factor for each month
separately(Afshar & Yilmaz, 2017) Here, for the calculation of the correction

factors ERA5Land precipitation datasets at 0&Kpatial resolution are used.
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Table3.1. GCM-RCM Couples

GCM RCM
CCCmaCanESM2 CLMcom-CCLM4-8-17
CCCmaCanESM2 GERICSREMO2015

CNRM-CERFACSCNRM-CM5
CNRM-CERFACSCNRM-CM5
CNRM-CERFACSCNRM-CM5
CNRM-CERFACSCNRM-CM5
CNRM-CERFACSCNRM-CM5
CNRM-CERFACSCNRM-CM5
CNRM-CERFACSCNRM-CM5
CNRM-CERFACSCNRM-CM5
CNRM-CERFACSCNRM-CM5
CNRM-CERFACSCNRM-CM5
CNRM-CERFACSCNRM-CM5
CNRM-CERFACSCNRM-CM5
ICHEC-EC-EARTH
ICHEC-EC-EARTH
ICHEC-EC-EARTH
ICHEC-EC-EARTH
IPSL-IPSL-CM5A-MR
IPSL-IPSL-CM5A-MR
IPSL-IPSL-CM5A-MR
IPSL-IPSL-CM5A-MR
IPSL-IPSL-CM5A-MR
MIROC-MIROC5
MIROC-MIROCS
MOHC-HadGEM2ES
MOHC-HadGEMZ2ES
MOHC-HadGEM2ES
MOHC-HadGEMZ2ES
MOHC-HadGEMZ2ES
MOHC-HadGEM2ES
MOHC-HadGEMZ2ES
MOHC-HadGEM2ES
MOHC-HadGEM2ES

CLMcom-CCLM4-8-17
CLMcom-ETH-COSMO-crCLIM-v1-1
CNRM-ALADIN53
CNRM-ALADING3
DMI-HIRHAM5
GERICSREMO2015
ICTP-RegCM46
IPSL-WRF381P
KNMI-RACMO22E
MOHC-HadREM3GA7-05
RMIB-UgentALARO-0
SMHI-RCA4
CLMcom-ETH-COSMO-crCLIM-v1-1
DMI-HIRHAM5
KNMI-RACMO22E
SMHI-RCA4
DMI-HIRHAM5
GERICSREMO2015
IPSL-WRF381P
KNMI-RACMO22E
SMHI-RCA4
CLMcom-CCLM4-8-17
GERICSREMO2015
CLMcom-CCLM4-8-17
CLMcom-ETH-COSMO-crCLIM-v1-1
CNRM-ALADING3
DMI-HIRHAM5
GERICSREMO2015
ICTP-RegCM46
IPSL-WRF381P
KNMI-RACMO22E
MOHC-HadREM3GA7-05
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Table 3.1. (continued)

GCM

RCM

MOHC-HadGEM2ES
MOHC-HadGEM2ES
MPI-M-MPI-ESM-LR
MPI-M-MPI-ESM-LR
MPI-M-MPI-ESM-LR
MPI-M-MPI-ESM-LR
MPI-M-MPI-ESM-LR
MPI-M-MPI-ESM-LR
MPI-M-MPI-ESM-LR
MPI-M-MPI-ESM-LR
MPI-M-MPI-ESM-LR
MPI-M-MPI-ESM-LR
MPI-M-MPI-ESM-LR

SMHI-RCA4
UHOH-WRF361H
CLMcom-CCLM4-8-17

CLMcom-ETH-COSMO-crCLIM-v1-1

CNRM-ALADING3
DMI-HIRHAM5
ICTP-RegCM46
IPSL-WRF381P
KNMI-RACMO22E

MOHC-HadREM3GA7-05

MPI-CSGREMO2009
SMHI-RCA4
UHOH-WRF361H

NCC-NorESMI1M CLMcom-ETH-COSMO-crCLIM-v1-1
NCC-NorESM1M CNRM-ALADING63
NCC-NorESMI1M DMI-HIRHAMS
NCC-NorESM1M GERICSREMO2015
NCC-NorESM1M ICTP-RegCM46
NCC-NorESMI1M IPSL-WRF381P
NCC-NorESM1:M KNMI-RACMO22E
NCC-NorESMI1M MOHC-HadREM3GA7-05
NCC-NorESMI1M SMHI-RCA4
Table3.2. List of Basins
Basin No Basin

1 Me r-Ergene

2 Marmara

3 Susurluk

4 Kuzey Ege

5 Gediz

6 K¢-¢k Mender es

7 Beyek Menderes

8 Bat é Akdeni z

9 Antalya
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Table 3.2. (continued)
Basin No Basin
10 Burdur

12 Sakarya

14 Yeki |l ér mak

16 Konya Havzasé

18 Seyhan

20 Ceyhan

22 Doju Karadeni z

24 Aras

26 Dicle
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Figure 3.2. Study Area and The Border of ELIR Domain
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3.1.2 Station-Based Observations

Total 56 GCMRCM coupled datasets are used in this study. On the other hand, some
of these datasets are degraded, which the details of process are giver3i&, part
hence poor performing model datasets are frequently discarded from the studies,
often using ground observations. Accordingly, ground stdiesed precipitation
observations are used in this study to eliminate the couples which have the poorest

performane among the 56 couples.

Meteorological observing stations have been established in Turkey since the 1920s.
Based on the precipitation dataset obtained from Turkish State Meteorological
Service, the number of stations is around 80 in 1950s, it reach4S to 2970s. In
addition to manual observation stations, automatic observation stations (AWOS)
have been established since 2003, however, the AWOS observations have started
accumulating since the beginning of 2008, where their number significantly
increasd after the period 2013015. Since the historical RCM data used in this
study ends in 2005, the stations were selected from manual observation stations. The
distribution of the stations used in Turkey is givenFigure 3.3. The latitude
longitude and detail information about the stations are in the MGM stations section
of the APPENDIX-F.

Following this ground station observation limitation (i.e., there are more datasets
available beyond 1970s) and given there are more (RO coupled historical
datasets are available, the study period is selected to be between 1970 and 2005 for
the historcal datasets (total 36 years) and 2006 and 2100 for the future projection

datasets (i.e., total 95 years).

In this study, the historical GCRCM coupled model simulations are reduced from
56 to 42 by using the monthly correlations between the model giondaand

observations obtained from 374 observation stations (i.e., not all stations have 36
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years of historical observations; in such case correlations against those station
observations are calculated using all available data). Once the poorest peyformi
model data is eliminated because of degraded quality simulations, the remaining
ensemble of datasets for 42 GERCM models are used both in historical and future

analyses.

