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ABSTRACT

ASSESSMENT OF CHANGES IN CLIMATE INDICES OF THE
MEDITERRANEAN CLIMATE REGION OF TURKEY

Cetinkaya, Izem
Master of Science, Civil Engineering
Supervisor : Prof. Dr. Ismail Yiicel

September 2020, 149 pages

As a consequence of climate change, frequency and intensity changes in extreme
weather events have occurred. One of the most vulnerable regions of the world that
is affected by the climate change is the Mediterranean region. Turkey as a
Mediterranean country has a great importance to investigate the changes in climate
behavior. 57 stations from Mediterranean climate region of Turkey have been
selected as the study area for this thesis. This study aims to assess the climate indices
that carry the valuable information about the climate of a region and detect trends
and anomalies in those climate indices, precipitation and temperature patterns. 8
different General Circulation Model/Regional Climate Model couplings obtained
from CORDEX project have been used in this study to make predictions on the
period of 2011-2050. To evaluate the model performance and determine the most
appropriate model, observed data and model data have been compared for the
reference period 1971-2005. Five groups of climate indices which are percentile-
based indices, absolute indices, threshold indices, duration indices and other indices
have been calculated. The trends in climate indices, precipitation and temperature
have been determined by applying the Mann-Kendall trend test. According to the

results of the analyses, there are significant warming trend in temperature and



temperature-related indices through the whole region and mixed pattern in

precipitation and related indices.

Keywords: Climate Change, Climate Indices, Mediterranean Climate Region,

CORDEX Project, Trend Analysis
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0z

TURKIYE AKpENiZ IKLiM BGLGESj iKLiM ENDEKSLERINDEKI
DEGISIKLIKLERININ DEGERLENDIRILMESI

Cetinkaya, izem
Yiiksek Lisans, insaat Miihendisligi
Tez Yoneticisi: Prof. Dr. Ismail Yiicel

Eyliil 2020, 149 sayfa

Iklim degisikliginin bir sonucu olarak, asir1 hava olaylarinda siklik ve yogunluk
anlaminda  degisiklikler meydana gelmektedir. Akdeniz Bolgesi iklim
degisikliginden etkilenen diinyadaki en hassas bolgelerden biridir. Bir Akdeniz
ilkesi olarak Tiirkiye, iklim davramisindaki degisikliklerin arastirilmasi agisindan
biiyiik 6neme sahiptir. Tiirkeyi’nin Akdeniz iklimi bolgesinden 57 istasyon bu tez
icin calisma alani olarak se¢ilmistir. Bu ¢aligma, bolgenin iklimi hakkinda degerli
bilgiler tasiyan iklim endekslerinin degerlendirilmesini ve bu iklim endeksler ile,
yagls ve sicaklik desenlerindeki trendleri ve anormallikleri belirlemeyi
amaglamaktadir. 2011-2050 donemine iliskin tahminlerde bulunmak i¢in, bu
calisgmada, CORDEX projesinden elde edilen 8 farkli Kiiresel Dolagim
Modeli/Bélgesel Iklim Modeli birlesimi kullanilmistir. Model performansini
degerlendirmek ve en uygun modeli belirlemek i¢in, gozlemlenen veriler ve model
verileri 1971-2005 referans donemi i¢in karsilastirilmistir. Yiizdelik temelli
endeksler, mutlak endeksler, esik endeksleri, siire endeksleri ve diger endeksler
olmak {iizere bes grup iklim endeksi hesaplanmustir. Iklim endeksleri, yagis ve
sicakliktaki trendler Mann-Kendall trend testi uygulanarak belirlenmistir. Analiz
sonuclarina gore, tiim bolge genelinde sicaklik ve sicakliga bagli endekslerde 6nemli

bir 1sinma egilimi ve yagis ve ilgili endekslerde karisik desen goriilmektedir.

vii



Anahtar Kelimeler: Iklim Degisikligi, Iklim Endeksleri, Akdeniz Bolgesi,
CORDEX Projesi, Trend Analizi
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CHAPTER 1

INTRODUCTION

1.1 Introduction

Observed from space, our home planet Earth attracts the attention with its abundance
of water. Water is essential to sustaining life, and is the link between the Earth’s
components, lands, oceans and atmosphere. It evaporates from the ocean and land
surfaces to the atmosphere, cools and condenses there, and comes back to the surface
as precipitation. As this never-ending global process continues, it causes energy
exchanges between the components of Earth and determines the Earth’s climate

(WEB1).

Climate is the average weather of a given region for a long period of time. A climate
gives information about, e.g. seasonal rainfall amount, average temperature of a
season. While the weather can change in minutes or hours, the climate changes over
decades or centuries (WEB2). As stated in the Fifth Assessment Report of the
Intergovernmental Panel on Climate Change (IPCC), our climate and its extremes

are changing (Stocker et al., 2013).

One of the major points of climate change studies is description of the behavior of
extreme weather events (Fallah-Ghalhari et al., 2019). Figure 1 shows a clear
representation of the question of what are the extremes. Climate change resulting
from human affects has caused to changes in the frequency and intensity of extreme
events. Two aspects of climate that may be influenced by climate changes are
extreme temperature and precipitation events, so necessary preparation must be
made to overcome these extreme events that may affect the population,

infrastructures, systems and other sectors (Lopez-Diaz et al., 2013).



What is an extreme?
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Figure 1.1. The probability distributions of daily temperature and precipitation. Extremes

are shown by the shaded areas (Zhang et al., 2011).

To understand behavior of climate and make prediction on it, scientists use climate
models. Models allow to draw conclusions on past and future climate. They are based
on physical processes to simulate the energy and material transfer over the climate
system (WEB3). There are many climate models, also known as general circulation
models (GCMs), they can serve reliable prediction on scales of around 1000 by
1000km, so GCMs have low spatial resolution. Regional Climate Models (RCMs)
applied over a limited spatial domain at a higher resolution than GCMs and driven
by GCMs can give information on smaller scales. This enables to make more detailed
impact assessment and planning for many vulnerable regions of the world (WEB4).
In this study, 8 GCM-RCM couplings were used for the model data and detailed

information was provided in section 2.1.3.

IPCC has indicated that the Mediterranean Basin is one of the most vulnerable areas

of the world to climate change (Thiébault, 2016). Turkey is located in Mediterranean



Basin, and the Mediterranean climate region is affected more by climate change and
its extremes than the other regions of the country in terms of being a coastline to the

basin.

Black Sea Georgiaf-

)

/ e
N Armenia

J N
Mediterranean Sea ' g&
QAN B N

Figure 1.2. Satellite image of Turkey (Captured from Google Earth)

Turkey is located between temperate zone and subtropical zone. Surrounding three
side of Turkey by the sea, the existence of the mountains that run parallel to the
coasts and variety of land forms cause having different types of climate over the
country. The geography of Turkey can be seen from the satellite image in Figure 1.2.
Temperate climate features occur in the coastal zones of Turkey by the effects of the
sea. Although the coastal zones show milder climate behavior, the inland Anatolian
plateau has extremes of hot summers and cold winters with limited rainfall (Sensoy
etal., 2016). 2019 has been the year having the highest extreme event (h. rain, floods,
wind storm, hail, frost, heat/cold wave, landslide etc.) occurrence with the number
of 935 and there is an increasing in extreme event trends, especially in the last 20
years (Figure 1.3) (TSMS Research Dept., 2020). Changing of the climate behavior
and extreme events over the country in terms of occurrence, duration and frequency

will affect the society in many aspects. To understand this change and combat the



impacts of it, climate variables and indices are need be addressed clearly. Over the

past decades, the trend of temperature and precipitation extremes has been the topic

Figure 1.3. Annual number of extreme events in Turkey in 1971-2019 (TSMS Research
Dept., 2020)

of research by many scientists. Daily data sets of precipitation and temperature have
been not sufficient to come to a more precise conclusion on climate change and its
extremes and to this end, indicators of climatic extremes have been developed by a
few of international workshops (Frich et al., 2002). The joint World Meteorological
Organization (WMO) Commission for Climatology (CCl)/World Climate Research
Programme (WCRP) project on Climate Variability and Predictability (CLIVAR)
Expert Team on Climate Change Detection, Monitoring and Indices (ETCCDMI)
took in charge the international coordination of the development of a set of indices
for climate change. Besides ETCCDMI members, many other scientists involved to
this study and they defined 27 indices and developed two software packages which
are freely available (Alexander et al., 2006). Within the scope of this thesis, 23 of
them annually, and 18 of them seasonally were examined for the 57 stations located
in the Mediterranean climate region of Turkey. As a result of the analyses, mostly
increasing trend in warmth was observed over the region, while a mixed pattern in
precipitation and related indices. Results of the analyses were presented in Chapter

3.



1.2 Significance of the Study

Mediterranean Basin is located in a transition zone between the mild and rainy
climate of central Europe and dry climate of North Africa and the basin is affected
by interactions between tropical and mid-latitude processes. These features cause
climate of the region to be changed considerably by the minor modifications of the
general circulation, e.g. shifts in the location of sub-tropical high-pressure cells.
Future projections show that Mediterranean region will be harshly affected by
changes in terms of both temperature and precipitation. According to studies
conducted on Turkey, this is also the case in Mediterranean Climate Region of the
country (Dabanlt et al., 2017; Tirkes, 1999; Tiirkes & Erlat, 2003). These studies
show that climate extremes in the Mediterranean climate region of Turkey, including
the Aegean region, the Mediterranean region and the southern Marmara region, are
significantly intensified. So that, 57 stations located in this region have been selected
as the study area for the thesis. To reveal the current situation and predict the future,
analyses have been performed for baseline (1970-2011) and mid-century (2011-
2050) periods. 23 climate indices defined by ETCCDI have been used to explain the
change of extremes in the obvious way. Those indices consist of 7 precipitation and
16 temperature indices. This thesis differs itself from other studies in terms of both
annual and seasonal analyses with the variety and abundance of indices used, and it
has great importance for examining the region in a more comprehensive manner. It
is aimed to show spatial distributions and patterns of indices and its trends more

clearly by presenting them with maps.

1.3 Literature Review

As stated in the Fifth Assessment Report of IPCC (2013), it is obviously seen that
the global climate system is warming. Global warming can be defined as the rising
of global average temperature by the effect of increasing amount of carbon dioxide

in the atmosphere. According to report, the global average combined land and ocean



surface temperature show increasing trend by the value of 0.85 [0.65 to 1.06] °C,
over the period 1880-2012. The difference between the average of the 1850-1900
period and the 2003-2012 period is 0.78 [0.72 to 0.85] °C. It may seem advantageous
for who lives in cooler climates at first view, but the warming changes the global
climate and causes increasing in extreme weather events in terms of occurrence,

intensity and duration.

The term “extreme events” refers to infrequent events approaching the far tails of the
probability distribution. Both maximum and minimum temperature extremes have
risen over land areas since the mid-20th century, while the number of cold days and
nights decline, it is seen that the number of warm days and nights increase. Although
the temperature shows the increasing trend on global scale, precipitation extremes
vary from region to region. Precipitation is likely to increase in the polar areas,
northern Europe, Canada, northern Asia but decreases in many subtropical regions,
European and African regions bordering the Mediterranean (Solomon et al., 2007;

Stocker et al., 2013).

Changes in the extreme precipitation events are derived from several reasons but the
atmospheric and the oceanic circulations, as the phrase is, take the biggest slice of
the cake. Fluctuations in those circulations are important elements of climate
(Folland et al., 2002). El Nifio-Southern Oscillation (ENSO) is the primary global
driver affecting the climate variability which occurs in the 2 to 7-year time span and
commonly lasts 12-18 months. El Nifio can be defined as warming of the sea surface
temperatures (SST) anomalously in the Pacific Ocean of Southern Hemisphere,
while the Southern Oscillation Index (SOI) is the measure of air pressure existing in
the Pacific-Indian Ocean region. The frequency and intensity of the ENSO events
have been unexpected since the middle of the 1970s compared with the past 100
years. The warm phase of ENSO (EI Nifio) has shown up more frequently with high
intensity than the cold phase (La Nifia) during this period (Folland et al., 2002;
Solomon et al., 2007). As a consequence of this change in ENSO events, extreme
weather events show unusual behavior, particularly in the vulnerable areas against

climate change.
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Figure 1.4. The ocean and atmospheric circulation during El Nifio events

(Source: NOAA; Australia Bureau of Meteorology By Wen Foo and Travis Hartman |
REUTERS GRAPHICS) (WEB10)

The location of the Mediterranean region is in a transition zone between the moderate
and rainy climate of Central Europe and the dry climate of North Africa. While the
northern part of the region is affected by the North Atlantic Oscillation (NAO), the
southern part is under the influence of the descending branch of the Hadley cell in
the almost whole year, and precipitation is mainly linked to El Nifio-Southern
Oscillation (ENSO) (Giorgi & Lionello, 2008; Lionello et al., 2012). In the studies
conducted on this region, it is agreed that the Mediterranean is one of the most
prominent and sensitive regions facing climate change. Analyses based on
observation data point that the Mediterranean is inclined to be warmer and drier over
the second half of the century, and it is stated that while increases in precipitation
are observed over the northern part of the region, there will be decreases in the
southern part. The region has already been experienced extreme climate and weather
events over the years such as the hottest summer 2010 (Folland et al., 2002; Giorgi,
2006; Kim et al., 2019; Thiébault, 2016).
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Figure 1.5. The two phase of the North Atlantic Oscillation (NAO) (WEBI11)

In several studies, the Mediterranean region is investigated in terms of weather
events in changing climate and it is concluded that the region will be warmer and
drier by the end of the century (Adloff et al., 2015; Hertig & Jacobeit, 2008; Ozturk
et al., 2018; Somot et al., 2008). Fallah-Ghalhari et al. (2019) have studied on the
trends of maximum and minimum temperatures in Iran to see climate change
impacts. They have indicated that warm days (TX90) and warm nights (TN90)
showed a significant positive trend. According to the study of Pereira et al. (2019),
the Iberian Peninsula tends to experience substantial reduction in annual
precipitation by the end of the century under climate change, but the precipitation
will be more intense. The precipitation in the Mediterranean will mainly decrease in
wintertime over the Balkan and Italian peninsulas, in the southern Anatolian coast

and northwest Africa (Xoplaki, 2002).

Many studies have performed in Turkey, one of the Mediterranean subtropical
countries, to detect precipitation and temperature variations under climate change.

Turkey is likely to be affected negatively by climate change with regards to surface



water (Yilmaz & Yazicigil, 2011; Yucel et al., 2015). According to various model
outputs, Turkey will have a warmer and drier climate type in the immediate future
compared to the reference period (Turp et al., 2015). In the end of 20" century,
Tiurkes (1999) has stated that annual and winter precipitation show significant
decreasing trend in the Aegean and Mediterranean region of Turkey. In the study of
Sensoy et al. (2007), they analyzed 100 stations in Turkey in terms of climate
extremes for the period between 1971 and 2004, and the results showed that the
number of tropical nights and summer days has been increasing in every station
while ice days and frost days decreasing. Moreover, it is pointed that the mean annual
total precipitation declined in 30 stations located in Aegean and inland Anatolia, but
in general, there are different patterns in precipitation. In another study, monthly
rainfall and temperature data of 33 stations from Central Anatolia has been examined
for the period of 1975-2007. A significant increasing in annual temperature by the
value of 0.4°C, decreasing in mean rainfall intensity in the southern parts of the
region and increasing in the northern parts have been detected. Increasing trend of
rainfall in the north of the region has been observed in summer and autumn while
decreasing in winter and spring (Altin et al.,, 2012). The results of the study
conducted on the Eastern Mediterranean and the Middle East have indicated that hot
summer conditions which occurred infrequently may turn into the norm by the
middle of the 21% century. And, annual precipitation is likely to decrease in the
southern Europe-Turkey region (Lelieveld et al., 2012). Erlat & Tirkes (2013) have
concluded that increasing trend of summer temperature in the Eastern Mediterranean
region indicates increasing of extreme high temperatures and longer heat-waves. As
a consequence of the studies, it can be said that Turkey will become a warmer
country with rising temperatures. And, precipitation varies over the regions

seasonally, there is a decreasing trend in the south while increasing in the north.

The studies have been done so far have remarkable contribution to literature in the
subject of climate change impacts in Turkey by using climate indices. Nevertheless,

there is still a gap in the literature in studies on Turkey (especially studies on



Mediterranean climate region) in terms of variety of indices used and actuality of

data.

1.4 Description of Thesis

A brief information about climate change and its impacts on the weather events is
given in the first chapter. Previous studies on this subject are also mentioned within
this chapter. Detailed information of data, study area and methods used are stated in
the second chapter. The following chapter contains results of the study. In the fourth
chapter, the results are discussed. And in the last chapter of the thesis, summary,

conclusions and recommendations are given.
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CHAPTER 2

STUDY AREA, DATA AND METHODS

2.1 Study Area and Data

2.1.1 Study Area

The Mediterranean region is located between subtropical zone (south) and temperate
zone (north) and the characterization of the region is directly associated with

Mediterranean Sea (Lionello et al., 2012).
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Figure 2.1. Areas with Mediterranean climate are highlighted by red color (WEB12).
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In general, summers are hot and dry, and winters are cool and wet in the region.
However, the different climate types are observed through the region by the effect

of various atmospheric and oceanic circulations (Lionello et al., 2012).

The Mediterranean is the one of the most prominent regions which is vulnerable to
climate change and the change in climate behavior has shown itself since the end of
20" century. Beside the rising temperature in all seasons, the greatest change is a
considerable decrease in mean precipitation and an increase in precipitation

fluctuation over the dry season (Giorgi, 2006).

Koppen climate types of Turkey

Mg

X
Koppen climate type
[ Bsh (Hot semi-arid) [ ¢fa (Humid subtropical) I Dsc (Dry-summer subarctic)
[ BSk (Cold semi-arid) [ ¢fb (Oceanic) Dfa (Hot-summer humid continental)
[Jcsa (Hot-summer mediterranean) B osq (Hot-summer mediterranean continental) [i=] Dfb (Warm-summer humid continental)
[ csb (Warm-summer mediterranean) B osb (Warm-summer mediterranean continental) - Dfc (Subarctic)
*Isotherm used to separate temperate (C) and continental (D) climates is -3°C [ €7 (Tundra)

Data source: Climate types calculated from data from WorldClim.org

Figure 2.2. Climate types of Turkey (WEB13)

Turkey is located in Mediterranean Basin, between temperate zone and subtropical
zone. Three sides of the country are surrounded by the sea which are the Black Sea
in the north, the Aegean Sea in the west and the Mediterranean Sea in the south. The
existence of the seas and mountains and the variety in the landforms cause the
occurrence of various climate types over the country (Figure 2.2.). Turkey receives
precipitation mostly in the winter season. The Aegean and Mediterranean coasts

experience rainy, cool winters and hot, dry summers. Annual precipitation varies

12



from 580 to 1,300 millimeters in those coastal arcas. The Eastern Black Sea coast
receives rainfall almost 2,200 millimeters annually, and that region is the only part

of Turkey that has rainfall all the year round (Figure 2.3.) (Sensoy et al., 2016).
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Figure 2.3. The distribution of annual mean temperature (a) and annual total rainfall (b) of

Turkey in the period of 1970-2019 (WEB14,15)



2.1.2 Observation Data

Daily observation data of precipitation, minimum and maximum temperature for the
period of 1970-2011 have been acquired from TSMS (Turkish State Meteorological
Service) for 57 stations that having the Mediterranean climate. Station information

is given in Table 2.1 and the spatial distribution of the stations in Figure 2.4.

Table 2.1 Information of the observation station

Station Name Latitude | Longitude | Station Name Latitude | Longitude
ACIPAYAM 37.42 29.33 IZMIR 38.43 27.17
ADANA 37 35.33 KAHRAMANMARAS | 37.6 36.93
AKHISAR 38.92 27.85 KARAISALI 37.27 35.07
ANAMUR 36.08 32.83 KARAMAN 37.18 33.22
ANTAKYA 36.2 36.17 KARATAS 36.57 35.38
ANTALYA 36.88 30.7 KILIS 36.72 37.12
AYDIN 37.85 27.85 KOCAELI 40.78 29.93
AYVALIK 39.32 26.7 KORKUTELI 36.75 30.2
BALIKESIR 39.63 27.88 KOZAN 37.45 35.82
BANDIRMA 40.35 27.97 KUSADASI 37.87 27.25
BODRUM 37.05 27.43 MANAVGAT 36.78 31.43
BURDUR 37.72 30.28 MANISA 38.62 27.43
BURSA 40.18 29.07 MARMARIS 36.85 28.27
CANAKKALE |40.15 26.42 MERSIN 36.8 34.6
CEYHAN 37.03 35.82 MILAS 37.32 27.78
DALAMAN 36.75 28.78 MUGLA 37.22 28.37
DATCA 36.75 27.67 NAZILLI 37.92 28.32
DENIZLI 37.78 29.08 NIGDE 37.97 34.68
DIKILI 39.07 26.88 ODEMIS 38.23 27.97
DORTYOL 36.85 36.22 SALIHLI 38.48 28.13
ELMALI 36.75 29.92 SAMANDAG 36.08 35.97
ERDEMLI 36.62 343 SEFERIHISAR 38.35 26.83
FETHIYE 36.62 29.12 SILIFKE 36.38 33.93
FINIKE 36.3 30.15 TEFENNI 37.32 29.77
GAZIANTEP 37.07 37.38 TEKIRDAG 40.98 27.55
GAZIPASA 36.27 32.32 USAK 38.68 29.4
ISKENDERUN |36.58 36.17 YATAGAN 37.35 28.13
ISLAHIYE 37.03 36.63 YUMURTALIK 36.77 35.78
ISPARTA 37.77 30.55

14
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Figure 2.4. Spatial distribution of the observation stations

Quality check for observation data have been done by using ClimPACT?2 software.
Once uploading data into the software, it calculates thresholds and complete quality
control checks. After the calculation, it creates quality control files which contain
graphical (plots of daily time-series of temperature and precipitation) and numerical
information (as tables). Those files are checked by using the steps provided in the
manual of software which is composed by Alexander & Herold (2016). Monthly
indices are calculated if no more than 3 days are missing in a month, while annual
values are calculated if no more than 15 days are missing in a year. No annual value

will be calculated if any 1 month’s data are missing.

2.1.3 Model Data

Model data has been obtained from the EUR-11 domain in 0.11° (~12.5 km)
resolution that is freely available through the Earth System Grid Federation (ESGF)
under the CORDEX project (Figure 2.5).
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Eight model couplings have been used to obtain model data, and the model list is
given in Table 2.2. RCM-GCM couplings have been made of four different GCMs
as driving models and four different RCMs.

Table 2.2 Model list used for future projection (“Model no” numbering has been given to
provide convenience through the thesis).

Model No GCM RCM

1-1 ICHEC-EC-EARTH RACMO?22E
- CCLM4-8-17
21 CNRM-CERFACS-CNRM-CM5
2-2 RCA4
3-1 CCLM4-8-17
3-2 MOHC-HadGEM2-ES RACMO?22E
3-3 RCA4
4-1 RCA4
IPSL-IPSL-CM5A-MR

4-2 WRF331F

Figure 2.5. EURO-CORDEX domain area indicated by orange square (WEB16).

In impact modeling studies, bias adjustment has been added to the pre-processing of
climate simulations to avoid errors in the raw data (Nikulin & Legutke, 2016). Thus,
bias-adjusted data by a few different methods has been used in the thesis, and this
data is also available on ESGF under the CORDEX-Adjust project. RCP8.5
(Representative Concentration Pathway) that corresponds to the pathway with the
highest greenhouse gas emissions has been considered for future projection (Riahi et

al., 2011). The most representative grids for each observation station are used for
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extraction of the data. The nearest neighborhood method is used when obtaining the

gridded stations.

2.2 Methods

2.2.1 Climate Indices

Indices for climate extremes have been used for a long time to obtain important
information contained in daily data. In the [PCC Second Assessment Report (SAR,
1995), it is stated that the available data on climate extremes and variability is not
enough to say anything about the global changes, even though some regions have
experienced the changes in extreme events with the sufficient data (Houghton et al.,
1996). Therefore, it has been given priority to studies on the key variables to
accelerate the detection and attribution of changes in climate extremes. For his
purpose, WMO (the World Meteorological Organization) WCRP (World Climate
Research Programme) project for climate variability and predictability (CLIVAR)
and GCOS (Global Climate Observing System) organized an international workshop
on Indices and Indicators for Climate Extremes in 1997 to promote the researches on
data sets and analysis techniques to detect changes in climate extremes. In 1999, CCl
(WMO Commission for Climatology)/CLIVAR/JCOMM (Joint WMO-IOC [United
Nations Educational, Scientific and Cultural Organization (UNESCO)
Intergovernmental Oceanographic Commission] Technical Commission for
Oceanography and Marine Meteorology) Expert Team on Climate Change Detection
and Indices (ETCCDI) started to study on this subject. They developed a set of
indices consisting of 27 descriptive indices (Zhang et al., 2011). Many studies have
been conducted on climate extremes by using the climate indices for various regions
(Alexander et al., 2006; Donat, Alexander, Yang, Durre, Vose, & Caesar, 2013;
Donat, Alexander, Yang, Durre, Vose, Dunn, et al., 2013; dos Santos et al., 2011;
Frich et al., 2002; Keggenhoff et al., 2014; Lestari et al., 2019; Lopez-Diaz et al.,
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2013; Zhang et al., 2005, 2011). 23 of those indices have been used for the thesis and

the detailed information about those indices is given in Table 2.3.

Indices can be divided into five different groups: percentile-based indices, absolute
indices, threshold indices, duration indices and other indices. Percentile-based
indices include the occurrence of cool days (TX10), occurrence of hot days (TX90),
occurrence of cold nights (TN10), occurrence of hot nights (TN90) and very wet
days (R95p). The temperature percentile-based indicators (TX10, TX90, TNI1O0,
TN90) enable to assess the extent of changing extremes and precipitation percentile-
based indicator (R95p) shows the amount of rainfall above the 95" percentile and
include the most extreme events within a year. Absolute indices show minimum or
maximum values during a season or year. They comprise maximum value of daily
maximum temperature (TXx), minimum value of daily minimum temperature
(TNn), maximum value of daily minimum temperature (TNx), minimum value of
daily maximum temperature (TXn) and maximum 5-day precipitation (Rx5day).
Threshold indices are described as the number of days that temperature or
precipitation value lies above or below a constant threshold. This group of indices
includes annual number of frost days (FD), annual number of ice days (ID), annual
number of summer days (SU25), annual number of tropical nights (TR) and number
of very heavy rain days (R20mm). Duration indices express periods of excessive
wetness/dryness, warmth/cold or mildness. Growing season length (GSL), warm
spell duration indicator (WSDI), cold spell duration indicator (CSDI), consecutive
dry days (CDD) and consecutive wet days fall into the duration indicators category.
Other indices that do not fall into any of the above categories comprise indices of
diurnal temperature range (DTR), annual total wet days precipitation (PRCPTOT)
and annual contribution from very wet days (R95pTOT) (Alexander et al., 2006).
The indices have been calculated by using the ClimPACT2 software which is based
on the RClimDEX software developed by the WMO CCI/WCRP/JCOMM ETCCDI.
ClimPACT?2 is a freely available R software package (WEBI18) that processes
meteorological data (precipitation, daily minimum and maximum temperature)

(Alexander & Herold, 2016).
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Table 2.3 The extreme temperature and precipitation indices used in the thesis (WEB17).

Indicator Indicator Name Definition Unit
FD Frost days Annual number of days when Tmin < 0 °C days
ID Ice days Annual number of days when Tmax <0 °C days

SuU25 Summer days Annual number of days when Tmax > 25 °C days
TR Tropical nights Annual number of days when Tmin > 20 °C days
Annual number of days between the first
Growing season occurrence of 6 consecutive days with TM > 5 °C
GSL ) . days
length and the first occurrence of 6 consecutive days
with TM < 5 °C (TM = Daily mean temperature)
TXx Max Tmax Warmest daily Tmax °C
TNn Min Tmin Coldest daily Tmin °C
TNx Max Tmin Warmest daily Tmin °C
TXn Min Tmax Coldest daily Tmax °C
DTR Diurnal temperature | Mean difference between daily Tmax and daily oc
range Tmin
Warm spell duration Annual number of days with at least 6
WSDI - . . days
indicator consecutive days when Tmax > 90th percentile
SDI Cold spell duration Annual number of days with at least 6 davs
indicator consecutive days when Tmin < 10th percentile ¥
TX10 Amount of cool days | Percentage of days when Tmax < 10th percentile %
TX90 Amount of hot days | Percentage of days when Tmax > 90th percentile %
TN10 Amount of cold nights | Percentage of days when Tmin < 10th percentile %
TN9O Amount of hot nights | Percentage of days when Tmin > 90th percentile %
. Maximum annual number of consecutive dry
CDD C tivedry d d
onsecutive dry days days (when PR < 1.0 mm, PR = precipitation) ays
. Maximum annual number of consecutive wet
CWD Consecutive wet days days (when PR >= 1.0 mm) days
R20mm Number .Of very heavy Annual number of days when PR >=20 mm days
rain days
Rx5day Max 5-day PR Maximum 5-day PR total mm
PRCPTOT Annual to;;l wet-day Annual sum of daily PR >= 1.0 mm mm
R95p Total annuafl PR from Annual sum of daily PR > 95th percentile mm
heavy rain days
RosproT | Contribution from 100*R95p / PRCPTOT %

very wet days
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2.2.2 Trend Analysis

For the trend analysis of seasonal climate indices, anomalies, precipitation and
temperature changes, the Mann-Kendal test (Mann, 1945; Kendall, 1975) and Sen’s
slope estimator (Sen, 1968) have been used. Both methods are non-parametric
methods that are commonly used to detect trends of variables in hydrology and
meteorology (Gocic & Trajkovic, 2013; Koudahe et al., 2017). The Mann-Kendall

test statistic S is calculated as:

S = nz_:l Zn: sgn(x; — x;) (1)

i=1 j=i+1

where n is the number of data points, x; is the data value at time i and sgn(x; — x;)

is the sign function that can be computed as:

1, lf (xj —= xl-) >0
sgn(xj —x;) =4 0, if (x—x)=0 (2)

The variance:

n(n—1)(2n+5) = X% t; (& — 1)(2t; + 5) (3)
18

Var(S) =

where n is the number of data points, m is the number of tied groups and ¢t; indicates
the number of tied values of extend i. For n > 10, the test statistic Z roughly follows

a standard normal distribution:

S—-1

J(Var(S)
7= 0 if $=0 4)
S+1

J (Var(S)

A positive value of Z indicates an increasing trend while a negative value of Z shows

if $>0

if S<0

a decreasing trend. Trends is tested at the specific a significance level. The null
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hypothesis is rejected and a significant trend exists when |Z| >Zy-ay,. 5%

significance level is considered in the thesis. When |Z| > 1.96 it means that there is
a significant trend at 5% significance level (Gocic & Trajkovic, 2013). The

magnitude of a time series trend can be indicated by trend slope £:

x.—x.
ﬁ:Median(l J),i>j %)

where x; and x; are the data values at time i and j (i > j), respectively. R function

sens.slope( ) has been used for trend tests in the thesis.

223 Interpolation of Spatial Distribution of Climate Variables

Climate variables are measurable point values that present meteorological condition
of a region. One of the most important steps in the evaluation of these data collected
in a certain order at meteorological observation stations is to express the point data
as spatial distribution. To this end, various spatial interpolation methods have been
developed and a vector data can be converted into a raster data by using those
methods (Dogru et al., 2011). Spatial distribution of climate variables can be mapped
via interpolation methods provided by different Geographical Information Systems
(GIS) software. In the thesis, ArcGIS software has been used and Inverse Distance
Weighting (IDW) has been selected as the interpolation method. IDW interpolation
computes cell values using a linearly weighted combination of sample points. The
weight defined for points is a function of inverse distance. In this context, as the
distance increases, the effect of the function decreases (WEB19). In the study of Ilker
et al. (2019), the most appropriate method for mapping of spatial distribution of
rainfall is determined as IDW for Mediterranean region according to the results of

accuracy analysis.
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2.24 Statistics Used for Assessing Model Performance

The performance of the climate models can be evaluated by using the statistical
measures and the measures quantify the error in the model (Gleckler et al., 2008;
Pincus et al., 2008; Schaller et al., 2011). In the thesis, Root Mean Square Error
(RMSE) and Pearson’s correlation have been used for the evaluation of reference
period 1971-2005. RMSE is a frequently used indicator and it is calculated by the

following equation:

N . — .
RMSE=\/ i=1(01\1, PL)Z (6)

where 0;, P; and N represent the observed data, predicted data and number of data,
respectively. It ranges from 0 to o, lower the value of RMSE better the fit of model
to data and RMSE = 0 means a perfect fit (Gleckler et al., 2008). RMSE has the
same units with the response variables, and it is considered as one of the most

important criteria to evaluate the accuracy of a model.

The Pearson’s correlation coefficient () is a method for measuring the statistical
relationship and the association between two variables. It can range from -1 to 1, and
r =1 means a perfect positive relationship, r = —1 means a perfect negative
relationship and r = 0 means no relationship exists. For N number of data, r is

calculated by:

YL — D) (i —P)

, ™
(B - 02 [T - 77

where x; and y; single values of observed and model data, respectively; X and y are

the sample means of them (Ahlgren et al., 2003).

The values of RMSE and r were calculated for both daily and monthly evaluations
at each station, then averaged for the whole region. Models were ranked (with a rank

value of 1 being the best) based on RMSE and r as N1 and N2, respectively. Average
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of daily and monthly evaluation rank was used to calculate the averaged rank as

given in Equation 8.
Average Rank = Average ((N1,N2),4,(N1,N2),,) ()

where d and m denote daily and monthly evaluations, respectively.
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CHAPTER 3

RESULTS

3.1 Performance of the Models

At the beginning of the analyses, the observation data and model data of climate
variables (precipitation, maximum and minimum temperature) have been compared
for the reference period 1971-2005 to show the model performance. The daily and
monthly averages of precipitation and temperature data have been compared and the
model performance statistics have been assessed. For model data, the comparison
between not-bias-adjusted and bias-adjusted data has been also shown in the
following graphs. 6 model ensembles from the model list in the Table 2.2 have been
available in the CORDEX project website for the not-bias adjusted data. Root Mean
Square Error (RMSE) and the Pearson’s correlation coefficient (r) indicators
recommended by WMO have been used together for evaluation of model
performance as the combination of techniques would provide more comprehensive
information about the model's ability to mimic observation data (Flato et al., 2013).
In addition to graphical comparisons, tables of model performance evaluation

statistics (for both daily and monthly evaluation) were given in this section.