Even though poorest performing models are eliminated from the analyses, there
coud be still consistent bias between the RCM datasets. Therefore, bias correction
procedures must be utilized before they can be used in water resource research
(Berhanu, 2018)Here, higher performing reduced 42 model dataaetsbias
corrected using ER5-Land datasets (detailed information is shared under section
3.2) so that there is no consistent bias between the model datasets and comparisons
can be made objaetly. Here, over the study domain total of 201*81=16281 pixels

are used where the number of stations is only 374, hence, the number of stations
would not be sufficient to represent the variability in the precipitation datasets.
Accordingly, another griddeby highly accurate product, ERAZNnd dataset, is
selected as the reference dataset for the bias correction offR&\coupled model
datasets. Here ERA5 model benefits from assimilation of much higher number of
observations and have better representatiothe radiative forcing, precipitation,

and other variables. Accordingly, the use of ER&#d for the correction of RCM
datasets is both viable and also consistent withlitheature ( Baj - a c i et
2021) .Here the bias correction is performed aftee poorest performing models
eliminated. This elimination process is not preferred to be performed after the bias
correction as monthly correction of the bias would give an artificial skill to the RCM
datasets (i.e., seasonality information) that is pretsent in the native products

(Afshar et al., 2019)Details about the bias correction is given in Sec3i@n
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Figure 3.3. Distribution of MGM Stations

3.1.3 ERA5-Land

ERADS is atmospheric reanalysis of the global climate of the fifth generation ECMWF
and it covers the period from January 1950 to present. The Copernicus Climate
Change Service (C3S) BCMWF produces ERABSabater, 2019ERAS-Land is

a reanalysis dataset that provides a consistent view of land variable evolution at the
hourly high resolutionq . grid spacesfECMWF, 2021)Table3.3). ERA5L and 6 s
official document presented by Copernicus and it is updated consta@\WF,

2021)
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Table3.3. Data Description of ERARAND (ECMWF, 2021)

Data type

Gridded

Projection

Regular latituddongitude grid

Horizontal
coverage

Global

Horizontal
resolution

0.1A x 0.1A

Vertical
coverage

From 2 m above the surface level, to a soil depth of 289 cm.

Vertical
resolution

4 levels of the ECMWF surface model: Layer £76m, Layer 2: #28cm,
Layer 3: 28100cm, Layer 4: 10@89cm Some parameters are defined at
over the surface.

Temporal
coverage

January 1950 to present

Temporal
resolution

Hourly

File
format

GRIB

Update
frequency

Monthly with a delay of about three months relatively to actual date

In this study, ERAH_and dataset cropped over Turkey is used for bias correction.

The available time period starts from 1950
historical time period end which is 2005. However, since, some of the-SCM

coupled datasetmly have historical simulations starting from 1970, the study period

is also selected as 1970. Accordingly, Avai

are given irFigure3.4. ERA5Land datasets are also obtained starting from 1970 as

well (Figure3.5).
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Figure 3.4. ERA5 Family TimelingGiusti, 2020)
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H 35 years for bias correction

Figure 3.5. Time Periods of Dataset and Bias Correction
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3.2 RCM Dataset PostProcessing

Obtained raw RCM datasets areprecessed before they are used in drought index
calculations. Namely, raw datasets are 1) ranked for their accuracy so that poorest
performing models are eliminated from the analyses, 2) interpolated to have
consistent gd geolocation information with ERABband datasets, 3) bias correction

is made for each model at each pixel and month separately, 4) gridded precipitation

datasets are converted to basin average estimates.

Initially, raw RCM datasets (total for 56 diffete@CM-RCM couples) are obtained

over Turkey, where the study domain is selected to be between 25E and 45E, and
35N and 43N. Then the number of RCM model datasets are reduced from 56 to 42
based on their accuracy in the historical period (120U6). Giventhere is a
mismatch between the nature of RCM and observation datasets (spatially continuous
gridded vs point dataset), one of them should be converted to the others space. This
could be performed either by selecting the grids that contain the obseriogst

(i.e., conversion of the model space to the space of stations), or averaging the station
based observations that fall inside the model grid. The latter methodology cannot be
implemented as the number of stations is too few compared against tmeitolesr

of grids. Also, following the Figure 10 of the study of Amjad et(@020) there is

no difference between the selection of these methods as long as the ranking of the
models is concerned. Accordingly, the first methodology is selected hérehsic

the RCM values are obtained from the grids that contain the stations. This data
extraction results in total of 374 time series (i.e., total 374 sthaged time series

are available) for each RCM between 1970 and 2005.

Once the relevant dataset® aetrieved for both the observations and the RCM
datasets, Pearson correlation is calculated between the 4tased observations
and RCM values to rank the 56 model historical datasets between 1970 and 2005:
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where b is number of basins, ris RCM number, s is station number, t refers to month,
and CORR refers to correlation coefficient. CORR values are calculated over 27
regions (26 basins + entire Turkey), (b), 56 RCM couples (r), and 374 stations (s)
using 42 monthly time series between 1970 and 2005 (i.e., 12 months/year * 36

years = 432 months total).

Utilizing the correlations calculated above, the number of RCM datasets used in this
study is reduced from 56 to 42. There is no unigque way to decide alecutimber

of poorest performing models to be eliminated. In this study, the threshold 25% is
arbitrarily selected (i.e., eliminating 50% of the datasets would result in removal of

too many datasets, where 10% is seemed to be not sufficient).

There is a dference between the spatial resolutions of the raw RCM datasets and
ERA5-Land datasetsOnce the poorest performing models are eliminated from the
analysesRCM datasets are interpolated to have the same geolocation asllBRAS

datasets using nearest rdgrhood interpolation methodAccordingly, RCM

datasets are resampled to have Agatial resolution (in horizontal space) from

their raw 0.1Aresolution. The nearest neighbor interpolation technique is selected
because of its simplicity and widely gga As a result, all RCM and ERA&nd

datasets are obtained at0Al0 o ver t he s#5Eduyd 35NBN)anithn ( 25 E

a total of 81 pixels in the 18 direction and 201 pixels in the\& direction.

Next, pixetby-pixel bias correction was made separatetyeach RCM model using
ERA5-Land dataset, where a separate correction factor was calculated for each

month:
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wherei refas to the RCM modelprefers to the grid number from the western
border of the study area (25.0myefers to the grid number from the northern border

of the study area (43.0H), refers to montheorefers to yearyp andax, refer to the
beginning and ending years of historical RCM datasets respectively (i.e., 1970 and
2005),"Y 6 ('0and'Y 6 ("Oare the RCM precipitation datasets for the historical
(19702005) and the future (20@BL00) periods, Y6 0O®£ 1 | ‘@Quoaod

Y6 'Owé | 1 afeche corrected historical and future monthly precipitation data,

overbar is an averaging openat(e.g.,0 is the average af).

Above given griddedy 6 0O®£ | | afdY® J'Om £ | | dataséts are used in all
analyses in this study. However, before drought indices are calculateptidiied
precipitation data is first convedanto average precipitation estimates over each
basin by simply taking the average of the values of the grids that fall inside the
borders of the basins. Once monthly time series over each basin is obtained for both
RCM and ERA5Land datasets, then thekasin average monthly time series for
both the historical and future periods are used for the calculation of drought indices

and remaining analyses.
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3.3  Standard Precipitation Index (SPI)

The length of the time series used in SPI calculation do not hawedbacertain
length. However, in applications carried out to reduce sampling errors, it was
preferred that the data set cover at least 30 years. Although it is desirable for the
dataset to be as complete as possible, if there is insufficient datautiateatbe SPI
value, the calculations can deal with this problem by assigning a "null” &M

& GWP, 2016)

Only precipitation data is required to calculate the SPI index. Although it is usually
(also in this study) calculated using monthly prectpta data, SPI can also be
calculated from daily or weekly precipitation data. Regardless of the time period in
which precipitation values are presented, the SPI calculation method is the same for
all time periods. The precipitation SPI values, which cancalculated with the
precipitation data measured at the stations, can also be calculated for the gridded
precipitation data sets (for example, satellite or radar precipitation data from remote
sensing or meteorological model precipitation simulationsg ©uhe widespread
availability and computational ease of datasets, the WMO recommended the use of
SPI as the most essential meteorological drought index mandatory in all countries
for monitoring drought conditiondayes et al., 2011Ppue to the given use of ease

and efficiency about calculating and evaluating drought characteristics, standardized
precipitation index is used in this study. Recent study made in global scale also
supports that using SPI for drought analysis over Tuikdyetter when compared

with other indicegAfshar et al., 2022)

Based on longerm precipitation observations, SPI can be calculated for a specific
region and desired time. For that region and time, the probability distribution suited
for these longem observations is found and converted to a normal distribution with

a mean SPI of "0" and the standard deviation of "1". The gamma distribution is
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utilized in this study since it is the probability distribution that best fits the climatic
precipitation dad and is widely preferred in the drought literat(ickee et al.,
1993; Thom, 1958, 1966)

Following steps were applied to calculate §fbyd-Hughes & Saunders, 2002)

1. Conversion of the probabilistic distribution function of the raw precipitation

data to the gamma probabilistic distribution function.