3.1.1 Evaluation of Precipitation Data

The plots in the Figure 3.1. demonstrate the comparison between regionally averaged
mean daily precipitation from RCMs and observed mean daily precipitation. Both
not-bias-adjusted data and bias-adjusted data have been used as model data in this
section to compare in terms of suitability for use in the thesis. Model performance
statistics have been provided in Table 3.1. Visual examination of Figure 3.1 shows

that in spring, daily averages of Model 1-1 for both bias- adjusted and not-bias-
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adjusted (Figure 3.1.a) overestimated the observation. Bias-adjusted Model 1-1 in
summer and not-bias-adjusted Model 1-1 in winter diverged from the observation.
Model 2-1 overestimated the observation in January, spring and summer regardless
of bias-adjusted or not (Figure 3.1.b). Model 2-2 (both bias-adjusted and not-bias-
adjusted) did not well correlate with the observation means (Figure 3.1.c). Bias-
adjusted Model 3-1 overestimated the observation around May and June in Figure
3.1.d, and additionally not-bias-adjusted Model 3-1 differed from the observation in
autumn. Model 3-2 and Model 4-2 have only bias-adjusted data. Despite Model 3-2
overestimated the observation means in May and June, in general, both models well
correlated with the observation. Both bias-adjusted Model 3-3 and not-bias-adjusted
Model 3-3 go almost parallel with the observation means through the whole year.
While not-bias-adjusted Model 4-1 underestimated the observation in spring, autumn
and winter, bias-adjusted Model 4-1 generally well correlated with the observation
means with a slight overestimation from spring to autumn. According to visual
inspections of Figure 3.1, Model 3-2 (HadGEM2-ES-RACMOZ22E), Model 3-3
(HadGEM2-ES-RCA4) and Model 4-2 (CM5A-MR-WRF331F) were able to

emulate the daily precipitation in comparison to the observations.

Table 3.1 Root Mean Square Error (RMSE) and the Pearson’s correlation coefficient (r)

values of regionally averaged means of precipitation.

Daily Precipitation Monthly Precipitation
Model No Average Rank
RMSE (mm) r RMSE (mm) r

1-1 8.89 0.04 49.71 0.54 6
2-1 8.85 0.06 48.93 0.60 3.5
2-2 9.18 0.05 49.58 0.56 6.75
3-1 8.95 0.04 44.48 0.61 2.25
3-2 8.78 0.05 44.82 0.61 1.75
3-3 9.06 0.05 46.89 0.58 4.25
4-1 9.22 0.03 53.01 0.49

4-2 8.70 0.04 47.23 0.58 4.25
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Model statistics given in Table 3.1 shows that RCA4 models originated from
different GCMs which are Model 2-2 (CNRM-CM5-RCA4), Model 3-3 (HadGEM2-
ES-RCA4) and Model 4-1 (CM5A-MR-RCA4) have overestimated the mean daily
precipitation as well as the mean monthly precipitation by having more RMSE values
than others. Based on the average ranks, Model 3-2 (HadGEM2-ES-RACMO?22FE)
and Model 4-1 (CM5A-MR-RCA4) have been determined as the best and worst

models for mean daily precipitation, respectively.

a) Model 1-1

O R, N WA U OO N

Daily mean precipitation (mm)

Days of year

b) Model 2-1

Daily mean precipitation (mm)
O R, N WA UIo N

Days of year

——Observation Not-bias-adjusted Model Bias-adjusted Model

Figure 3.1. Regionally averaged daily mean precipitation of the region for the reference

period 1971-2005.
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Figure 3.1. (cont’d)
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f) Model 3-3
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Figure 3.1. (cont’d)
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3.1.2 Evaluation of Temperature Data

The same comparison with the precipitation has been made for the mean daily
temperature. The plots in Figure 3.2 are for regionally averaged mean daily
temperature for the reference period 1971-2005, and model data have been shown in
different colors as not-bias-adjusted and bias-adjusted. According to visual
examination of Figure 3.2, there are divergences between all not-bias-adjusted
models and observation, estimated values have been below the observed values. In
Figure 3.2, it can be seen that bias-adjusted models well correlated with the

observation.

Table 3.2 Root Mean Square Error (RMSE) and the Pearson’s correlation coefficient (r)

values of regionally averaged means of temperature.

Daily Mean Temperature Monthly Mean Temperature
Model No F S Average Rank
RMSE (°C) r RMSE (°C) r
1-1 5.96 0.81 1.98 0.97 4.75
2-1 5.93 0.81 1.93 0.96 3.75
2-2 5.93 0.81 1.85 0.97 2.63
3-1 6.57 0.76 2.12 0.96 6.38
3-2 6.53 0.77 2.16 0.96
3-3 6.56 0.76 2.15 0.96
4-1 5.87 0.81 1.95 0.97 2.75
4-2 5.82 0.81 1.88 0.97

Model statistics given in Table 3.2 shows that RCMs belong to HaddGEM2-ES GCM
which are Model 3-1 (HadGEM2-ES-CCLM4-8-17), Model 3-2 (HadGEM2-ES-
RACMO?Z22E) and Model 3-3 (HadGEM2-ES-RCA4) have overestimated the mean
daily temperature as well as the mean monthly temperature by having more RMSE
values than others. Based on the average ranks, Model 4-2 (CMSA-MR-WRF331F)
has been determined as the best model while Model 3-3 (HadGEM2-ES-RCA4) as
worst model for mean daily temperature, respectively. Thus, it can be concluded that

the bias-adjusted models have approximated the estimated means to the actual values
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better than the not-adjusted models. Therefore, bias-adjusted models shall be used in

the analyses of precipitation and temperature.
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Figure 3.2. Regionally averaged mean daily temperature of the region for the reference

period 1971-2005.
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Figure 3.2. (cont’d)
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e) Model 3-3
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3.2 Spatial Distributions of Precipitation and Temperature

Seasonal and annual precipitation amount of the selected stations for the baseline
period 1970-2011 has been given in the Table 3.3. Spatial distribution of the
precipitation through the region has been shown in Figure 3.3 and Figure 3.4, as
annual and seasonal respectively. Annually, maximum precipitation amounts have
been observed in coastal regions mostly. However, high precipitation amount can be
seen also at some stations in the interior part, such as Kozan and Karaisali stations

(Figure 3.3.).

The region has received 46.9% of the total annual precipitation in winter season
(Table 3.3). In autumn and winter season, the stations at coastal regions have
measured higher values of precipitation. The southeastern part of the region has
experienced wet season in spring in the baseline period. In summer season, 4.81%

of the total annual amount of precipitation occurs in the region.

Table 3.3 Observed seasonal and annual precipitation amount of the selected stations in the

baseline period (1970-2011).

. Precipitation (mm) . Precipitation (mm)
Station Station

MAM JA SON DJF Annual MAM JA SON DJF Annual
Acipayam 124.94 42.36 102.49 225.98 | 500.65 Izmir 150.40 12.33 171.69 344.13 | 684.64
Adana 160.46 3331 137.54 302.31 637.39 Kahramanmaras 211.20 8.60 142.86 345.51 714.49
Akhisar 146.93 20.43 138.77 248.83 559.81 Karaisali 252.81 74.60 157.65 376.64 | 865.05
Anamur 161.18 5.45 218.21 522.67 915.44 Karaman 111.27 31.53 67.33 115.87 327.49
Antakya 331.18 32.77 223.87 | 494.13 | 1088.30 Karatas 141.66 23.02 206.21 393.99 | 770.30
Antalya 178.96 11.97 242.25 | 595.96 | 1042.98 Kilis 139.25 11.47 97.20 227.15 | 476.72
Aydin 156.75 19.54 140.25 294.35 618.02 Kocaeli 172.89 139.89 230.81 267.10 816.16
Ayvalik 141.62 14.10 173.94 | 297.78 | 633.40 Korkuteli 116.19 41.77 7831 145.05 | 384.39
Balikesir 149.30 33.25 150.90 215.45 554.34 Kozan 271.05 107.62 164.46 289.94 834.81
Bandirma 155.81 55.88 216.16 278.15 709.47 Kusadasi 136.83 7.05 154.65 303.57 | 610.28
Bodrum 126.68 6.11 151.21 388.57 683.93 Manavgat 169.11 12.93 282.46 626.26 | 1099.32
Burdur 135.44 48.53 89.72 14231 | 417.05 Manisa 170.06 26.98 162.73 339.49 | 706.29
Bursa 176.90 68.37 198.43 245.48 | 695.38 Marmaris 202.69 17.53 275.35 673.45 | 1188.17
Canakkale 293.88 78.80 322.25 479.66 | 1184.43 Mersin 114.49 22.29 127.25 300.42 568.42
Ceyhan 209.41 39.52 146.32 | 310.11 707.59 Milas 156.14 17.86 157.81 355.49 | 696.50
Dalaman 169.25 7.58 241.21 541.80 971.52 Mugla 23271 39.75 236.00 608.82 | 1127.39
Datca 110.92 4.96 152.21 | 376.48 | 654.30 Nazilli 143.78 24.95 129.72 277.12 | 577.88
Denizli 158.06 49.51 109.55 230.37 551.20 Nigde 124.54 35.26 70.69 97.79 329.59
Dikili 140.70 15.20 147.10 | 279.07 | 587.66 Odemis 146.01 19.95 135.75 262.78 | 571.08
Dortyol 273.89 94.92 257.26 | 313.03 941.65 Salihli 131.98 32.68 114.57 204.67 | 487.47
Elmali 113.76 46.31 95.58 216.51 476.27 Samandag 218.79 33.40 247.11 390.81 894.81
Erdemli 116.44 13.46 124.51 | 304.21 561.80 Seferihisar 132.48 5.20 144.40 | 318.08 | 601.70
Fethiye 153.11 5.52 201.83 453.62 822.23 Silifke 110.17 11.50 129.62 303.75 559.10
Finike 146.68 12.87 207.48 | 556.49 | 938.43 Tefenni 125.64 51.78 97.22 182.36 | 460.72
Gaziantep 161.31 12.11 112.74 263.16 551.78 Tekirdag 135.42 76.05 176.65 184.46 576.71
Gazipasa 157.23 5.10 22991 | 43472 | 832.49 Usak 156.96 50.34 122.83 197.00 | 531.63
Iskenderun 197.18 62.48 204.96 257.24 | 723.93 Yatagan 152.60 30.74 143.97 310.56 | 645.49
Islahiye 227.86 10.26 159.25 406.25 808.14 Yumurtalik 204.00 37.14 210.45 354.19 810.16
Isparta 152.20 53.94 100.08 189.76 | 499.04
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Figure 3.3. Annual precipitation distribution of the region in the baseline period (1970-

2011).
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Figure 3.4. (cont’d)

On average, the region has received precipitation of 165.88 mm, 33.53 mm, 165.35

mm, 327.16 mm in spring, summer, autumn and winter, respectively.
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Table 3.4 Observed seasonal and annual maximum temperature at the selected stations in

the baseline period (1970-2011).

. Tmax (°C) . Tmax (°C)
Station Station

MAM JA SON DJF Annual MAM JIA SON DJF Annual
Acipayam 17.94 30.41 21.19 8.61 19.54 Izmir 21.18 32.36 23.77 13.30 22.65
Adana 23.85 33.29 28.09 16.02 2531 Kahramanmaras 21.20 34.36 25.13 10.37 22.76
Akhisar 21.64 33.83 24.19 12.12 22.95 Karaisali 2213 33.16 26.86 14.22 24.09
Anamur 21.62 31.80 26.45 16.32 24.04 Karaman 17.78 29.95 20.29 6.38 18.61
Antakya 2251 30.72 26.25 13.49 23.25 Karatas 2131 29.57 25.97 15.50 23.09
Antalya 21.70 33.06 26.24 15.71 24.17 Kilis 21.47 34.86 2551 10.85 23.17
Aydin 22,94 35.03 25.89 14.11 24.50 Kocaeli 18.05 28.47 20.38 10.39 19.32
Ayvalik 19.86 31.33 22.53 12.41 21.53 Korkuteli 17.65 29.47 21.24 9.30 19.41
Balikesir 19.13 30.33 21.54 9.86 20.23 Kozan 23.84 34.87 28.05 15.49 25.56
Bandirma 16.93 27.40 19.96 9.75 18.51 Kusadasi 20.36 30.04 22,98 14.25 2191
Bodrum 21.56 33.12 25.36 15.64 23.92 Manavgat 21.92 32.51 26.45 15.82 24.17
Burdur 17.83 30.70 21.04 7.90 19.37 Manisa 21.45 34.11 23.87 11.65 22.78
Bursa 18.78 29.99 21.49 10.58 20.21 Marmaris 21.48 33.37 25.71 15.73 24.07
Canakkale 17.30 29.58 20.69 10.39 19.49 Mersin 21.54 30.06 26.06 15.66 2333
Ceyhan 23.24 33.00 27.41 14.97 24.66 Milas 2236 34.62 26.18 15.23 24.59
Dalaman 22.19 33.09 26.38 16.36 24.50 Mugla 19.15 32.23 22.85 10.82 21.26
Datca 20.21 31.29 24.46 15.34 22.82 Nazilli 20.92 34.30 27.92 13.88 24.23
Denizli 20.97 33.41 23.53 11.53 22.36 Nigde 16.41 28.13 19.24 5.79 17.39
Dikili 19.59 30.28 22,63 12.96 21.36 Odemis 21.83 33.84 24.97 1351 23.54
Dortyol 22.50 30.70 26.68 16.04 23.98 Salihli 21.83 34.02 23.96 12.07 22,97
Elmali 17.99 30.40 21.68 8.86 19.73 Samandag 21.65 29.21 25.79 14.70 22.84
Erdemli 21.78 30.50 26.36 15.84 23.62 Seferihisar 20.12 31.69 23.39 13.42 22.14
Fethiye 22.42 33.40 26.34 16.48 24.66 Silifke 22.86 3221 27.05 15.53 24.41
Finike 22.15 33.07 26.55 16.65 24.60 Tefenni 17.11 29.40 20.07 7.38 18.49
Gaziantep 19.94 34.14 23.98 9.17 21.80 Tekirdag 15.78 27.06 19.41 9.16 17.85
Gazipasa 21.26 30.98 26.01 16.50 23.68 Usak 16.79 29.19 20.07 8.00 18.51
Iskenderun 2221 30.18 26.38 16.21 23.75 Yatagan 21.14 33.97 24.74 12.61 23.11
Islahiye 21.21 3357 25.35 10.34 22.68 Yumurtalik 21.82 30.15 26.83 15.95 23.69
Isparta 16.76 29.19 20.23 7.38 18.39

37



2rgve wovE wore w00E
1 1 I Il

Tmax (°C) Annual

0 50 100 200 300 400

BLACK SEA Legend
® Selected Stations
oond ) oW L oo

21,55
B 4740

300N fosoon

800N fasoon

T T T T
a0 W00E WOTE WO0E

Figure 3.5. Annual maximum temperature distribution of the region in the baseline period

(1970-2011).

The precipitation above the region average has been observed at the stations Kocaeli,

Tekirdag, Bursa, Kozan, Karaisali and Ceyhan (Figure 3.4.).

Observed seasonal and annual averages of maximum temperature over the region in
the baseline period have been given in the Table 3.4. According to the Figure 3.5,
the region has experienced maximum 25.56°C temperature in annual average and
the Aegean, the Mediterranean coast and the southeastern part of the study area have
been warmer than interiors compared to the annual average. Interior parts of the
region and the Marmara region had lower maximum temperature values in the
baseline period. In the baseline period, summer seasons have been hot and winter
seasons have been mild through the region. The highest average maximum
temperature value has been observed at Aydin station in summer season and the
lowest average value at Nigde station in winter season. In general, each season, the
Aegean and the Mediterranean coast has experienced higher maximum temperature
than region average while the interior parts and the Marmara region lower

temperature (Figure 3.6.).
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Table 3.5 shows observed seasonal and annual average minimum temperature values
of the selected stations in the baseline period. As it can be seen in the Figure 3.7.,
average of minimum temperature has reached higher values through the coastal
regions and lower values int the interior parts of the region. Similar behavior with
maximum temperature can be seen in the seasonal state of minimum temperature, as
well. As minimum temperatures observed at nights, it can be said that the stations
Usak, Burdur, Tefenni, Acipayam, Fethiye, Elmali, Karaman, Nigde and Kilis has
experienced cooler nights than the other stations in every season. The highest
average minimum temperature value -3.72 °C has been observed at Nigde station in
winter season and Samandag station had the lowest minimum temperature value of

24.23 °C in summer season (Figure 3.8.).

2rgue xove voue *500E

0 50 100 200 300 400

Tmax (°C) Spring

BLACK SEA Legond
® Selected Stations

— [ oo

b 19,82

15,7

300N~

woon] N

A ;' d ANA
fKE
w@g MEDITERRANEAN SEA

S

fseoon

T T T T
270vE W00E WIVE *00E

Figure 3.6. Seasonal maximum temperature distribution of the region in the baseline period

(1970-2011).
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Figure 3.6. (cont’d)

Table 3.5 Observed seasonal and annual minimum temperature at the selected stations in

the baseline period (1970-2011).