2. Calculation of SPI values by obtaining standardized precipitation sequences
using the inversstandard normal distribution function for precipitation

probabilities obtained from the gamma probabiligtistribution function

Figure3.6.
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Figure 3.6. Example of conversion of gamma probabilistic distribution function to
normal probabilistic distribution function
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Positive SPI values represent precipitation greater than the mean value (wet period),
and negative SPI values represent drier periods. SiRtés$iormalized, wet and

dry climates can be expressed similarly.

Although SPI is commonly used to analyze the length and severity of drought
occurrences, it may also be used to reflect wet periods. When SPI values are
consistently negative and the loweatue is less thatl, it indicates dry periods and

it is assumed that the negative period will continue until it reaches 0. Therefore, each
dry period is defined by an intensity value for the beginning, the end, and each month
of drought. The absolute ke of the total of the SPI values for each month during
which the drought occurred is defined as drought severity. Recommended threshold
values for that commonly used in the literature for SPI are giv&ahie3.4

Table3.4 The Standardized Precipitation Index (SPI) Categories
(Mckee et al., 1993)

SPI Category

2.0 and above Extremely wet

1.57 1.99 Severely wet

1.07 1.49 Moderately wet
-0.9971 0.99 Near normal
-1.0to-1.49 Moderately drought
-1.5t0-1.99 Severe drought
-2.0 and less Extremely drought

33



Calculation of SPI requires precipitation as input, where precipitation information
could reflect the aaditions for a single month (i.e., SB) or an accumulation of
precipitation for the past 48 months (SH). Depending on the length of the
accumulation period (i.e., selected between 1 to 48), SPI reflects different types of
droughts. Longer accumulatigoeriods reflect slowly accumulating dry conditions
that the adverse impacts last longer while shorter accumulation periods indicate dry
periods that may occur and disappear relatively in shorter time frames. For example,
SPF12 could reflect hydrologicair agricultural drought while SRI more reflects
meteorological drought. While the resemblance between the SPI time series for
different precipitation accumulation periods is larger for shorter accumulation
periods (e.g., SP1 and SRB), the difference are much smaller for longer
accumulation periods (e.g., SP8 and SRR4). SP{12 is widely used for
investigation of slowly accumulating hydrological and agricultural drought events,

while SP16 reflects relatively faster developing events.

In this study, SRD is selected for the analyses of drought, where this selection is
also patrtially arbitrary (i.e., SRI2 or SP16 could have been selected as well). Even
though this selection is partially arbitrargrl SP19 is selected because it regeats

both agricultural and hydrological drought, while the results (i.e., periods with
significant drought) in general only marginally change betweerl3f&Pi6 and
SP19.

3.4 Drought Characteristics

In the determination of drought characteristics in this study, the method mentioned
in Section2.5 of the literature review and in the study conductedAshar et &

(2020)in Ankara was applied.
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Figure3.7 shows an illustration of drought characteristics where D1, D2, D3 and D4
refer to duration of each drolmgevent. Here, they defined the drought event as the
series of dry periods (negative SPI) with more thanahths duratiofAfshar et al.,

2020) In this study, the drought analysis is made by examining two drought

characteristics. First onedsought durationvhich is basically defined as the number

of months in dry conditions. Second onalrsught severitywhere the sum of the

integral area of each event.

o« -4 B WetPeriod @ Dry Period

@ - D1 D2 D3 D4

Time (month)

Figure 3.7. Definition of Wet and DryPeriodg(Afshar et al., 2020)

3.5  Adjustment of Future SPI Values

While there is almost a universal agreement for the definition of drought periods
(i.e., periods that have less precipitation than climatological mean), there is no

universal definition for the climatological mean. In reality, the climatological mean
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could be calculated using the precipitation dataset since the last glacier period (i.e.,
occurredbetween about 120,000 and 11,500 years ago), the last 500 years, 200 years,
or 30 years (depending on the availability of climatological datasets). Depending on
the selected time period for the calculation of drought, different values could be
labelled under different drought conditions. For example, assuming the knowledge
of 1000mm/year climatological mean for the past 30.000 years, any given year with
700mm/year 3 considered very dry; on the other hand, assuming the average
precipitation has been only 500mm/year for the past 30 years, then the interested
year that has 700mm/year precipitation is considered to be a very wet year. So, the
definitions of dry and weperiods are all relative to a reference climatological time

frame, where there is no unique definition/selection for this time frame.

Given the number of meteorological observing stations has increased significantly
during 20" century (in particular duripthe second half), which enables estimation

of mean values more accurately as a result of reduced sampling uncertainty.
Considering this fact, it is viable to select a starting date from the second half of the

20" century for the calculation of climata@al mean.

While the drought analyses for the past1®D years is a trivial task with the
currently available datasets, we are also interested in future conditions, particularly
under changing climate. On the other hand, when we ask the questiontabout t
drought conditions in the future periods, we are intrinsically more interested in the
information that is relative to the past500 years of knowledge when we are more
confident about the observed datasets. In other words, we are more interested in th
change in the future climate with respect to the conditions that we have observed
during the past 5Q00 years. On the other hand, given we expect a change in the
future climate, the climatology will change considerably, hence calculation of
drought indces using the climatological mean information that is calculated using

the future data will be misleading. For example, considering there is a decreasing
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trend in the precipitation over a certain region in the current climate, calculation of

a drought inde for a time period of 160 years that includes past 80 years and future
80 years will show past 80 years are under wet conditions and the future 80 years are
under dry conditions. This interpretation would be correct and consistent with the
selection of tke period that we calculated climatological mean. On the other hand,
this interpretation would not be intuitive to us: for example, we might have
experienced a very dry period 15 years ago but the drought analyses using 160 years

would show the same yeard(, 15 years ago) a very wet year.

Historical and future precipitation valueBidure 3.8) shows there is a difference
between the climatological meaabtained from 1970 and 2005 period and 2006 and
2100 period. The means of historical and future time series are 714 mm and 663mm,
respectively. Accordingly, any precipitation value below historical mean
(714mml/year) is defined as a dry period, while faene is true for a reduced
threshold (663mm/year) for the future period. From historical perspective, the
precipitation amount of 695mm in year 2000 is considered to be a dry year (i.e.,
684mm is below the average of 714mm), while from a future perspebgweear

2000 is not considered as a dry year (i.e., 684mm is greater than 663mm).
Accordingly, the selection of reference point makes a big difference in terms of

definition of any year as dry or wet year.