. Tmin (°C) . Tmin (°C)
Station Station

MAM JA SON DJF Annual MAM JA SON DJF Annual
Acipayam 4.01 13.70 6.13 -1.85 5.50 Izmir 11.62 21.86 14.62 6.33 13.61
Adana 12.32 22.57 15.91 6.08 14.23 Kahramanmaras 9.87 20.98 12.68 2.10 11.41
Akhisar 7.96 18.38 10.52 237 9.81 Karaisali 11.93 21.38 15.95 6.31 13.90
Anamur 12.58 22.00 16.60 8.63 14.95 Karaman 4.54 14.09 5.56 -3.23 5.26
Antakya 12.35 23.05 15.24 5.17 13.96 Karatas 13.14 23.65 16.55 6.46 14.95
Antalya 11.40 21.62 14.94 6.51 13.61 Kilis 10.13 20.24 13.70 3.07 11.78
Aydin 10.36 19.70 12.65 4.89 11.90 Kocaeli 8.81 18.19 12.02 3.95 10.74
Ayvalik 10.25 20.36 13.36 5.17 12.29 Korkuteli 4.89 14.59 7.01 -1.26 6.31
Balikesir 7.12 16.93 9.89 1.89 8.97 Kozan 12.46 21.79 16.22 6.63 14.27
Bandirma 7.74 18.22 11.45 271 10.03 Kusadasi 10.52 19.30 13.11 6.08 12.25
Bodrum 12.98 22.46 16.59 8.73 15.19 Manavgat 11.55 21.11 15.46 7.46 13.89
Burdur 5.93 15.86 8.16 -0.43 7.39 Manisa 9.53 20.10 11.98 3.65 11.33
Bursa 7.36 16.60 9.74 2.28 9.00 Marmaris 11.83 22.04 15.64 7.47 14.25
Canakkale 8.84 18.85 12.07 3.97 10.93 Mersin 13.46 23.44 16.79 7.31 15.25
Ceyhan 10.20 20.34 13.02 3.69 11.82 Milas 9.33 19.43 12.34 5.23 11.58
Dalaman 10.02 19.68 13.28 6.06 12.26 Mugla 7.31 18.54 10.26 2.05 9.55
Datca 13.43 22.97 17.96 10.13 16.12 Nazilli 9.45 19.19 11.35 3.79 10.94
Denizli 9.20 19.29 11.36 2.92 10.69 Nigde 4.39 13.86 5.88 -3.72 5.11
Dikili 10.26 19.86 13.18 5.06 12.09 Odemis 7.87 16.12 9.41 293 9.08
Dortyol 12.41 22.18 16.02 6.36 14.24 Salihli 8.88 18.02 10.38 2.87 10.04
Elmali 5.23 15.17 7.59 -1.39 6.66 Samandag 13.72 24.23 17.62 7.28 15.72
Erdemli 11.00 21.72 14.60 571 13.26 Seferihisar 9.53 19.43 12.74 5.26 11.73
Fethiye 10.41 19.45 13.11 5.86 12.21 Silitke 12.90 22.29 16.94 7.74 14.97
Finike 11.37 20.26 14.84 7.62 13.52 Tefenni 4.17 13.74 6.33 -2.38 5.47
Gaziantep 7.60 19.72 7.87 -2.43 8.19 Tekirdag 8.24 18.21 11.70 2.84 10.25
Gazipasa 11.08 20.50 14.98 7.40 13.49 Usak 5.38 14.73 7.72 -0.48 6.84
Iskenderun 11.37 20.26 14.84 7.62 13.52 Yatagan 7.85 17.45 10.13 2.92 9.60
Islahiye 9.99 21.09 13.05 241 11.65 Yumurtalik 12.57 22.08 16.60 7.09 14.58
Isparta 4.47 13.83 5.98 -1.71 5.66
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Figure 3.7. Annual minimum temperature distribution of the region in the baseline period
(1970-2011).
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Figure 3.8. Seasonal minimum temperature distribution of the region in the baseline period

(1970-2011).
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Figure 3.8. (cont’d)
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Figure 3.8. (cont’d)

3.3  Trends in Precipitation and Temperature

3.3.1 Annual Trends

The results of the trend test and the values of Sen’s slope for precipitation and
temperature have been shown in Table 3.6. Z values above 1.96 indicate the
significant trend at 5% level while Sen Slope values represent the magnitude. A
mixed pattern has been observed in precipitation trends but there is no significant
trend detected in precipitation in the baseline period except for the significant
positive trend in Burdur station with 2.188 mm. In general, maximum and minimum
temperature have significant positive trend with the averages of 0.03°C and 0.04°C,
respectively through the region. There is non-significant positive trend and non-
significant negative trend in temperatures of some stations, but those are negligible
for baseline period and need to be checked for future projections. Spatial

distributions of the results have been shown in Figure 3.9.

44



Table 3.6 Annual trend (Z) and Sen’s slope of the precipitation, maximum and minimum
temperatures at the stations in the baseline period. Significant values had shown by bold

and underlined font.

Station Precipitation Tmax Tmin Station Precipitation Tmax Tmin
Y4 Sen Slope z Sen Slope z Sen Slope Z Sen Slope z Sen Slope z Sen Slope
Acipayam 129 2.249 4.64 0.052 5.66 0.062 Izmir 0.15 0.464 2.53 0.032 291 0.023
Adana 0.09 0.292 0.09 0.001 2.60 0.013 Kahramanmaras 1.58 3.289 2.15 0.037 2.64 0.035
Akhisar -0.46 -1.275 4.12 0.03 5.43 0.053 Karaisali -0.44 -0.967 1.02 0.008 1.63 0.012
Anamur -0.15 -0.362 4.12 0.025 6.50 0.066 Karaman -1.18 -1.178 2.67 0.029 2.53 0.025
Antakya 0.61 1.575 235 0.03 271 0.043 Karatas 0.35 1.03 2.98 0.02 4.28 0.036
Antalya 0 -0.047 111 0.021 217 0.06 Kilis -1.2 -1.64 1.48 0.012 235 0.042
Aydin 0.47 0.906 2.30 0.04 4.56 0.039 Kocaeli 0.72 1.175 2.11 0.022 1.05 0.008
Ayvalik -0.06 -0.193 3.45 0.024 4.21 0.032 Korkuteli 1.09 1.199 3.54 0.032 224 0.017
Balikesir -0.14 -0.182 2.23 0.03 -0.97 -0.011 Kozan 0.12 0.25 -1.67 -0.014 5.58 0.06
Bandirma -0.1 -0.183 0.06 -0.0002 4.30 0.037 Kusadasi 0.66 1.282 4.37 0.03 7.06 0.1
Bodrum 03 -0.73 5.81 0.049 4.01 0.039 Manavgat 1.2 4.079 2.46 0.018 3.49 0.026
Burdur 2.12 2.188 2.15 0.038 0.44 0.003 Manisa -1.52 -3.473 3.46 0.03 3.00 0.039
Bursa 0.13 0.19 2.03 0.028 2.46 0.027 Marmaris 0.48 2.051 2.82 0.022 5.45 0.052
Canakkale 0.33 0.686 1.24 0.012 2.28 0.039 Mersin 0.61 1.417 2.12 0.051 1.65 0.092
Ceyhan 163 3.642 -0.08 -0.002 3.94 0.054 Milas -0.19 -0.833 4.64 0.046 6.64 0.072
Dalaman -0.39 -1.552 3.22 0.041 1.2 0.009 Mugla -0.33 -1.242 2.17 0.045 2.89 0.021
Datca 0.98 2,012 5.34 0.044 2.64 0.014 Nazilli 0.57 0.966 2.46 0.024 1.67 0.013
Denizli 0.85 1.255 2.15 0.044 233 0.065 Nigde 1.18 2.371 3.44 0.039 2.80 0.039
Dikili =0:55 -1.18 2.12 0.017 3.81 0.033 Odemis 0.1 -0.361 18 0.015 3.61 0.033
Dortyol 1.74 5.051 4.17 0.031 4.21 0.031 Salihli 0.06 0.061 4.53 0.035 5.07 0.05
Elmali 0.8 1.343 3.83 0.035 4.95 0.032 Samandag 118 3.532 2.95 0.021 3.38 0.024
Erdemli -0.26 -0.532 3.92 0.028 3.34 0.023 Seferihisar 1.36 3.07 3.88 0.045 5.25 0.051
Fethiye 0.93 2444 4.48 0.037 6.44 0.087 Silitke -0.12 -0.326 3.79 0.033 3.65 0.029
Finike 0.95 3.955 3.58 0.029 7.49 0.091 Tefenni 0.64 0.961 4.41 0.044 3.85 0.034
Gaziantep 0.85 1.422 2.94 0.032 4.90 0.056 Tekirdag 1.16 1.886 244 0.031 185 0.027
Gazipasa 0.72 2.067 4.14 0.026 2.24 0.014 Usak 1.04 1.513 2.66 0.03 3.45 0.026
Iskenderun 1.83 2.458 5.00 0.044 7.49 0.091 Yatagan 0.26 0.721 5.74 0.062 158 0.009
Islahiye -0.03 -0.275 2.83 0.033 3.25 0.025 Yumurtalik 1.067 3.121 5.20 0.043 4.30 0.042
Isparta 0.54 0.993 2.55 0.032 2.93 0.05
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Figure 3.9. Spatial distributions of annual trends in precipitation, maximum and minimum

temperature of the region in the baseline period (1970-2011).
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3.3.2 Seasonal Trends

Seasonal trends of precipitation and temperature of the stations in the baseline period
1970-2011 have been presented in Table 3.7. All trend values within the thesis have
been checked at 5% significance level. Spatial distributions of seasonal trends in

precipitation and temperature in the baseline period can be found in Appendix A.

There have been differences observed in the precipitation trends among the seasons
in the baseline period. Mostly decreasing trend has been found in seasons spring,
summer and winter, while increasing trend in autumn. Almost whole trends in
precipitation is non-significant in this region for this period but some stations have
showed significant trends in different seasons. Ayvalik station in spring, 5 stations
(Bandirma, Bodrum, Milas, Odemis and Salihli) in summer had significant

decreasing trend. 4 stations (Elmali, Gaziantep, Korkuteli and Nigde) had significant

Table 3.7 Seasonal trends of precipitation, maximum and minimum temperatures at the
stations in the baseline period 1971-2011. Significance is specified at the 5% level. +, -, s+,
s- and nt indicate positive, negative, significant positive, significant negative and no trend,

respectively.

Precipitation Tmax Trin Precipitation Tmax Trin

mam | uAa | son [ o | mam | wa | son | oF | mAm | wA | son | D mam | ua | soN | oF | mam | wa | son | oF | mam | wa | son | D
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positive trend in autumn and there have been no significant trends in winter. In
summer any trend has not been observed at Acipayam and Finike stations while

Ayvalik station has no trend in winter. (Table 3.7. and Appendix A.).

Maximum temperature trend in the region has increased for all seasons in the
baseline period. In spring season, at 32 stations non-significant and 23 stations
significant positive trend have been observed. Significant positive trends have
placed, especially, through the South Aegean and Mediterranean coasts. 2 stations
(Ceyhan and Kozan) have showed non-significant negative trend in spring season,
while only 1 station (Kozan) in summer season and 5 stations (Adana, Bandirma,
Ceyhan, Karaisali and Kilis) in autumn season. There have been 1 significant
negative trend observed at Kozan station in autumn season. In wintertime, no

negative trend has been found through the region in the baseline period (Table 3.7).

There has been dominantly increasing trend in minimum temperature of the region
in the baseline period. Among all seasons, only 1 station, which is Balikesir station,
have showed significant decreasing trend in terms of minimum temperature in spring
and autumn seasons. Besides, non-significant decreasing trend has been observed at
7 stations (Adana, Burdur, Dalaman, Karaisali, Kocaeli, Nazilli and Yatagan) in
spring, at 1 station (Burdur) in autumn and at 3 stations (Balikesir, Gazipasa and

Nazilli) in winter (Table 3.7).

In brief, precipitation trends have decreased in spring, summer and winter seasons,
while summer precipitation trends have increased. Both maximum and minimum
temperatures have showed significant increasing trend with slight decreasing
exceptions. Non-significant trend values have been checked with future projection

in the following parts of the thesis.
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34 Trends of Climate Indices

3.4.1 Annual Trends

The number of stations with positive, negative and no annual trend in the baseline
period has been given in Table 3.8. and annual trend values of climate indices of the
stations in the baseline period in the Table 3.9. The significant trends for each index
have been specified at the 5% level (values with linear trend value less than 0.05

were determined) and highlighted with blue color in the Table 3.8.

According to those tables, 10 temperature-related indices (SU25, TR, GSL, TXXx,
TNn, TNx, TXn, WSDI, TX90, TN90) have had a positive trend at most stations and
only 3 of them (GSL, TNn, TXn) is non-significant. Other temperature indices (FD,

Table 3.8 The number of stations with positive and negative annual trends in the baseline
period 1970-2011. +, -, s+, s-, nt indicate non-significant positive, non-significant negative,

significant positive, significant negative, no trend, respectively.

Indices + - S+ s- nt Indices + s+ s- nt
FD 10 37 2 8 0 TX10 1 15 0 41 0
ID 10 16 0 0 31 TX90 5 1 50 1 0

SuU25 11 3 43 0 0 TN10 0 1 48 0
TR 3 0 54 0 0 TN9O 6 0 51 0 0
GSL 35 20 2 0 0 cDbD 27 27 0 2 1
TXx 23 5 29 0 0 CWD 32 23 0 0 2
TNn 32 15 10 0 0 R20mm 41 15 1 0 0
TNx 11 0 46 0 0 Rx5day 35 11 10 1 0
TXn 33 11 9 0 4 PRCPTOT 38 17 2 0 0
DTR 11 16 8 21 1 R95p 39 13 5 0 0
WSDI 28 2 27 0 0 R95pTOT 39 12 6 0 0
CSDI 8 32 0 17 0

DTR, CSDI, TX10, TN10) have had a negative trend mostly and trends of DTR,
TX10, TX90 are significant, while ID index had a no trend. Non-significant positive
trend has been observed in all precipitation indices (CWD, R20mm, Rx5day,
PRCPTOT, R95p, R95pTOT) except CDD index. CDD index in 27 stations had a

positive trend and in 29 stations had a negative trend that 2 of them is significant.
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As it can be seen in Figure 3.10., amount of cool days (TX10) and amount of cold
nights (TN10) trends at almost each station are significant negative. TN10 trend is
significant positive at only Balikesir station. Amount of hot days (TX90) and amount
of hot nights (TN90) had increased over the study area in the baseline period. Only
Kozan station had a significant negative trend in TX90 index. Warmest daily
minimum temperature (TNx) and warmest daily maximum temperature (TXx) had
been rising significantly at most stations in the baseline period. Coldest daily
minimum temperature (TNn) and coldest daily maximum temperature (TXn) trends
had relatively mixed pattern, but mostly positive trend has been observed in TNn and
TXn indices in the baseline period (Figure 3.11.). In Figure 3.12., it has been shown
that annual number of days when TX > 25°C (SU25) and annual number of days
when TN > 20°C (TR20) had significant increasing trend mostly. Annual number of
days when TN < 0°C (FD, frost days) had negative trend at most part of the study
area. Annual number of days when TX < 0°C (ID, ice days) indicator had mostly no
trend in the region, especially over the coastal regions. Warm spell duration index
(WSDI) has increased significantly. In contrast, cold spell duration index (CSDI) had
decreasing trend over the study area even if most of it is not significant. Growing
season length (GSL) indicator had positive trend at most stations in the baseline
period. Daily temperature range (DTR) has reduced over the region mostly (Figure
3.13). Intensity indicators, which are PRCPTOT (annual sum of daily precipitation
>= 1.0 mm), Rx5day (maximum 5-day precipitation total), R20mm (annual number
of days when precipitation >= 20 mm), R95p (annual sum of daily precipitation >
95" percentile), had positive trend at most stations although there is a mixed pattern
over the study area (Figure 3.14.). Spatial distributions of the other precipitation
indices (CDD, CWD, R95pTOT) has been shown in Figure 3.15. According to this
figure, the number of stations with positive trend in CWD (maximum annual number
of consecutive wet days (when precipitation >= 1.0 mm)) and RO95pTOT
(contribution from very wet days) indicators is more than the number of stations with

negative trend.
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Table 3.9 Annual trends of the climate indices of the stations in the baseline period 1970-

2011. Significant trends have been highlighted with blue color.

. Indice
Station [ 1D su2s | TR | GSL | TXX | TNN | TNX | TXN WSDI | CsDI | TX10 | TX90 | TN10 | TNSO | CDD | CWD | R20mm | RxSday [PRCPTOT| R95p |R95pTOT|
ACIPAYAM |Linear trend -0.38 -0.053 0.368 0.078 0.752 0.078 0.074 0.086 0.067 -0.016 0.273 -0.128  -0.203 0.274 -0.388 0.345 -1.549 0.02 0.063 0.233 3.062 1.522 0.11
pvalue 0034 0239 0009 0021 006 0001 0064 O 0046 0052 0003 0083 0 ) 0 0 0258 0297 0151 0586 0163 0123 0466
ADANA |Linear trend -0.003 [ 0.032 0.28 -0.016 0.024 -0.005 0.057 0 -0.013 0.022 -0.021  -0.002 0.056 -0.08 0.266 -0.12 -0.002 0.044 -0.225 -0.234  -0.073 0.064
pvalue 0952 NaN__ 0818 0004 0531 0304 0809 0 099 0006 0818 0748 0976 0241 0071 0 0624 091 0376 072 0925 0967 074
AKHISAR |Linear trend -0.299 0.003 0.264 1181 0.033 0.027 0.025 0.082 0.013 -0.016 0.227 -0.015  -0.168 0.202 -0.339 0.278 0.402 -0.015 0.006 -0.431  -0.441 0.2 0.074
pvalue 006 0667 0016 0 088 0232 0337 0 063 0012 0014 0739 0 0001 0 0 023 0273 0895 0245 0802 0846 0611
ANAMUR |"erTed 0009 0 | 0488 1752 -0.002 -0028 0042 0047 0027 0035 0174 0163 023 0246 049 0471 0297 0023 0038 0738 0219 -0016 -0.012
pvalue 0161 NaN 0 0 0735 0142 0038 0011 031 0 0055 0027 0 ) 0 0 0394 0244 0562 0233 0947 0993 0945
ANTAKYA |Linear trend -0.199 [ 0.347 0.49 0.194 0.017 0.044 0.052 0.052 -0.014 0.211 -0179  -0.218 0.152 -0.279 0.417 0.307 0.017 -0.016 1.465 1344 2221 0.169
pvalue 0037 _NaN__ 0003 0 0095 0539 0064 O 0037 0028 0033 006 O 0004 O 0 0369 0577 0811 0175 0718 0339 0221
ANTALYA |Linear trend -0.019 [ 035 0.805 -0.023 0.025 -0.01 0.044 0.001 -0.006 0.117 -0.073  -0.112 0.176 -0.221 0.183 -0.548  -0.039 -0.038 -0.053 -2.146 0.766 0.007
pvatue 069  NaN 0016 002 0476 0208 0669 0074 0962 0731 0242 0432 0055 0001 0051 0095 0213 0113 050 0966 0663 0779 0965
AYDIN |Linear trend -0.087 [ 0.392 1225 -0.002 0.056 0.03 0.053 0 -0.001 0.169 -0.077  -0.156 0.23 -0.21 0.305 0.375 0.001 0.048 0313 0.75 1.552 0.212
pvalue 0353  NaN 0002 0 0977 001 0073 0001 099 0887 0054 025 0 ) 0 0 019 0978 0228 038 0699 0198 0181
AVVALK |Linear trend -0.053 0.005 0.224 1.068 0.061 0.049 0.049 0.058 0.004 -0.007 0.244 -0.062  -0.088 0.229 -0.204 0.27 0.035 -0.026 0.007 0.696 -0.613 0.158 0.021
pvalue 05 0277 0032 0 05 0021 003 0001 0877 0173 0007 0253 0053 0O 0 0 0935 0313 085 0124 0766 0898 0886
BALIKESIR |Linear trend 0.519 0.023 0.425 0.391 -0.378 0.075 -0.048 0.045 -0.019 0.048 0.165 0.053 -0.045 0.211 0.178 0.041 0.484 -0.017 0.011 0.024 0.625 0.231 0.019
pvatue 002 0392 0011 0003 0361 001 033 0003 053 0002 0006 035 037 0001 0041 0523 0084 039 0813 0939 0698 0829 0906
BANDIRMA |Linear trend -0.11 0.024 0.232 1.052 0.18 -0.01 0.009 0.078 -0.01 -0.031 0.043 0.008 0.021 0.108 -0.202 0.337 033 0.012 -0.024 1.06 0.571 0.888 0.057
pvalue 039 0419 01 0 05% 0745 0817 0 07 0 0494 0862 0741 0015 0 0 017 0639 06 0108 0784 0581 0721
BODRUM |Linear trend -0.02 [ 0.551 0.96 0.002 0.072 0.035 0.068 0.058 0.008 0337 -0.066  -0.269 0.38 -0.253 0.338 0.066 0.022 0.05 0.204 0.041 -0.017  -0.019
pvatue 0357 NaN 0 0 092 0004 016 0001 0029 0087 0003 0371 0 ) 0 0 0838 0504 0306 0592 0986 0992 0922
BURDUR |Linear trend 0.107 -0.063 0.266 0.261 0.389 0.059 -0.029 0.032 0.016 0.027 0.275 0.008 -0.096 0.306 -0.048 017 -0.376 0.019 0.039 0.78 2.262 1.466 0.19
pvalue 0618 0204 0024 0 0304 0001 025 002 0555 0 0005 0924 0038 0 0362 0004 0214 0244 0082 0002 0036 0042 0154
BURSA |Linear trend 0.072 -0.006 0.289 0.528 -0.058 0.016 0.032 0.07 -0.001 -0.004 0.137 0.05 -0.054 0.129 -0.177 0.211 0.05 0.011 0.035 0.079 1.839 1.632 0.129
pvatue 0655 0794 0044 0 0858 0534 0495 0 0985 0482 0023 0442 0259 0009 _ 0.001 0 0816 0607 0362 0779 0307 0226 0297
CANAKKALE |Linear trend -0.044 0.035 0.074 1.156 -0.112 0.021 0.008 0.076 -0.05 -0.027 0122 -0.073  -0.024 0.111 -0.207 0.287 0.059 -0.026 0.04 1.029 0.806 2.241 0.396
pvalue 0681 0062 0562 0 0593 0288 0773 0 007 0 0107 0206 0614 0051 0 0 0833 0158 0322 0022 066 0063 0012
CEVHAN |Linear trend -0.202 [ -0.001 1.513 0.01 -0.012 0.03 0.06 -0.003  -0.064 -0.06 -0.148  -0.012  -0.084 -0.34 0.495 -0.159 0.03 0.068 1.062 3.468 3.497 0.418
pvalue 0171 NaN__ 0994 0 0892 064 0243 0001 0919 0 0514 0181 0866 0139 0 0 0598 0164 0173 0047 0106 0006 _ 0.004
DALAMAN |eTed 0036 0 0506 047 0028 -0005 0021 00l 0061 0019 0065 -0033 0237 0163 0151 0048 0157 0016 -0.022 0423 079 -0058 0084
pvatue 0205  NaN 0004 0004 0338 0863 0264 0627 004 0101 039 058 0 0027 0019 0301 0666 0458 0746 0482 0813 0974 0573
oaTcA |TerTend 0001 0 064 0491 0009 0063 -0.005 0088 0004 003 0165 -0012 -0.224 0398 -0105 0211 0223 001 0027 0943 189 3126 0397
pvatue 0909 NaN 0O 0001 0712 0007 086 O _08% 0 0092 0832 0 0 003k 0 0606 0738 0572 0091 0402 001 _ 0014
DENIZU |Linear trend -0.417 0.004 0.361 1572 0.422 0.068 0.053 0.092 0.005 -0.017 0.464 -0.188  -0.136 0.328 -0.369 0.385 0 0 0.045 0.096 1422 0319 0.003
alve 0007 0602 0001 0 0078 0001 0054 O 081 0008 0 _ 0001 0002 0 0 0 10988 0221 0779 0328 0694 0978
i |erved 0048 0005 0026 1375 0013 | 0065 0034 005 0013 002 0039 009 -0052 014 0197 031 018 0003 0004 0143 -0091 0861 0063
alve 0592 0277 0839 0 0902 0004 016 0 0628 0014 0465 0157 0223 0006 0.001 0 0661 0892 093 0711 0965 0464 0672
DORTYOL |Linear trend -0.063 0 0.492 0.554 0.014 0.018 0.03 0.044 0.024 -0.005 0.149 -0.058  -0.244 0.195 -0.214 0.317 0.07 -0.012 0.092 0.94 3.376 1772 0.079
alue 0238 NaN 0 O 0608 0442 0178 0 0246 0388 0088 035 0 0 0 0 0737 0609 0076 0018 0172 0274 0558
ELMAU |Linear trend -0.2 -0.054 0177 0.034 0.549 0.046 0.096 0.017 0.048 0.003 0.165 -0.074  -0.126 0.2 -0.187 0.171 -0.052 -0.002 0.014 0.157 1.086 0.161 -0.016
pvalue 0295 0224 0208 0071 0169 0007 0013 0262 0176 0682 014 0481 004 _ 0001 0001 0 0851 0921 0676 0658 05 0882 0929
ERDEMLI |Linear trend -0.035 0 0.454 0.68 -0.014 0.007 0.011 0.049 0.017 0.002 0.168 -0.088  -0.284 0.18 -0.17 0.254 -0.819 -0.015 -0.01 0.826 -0.034 0.36 0.12
value 0478 NaN 0 O 0571 0785 0587 0 0285 0766 011 0239 0 0003 0008 0 0021 0441 0823 0193 0988 08 0557
FETHIVE |Linear trend -0.144 [ 0.509 2.387 0.025 0.036 0.078 0.104 0.035 -0.051 03 -0.219  -0.207 0.369 -0.478 0.544 -0.128 -0.02 0.094 0.277 3.138 2.504 0.198
pvalue 0002 NaN ) 0 0165 0121 0 0 015 0 0004 0001 0 ) 0 0 075 0337 0149 0578 0276 0081 0162
ANKE |erved 0009 0 | 0363 2518 0009 0049 0058 0113 001 0064 0182 | 035 0076 0224 0627 059 035 0011 012 172 5162 3792 023
pvalue 0278 NaN 0004 0 0241 001 0006 O 057 0 0103 0 0005 0 0 0 0482 0674 0101 0078 0173 0145 0236
GAzZiANTEp |eMVed 0764 0034 0161 0788 0648 0037 33101 0042 0034 0158 0239 019 0152 0214 0416 0364 -025 001 005 0427 1809 136 0187
pvalue 0002 0121 0105 0 0074 0041 0092 0006 0241 0141 0065 0032 0011 0004 O 0 0503 0712 015 0075 0299 0182 023
GAZIPASA |Linear trend 0.02 [ 0.308 0.788 -0.007 0.048 -0.017 0.03 0 0.015 0123 0.008 -0.219 0.202 -0.103 0.127 0.154 0.022 0.107 -0.029 1.676 0.287 0.022
pvalue 0048 NaN__ 0004 0 0273 0017 0515 009 1 0003 0177 087 0 O 0106 0004 0666 0231 0081 0957 0564 086 089
|Linear trend -0.009 ] 0.622 2518 -0.005 0.043 0.058 0.113 0.021 -0.046 0.298 -0.35 -0.326 0322 -0.627 0.59 -0.24 -0.03 0.067 0.905 2.788 1.875 0.163
pvalue 0278 NaN 0 0 0652 0052 0006 0 032 0 o008 o0 0 0 0 0 0387 0245 0078 003 0081 0103 0277
\SLAMIvE |"eTd 0003 0 0275 0845 0205 008 002 0062 002 0005 0287 002 0046 0232 0175 029 0491 0011 0013 0178 093 0178 0027
atve 0988 0942 0039 0 0495 0005 0416 0 041 0548 0068 0873 0021 0001 0012 0 0188 0737 0845 0689 0738 0902 _ 0.867
\spARTA |eUed 0079 0031 0201 0055 0507 0078 0058 0054 0023 0018 0189 0023 -0072 0% -0293 0191 019 0003 -0006 033 0736 013 -0042
atve 07 0628 0151 0045 0268 0001 0146 0002 048 0017 002 0669 0146 0 O 0001 0396 0804 0849 0257 0649 0904 0786
ZwiR |erved 0059 0 0273 071 0017 0023 0023 0041 0015 | 0 0223 0062 0124 0209 019 0203 005 0015 0027 009 1423 062 0033
pvalue 0272 _NaN__ 0016 0 0765 0285 0288 0024 0552 0962 0002 0346 0004 0 0001 0001 0874 0406 0593 0963 0547 0651 0827
K.MARAS |Linear trend -0.321  -0.008 0.276 0.79 0.303 0.072 0.012 0.042 0.025 0.001 0.238 -0.155 -0.136 0.288 -0.293 0.313 0.025 0.016 0.086 0.89 3.212 1.988 0.206
pvalue 0107 0295 0005 0 0333 0002 0659 0012 0337 0857 0092 0029 0011 _ 0 0 0 0952 0316 0094 0007 0138 007 0131
KARAISALI |Linear trend -0.011 0 0.21 0.479 0.024 0.008 -0.015 0.01 0.049 -0.003 0.093 -0.062 -0.121 0.057 -0.062 0.178 -0.451 0 -0.014 -0.36 -1.957 -1.681 -0.146
pvalue 0778 _NaN 0141 0003 0477 0763 0571 0642 0046 0705 042 0224 _ 005 0307 0297 0001 _ 0141 1 0793 0652 0519 0394 0364
KARAMAN |Linear trend 0.014 -0.046 0.467 0.107 0.5 0.043 -0.025 0.063 -0.048 0.006 0.252 -0.105  -0.108 0.265 -0.176 0.183 0.418 -0.015 -0.022 -0336 -1.087 -0.504 -0.071
pvalue 0946 0771 0001 0 0293 001 0684 O 025 0379 0033 0148 0031 0 O 0001 0181 0364 0262 0069 0197 0342 0602
KARATAS |Linear trend -0.021 [ 0.416 0.547 -0.021 0.006 0.024 0.033 -0.032  -0.019 0.146 -0.071 -0.2 0.147 -0.256 0.435 0.048 0.04 0.036 1.284 1.918 2.366 0.279
pvalue 0592 NaN 0001 0 0394 0825 0248 0001 02 0009 0042 019 0016 0002 O 0 0893 0195 053 0108 0516 0208 0.104
us  |Merved 0315 0002 002 095 0304 005 0071 007 002 0023 0225 0241 -0081 012 -0312 0203 -0408 0003 -0017 0018 -1406 0723 -0059
value 0058 0612 0847 0 02 0014 0022 0004 038 0011 0084 0003 011 0063 0 0 0268 0876 0625 0932 0378 0427 0699
KOCAELI |Linear trend 0.043 -0.009 0.538 0.597 0.104 -0.003 0.001 0.041 0.014 0.013 0.135 0.016 -0.077 0.197 -0.088 0.159 0.193 0.015 0.018 -0.666 1.605 0.605 0.015
pvalue 0698 0451 0 O 0645 0923 0983 0001 0488 0014 0154 0872 0113 0 0093 0004 0157 0446 0694 0246 0368 0646 0902
KORKUTEL! |Linear trend 0.168 -0.03 0312 0.036 0.827 0.048 0.028 0.012 0.03 0.02 0.305 -0.048  -0.094 0.266 -0.123 0.099 -0.19 0.008 0.02 0.664 1.808 1.069 0.16
pvatue 041 0325 005 0167 0049 0008 0394 0474 0356 0008 0016 0351 0056 O 0019 0058 0495 0616 0485 0078 0153 0185 0301
\ozan |Merved 0063 0 0006 1212 002 0002 0049 0021 0019 0074 0149 035 0026 0119 -0.404 0385 003 002 0027 035 0517 0239 007
value 0096 NaN 0514 0 0568 0944 0018 0354 0421 0 0112 0002 0697 0043 0 0 0887 03 0615 0502 0823 0866 0631
Usapas) [T 0274 0 035 2333 0006 0077 0082 009 0037 -0069 0089 0132 -0.201 0184 -0561 0557 0436 -0.019 0003 0634 1037 189 0316
pvalue 0001 NaN 0013 0 0915 0003 0 0 02 0 0062 0026 0 0 0 0 0318 0393 095 015 0606 0119 0049
MANAVGAT|MeUed 0005 0 0252 1065 -0013 0025 O 0084 0016 0.009 0018 0081 -0233 0088 -0255 0159 -0199 0051 0087 0614 4111 3332 0224
value 0696 NaN 0044 0 0445 0278 0985 0002 0533 019 08 0299 0 0051 0002 0002 06 0052 0224 0358 0278 0092 0127
MANISA |Perved 0137 0005 0253 113 0218 0019 0019 0067 -0015 0.009 0297 0014 -0085 0207 -0235 0255 0361 0021 -0079 0191 -1785 -075 -0052
pvalue 0286 0251 0038 0 0281 0362 0427 O 0549 0068 0001 08 0028 0 0 0 0277 0337 0071 065 0404 0574 0722
MARMARS | 0002 0 0315 143 0008 004 0003 0055 0028 -0029 0201 0145 0121 0212 0368 0293 -0.03 0009 002 0893 101 2657 0.179
pvalue 0916 NaN 0007 0 0713 0113 0876 0004 0299 0 0005 0007 0007 _ 0 0 0 0943 0738 0745 0348 0731 0288 034
MERSIN |Linear trend -0.125 [ 0.758 1.582 -0.005 0.06 0.089 0.063 0.047 -0.04 0.723 -0.546  -0.316 0.529 -0.715 0.606 -0.44 0.018 0.021 1.033 1414 1.864 0.243
pvalue 0001 NaN 0 0 o077 0004 0 0 o018 0 ) 0 0 0 0 0 0274 0378 0652 0078 0507 0129 0125
Mitas |erved 0282 0 | 0562 1579 0008 0082 0073 0041 0063 -0026 032 0206 0197 0369 055 0233 0201 0007 0029 0362 -0.743 1487 -0.204
value 0001 NaN 0 0 085 0 0 0071 0007 0 0005 0017 0 0 0 0 0541 077 0528 021 074 0201 0149
MUGLA |Peved 0004 0007 | 042 0711 0284 0071 0013 0047 0041 | 0025 038 006 -0.18 0301 -0129 0114 -00%5 0014 0004 0278 -095 -109 -0056
pvalue 0981 02 0001 0 0244 O 0558 0019 0149 0 0001 025 0 O 0008 0013 0751 0558 0952 0653 078 0558 066l
NAZILLI |Linear trend 0.179 [ 0.086 0.907 -0.003 0.03 -0.009 0.048 0 -0.001 0.291 -0.027  -0.088 0.155 -0.139 0.063 -0.07 -0.015  -0.014  -0.147 0.829 -0.038  -0.017
pvalue 0225 NaN 0427 0 0984 0202 072 0013 099 092 0019 0553 0092 0025 0081 0162 0845 0513 0727 0696 0643 0969 0907
NiGDe |rved 0415 -01a1 | 0643 0072 0565 005 0006 0073 0001 0003 | 0277 -0051 0.043 0285 0217 0289 0755 003 | 0055 038 2478 1567 0318
value 006 0391 0 0001 017 0003 089 0 097 0598 0025 02 0004 0O 0 0 0004 0052 0002 0065 0006 0008 004
ODEMIS. |Linear trend -0.252 0 0.117 0.295 0.155 0.057 0.036 0.055 -0.001 -0.017 0.114 -0.094  -0.108 0.166 -0.256 0.257 0.473 0.013 -0.016 -0.532 -0.847 -1.06 -0.14
pvalue 0173 _NaN_ 0303 0 0242 0029 0095 0008 0984 0051 0187 0078 0025 0009 O 0 0179 0561 065 0161 0605 0241 0314
SALIHLI |Linear trend -0.083 0.006 0.286 1357 0.257 0.043 -0.013 0.084 0.012 -0.016 0.248 -0.135 -0.14 0.181 -0.282 0.316 -0.025 0.002 0.008 -0.488  -0.209 0.121 0.007
value 0658 0319 0016 0 0295 0059 0673 0 0671 0019 0001 0018 0001 0001 0 0 093 0884 0756 0047 0855 0876 0961
|Linear trend -0.008 [ 0.374 0.366 0.001 0.017 0.003 0.039 0.052 -0.006 0.213 -0.109 -0.149 0.194 -0.158 0.412 0.379 0.029 0.051 0.526 3.312 2.903 0.234
pvalue 073 NaN 0004 0 093 0565 0894 0 0033 0272 0054 0099 0055 0002 0005 0 0259 0228 0344 0395 0203 0118 0.146
unearvena  -0.158 0 0615 1111 0088 0069 0037 0041 0055 -0001 0308 0145 -0.225 0319 -0318 0224 0311 0014 0067 1018 3715 2872 0276
value 0166 NaN 0 0 0413 0008 0076 0019 0041 0862 0 0019 0 ) 0 0 052 0514 0074 0049 0059 006 _ 0.148
GuURke |TVed 0033 0 | 0343 0795 001z 003 0009 0027 0022 0005 0234 -00% 0473 0275 0239 0271 0066 -0002 0003 102 0528 1416 0201
value 0082 NaN 0017 0 074 0168 0735 0128 04 0453 0061 0314 002 ) 0 0 0875 0886 0944 0085 0812 0206 0222
TeEnmi |eEed 02 004 0484 0006 0973 007 005 0014 0033 0012 0167 0151 -0155 0225 022 015 0131 0013 0011 0301 082 081 0134
pvalue 0262 0608 0002 0152 0048 O 0122 029 0371 0074 0064 0012 0001 0 O 0004 0565 0522 074 0287 0582 0421 029
TEKIRDAG |Meed 0029 0036 069 0783 0145 0042 -0002 0047 -0026 0003 0139 0035 -0109 0222 -0139 0227 -0185 0009 0041 | 1204 2453 3823 052
pvalue 0818 0141 0 O 0583 0067 0952 0002 0299 0381 0139 0671 0029 O 0014 0 0302 0628 0127 0003 0146 0002 0
USAK |Linear trend -0.124  -0.036 0.401 0.091 0.699 0.044 0.003 0.059 0.047 0.008 0.29 -0.019  -0.099 0.224 -0.136 0.197 -0.265 0.01 0.015 0.189 0.715 1.136 0.204
value 0502 0436 0005 0006 0088 0022 0917 0004 0084 019 0006 0731 0007 0 0002 0 0271 066 062 0369 0541 0109 0092
VATAGAN |Mev¥ed 0186 0003 0518 0231 01 | 0101 0003 0013 005 005 0576 001 | 0261 0443 0028 0066 0098 0.03 003 | 0655 1049 0787 0055
value 0309 022 0O 0023 059 0 0879 0557 0072 0 o osn 0 O 0563 0095 0787 0231 0537 0022 0598 0463 0701
unearvena 0,038 0 0.662 0809 0013 0021 0026 0051 002 0002 0168 0144 -0327 0295 0271 0407 0212 001 0066 1629 3086 208  0.191
pvalue 0265 NaN 0 O 0466 0328 0264 0 0428 0641 0138 0047 0 ) 0 0 0501 0651 0244 002 0262 0268 0272
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Figure 3.10. Annual trends of percentile-based indicators (TX10,