Following this difference, the SPI values thet obtained from these two time series
result in different SPI time series for the same time pefayli(e3.9). Because the
climatological mean for #hhistorical period is higher than that of future period, the
SPI values for the same time period (1:2005) is obtained to be higher from the
time series of 131 years (gray line) than 36 years (magenta line). Accordingly, the
drought characteristics (drght duration and severity) of the same period (e.g.,
19702005) that are obtained from historical and historical+future time series

becomes completely different.
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Figure 3.8. Historical (19762005) and future (2008100) projections of
precipitation over Turkey obtained from ensemble mean of 42 models
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Figure 3.9. RCM simulations of precipitation over Turkey obtained from ensgemb
mean of 42 models run for the historical period (:2@05) and historical+future
(19702100) period.
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Above results imply an adjustment becomes necessary for the SPI time series so that
the drought characteristics for the same period become simikigure3.10, such

an adjustment is made as an additive adjustment, such that entire the mean of SPI
time series for the 131 years (i.e., 1974M0) conerges to the mean of SPI time

series for the 36 years.

™ 1970 2005 2020 2060 2100
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Figure 3.10. Historical (19762005) and future (2008100) projections of
precipitation over Turkey obtained from ensemble mean of 42 models

Following above reasoning, climatological means of the datasets should be adjusted
to be able to obtain a drought information consistent with our current experience
when future datasets are included. For the analyses including drought indices, such
an climatological mean adjustment could be done in several different ways;
calculation of anomalies for the datasets including future projections could be done
using the climatological mean that is calculated during padi0B0years that our
experience and inttion is developed, or alternatively two separate drought index
could be calculated for the past amdtoricak-future datasets and a simple mean
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adjustment could be performed to eliminate the difference in the means of the

drought index values for the samast periods of the two drought indices.

In this study the second methodology described above is selected. Given historical
datasets are obtained between 1970 and 2005 (for 36 years) and future projection
datasets are obtained between 2006 and 21005fge&s), the total length of past
period becomes36 years andistoricakfuture periodbecomesl3l years. More

specifically, this adjustment is done following below equations:
"Y0.O hid R i N (5)

Y0, OOhiq g [ ) nd (6)

= x

hd hd
where HF refers to historical+future combine dataset thaehgth of 131 years, H
refers to historical 36 years period, b refers to the 27 regions focused in this study
(26 basins and Turkey average), SPI_H and SPI_HF are the SPI values for the
historical and historical+future periods respectively, and spi(giSEI function that
calculates SPI using monthly input precipitation datasets. Following above

calculated two SPI time series, SPI bias adjustment is performed as:

wYOFO Y0, OOifg g  "Y0.Oknq hq )

YO, OQOQQ6 i £2iQ Y0, OO 4 hd w Y0 {O (8)
Here"Y0 O0; 4 hq Implies the very first 36 years of entire 131 years SPI time
series YO, O Orfg hq )

Here, if the climatological mean difference between the historical (2008) and
historical+future (197€2100) periods is equal to 0 then no adjustment would have
been necessary.df Y lis@qual to zero, then there would be no need for adgumstm
because the adjusted SPI and-adjusted SPI would be equal to each other. In this

study above calculatéd "GD"QHd Q Q06 ivalues@re used in all analyses and results.
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CHAPTER 4

RESULTS AND DISCUSSION

4.1 RCM Validation and Bias Correction

Ranking precipitation products and eliminating the 25% poorest performing models
is the first step implemented in this study. Correlations against observations obtained
from 374 ground stations are calculated initially, where correlations averaged over
all 374 stations for all 56 models are givenFigure 4.1. Accordingly, poorest
performing 14 models (shown in orangerigure4.1 at the bottom) are eliminated,
where yaxis in this figure shows the ID of models that are listediahle4.1 and
Table4.2.

Among the models, some of RCM datasets derived from CNRM and HadGEM2
GCM models are eliminated, while RCM datasets derived othar GCMs are not
eliminated. Results show the couple with the highest correlation among the models
is the downscaled version of the Met Office Hadley Center (MOHC) HadGEM?2
global climate model with Institut Pier®@mon Laplace (IPSL) WRF381P (ID:

22). In the correlation with the observation stations, this value is 0.337. It is seen that
the second model with the highest correlation is Max Planck Institute-E28M1)

for Met eorol ogydés gl obal climate model
Institute (KNMI) i RACMOZ22E (ID:29). This model shows a correlation of 0.327.
Details of all models included and eliminated in the calculations are sharatle

4.1 andTable4.2.
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Figure 4.1. Correlations of GCMRCM Couples Over Turkey (model IDs given in
y axis)
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Table4.1. Evaluated Couples

ID GCM RCM

1 CCCmaCanESM2 CLMcom-CCLM4-8-17

2 CCCmaCanESM2 GERICSREMO2015

3 CNRM-CERFACSCNRM-CM5 CLMcom-CCLM4-8-17
4 CNRM-CERFACSCNRM-CM5 CNRM-ALADING63

5 CNRM-CERFACSCNRM-CM5 DMI-HIRHAM5S

6 CNRM-CERFACSCNRM-CM5 IPSL-WRF381P

7 CNRM-CERFACSCNRM-CM5 KNMI-RACMO22E

8 CNRM-CERFACSCNRM-CM5 RMIB-UGentALARO-0
9 CNRM-CERFACSCNRM-CM5 SMHI-RCA4

10 ICHEC-EC-EARTH CLMcom-ETH-COSMO-crCLIM-v1-1
11 ICHEC-EC-EARTH DMI-HIRHAM5S

12 ICHEC-EC-EARTH KNMI-RACMO22E

13 ICHEC-EC-EARTH SMHI-RCA4

14 IPSL-IPSL-CM5A-MR DMI-HIRHAMS5

15 IPSL-IPSL-CM5A-MR GERICSREMO2015
16 IPSL-IPSL-CM5A-MR IPSL-WRF381P

17 IPSL-IPSL-CM5A-MR KNMI-RACMO22E

18 IPSL-IPSL-CM5A-MR SMHI-RCA4

19 MIROC-MIROC5 CLMcom-CCLM4-8-17
20 MIROC-MIROC5 GERICSREMO2015
21 MOHC-HadGEMZ2ES CNRM-ALADING3

22 MOHC-HadGEMZ2ES IPSL-WRF381P

23 MPI-M-MPI-ESM-LR CLMcom-CCLM4-8-17
24 MPI-M-MPI-ESM-LR CLMcom-ETH-COSMO-crCLIM-v1-1
25 MPI-M-MPI-ESM-LR CNRM-ALADING3

26 MPI-M-MPI-ESM-LR DMI-HIRHAMS

27 MPI-M-MPI-ESM-LR ICTP-RegCM46

28 MPI-M-MPI-ESM-LR IPSL-WRF381P

29 MPI-M-MPI-ESM-LR KNMI-RACMO22E
30 MPI-M-MPI-ESM-LR MOHC-HadREM3GA7-05
31 MPI-M-MPI-ESM-LR MPI-CSGREMO2009
32 MPI-M-MPI-ESM-LR SMHI-RCA4