the baseline period 1970-2011.
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Figure 3.11. Annual trends of absolute indicators (TNN, TNx, TXn, TXx)in the baseline

period 1970-2011.
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Figure 3.12. Annual trends of threshold indicators (FD, ID, SU25, TR20) in the baseline
period 1970-2011
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Figure 3.13. Annual trends of duration indicators (WSDI,
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Figure 3.14. Annual trends of intensity indicators (PRCPTOT, Rx5day,

the baseline period 1970-2011.
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Figure 3.15. Annual trends of other precipitation indicators (CDD, CWD, R95pTOT) in
the baseline period 1970-2011.
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3.4.2

Seasonal trends of climate indices have also been examined and the number of

Seasonal Trends

stations with positive and negative trends has been shown in Table 3.10. Spatial

distributions of seasonal trends of climate indices have been given in Appendix B.

According to the table, 8 temperature indices (SU25, TR20, TXx, TNn, TNx, TXn,

TX90, TN90) had a positive trend in spring season. In DTR index, the number of

stations with negative and the number of stations with positive trends are almost the

same in spring season. In this season, trends of CDD and Rx5day indicators have

Table 3.10 The number of stations with positive and negative seasonal trends in the

baseline period 1970-2011. +, -, s+, s-, nt indicate non-significant positive, non-significant

negative, significant positive, significant negative, no trend, respectively.

Indice | Season + - s+ s- | nt Indice | Season + - s+ s- nt
MAM 4 45 0 5 B MAM 3 40 0 14 0

D JA 0 0 0 0 57 ™10 JIA 0 4 0 53 0
SON 8 28 0 2 19 SON 14 27 1 15 0

DJF 8 40 2 7 0 DJF 12 44 0 1 0

MAM 3 13 0 1 40 MAM 33 4 20 0 0

D JA 0 0 0 0 57 @90 JIA 9 2 46 0 0
SON 7 0 0 0 50 SON 28 2 26 1 0

DJF 8 18 1 0 30 DJF 15 0 42 0 0

MAM 34 5 18 0 0 MAM 6 19 0 32 0

SU25 JA 17 2 38 0 0 TN10 JIA 0 0 0 57 0
SON 37 9 11 0 0 SON 2 13 0 42 0

DJF 22 2 6 0 27 DJF 9 36 1 11 0

MAM 30 4 13 0 10 MAM 26 3 28 0 0

TR20 JA 0 0 57 0 0 TN9O JA 1 0 56 0 0
SON 15 0 35 0 7 SON 8 0 49 0 0

DJF 2 0 0 0 55 DJF 38 5 14 0 0

MAM 41 12 3 0 1 MAM 34 23 0 0 0

™"« JA 19 2 36 0 0 DD JA 28 29 0 0 0
SON 41 3 12 1 0 SON 19 35 0 2 1

DJF 17 0 40 0 0 DJF 46 11 0 0 0

MAM 30 3 24 0 0 MAM 18 38 0 1 0

NN JA 0 0 57 0 0 WD JA 11 40 0 6 0
SON 21 5 31 0 0 SON 47 5 4 0 1

DJF 30 18 8 1 0 DJF 26 26 2 2 1

MAM 24 4 29 0 0 MAM 23 32 0 2 0

TNX JA 2 1 54 0 0 R20mm JA 28 23 2 2 2
SON 22 0 35 0 0 SON 37 12 5 0 3

DJF 36 2 18 0 1 DJF 39 14 1 0 3

MAM 40 1 15 0 1 MAM 29 25 0 2 1

™@n JA 3 0 54 0 0 RxSday JA 18 33 1 4 1
SON 33 15 9 0 0 SON 45 4 8 0 0

DJF 36 17 2 0 2 DJF 34 21 2 0 0

MAM 22 18 7 10 0 MAM 22 33 0 1 1

DTR JA 8 17 13 19 0 PRCPTOT JA 16 33 0 6 2
SON 8 19 4 25 1 SON 48 4 5 0 0

DJF 25 17 6 9 0 DJF 34 20 1 0 2
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increased while trends of CWD, R20mm and PRCPTOT indicators have been
decreasing. FD, TX10 and TX90 indicators have decreasing trend and ID has no
trend at most stations in spring season in the baseline period. TNn, TNx, TXn, TXXx,
SU25 and TR20 have increased at most stations in summer season. TNx at Dalaman
station, TXx at Kozan and Ceyhan stations, SU25 at Canakkale and Dikili stations
have showed decreasing trend in summer season of baseline period but they are not
significant trends. FD and ID indicators had no trend at any stations in as can be seen
in Appendix B. While TN10 and TX10 have decreased significantly at all stations,
TN90 and TX90 indices have showed positive trend through the region during
summer season (except TX90 at Ceyhan and Kozan stations). Precipitation indices
have showed decreasing trend in summer generally, but R20mm index had mostly
positive trend. And, the number of stations with positive trend and the number of
stations with negative trend are almost the same in summer season. Autumn trends
of TNn, TNx, TXn, TXx, SU25 and TR20 indices have increased at most stations in
the baseline period. Especially, most of the trends of TNn, Tnx and TR20 are
significant. There has been negative trend observed in autumn season in FD, TN10
and TX10 indices of most of the stations, while there has been no trend for ID index.
And, TN90 and TX90 indices have increased significantly (except negative trend of
TX90 index at Kozan, Karaisali and Ceyhan stations.). In autumn season, DTR and
CDD indices have reduced at most stations. CWD, Rx5day, R20mm and PRCPTOT
indicators have showed increasing trend, even if they were not significant mostly.
TNn, TNx, TXn and TXx have showed increasing trend in winter season mostly. But
there has been a significant negative trend in TNn index of Balikesir station. No trend
has been observed in SU25 and TR20 indices in this season of the baseline period.
While FD, TX10 and TN10 indicator have decreasing at most stations, TN90 and
TX90 indices have showed positive trend during winter season. FD index had
significant positive trend at Balikesir and Gazipasa stations, and TN10 index at
Balikesir station. There has been no trend of ID index mostly over the region. Winter
trends of DTR, CDD, Rx5day, R20mm and PRCPTOT indicators have increased in

the baseline period. In CWD index, the number stations with positive trend and the
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number of the stations with negative trend are the same in winter season. Summary
of annual and seasonal trends of climate indices in the baseline period has been

provided in Table 3.11.

Table 3.11 Annual and seasonal trends of climate indices in the baseline period. N

denotes negative trend, <> denotes no trend, A denotes positive trend.

Category Indices | Annual | Spring | Summer | Autumn | Winter
b TX10 N N N N N
—_ wv
£33 8 [ X0 2 2 2 2 2
< o
g5 2 TN10 N N N N N
o TN9O 2 2 2 2 2
TXx A A 2 A A
()
8 = TNn 2 2 2 2 2
i 2 2 TNx 2 7 2 2 2
o TXn A A 2 2 2
>
£ - FD N N < N N
g 28 ID N N o N N
K] £ 2 su25 2 2 2 2 ©
=
TR A A 2 A <
S GSL 2 NA NA NA NA
S g
S WSDI 2 NA NA NA NA
>3 C
a = CsDI N NA NA NA NA
Other index DTR N A N N d
o - R20mm 2 N 2 2 2
Z
§ G g Rx5day 2 2 N 2 2
= - PRCPTOT| A N N 2 2
-.% B R95p 2 NA NA NA NA
=1 5 8 CDD 2 2 N N 2
2 £ £ CWD 2 N N 2 2
&= = R95pTOT| A NA NA NA NA

3.5 Future Projections

Future projections of all analyses have been made for 2011-2050 time period. The
appropriate models for precipitation and temperature that has been determined in
Section 3.1 have been used to estimate future situation in terms of precipitation,

temperature and climate indices by the middle of the 21% century.
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3.5.1 Spatial Distributions of Precipitation and Temperature

For this thesis, 8 model couplings have been examined in Section 3.1 and the best
fitted models have been selected for the analyses. To see the differences between the
models, summary tables have been constructed. Annual and seasonal projected
values of region-averaged precipitation, maximum and minimum temperature and

their percentage change compared to baseline period have been shown in Table 3.12.

Table 3.12 Annual and seasonal projected values of region-averaged precipitation,
maximum and minimum temperature and their percentage change in comparison to

baseline period.

Future Projection

Baseline
mm)
(mm) 1-1 | %change 2-1 |%change 2-2  |%change 3-1 |%change 3-2 |%change 3-3  |%change 4-1 |%change 4-2  |%change

Annual 697.60 775.25 11.13% | 798.70 | 14.49% | 892.10 | 27.88% | 742.76 6.47% 764.86 9.64% 715.15 2.52% 804.46 | 15.32% | 718.21 2.95%

Spring 165.88 199.41 | 20.22% | 192.31 | 15.93% | 232.87 | 40.39% | 191.36 | 15.36% | 187.77 | 13.20% | 178.82 7.80% 170.85 3.00% 168.19 1.39%

Summer 33.53 52.61 56.92% 59.65 77.90% | 104.04 | 210.31% | 58.89 75.66% 55.00 64.04% 38.46 14.70% 69.67 | 107.81% | 42.45 26.62%

Autumn 165.35 | 154.72 | -6.43% | 181.12 | 9.54% | 211.21 | 27.74% | 185.69 | 12.30% | 173.45 | 4.90% | 174.77 | 570% | 262.18 | 58.56% | 166.15 | 0.49%

Winter 327.16 | 369.38 | 12.91% | 357.68 | 9.33% | 343.55 | 5.01% | 303.67 | -7.18% | 345.14 | 5.50% | 319.94 | -2.21% | 302.57 | -7.51% | 340.90 | 4.20%

Future Projection

Tmax (°C) | Baseline
1-1 |% change 2-1 |% change 2-2  |%change 3-1 |%change 3-2 |%change 3-3 |% change 4-1 |% change 4-2  |% change

Annual 22.27 2248 0.93% 22.44 0.75% 22.47 0.91% 23.17 4.03% 23.76 6.70% 23.31 4.69% 22.86 2.65% 22.89 2.78%

Spring 20.51 21.09 2.84% 20.34 -0.80% 20.45 -0.28% 21.45 4.59% 2217 8.08% 21.69 5.75% 21.65 5.54% 21.44 4.55%

Summer 31.67 32.26 1.87% 32.19 1.65% 32.26 1.89% 32.80 3.59% 33.28 5.10% 33.07 4.42% 32.44 2.43% 32.37 2.24%

Autumn 24.20 24.40 0.82% 24.92 2.95% 24.75 2.25% 25.07 3.59% 25.61 5.81% 25.08 3.62% 2417 | -0.15% | 24.59 1.61%

Winter 12.70 12.18 | -4.09% 12.34 | -2.84% 12.46 | -1.96% 13.42 5.62% 13.99 | 10.15% | 13.54 6.56% 13.21 4.01% 13.21 3.94%

Future Projection

Tmin (°C) | Baseline
1-1 |% change 2-1 |% change 22 |%change 3-1 |%change 3-2 |%change 3-3 |% change 4-1 |% change 4-2  |% change

Annual 1136 12.01 5.75% 11.81 3.96% 12.05 6.08% 12.45 9.59% 13.14 15.66% 12.67 11.54% 12.51 10.13% 12.35 8.72%

Spring. 9.56 10.50 9.81% 9.55 -0.15% 9.88 3.33% 10.42 9.02% 11.24 17.52% 10.71 11.99% 10.60 10.90% 10.52 10.05%

Summer 19.41 20.35 4.82% 20.15 3.80% 20.32 4.67% 20.74 6.85% 2133 9.89% 21.08 8.59% 21.00 8.17% 20.57 5.95%

Autumn 12.48 13.11 5.01% 13.46 7.80% 13.77 | 10.32% | 13.74 | 10.07% | 14.34 | 14.91% | 13.87 | 11.09% | 13.52 8.33% 13.40 7.38%

Winter 3.98 4.13 3.83% 4.14 4.09% 4.27 7.13% 4.99 25.38% 5.65 41.81% 5.14 29.00% 4.98 24.97% 4.97 24.70%

According to Table 3.12, -considering the best models for precipitation and
temperature- it can be said the both precipitation and temperature will show

increasing by the middle of the century.
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Annual precipitation distribution of the region based on the best fitted model (Model
3-2) determined in Section 3.1.1 have been shown in Figure 3.16. According to this
figure, maximum precipitation amounts will be observed in southwestern part of the
region, at Bursa and Kocaeli stations and in western Mediterranean coast in 2011-
2050 in annual. On average, 764.86 mm annual precipitation will occur through the
region and individually, maximum precipitation amount is expected to be observed
at Korkuteli station with 1525.58 mm while the minimum is at Karaman station with
359.28 mm. For maximum and minimum temperature Model 4-2 has been
determined as the best model in Section 3.1.2. Annual region-averaged maximum
temperature will be 22.89°C based on this model. Manavgat, Antalya, Gazipasa
stations and stations around Adana will be warmer parts of the region annually in
this period. Maximum temperature will take the highest value at Manavgat station
with 26.92°C and the lowest will be 14.85°C at Korkuteli station. The stations
Elmali, Korkuteli, Bursa, Nigde, Kahramanmaras and Karaman will experience
lower values of annual average of maximum temperature (Figure 3.17). Annual
average of minimum temperature distribution in the 2011-2050 has been presented
in Figure 3.17. Annual region-averaged minimum temperature is projected to be
measured as 12.35°C. Lower annual minimum temperature values will be seen at the
stations Bursa, Usak, Elmali, Korkuteli, Karaman, Nigde and Kahramanmaras.
Higher values will be experienced at the stations Anamur, around Karatas and
Antakya stations. The highest and the lowest minimum temperature will be observed

at Karatas station with 17.71°C and at Korkuteli station with 3.53°C, respectively.
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Figure 3.17. Annual maximum and minimum temperature distributions of the region in the

2011-2050.
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Figure 3.17. (cont’d)

Seasonal distributions of precipitation, maximum and minimum temperature have
been given in Appendix C. In spring season, the higher amount of precipitation is
expected to be observed at Bursa, Kocaeli, Korkuteli, Kozan, Islahiye, Mugla and
Yatagan stations based on Model 3-2. The stations Canakkale, Gazipasa, Anamur,
Silifke, Erdemli and Mersin will have a drier season. While region average of
precipitation is 187.77 mm in spring, maximum precipitation will be measured at
Korkuteli with the value of 438.82 mm and Erdemli station will have the lowest
value as 74.11 mm in this season. Average maximum temperature in spring is
expected to be 21.44°C. According to the average maximum distribution in the
spring season, the stations within Adana city will be experiencing higher
temperatures while Bursa, Tekirdag, Elmali, Korkuteli and Nigde stations will be
having lower temperatures. The projected highest and lowest maximum temperature
values for this season are 25.13°C at Ceyhan station and 13.15°C at Korkuteli station,
respectively.