33 MPI-M-MPI-ESM-LR UHOH-WRF361H

34 NCC-NorESMX:M CLMcom-ETH-COSMO-crCLIM-v1-1
35 NCC-NorESM1:M CNRM-ALADING3

36 NCC-NorESMX:M DMI-HIRHAMS5
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Table4.1 (Continued)

ID GCM RCM
37 NCC-NorESM1M GERICSREMO2015
38 NCC-NorESM1M ICTP-RegCM46
39 NCC-NorESM1M IPSL-WRF381P
40 NCC-NorESM1M KNMI -RACMO22E
41 NCC-NorESM1M MOHC-HadREM3GA7-05
42 NCC-NorESM1M SMHI-RCA4
Table4.2. Eliminated Couples
ID GCM RCM
EL-1 MOHC-HadGEM2ES CLMcom-CCLM4-8-17
EL-10 CNRM-CERFACSCNRM-CM5 ICTP-RegCM46
EL-11 CNRM-CERFACSCNRM-CM5 CNRM-ALADIN53
EL-12 CNRM-CERFACSCNRM-CM5 GERICSREMO2015
EL-13 CNRM-CERFACSCNRM-CM5 MOHC-HadREM3GA7-05
EL-14 CNRM-CERFACSCNRM-CM5 CLMcom-ETH-COSMO<crCLIM-v1-1
EL-2 MOHC-HadGEM2ES MOHC-HadREM3GA7-05
EL-3 MOHC-HadGEMZ2ES KNMI-RACMO22E
EL-4 MOHC-HadGEM2ES CLMcom-ETH-COSMOcrCLIM-v1-1
EL-5 MOHC-HadGEMZ2ES SMHI-RCA4
EL-6 MOHC-HadGEM2ES DMI-HIRHAMS
EL-7 MOHC-HadGEM2ES UHOH-WRF361H
EL-8 MOHC-HadGEMZ2ES ICTP-RegCM46
EL-9 MOHC-HadGEM2ES GERICSREMO2015

Correlations are at most 0.34 for all models, where these correlations are regarded as

low. Correlations observed in studies with similar data g&t&z, 2018; Poyraz,

2018)are generally around 0.3B55, where the maximum correlations seen in these

studies are around 0.8R60. In places with high correlation, it is seen that the study

area is generally made according to geographical regions and compared to this study,

it is done with less couples in smaller scales. Overall, the smaller the number of

model couples used in the studies, the lower the variance around the ensemble mean.
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Table4.3. Monthly Average Correction Factor of Ensemble Mean Over Basins

Ensemble Mean

Basin

1 12 I3 la 5 6 [7 [8 |9 |10 |12 |12 | |ave
Doj u |57480.68|1.38/0.69|0.54|1.49|1.06(1.77|0.82|1.04|0.69]0.88| |0.98
Akdeniz
Seyhan 0.890.77/1.40(0.82[0.70]1.58|1.21|1.55(|1.10/|1.25|0.86|1.01| [1.10
Asi 0.660.60(1.47(0.65[0.38]1.08|0.88(2.10{0.75/|0.78/|0.610.77| [0.89
Konya 0.830.691.11[0.69[0.70]1.48|1.01|1.23|1.01|1.33|0.80/0.90| [0.98
Havzas

Bat & Al0.680.57|1.17|0.45(0.35|0.85]0.63|1.38(0.57|0.73]0.53|0.72( |0.72

Burdur 0.750.64(1.28[0.45(0.57|1.15(0.84|1.27(0.88|1.430.63[0.85| [0.90
Antalya 0.650.55(1.11[0.51]0.40/0.91[0.79|1.42[0.64|0.71|0.56|0.72| [0.75
K¢ - ¢k g 8do.78l1.28l0.72]0.58[0.82[0.60|1.46[0.66[0.74]0.62]0.90| [0.83
Menderes

Ceyhan 0.800.76]1.50|0.80(0.57(1.29]0.98]1.52|0.97(0.95]0.74|0.92| |0.98

Bey ¢k 1gedn69l1.11(054[0.42|1.13[0.72|1.10(0.66[0.84[0.54[0.77| |0.77
Menderes

Ak ar - al0.710.65|0.93|0.54(0.64|1.16|0.79|1.00(0.91|1.06|0.71]0.78| 10.82

Gediz 0.680.73]1.00]|0.57(0.41(0.94]0.59|0.98|0.63(0.84|0.52|0.74| |0.72

Kuzey Ege [0.820.84|1.02|0.61(0.51|0.85]0.55|1.25(0.62|0.68]0.57|0.84( |0.76

Marmara 0.970.90]0.96(0.79]0.69]1.15|0.92(1.33]|0.83]0.82(0.85(0.95| 10.93

Ferat [0.70.78|1.81|1.01(0.62|1.31|1.21|1.29(1.23|1.19]|0.87|0.94( |1.09

Susurluk 0.780.73]0.9410.62(0.56(1.06|0.82]1.02|0.74(0.78|0.65|0.79| 10.79

Sakarya 0.760.75]1.02|0.76(0.58(1.15|0.84|1.04|0.86(0.95|0.70|0.84| ]0.85

Yeki | €[1.010.96(1.16(0.99/|0.78]1.35(1.12(1.14|1.12|1.14|1.02(0.99| |1.07

Doj u

Karadeniz 0.680.67|0.82]0.77(0.50(0.82|0.94|0.79(0.74(0.73|0.77)|0.66| |0.74

¢or uh [0.680.64|0.81|0.73|0.57(1.00(0.86]|0.73|0.95(0.79(0.72|0.74| (0.77

Kézeéel €0.940.91|1.15|0.97(0.71|1.38|1.02|1.18(1.07{1.12]|0.91|0.98( |1.03

'\E"rgerng " 10.940.88/0.81[0.710.66|1.01]0.71|1.29]0.62]0.68[0.73|0.92| |0.83
Bat e |y410.74|1.00(0.78[0.58]1.17|1.02|1.10(0.85/0.82[0.73]0.82| |0.87
Karadeniz

Turkey 0.740.70|1.11[0.68]0.52|1.03[0.84|1.20[0.78|0.86|0.67[0.82| [0.83
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Once abovalescribed elimination process is performed, later gridded RCM products
are interpolated to have the same horizontal resolution as {ERAd® product,
namely 0.1@ Following this step ERA%and dataset is utilized as reference dataset
to bias correct the RCM dataset using equatiefsviZhere the correction factors are
given below in Table 3.3. Correction factors of each ensemble member anargiv
APPENDIX-B.

Considering the average correction factors, it is seen that topographic diversity is
also effective in the correction factors of CORDEX data. In the validation with
ERAS5-LAND data, it is aimed to converge the climate models to the atmospheric
data. If thevalidation factor is 1, it means that the ERBAND data and the model

data are perfectly matched. The further this value is away from 1, the more the raw
data is corrected. However, it is very important to make corrections to better fit the
data to basipatterns such as seasonalityTkible4.3, the correction factors of the
ensemble mean calculated with monthly average values on the basins are given in
the form of heatmap. The annual average correction factor of the basin, whach has
generally smooth land like the Konya basin, is 0.98. In other words, the average of
at mospheric data and climate model s show si
Akdeniz basin is the one with the lowest coefficient of convergence with an average
correction factor value of 0.72.

4.2  Trend Analysis of the Corrected Precipitation Datasets

Corrected and uncorrected precipitation data were analyzed separately in order to
capture variability Figure 4.2 andFigure4.3). Looking at the corrected data, it is
seen that the variability in the data has de@@athe 136§/ear average precipitation

data of the ensemble member in ramrected data is 745.84mm. After correcting,
this value was observed as 677.00mm. Average precipitation lines are shown in red

on the figures.
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Once the bias correction of the moditasets is performed, the bias corrected
dataset is later averaged over 27 regions (26 basins and entire Turkey) before SPI
values are calculated. Given there are 42 different RCM models, here in this study
the ensemble mean of these 42 models are useerform trend analysis and
calculate SPI values. Later these datasets are used in trend analysis to investigate the
long-term tendency of average precipitation over 27 regions. The trendline, equation
and mean precipitation lines of reference periodsurkdy are given ifrigure4.4.

The basin specific details of the trendline (slope and intercept) are provitablén

4.4. Annual corrected precipitation projections of basins are in the APPENXDIX

Analyses show that there is a decrease in precipitation values according to the
RCP8.5 scenarid~(gure4.4), and accordingly there is a decrease in SPI values since
they are strongly related. Forecasted precipitation shows that the expected decrease
in precipitation is arond 26% until 2100. The number of extreme events (spikes
through lower precipitation values) are also increase. When analyzed on a basin
based basis, it is seen that the precipitation trend has decreased in all basins. Looking
at the basic trendlines, & seen that the basin with the highest slope is Antalya. The
higher the negative slope, the faster the precipitation will decrease. If the slope is
positive, an increase in the predicted precipitation is expected. Looking at the period
between 1970 and 2BQit is seen that the average precipitation trends of 13 basins
are positive. Looking at the future periods (222M0), all trends have negative
values. After 2061, it is seen that the rate of decrease in precipitation has increased
andeveninsomebass such as K¢-¢k Menderes, the
in the negative direction. In other words, precipitation is expected to decrease by 2
times in this basin. Overall, there is a negative trend in precipitation over almost all
the basins, perhapisis is as a result of the decrease in the winter precipitation which

dominates the annual sums.
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Tabled4d.Est i mated precipitation

trendl]l

(b=Sl ope, U=l ntercept, e&=Mean
Basins | ERA (19762005) | RCM (19762005) | RCM (20262060)| RCM (206%2100)
b U g b U g b U € b U €

Doj u 2.75 752 703|-0.76 717 720 |-2.48 815 624 |-3.35 908 549
Akdeniz
Seyhan -1.40 774 750 |-0.29 755 764 |-1.99 847 694 |-2.80 940 640
Asi -1.82 735 703 |-1.20 724 724 |-2.66 851 644 |-2.90 890 582
el -1.92 446 413 |0.01 412 421 |-0.88 456 386 |-1.22 489 359
Havzas
Bat & A|-1.95 773 739 |-0.80 753 758 |-2.73 865 658 |-4.01 1001 581
Burdur -1.29 513 490 | 0.18 487 499 |-1.36 554 446 |-1.90 608 406
Antalya 2.65 902 855 |-0.46 863 875|-2.62 970 764 |-4.26 1135 679
Ke- ¢k | 355 776 719|-014 721 733 |-1.60 799 671 |-3.28 978 624
Menderes
Ceyhan -0.78 764 751 |-0.77 764 769 |-2.52 890 696 |-2.84 942 639
Bey ek 1501 603 568|-015 570 579 |-159 644 518 |-2.38 726 471
Menderes ) ) ) )
Akar - a|-087 475 459|0.11 457 467 |-1.04 510 429 |-1.47 556 399
Gediz -2.84 599 549 |-0.05 550 559 |-1.15 603 512 |-2.09 700 475
Kuzey Ege |-4.25 802 728|0.18 724 737|-1.33 794 691 |-2.58 935 655
Marmara |-2.94 792 740|047 732 749 |-1.19 821 724 |-151 865 705
Ferat |-086 671 656|-057 666 673|-1.94 775 625|-2.15 818 589
Susurluk  |-3.18 725 669 | 0.37 663 678 |-1.19 731 637 |-1.78 796 605
Sakarya -1.66 562 532|0.29 527 540 |-0.89 580 508 |-1.28 618 483
Yekil 6/-1.35 762 738|059 728 749 |-1.20 807 717 |-1.40 841 692
Doj u 1401 1540 1522| 1.81 1491 1534|-2.37 1656 1487|-1.48 1610 1451
Karadeniz
¢Coruh |053 957 967|009 965 975|-1.60 1057 948 |-1.21 1060 926
Kezeéel &|-1.65 586 557 |0.37 551 567 |-0.91 607 536 |-1.29 649 512
Me r-Ergend -1.98 640 606 | 0.37 599 612 |-0.83 658 590 |-1.24 705 573
Bat e | 5277 1046 998|1.14 978 1008|-1.36 1084 977 |-1.54 1115 953
Karadeniz
Turkey 179 746 714|008 713 714 |-1.62 798 684 |-2.17 864 624
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4.3 SPI Time Series

The differences between adjusted and -adjusted monthly SPI time series
(equations 6 and 8, respectively) are averaged to obtain annual SPI time series that
are given inFigure 4.5, Figure4.6 and Figure 4.7 for visual inspection purposes.
When noradjusted SPI annual time series droughts are exanfinguar€4.6), it is

seen that SPI values never go belelv between 1970 and 2040, when the
climatology of 131 years (i.e., 1970 2100) is considered. After applying the
adjustment process$igure4.7), the details of which are given in secti8r3, dry

periods are observed at 2 points in the historical time period {2@0%). Compared

to the ERASLAND data, the RCM data appears to be largely inconsistent (see
Figured5) ©° wher e consi stency represents seei
be perceived as temporal correlation). If an increasing trend is seen in one data set
and a @creasing trend is observed in the other, implying inconsistent trend is seen
here. When looking at the points where the ERABD data peaks positively or
negatively (when it goes below and goes above 1), it has been determined that the

RCM data showthe opposite behavior.

Following the decreasing precipitation trends, it is expected that there will be
decreases in SPI values in the coming years. Looking at the reference lines given in
Figure4.6 andFigure4.7, it is seen that the period between 2005 and 2020 is mostly
wet period. Between 2022060,it is seen that there is a transition from wet period
(SPI1>0) to dry period (SPI<0) over time. Overall, SPI values are negative for almost
the entire period between 2060 and 2100, and betwvieand-2 towards the end of

215 century. Looking at the refence period between 1970 and 2005, it is seen that

the average wet and dry periods are almost equally distributed (Figure 4.7).

Adjusted and nomadjusted SPI time series of basins are given in APPEND&ad
APPENDIX-E respectively. Comparison of their asfments is in APPENDBC.
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4.4  Drought Characteristics

Table 4.5 shows the variability of drought characteristics over differestrisafor

the historical and the future time series over each basin, Rilgilee4.8 shows the
average drought conditions over entire Turkégble 4.5 shows the length of the
droughts to be experienced, and the average drought intensities for both adjusted and
nonradjusted SPI datasets. When the drought frequenciesxaneined, it is seen

that the basins in the Mediterranean region will be exposed to longer periods of
drought compared to other regions. Black Sea and Marmara regions are the regions
with the shortest drought periods. Following the difference betweenigtwital

and the future time periods, future droughts will last much longer, more frequent,
and be much more severe than the historical droughts. When thengFeries
obtained representative over entire Turkey is consideffeglre 4.8) increased

drought severity and length can be easily seen.

When the average drought lengths over 26 basins are investigated, on average ERA5
Land and RCM ensemble mesimulations show 22% and 15%, respectively, of the
time there has been a drought event in the historical period-@@¥), while the
drought frequency increased to 29% and 70% between 2020 and 2060 period and
2061 and 2100 period, respectively. This lestwows the near future the climate will
manifest itself longer and more severe droughts, but towards the end ofthe 21
century the drought lengths and the severities will be significantly increased to levels
that has not seen during the past 100 years. The drought length variability difference
between the basins is smaller than the variability difference between thedhoeks
investigated in this study (i.e., historical, near future, end of the century). This
implies the changing climate impacts entire country significantly, where no basin

will have similar drought characteristics as we observed during historicatiperio
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On average, average severity of the droughts is ardud® between 1970 and 2060,
while the drought severity also dramatically increasedli®1 between 2061 and
2100.