In spring, average minimum temperature will take the value of 10.52°C. Higher

minimum temperature values will be observed at Anamur, Samandag, Antakya and
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stations within Adana city. Bursa, Tefenni, Isparta, Korkuteli, Nigde, Karaman and
Kahramanmaras will be cooler than other stations. The highest and the lowest values
of minimum temperature will be measured as 15.56°C at Karatas station and 2.02°C

at Korkuteli station.

Bursa, Kocaeli and Korkuteli stations will take precipitation above the average in
summer season -which is 55.00 mm- according to 2011-2050 projection. Aegean
coast and the stations Gazipasa, Anamur, Silifke, Erdemli and Mersin will be drier
part of the region in this period. Average maximum temperature will be 32.37°C in
summer. Maximum temperature will reach to greater degrees at stations Denizli,
Milas, Gaziantep, Manavgat and the stations within Aydin city during season. The
greatest maximum temperature will be observed at Milas station with the value of
36.26°C. Higher minimum temperatures will be seen at the stations within Adana
city. The average of minimum temperature in summer season will be 20.57°C and

the lowest at Korkuteli station with 10.83°C.

In autumn season of 2011-2050 period, Bursa, Kocaeli and the stations within Mugla
and Antalya cities will take greater amounts of precipitation, while the stations
Erdemli, Mersin, Karaman and Nigde will be experiencing a dry season. The region
average precipitation in this season will be measured as 173.45 mm and the
maximum and minimum values will be 337.45 mm at Dalaman station and 60.89
mm at Karaman station. The average of maximum temperature will reach to higher
degrees at Manavgat and the stations within Adana city. The greatest maximum
temperature value will be 29.22°C at Ceyhan station. In this season, higher values of
average minimum temperature will be seen at the stations Anamur, Samandag,
Antakya and stations within Adana city while lower degrees will be measured at the
stations Bursa, Isparta, Tefenni, Korkuteli, Nigde and Kahramanmaras. The lowest

minimum temperature will be at Korkuteli station with 3.85°C.

The Mediterranean coast and the stations Bursa and Kocaeli will take higher amounts
of precipitation in the winter season of 2011-2050 and the maximum precipitation

will be measured as 641.11 mm at Marmaris station. The winter average of
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precipitation during this period will be 345.14 mm. Interior parts of Aegean, the
stations Karaman, Nigde, Gaziantep and Kilis will have a dry winter season. The
lowest precipitation will occur at Karaman station with 114.96 mm. In the winter
season, greater values of average maximum temperature will be seen at the stations
Manavgat, Gazipasa and Anamur. The greatest maximum temperature value will be
observed at Gazipasa with 18.30°C. The region average of maximum temperature
during winter season will be 13.21°C while the average of minimum temperature
will be 4.97°C. The lowest temperature degree (on average) will be experienced at

Nigde station with -3.34°C.

3.5.2 Trends in Precipitation and Temperature

3.5.2.1 Annual Trends

The best models for precipitation and temperature -which are Model 3-2 and Model
4-2, respectively- have been used for trend calculation as well. Annual precipitation,
in general, is expected to show increasing trend across the study area and 3 of them
are significant increasing at 5% level (Canakkale, Dikili and Izmir). However,
negative trend will be observed at 10 stations as it can be seen in Figure 3.18 and

none of them is significant decreasing.

For the temperature trend calculations, Model 4-2 has been used as stated before.
Significant positive trend at 5% level is projected to be observed in terms of both

maximum and minimum temperatures at each and every station in 2011-2050.
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Figure 3.18 Spatial distribution of annual trends in precipitation of the region in the 2011-
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Figure 3.19. Spatial distributions of annual trends in maximum and minimum temperature

of the region in the 2011-2050.
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Figure 3.19. (cont’d)

3.5.2.2 Seasonal Trends

The Aegean and the Mediterranean coasts will be having a drier season in spring of
2011-2050 period, especially there will be a significant decreasing trend at Ayvalik
station. Moreover, 22 stations within the cities of Aydin, Mugla, Denizli, Usak and
Burdur will show increasing trend. In general, significant positive trend will be

observed across the region in terms of maximum and minimum temperature.

In summer season of 2011-2050, the Aegean coast will have a positive trend in
precipitation while 14 stations will have negative trend. Significant increasing
precipitation trend is expected to be observed at Ayvalik, Dikili and Manisa in this
season. There will be significant increasing temperature trend observed at each
station, except non-significant positive maximum temperature trend at Canakkale

and Dikili stations.

The Aegean coast will be experiencing wetter season during autumn as well as

summer while 13 stations will have decreasing precipitation trend. There will be

68



significant increasing temperature trend observed at each station as well, except non-

significant positive maximum temperature trend at Milas, Izmir and Dikili stations.

According to the winter trends of precipitation, it is seen that an increasing trend will
be dominant across the region. 7 stations within the Aegean will be showing
significant positive trend at 5% level. Although, at 4 stations there will be a negative
trend in precipitation in this season. Temperatures will also be increasing during this
season in the 2011-2050. 25 stations in maximum temperature and 34 stations in
minimum temperature will have increasing trend. In contrast, negative trend will be
observed at 3 stations which are Balikesir, Nazilli and Gazipasa in terms of minimum
temperature. Spatial distributions of all seasonal trends in precipitation and

temperature within 2011-2050 time period can be seen in Appendix D.

3.5.3 Trends of Climate Indices

3.5.3.1 Annual Trends

Annual trends of intensity indicators (PRCPTOT, Rx5day, R20mm and R95p) in
2011-2050 have been shown in Figure 3.20. Intensity indicators are precipitation-
related indicators, so that Model 3-2 have been used for the analyses of those.
According to Figure 3.20, PRCPTOT will have a positive trend at 52 stations and 6
of them are significant at 5% level. Although, there will be decreasing trend at 8
stations. Rx5day index will show increasing trend at 36 stations (9 of them are
significant) while decreasing trend at 21 stations (only Bursa station is significant).
R20mm index will increase across the region, especially through the Aegean, while
it will reduce at 18 stations. There will be decreasing in R95p index at 20 stations
(significant decreasing at Silifke station) and increasing at 37 stations (3 of them are
significant). The increments in those intensity indicators will be observed mostly
through the Aegean. Annual trends of other precipitation-related indices which are
CDD, CWD and R95pTOT have been shown in Figure 3.21 and Model 3-2 have

been used for them as well. CDD index will be showing a mixed pattern through the
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Figure 3.20. Annual trends of PRCPTOT, Rx5day, R20mm and R95p indices in 2011-

2050.

region. It is expected to be seen negative trend at 30 stations while positive trend at

27 stations. CWD index will have increasing trend through the Aegean and

southeastern part of the region and the increasing will be significant at 3 stations.

R95pTOT will have positive trend at 33 stations and negative trend at 24 stations. 6

of the decreases and 1 of the increases will be significant at 5% level.

Model 4-2 has been used for the analyses of the indices to be examined hereafter

since they are related with temperature. Annual trends of percentile-based indicators
(TX10, TX90, TN10, TN90) have been presented in Figure 3.22. According to model
results, TX10 and TN10 will have a significant decreasing trend in 2011-2050, while

TX90 and TN90 will be increasing significantly. Only 2 stations, which are Dikili

and Milas, will have non-significant negative trend in TX10. In Figure 3.23., trends
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of absolute (TNn, TXn, TNx and TXx) indicators have been shown. There will be
increasing trend observed in all of those indicators across the region. 52 stations in
TNx and 38 stations in TXx are expected to show significant increasing trend. Only
2 stations (Kahramanmaras and Kilis) will have non-significant negative trend in
TNn index. Annually, FD and ID will be reducing across the region by the middle
of the century as it can be seen in Figure 3.24. The Mediterranean coast will not show
any trend in ID index while only 1 station have no trend in FD index. There will be
significant positive trend observed in annual trends of SU25 and TR20 indices at
almost every station (Figure 3.24.). Annual trends of duration indicators (WSDI,
CSDI, GSL) and DTR index in 2011-2050 have been shown in Figure 3.25. There
will be a significant positive trend in WSDI across the region while significant
negative in CSDI. GSL and DTR indices will increase at most stations in this period.
The significant increasing in DTR is expected to be observed in interiors of the

Aegean and south part of the region.
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Figure 3.21. Annual trends of CDD, CWD and R95pTOT indices in 2011-2050.

71



R95pTOT Annual e
2011-2050 g BLACK SEA Lagend
Model 3-2 R85pTOT
I 7 non-gignificant decreasing | feoen
et e —
W cignfcant decreasing
A signisant incueasing

. b
Figure 3.21. (cont’d)
: —= : e = — P R
TX10 Annual TN10 Annual |
2011-2050 BLACK SEA Legend 2011-2050 - BLACK SEA Legend
% - - TN1O
Model4-2 . e T . W sncant ceensing | <o
~| "W cignificant decreasing < N
A - -
P
== - P E - =
TX90 Annual —_— TNO90 Annual |
2011-2050 - BLACK SEA Logond 2011-2050 BLAGK SEA Legend
Model4-2 . X80 Model 4-2 _ NSO
e ot L T A significant increasing | fri = A sianificant ineressing [
M N
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Figure 3.24. Annual trends of FD, ID, SU25 and TR20 indices in 2011-2050.
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Figure 3.25. Annual trends of WSDI, CSDI, GSL and DTR indices in 2011-2050.
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3.5.3.2 Seasonal Trends

3.5.3.2.1 Spring Trends

Model 3-2 has been used for the seasonal analyses of precipitation-related indicators,
as well. In general, intensity indicators which are PRCPTOT, Rx5day and R20mm
will have decreasing trend at most of the stations in spring. Especially in the Aegean
coast and southeastern of the study area, PRCPTOT and Rx5day indicators will
reduce. CWD index is expected to decrease across the region while CDD will have

mixed pattern, but it will have negative trend in the Aegean.

Model 4-2 has been used for the seasonal analyses of temperature-related indices.
TX10 index will be increasing in the Aegean while it is decreasing in the
Mediterranean region. TN10 index will reduce at most stations and this reduction
will be significant at 4 stations. TX90 and TN90 indicators will be significantly
increasing in this season. TNn index will increase at 49 stations and decrease at 8
stations. TXn index will be reducing in the Aegean but it will be increasing through
the Mediterranean (2 of them significant). TNx and TXx indicators will be
significantly increasing as well. FD index will not have any trend through the coastal
zones and interior parts of the region will show a mixed pattern. ID index will not be
showing any trend in the region (except 1 station with increasing). SU25 will
significantly increase in this season. TR20 index will not show any trend except for
increasing in the Aegean. DTR index will be increasing in the interiors of the
Aegean, the Mediterranean and the southeastern of the study area while decreasing

in the Aegean coast (See Appendix E).

3.5.3.2.2 Summer Trends
Spatial distributions of summer season trends of climate indices have been provided

in Appendix F. In general, PRCPTOT, Rx5day, R20mm and CWD indicators will

have increasing trend in the Aegean during summer in 2011-2050. However, it is
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expected to be observed a mixed pattern in the rest of the study area. Moreover, CDD

index will decrease at most stations in this season based on the Model 3-2.

TX10 and TN10 will be significantly decreasing while TX90 and TN90 will be
increasing in summer. TNn index will show positive trend across the region,
especially in the coastal zones the increasing will be significant. TXn will increase
as well and the significant increasing will be observed in the Mediterranean region.
Both TNx and TXx indicators will be significantly increasing in summer. FD and ID
indicators will not have any trend across the region. SU25 and DTR indicators will
increase at most of the station, however, those indicators will have negative trend in
the Aegean coast. Moreover, TR20 will be significantly increasing across the region

in summer (See Appendix F).

3.5.3.2.3 Autumn Trends

Autumn trends of climate indices have been presented in Appendix G. PRCPTOT
index will increase through the region except for decreasing at 14 stations. For the
indicators Rx5day, R20mm and CDD, there will be increasing trend in the Aegean
while decreasing in the Mediterranean. Moreover, CWD will be reducing across the

Aegean and southeastern part of the study area in autumn.

TX90 and TN9O indices will be increasing significantly during autumn in 2011-
2050, while TN10 and TX10 indices will have a decreasing. Especially, the south of
the region will have significant negative trend inTN10 index. TNx and TXx
indicators will have significant positive trend. Significant increasing trend will also
be observed in TNn and TXn indicators through the Mediterranean. FD will not have
any trend in coastal areas, but there will be a negative trend at interiors. ID index will
also not have any trend across the region except 2 stations. SU25 and TR20
indicators will increase significantly at most stations during autumn. Additionally,
DTR index will have mixed pattern, trend will be increasing in the interiors while

decreasing in the coasts of the Aegean (See Appendix G).
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3.5.3.2.4 Winter Trends

Winter trends of climate indices in 2011-2050 have been shown in Appendix H.
PRCPTOT, Rx5day, R20mm and CWD indicators will have increasing trend at most
stations, especially in the Aegean while CDD index will be reducing across the

region during winter in 2011-2050.

TX10 and TN10 indices will have a negative trend across the region in this season,
however positive trend will be observed through the northern of the Aegean. TX90
will significantly increase in the region and TN90 will also increase but only the
trends in the Mediterranean will be significant. All absolute indicators (TNn, TXn,
TNx, TXx) will increase during the winter in 2011-5050. Although there will be
negative trends in TNn index at 19 stations and in TXn through the Mediterranean.
FD and ID will be decreasing across the region, but for ID index there will not be
any trend observed in the coastal zones. Both SU25 and TR20 indicators will not
have any trend in this season as well, however in SU25 index of the southeastern part
will increase. Furthermore, DTR will have both increasing and decreasing trends

across the region, mixed pattern will be observed (See Appendix H).

Summary of the annual and seasonal trends of climate indices in 2011-2050 have
been given in Table 3.13. Table 3.14, 3.15, 3.16, 3.17 and 3.18 shows the number of
stations with significant trends in annual, spring, summer, autumn and winter,
respectively. Additionally, annual and seasonal percentage changes of climate

indices have been provided in Appendix I.
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Table 3.13 Annual and seasonal trends of climate indices in 2011-2050. N denotes
negative trend, <> denotes no trend, /1 denotes positive trend.

Category Indices | Annual | Spring | Summer | Autumn | Winter
& TX10 N N N N N
£9 9 TX90 2 2 2 2 2
¢ 3BT
g 32 TN10 N N N N N
o TN90 2 2 2 A A
° TXx 2 2 A A 2
2 59 TNn 2 2 2 2 7
= 2 =
2 o c TNx A A A A A
= << '~
o TXn 2 2 A 2 2
>
® o FD N © © N N
2 28 ID N < < N N
2 2 e SuU25 2 2 2 2 o
i TR 2 2 2 2 PN
5 w GSL A NA NA NA NA
® 3 WSDI 2 NA NA NA NA
>0 C
a = CsDI N NA NA NA NA
Other index DTR A A A A A
& > R20mm A A A A A
5 G 9 RxSday | A N 2 2 2
= 22 PRCPTOT| A N 2 A A
-% - R95p 2 NA NA NA NA
B 5 8 cDD 2 2 N N N
8 g = CWD 2 N N N N
= = R95pTOT| N NA NA NA NA

78




T € v ot 0 z 9 T T z € 1z 0 T 0 o1 0 9 toudsed] o -
1 T 3 T 0 2 0 € T T 0 o1 1 0 0 T 0 0 amd =3 2
v T 0 1z 0 33 0 0 0 €z z 0 1 0 0 0 z 0 aad 2 =% m.
T € 3 9 0 € T 3 z 9 € i1 0 T 0 6 0 S dsey _ =2
T T 91 0 0 0 0 9 z v T 3 z 0 0 T 0 z 10ldud| 3 = =2
z T 9 v 0 0 T 6 T € 0 3 T 0 0 € T o1 AKepgxy m 2 =
0 z 6 € 0 T 0 € 0 v z 8 0 0 0 € 0 T wuwiozy 3 2
T (%3 0 0 0 6 T 0 0 L T 0 0 6 I 0 1z 8 dla [xepuliayio
Ly 0 € 0 9z 0 €5 0 62 0 8¢ 0 15 0 9¢ 0 Lt 0 1asd =
0 0S 0 0s 0 €€ 0 81 0 LE 0 0 0 L4 0 6 0 x4 1asm =
0 3 0 v 0 o1 0 7 0 3 0 3 0 z 0 ot 0 z ) &3
0 ss 0 9 0 [ 0 15 0 s 0 Sv 0 o9 0 15 0 vs dlL 4
0 95 0 I3 0 [ 0 22 0 or 0 T 0 w 0 o1 0 £y szns 55 w
v 1 £ 0 ot 0 ot 0 9 0 z 0 0 T 8 0 0 0 al 82 3
ST 0 ST 0 o1 T 1€ T 0z 0 z 0 z 0 8¢ 0 8 z ai = m
0 8 0 S 0 e 0 o 0 €1 T T 0 0 0 62 0 6 uxL > 3
0 s 0 95 0 8t 0 1€ 0 8 0 o1 0 8z 0 9z 0 o XNL B g wp,
0 S 0 3 0 6 0 9z 0 9 0 € 0 0 0 8T 0 ot uNL 8 ¢ 2
0 8¢ 0 o 0 62 0 L 0 (72 0 6T 0 € 0 2 0 67 XXL ®
0 LS 0 LS 0 LS 0 9 0 LS 0 w 0 95 T 9 0 15 O6NL | 0w
15 0 173 0 LS 0 95 0 T3 0 125 0 L5 0 95 T [T T onL | F &8
0 Ls 0 25 0 L5 0 ss 0 Ls 0 or 0 vs 0 €5 T 05 o6XL | 3 8 2
ss 0 1S 0 1S 0 v 0 95 0 15 0 s 0 95 0 03 0 oixL | . ®
-S +S =S +S -S +S =S +S ES +S ES +S =3 +S =S +S S +S