Table4.5. Drought length(months) estimated using ensemble mean of 42 models

Historical RCM Future - RCM Future -
ADJUSTED NONADJUSTED
Basins ERA RCM RCM RCM RCM RCM

(19702005) | (20202060) | (2061-2100) | (20202060) | (2061-2100)
L S L S L S L S L S L S

El\)k%ejnig 78 | -1.26| 36 | -1.03| 189 | -1.24| 431 | -1.95| 33 | -1.27| 286 | -1.5
Seyhan 94 | -1.33| 54 | -1.21| 177 | -1.25| 383 | -1.83| 34 | -1.38 | 276 | -1.45
Asi 95 | -1.19| 61 | -1.17| 162 | -1.20| 400 | -1.78| 41 | -1.06 | 288 | -1.41
Konya

] 87 |-1.28| 55 | -1.23| 161 | -1.21| 387 | -1.80| 33 | -1.24| 291 | -1.42
Hav zas§

Batée ANl 103|-1.30( 19 |-0.94| 183 | -1.18| 430 | -1.98| 14 | -1.04 | 285 | -1.56

Burdur 93 | -1.30| 45 |-1.08| 192 | -1.15| 418 | -1.92| 27 | -1.09| 297 | -1.48
Antalya 101 | -1.28| 27 | -1.01| 188 | -1.16| 426 | -1.97| 20 | -1.21| 288 | -1.53
,*fﬂgnaefe'g 98 | -1.31| 63 |-1.12| 135 | -1.17| 319 | -1.82| 35 | -1.04| 245 | -15
Ceyhan 99 | -1.26| 56 | -1.33| 157 | -1.27| 385 | -1.72| 49 | -1.16| 272 | -1.4
,\Bﬂe"*né’efe's‘ 89 | -1.39| 52 | -1.09| 182 | -1.15| 410 | -1.85| 30 | -1.05| 270 | -1.52
Akar-ay 99 |-1.26| 50 | -1.18| 172 | -1.22| 389 | -1.81| 35 | -1.18| 274 | -1.44
Gediz 87 | -1.36| 68 | -1.14| 154 | -1.19| 363 | -1.76 | 37 | -1.17| 247 | -1.49
Kuzey Ege 97 | -1.26| 81 | -1.16] 147 | -1.22| 281 | -1.70| 57 | -1.17] 225 | -1.4
Marmara 92 | -127| 72 | -1.39| 92 | -1.19| 242 | -153| 62 | -1.16| 189 | -1.45
Ferat 93 | -1.30| 62 | -1.49] 122 -1.22| 313 | -156| 55 | -1.17| 254 | -1.32
Susurluk 98 | -1.28| 73 | -1.24| 137 | -1.24| 340 | -1.67| 54 | -1.15| 230 | -1.45
Sakarya 100 | -1.25| 62 | -1.32] 132 | -1.23| 352 | -1.68| 48 | -1.18| 260 | -1.38
Yekiler 95 |-132| 74 | -1.42] 129 | -1.19| 301 | -1.48| 67 | -1.06| 235 | -1.33
Ea? afde‘;]iz 108 | -1.14| 87 | -1.31| 143 | -1.20| 232 | -1.46| 99 |-1.04| 200 | -1.33

¢oruh 101 | -1.20( 95 | -1.30| 130 | -1.21| 200 | -1.45| 83 | -1.21| 170 | -1.35

Kezeler 96 |-1.31| 65 | -1.40| 113 | -1.21| 323 | -1.59| 50 | -1.14| 255 | -1.37
Me r-i - 103 | -1.18| 83 | -1.22| 111 | -1.14| 241 | -1.48| 52 | -1.19| 192 | -1.34
Ergene

Bat é 82 | -1.37| 83 | -1.37| 106 | -1.20| 243 | -1.38| 70 | -1.11| 205 | -1.3
Karadeniz

Turkey 96 | -1.28| 46 | -138| 149 | -1.26| 377 | -1.81| 39 | -1.21| 282 | -1.43
* Dicle, Van G°l ¢ and Aras Basins are exclud
Domain
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CHAPTER 5

SUMMARY AND RECOMMENDATIONS

The effects of climate change are becoming more noticeable with each passing day.
With the policies and agreements developed on a global scaleedhéve effects

of drought on sectors such as agriculture, drinking water, industry and ecosystem are
tried to be minimized. In determining these policies, climatic studies are of great
importance. For this reason, the outputs of climatic projects, wiavle a very
important role in our analysis and analysis of the effects of climate change both

globally and regionally should be studied well.

In this study, expected dry periods in Turkey were estimated by using model couples
under the EURL1 domain, whiclnas the highest resolution data of CORDEX. These
periods are presented on a basin basis and as 36 years of historical time and 2 future
periods of 40 years, in 3 different time intervals (2005 / 2022060 / 2061

2100). In the analysis made with 56 aeb couples in total, the correlations of the
station data and these couples were examined. The 14 worst model pairs including
in which some of have negative correlations were eliminated. Among the 42 models,
the 2 models with the highest correlation dre model pairs with ID numbers 22

and 29 Table4.1). The highest correlation value is 0.34.

With the 42 model pairs obtained, precipitation data are presented oeenldas
mean. In order to avoid systematic bias, bias correction was made wittd ERAd

data. Precipitation data were analyzed in two ways as corrected angmected.

When the results are examined in both ways, the decrease in precipitation trends is
a a dramatic level. When the precipitation trends and trendline equations are

examined, it is seen that the yearly precipitation amount starts to go below the total
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131 years of average precipitation values after 2036. The rate of decrease in

precipitationincreases between 202100.

The climatology of the reference (197@®005) and future (2006 2100) periods

have difference as a result of the expected change in the climate. Accordingly, the
drought characteristics for the same periods to not matdieititne series with
different lengths are used to calculate these drought characteristics). Accordingly, an
adjustment in SPI time series is necessary and implemented in this study as an
additive correction. As a result, possible future dry periods, kegths and their
severity have been revealed. In the study,{emm droughts are expected in Turkey
particularly towards the end of 2kentury (20612100). The severity of these
droughts is seen to b&.81 (severe drought) on average and to lasifi@verage of

377 months. The results also show that there will be an increase in the number of

extreme events in the coming periods.

On average, 129% of the time there has been a drought event between 1970 and
2060, while this ratio is expected to ieese to 70% between 2061 and 2100.
Analyses performed in this study shows during the near future {2020) the
droughts will intensify (increased length and severity), while the last 40 years of the
21st century (2062100) will have significantly increzd drought length and
severity values that has not seen during the past 100 years. On the average, the
changing climate impacts entire country significantly in terms of drought
characteristics (severity and length), where no basin will have similar drough
characteristics during the end of the century as we have observed during historical

period.

The results obtained in this study can be improved with the CMIP6 experiment
datasets, which have increased sensitivity to the temperature and are expected to
hawe higher accuracy than CMIP5 experiment results. Yet, such a study would

require higher resolution RCM datasets to be available that are currently unavailable.
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APPENDICES
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[24.] 034 | 0.38 | 0.36 | 0.47 | 029 | NaN | 0.21 | 0.41 | 0.41
[25] 0.36 | 0.07 | 037 | 048 | 026 | 0.3 | 0.22 | 0.38 | 0.16
[26.] 0.45 | 0.44 | 0.41 | 037 | 0.33 | NaN | 0.23 | 0.32 | 0.41
[27] 033 | 012 | 042 | 053 | 037 | 025 | 03 | 042 | 0.13
[28] 049 | 044 | 048 | 055 | 04 | NaN| 0.3 | 0.36 | 0.42
[29.] 017 | 024 | 033 | 037 | 024 | NaN | 0.2 | 0.19 | 0.15
[30,] 022 | 018 03 | 039 | 023 | NaN | 0.09 | 0.29 | 0.16
[31] 022 | 031] 034 034 | 023 NaN | 0.22 | 0.16 | 0.27
[32] 031 | 027 | 042 | 042 | 036 | NaN | 0.27 | 0.31 | 0.15
[33] 044 | 048 | 039 | 059 | 0.3 | NaN | 0.23 | 047 | 0.44
[34] 02 | 005| 028 | 027 | 0.14 | NaN | 0.03 | -0.03 | 0.21
[35,] 007 | 004 | 02 | 007 | 012 | -031| 0.14 | 0.11 | -0.13
[36.] 025|029 04 | 016 | 04 | NaN | 0.34 | 0.02 | 0.31
[37] 017 | 008 | 028 | 012 | 021 | NaN| 023 0 | 0.05
[38.] 009 | 009 | 01 | 0.15] 0.03|-0.12| -0.03| -018| ©
[39,] 0.03 | -0.1 | -0.01| 0.02 | 0.03| NaN | -0.16 | -0.05 | -0.17
[40,] 021 022] 02 | 005| 014 | NaN| 0.1 | -0.29] 0.16
[41] 018 | 0 | 017 |-008] 01 | NaN| 002 0 |-0.03
[42,] 0.12 | 0.09 | 0.12 | -0.03| 0.09 | NaN | 0.09 | -0.26 | -0.07
Ens.Mean| 0.6 | 029 | 0.7 | 064 | 06 | 034 047 | 026 | 0.4
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[1,] 031 036| 029|014 | 019 0.33[ 0.39| 0.24 | 0.18| 0.4
[2,] 0.08| 0.18 | 0.31 | 05 03 [ 037 0.23| 0.17 | -0.03| 0.35
[3.] 0 0.19| 0.12 | -0.05| -0.13| -0.02| 0.19 | -0.08| -0.04 | 0.17
[4.] 0.05|-0.14| -0.01| -0.05| -0.06| -0.05| -0.08| -0.1 | -0.12| 0.06
[5,] 0.11| 0.11|-0.01|-0.03| 0.1 | 0.18] 0.01 | -0.07| -0.15| 0.22
[6,] 0.1 | 0.02 | -0.08|-0.04(-0.19|-0.09| -0.01| 0.04 | -0.122| 0.12
[7.] -0.11| -0.1 | -0.36| -05 | -0.23| -0.07|-0.25|-0.34| -0.32| -0.1
[8.] 0.04| 0.05|-0.26| -0.49| -0.34| -0.32| -0.1 | 0.02 | -0.28| 0.08
9] -0.11| -0.11| -0.33| -0.33| -0.32| -0.15| -0.32| -0.24 | -0.35 | -0.06
[10,] 031|044 | 038 0.25| 0.18| 0.07 | 04 | 0.21 | 0.28 | 0.47
[11)] 037 0.35| 0.07| 0.09| 0.05| 0.17 | 0.15| 0.21 | 0.08 | 0.49
[12,] 0 -0.04| -0.19| -0.26( 0.1 | 0.02 | -0.09| -0.04| -0.11| 0.11
[13,] 0.23 | 0.13 | -0.13| -0.07| -0.13| -0.01 | -0.03| 0.28 | -0.07 | 0.33
[14,] 044 | 039 | 043 | 046 | 054 | 0.61 | 0.42 | 0.35| 0.33 | 0.62
[15,] 052| 05 | 055| 06 | 049 059 | 057 | 04 | 0.49 | 0.65
[16,] 0.19| 0.13 | 0.06 | -0.03| -0.17| -0.18| 0.15 | -0.06| 0.01 | 0.33
[17,] 039 031|029 007 036| 04 | 0.35]| 0.23] 0.21 | 0.49
[18,] 05 [ 043 035|031 019|-0.03| 041 | 0.22| 0.37 | 0.52
[19,] 041 | 025 0.31| 0.18 | 0.32 | 0.11 | 0.36 | 0.47 0 0.44
[20,] 01 | 0.19| 0.05|-0.13|-0.03| 0.16 | 0.12 | 0.16 | -0.13| 0.25
[21,] -0.02| -0.04| -0.08| -0.07| 0.11 | -0.24 | -0.08 | -0.14 | -0.14 | 0.05
[22,] 0.09 | 0.07 | 0.08 | 0.27 | 0.07 | 0.07 | 0.07 | -0.12| 0.12 | 0.14
[23,] 0341 043|041 | 035|041 | 041 | 043 | 0.27] 0.36| 05
[24,] 043 | 045 | 058 | 053 | 045 | 047 | 051 | 0.27 | 053 | 0.51
[25,] 035042 | 0.3 | 0.19| 0.16 | -0.07| 0.37 | 0.32 | 0.39 | 0.33
[26,] 033 045| 046 | 0.31 ] 0.32| 043 | 05 | 0.21 | 0.49 | 0.56
[27,] 047 | 051 1031|037 027031 04 | 043 | 043 | 0.47
[28.] 044 | 049 | 043 | 0.32 ]| 0.22 ] 0.34 | 048 | 0.27 | 043 | 0.52
[29,] 028 037 | 0.16 | 0.01 | 0.05| 0.17 | 0.27 | 0.02 | 0.24 | 0.32
[30,] 033(034(031|1 034|002 002|029 004| 0.34| 0.32
[31,] 021 021|017 | 0.31| 023] 0.29| 0.17 | 0.24 | 0.16 | 0.38
[32,] 036038 0.15| 0.13| -0.1 | -0.08| 0.24| 0.25| 0.32| 04
[33,] 0.38| 056 | 057 | 048 | 04 | 0.32] 058 | 04 | 053 | 0.58
[34,] 0.05| 0.14| 0.24 | 0.19| 0.23 | 0.23 | 0.26 | -0.05| 0.09 | 0.24
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[35,] 0.11 | -0.02| -0.12| 0.09| 0.03|-0.47| -0.06| 0.03 | -0.01| 0.04
[36,] 024 0.12|1 0.11 | 002 | 0.29| 0.3 | 0.11| 0.07 | -0.112| 0O.33
[37,] 0.04| 0.1 | 0.06| 0.15|-0.07|-0.03| 0.11 | 0.19 | -0.07| 0.19
[38,] -0.07|-0.02|-0.01|-0.06| 0.1 | -0.16| 0.01 | -0.06| -0.1 | 0.02
[39,] 0.04| 0.01 | -0.04| -0.04|-0.34|-0.42| -0.06| -0.26| 0.02 | -0.07
[40,] 0 -0.06| -0.12|-0.18| 0.03| 0.06 | -0.08| -0.13| -0.28| 0.1
[41,] 0.05|-0.06| -0.04| 0.09|-0.05|-0.17| -0.09| -0.07| 0.05 | 0.08
[42,] -0.08| -0.15| -0.14 | -0.14 | -0.11| -0.12| -0.23 | -0.23| -0.13 0
Ens. Mean| 0.52 | 051 | 0.34 | 0.29 | 0.21| 0.2 | 042 | 0.29 | 0.26 | 0.64
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