Xxapuj Aosaye)
Z-v 19PON T-v 19PON €-€ |9POIN Z-€ 19PON T-€ 19POIN Z-Z 19PON 1-Z 19PON 1-T |9PON auyjaseg

TVNNNY

‘[enuuE Ul SPUSI) dANEIOU JUBOYIUSIS pue 9ANISod JuedyTusIs YIIm SUOE]S JO Ioquunu Y[, #1°¢ [qeL

79



8T 0 43 0 T 0 0 € 0 0 0 0 0 0 T 0 1 0 amd 3o 3
0 ST 0 ST 1 0 T 0 T 0 0 0 0 0 0 S 0 0 aad m 2 m
43 0 81T 0 0 0 0 T 1 0 T 0 0 0 0 0 1 0 101dJ¥d . m.
14 0 €T 0 0 0 T T z 0 T € 0 T 0 0 4 0 Aepsxy m m w
9 0 €1 4 0 0 v T T 4 T € 1 0 € € T 0 wwozy o2 2
0 8T 0 0 0 1 0 0 z 1 0 0 0 0 0 € 1) L Y¥la |xaput ;2Y30

0 1 0 €1 0 o0z 0 v 0 € 0 T 0 S 0 9z 0 €1 YL

0 43 0 w 0 L 0 T 0 0 0 T 0 0 0 €€ 0 81T sens w W

0 0 0 0 T 0 0 0 0 0 v 0 0 0 T 0 1 0 al 2 3

1 4 4 4 € 0 0 0 T 0 z 0 4 4 44 0 S 0 ad = >
0 4 0 6T 0 8 0 0 0 T 0 43 0 T 0 6€ 0 ST uxL w. m
0 6€ 0 17 0 0z 0 6 0 ST 0 z 0 L 0 sy 0 6¢ XNL w W
0 0 0 [44 0 8 0 1 0 T 0 8 0 0 0 ] 0 v UNL 5 5
0 SE 0 9€ 0 1 0 4 0 4 0 0 0 € 0 SE 0 € XX1 2 2
0 L 0 vS 0 4 0 € 0 1 0 S 0 9 0 95 0 8z 06NL T

v 0 67 0 6€ 0 0 0 1 0 9T 0 0 0 9s 0 43 0 OTNL W w

0 €S 0 €5 0 L 0 0 0 z 0 T 0 0 0 s 0 (114 06XL 22

4 0 43 0 LT 0 T 0 r4 0 34 0 9 0 o€ 0 vT 0 0TXL g°

-S +S -S +S LS| +S -S +S = +S -S +S = +S -S +S -S +S

- I9PON - [PPON €-€ [I9PON T-€ [9PON T-€ I9PON -2 I9PON 1-Z I2PON 1-T I9PON auljaseq xepul D

DNIYdS

‘Sunrds ur spuony oane3ou Jueoyrudis pue dAnIsod JUBOYIUSIS )M SUONER)S JO JOqQUINU Y] G]°€ d[qeL

80



0 £ vz 0 5 0 0 £ €1 L v ¢ 0 b 0 v 9 o [am [ 39 E

0 z T 0z 0 ot z 0 0 zs T £ 1 T 1 1 0 0 am g2 3

0 £ rz T 8 0 0 £ o1 a T L 0 b 0 £ 9 0 [rosoual o m.

0 b vz T L 0 0 £ st a T 9 0 v 0 9 v T [hepsx | 2B g

0 z 5 0 v 0 0 z s 61 £ 5 0 1 1 v ¢ ¢ |wwozy| “ 2 8

z £ £ 0 0 £ v 0 0 b v 0 1 0 1z 0 61 € | ¥ |xepussyio

0 2 0 zs 0 bs 1 2 0 ss 0 2 0 2 0 o 0 s UL

0 9 0 o1 0 0z 1 8 0 o 0 T 0 v 0 £ 0 e | sins | g W

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 a 85

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ai = g

0 sz 0 zs 0 2 0 1z 0 s 0 Vi 0 T 0 9 0 vs | uxu E m

0 s 0 s 0 2 0 ss 0 s 0 61 0 vz 0 e 0 vs | XNL W w

0 23 0 9 0 9 0 s 0 s 0 g€ 0 st 0 0s 0 s | uny 5 5

0 0 0 o 0 9 0 6 0 s 0 T 0 z 0 € 0 9t | 8 8

0 L 0 s 0 2 0 ss 0 L 0 2 0 b 0 o5 0 o5 o [ o

9 0 L5 0 Ls 0 vs 1 vs 0 s 0 s 0 ss 0 s o [omu | & w

0 ss 0 s 0 s 0 0s 0 s 0 T 0 T 0 €€ 0 ov | oext | B 2

vy 0 L 0 Ls 0 v 0 9 0 £z 0 62 0 81 0 £ o o | &°

=S +S =S +S =S +S =S +S =S +S =S +S =S +S =S +S =S +S

% [PPON T-% 1PPOW €€ [PPOI € ;PO T°€ [PPOW T2 1PPON T-Z ;PPON T-T ;PO suleses el PR
¥INNNS

“IOUWIWNS UL SPUAI) dATE3U JULOIUSIS pue dANISOd JUBDIJIUSIS YIIM SUONERIS JO JOqUINU Y] 9 ¢ d[qeL

81



12 0 9 0 T 0 T 0 0 0 8 € 114 0 0 4 0 v amd e} 3

S 0 0 43 4 4 0 € 0 vT v 1 0 L T 1 r4 0 aad m g um.

0 0 € 1 T 0 0 0 0 0 6 4 €T 0 0 T 0 S 101dJ¥d . m.

0 0 4 € 1 € 0 0 0 0 8 4 ot 0 0 0 0 8 Aepgxy m m 5

1 0 14 S 4 € 1 0 0 € v 4 L 0 0 0 0 S wwozy e Z m

0 8 0 T 0 z S 0 0 S 0 0 0 o0z € 0 14 ¥ ¥l@ (xapuriayio

0 Ly 0 0s 0 Ly 1 ve 0 ov 0 €€ 0 vz 0 S 0 s€ Yl

0 Ve 0 ve 0 74 1 9T 0 44 0 a3 0 sy 0 0 0 134 szns w ..w

1 0 € 0 0 0 0 0 0 0 8 0 T 0 4 15 0 0 al 23

T 0 L 0 z 0 ot 0 € 0 9 0 S 0 0 9z z 0 ad = oy

0 34 0 sS 0 6 0 LT 0 8T 0 44 0 6 1 0 0 6 uxL w m

0 95 0 ] 0 ot 0 €S 0 €S 0 X4 0 1€ 0 0 0 s€ XNL W m

0 [44 0 [ 0 Jas 0 37 0 117 0 0s 0 43 0 € 0 1€ UNL 5 3

0 4] 0 [4 0 s 0 47 0 LS 0 L 0 LE 0 0 1 a3 XXL1 2 2

0 LS 0 9s 0 sS 0 sS 0 9s 0 6€ 0 [ 0 0 0 6 06NL g

€€ 0 LS 0 €1 0 8v T ot 0 6 0 14 0 0 0 (44 0 OTNL W w

0 95 0 3 0 95 0 ] 0 LS 0 vT 0 sS 0 4 1 9z 06XL 3z

ve 0 LS 0 8T 0 6€ 1 vE 0 13 0 (3% 0 v 1 ST 1 0TXL g°

=3 +S 3 +S =S +S =S +S =S| +S =S| +S =S| +S =S| +S 3 +S

-7 I9PON - [9PON €-€ [9PON Z-€ I9PON 1-€ I9PON 2-Z I9PON T-Z I9PON T-T I9PON aujaseq xepdl )
NAINLNY

‘uwnine ur spuas) oAne3au JuedyIugis pue dAnIsod JuedrjIuSIs Yim suone)s Jo oquinu YL L1°¢ d[qeL

82



0 0 T 0 0 T 0 z 0 1 0 1 0 0 0 0 z z amd 39 3

1 0 0 4 v 0 0 0 T 1 0 0 0 4 v 0 0 0 aa 52 m

0 1 0 0 0 4 0 z 0 1 0 € 0 0 0 0 0 T [touud| o m.

0 0 0 0 0 T 0 3 0 z 0 €1 0 0 0 0 0 4 Aepsxy m m m.

0 z 4 z 0 0 T 1 1 3 0 9 0 0 0 1 0 T |wwozy | © = 3

0 4 0 0 0 z [43 1 0 T 0 0 0 9 T 0 6 9 41Q  [xapuliayio

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4l

0 s 0 T 0 s 0 T 0 o1 0 0 0 z 0 € 0 9 sens Y W_

v 0 z 0 9 0 6 0 9 0 v 0 1 0 8 0 0 T al 83

[43 0 vT 0 €1 T 62 0 91 0 1 0 4 0 9z 0 L z ad = o

0 144 0 € 0 9 0 vt 0 oy 0 0 0 1 0 oy 0 z ux1 g m

0 8T 0 144 0 ve 0 se 0 vt 0 0 0 4 0 1z 0 8T XNL W w

0 €z 0 12 0 8z 0 9€ 0 Lg 0 8 0 0 0 1z 1 8 uNL 5 5

0 43 0 s€ 0 s 0 s€ 0 95 0 z 0 0 0 o€ 0 ov XX1 2 3

0 8 0 0z 0 ve 0 St 0 8¢ 0 z 0 0 0 Ly 0 T 06NL =

143 0 61 0 9z 0 14 T ] 0 s 0 v 0 91 0 T T OTNL W w

0 ) 0 8z 0 s 0 €€ 0 ss 0 1 0 0 0 Lz 0 127 06XL 22

3 0 €z 0 6 0 €€ T o1 0 0 0 € 0 (44 0 1 0 oTXL B*

=S +S =S +S =S| +S =S +S =S +S =S +S =S +S = +S =S +S

T-v [RPON T-v 2RO €-€ [9PON Z-€ IPPON T-€ [PPOIN 2-Z [2PON 1-Z [2PONI 1-T [2PON suiaseg xapul Ai0823e)
¥IINIM

“IOJUIM UI SPUQI} dANE3OU JUBOYIUSIS pue 9ANISod JuedoyIusIs YiIm SUOe)s Jo Joqunu 3y, 81°¢ d[qeL

83






CHAPTER 4

DISCUSSION

Based on the results of model performance, bias-adjusted models have been found
more accurate than not-bias-adjusted models and therefore bias-adjusted models
have been used for the analyses. According to time series and model statistics,
models have been ranked and the models with top rankings have been selected.
Model 3-2 has been determined as the best model for precipitation because of its
lower value of RMSE (8.78 mm) than other models. By the same method, Model 4-
2 with 5.82 mm RMSE and 0.81 r have taken the top rank for temperature.

According to spatial distributions of precipitation, higher amounts of precipitation in
between 1970 and 2011 have been received by coastals of the study area and 46.9%
of the precipitation occur during winter time. Inland areas of the region have been
wetter than coastal areas in summer and 4.81% of the total annual precipitation
occurs during this season. Based on Model 3-2, by the middle of the 21% century,
precipitation amount -as average of the region- is likely to increase in both annual
and seasonal. The highest increasing with 64.04% will occur in summer while the
lowest increasing with 4.90% will occur in autumn. Region-averaged annual
precipitation amount is expected to increase from 697.60 mm to 764.86 mm. The
Aegean coasts will be wetter in summer, autumn and winter than it was before. While
the coastal zones will be experiencing drier season in spring and summer, they will
be wetter in autumn and winter. The changing precipitation amount and pattern
mainly over the Aegean may reveal the need of revision on agricultural policy of the

Aegean by the mid of the century based on the projections obtained from the models.

The region is likely to experience hotter and drier climate, although the pattern of

temperature will remain almost the same, coastals are hot and inlands are cooler.
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Increasing the temperature may induce more use of groundwater resources, and
lower the groundwater levels (Fallah-Ghalhari et al., 2019). Moreover, excessive
warmth may lead to an increasing in extreme weather events in terms of occurrence,
duration and intensity (Stocker et al., 2013). Region-averaged annual maximum
temperature will increase from 22.27°C to 22.89°C with the value of 2.78%. Average
maximum summer temperature will be increasing with 0.7°C while average
minimum winter temperature will be increasing with 0.99°C. Increasing temperature
may increase the amount of evaporation and cause a change in precipitation pattern.
Moreover, increasing in minimum temperatures will affect the frost-free season and

it is important for agriculture.

Annual total wet-day precipitation (PRCPTOT) will decrease in autumn from 62.32
mm to 58.32 mm, while it will increase during other seasons. Annual region-
averaged of PRCPTOT will increase by 2.92% from 61.23 mm to 63.02 mm.
Maximum 5-day precipitation total (Rx5day) and number of very heavy rainy days
(R20mm) will decrease in annual, however, those two indices will show positive
trend in summer. PRCPTOT, Rx5day and R20mm are the indicators that are
important for the intensity of precipitation. Therefore, rising in those indices, will
lead the received precipitation to be more intense and especially increasing of these
indices in summer is expected to cause unexpected extreme precipitation events.
Consecutive dry days (CDD) will be decreasing in winter by -20.88% by the effect
of increasing trend of precipitation in this season. While CDD index will be
decreasing by -19.08%, consecutive wet days (CWD) will increase over the Aegean
and Mediterranean coasts by 72.08% during summer season. The increase in CDD
and CWD supports that the summer season will be wetter than it was before. Total
annual precipitation from heavy rainy days (R95p) will be increasing by 10.44%
from 156.97 mm to 173.36 mm. Moreover, the increase in R95p will increase the

contribution from very wet days (R95pTOT).

Changes in temperature indices of the study area have been found consistent with
the rising temperature through the region. Cold spell duration index (CSDI) is

projected to strongly decrease over the region, while warm spell duration index
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(WSDI) will be increasing significantly. The change in duraion indicators (CSDI
and WSDI) is likely to cause the emergence of longer heat-waves over the region.
Growing season length (GSL) index will be increasing across the region by the
middle of the century. A longer growing season means that the demand on the water
supply will increase (WEB20). Daily temperature range (DTR) is expected to
increase in the interiors of the Aegean and the Mediterranean and if the range is large,
atmosphere becomes dry with little clouds (WEB21). Based on the analyses, summer
days (SU25) and tropical nights (TR20) will be significantly increasing and this
result supports the study of Sensoy et al. (2007). Frost days (FD) is projected to
decrease over the interior parts of the study area and there will not be any trend
observed in coastal areas. The frost-free season may be important for determining
the growing season of vegetation (WEB22). Ice days (ID), the number of days when
maximum temperature is below 0°C, will not be showing any trend over the coastal
areas in annual, but there will be decreasing trend in the interiors in winter. For all
seasons, the amount of hot days (TX90) and the amount of hot nights (TN90) will
increase by the effect of warming, while the amount of cool days (TX10) and the
amount of cold nights (TN10) will be decreasing. Percentile-based indicators
(TX10, TX90, TN10, TN90) help us to evaluate the development of extreme events
(Lopez-Diaz et al., 2013). Therefore, the changes found in those indices indicate that
occurance and duration of heat stresses and warm waves are likely to increase.
Moreover, all absolute indicators (TNn, TNx, TXn and TXx) are expected to increase
across the study area as well since they are directly related with increasing in the

daily maximium and minimum temperature.
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CHAPTER 5

SUMMARY AND CONCLUSION

Ensemble modeling approach has been used in this thesis to make future projections
for precipitation, temperature and climate indices of the Mediterranean climate
region of Turkey. Observation data has been compared with data derived from
models with and without bias-correction to determine the best model within the
ensembles. Spatial distributions of precipitation and temperature have been obtained
by interpolation to show the pattern of the region. Thereafter, trends in precipitation,
temperature and climate indices have been detected. Trends have been mapped to
present the geographical distribution of them through the study area. Future
projection has been made up to middle of 21* century using the high carbon emission

scenario (RCP8.5).
Conclusions provided below can be drawn from the thesis:

e HadGEM2-ES — RACMO22E and CM5A-MR — WRF331F model couplings
have been found suitable for the analyses conducted with daily precipitaiton
and temperature data, respectively.

e Major change have not been observed in the precipitation pattern. However,
annual and seasonal precipitation is expected to increase across the region.
While the coastal zones (the Aegean and the Mediterranean) will be
experiencing drier season in spring and summer, they will be wetter in
autumn and winter.

e Rising in the climate indicators related with intensity of precipitation will
lead to the unexpected extreme events, especially during summer season.
Significant increases in these events are expected to be seen especially in the

Aegean region by the mid of the century.
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e The changes found in climate indices related with temperature indicate that
occurance and duration of heat stresses and warm waves are likely to

increase.

The results of the analyses conducted within this thesis show consistency with the
other Mediterranean climate studies in the literature. In conclusion, there will be
warming across the region, particularly in coastal areas. Moreover, annual
precipitation amount is expected to increase within the mid of the century. However,
it should be noted that under the same scenario condition the study area is expected
to experience with warm and dry tendency by the end of the century according to the
same model results. These results have considerable importance in terms of
hydrological systems, forestry and agriculture. It should be noticed that climate
change studies are crucial for adapting to the changes and avoiding the harmful

influences of it.

While this thesis has been conducted the period of the middle of 21% century with
respect to the future projections, it will be senseful for other researchers to carry out
an analysis for the period of the end of 21* century, thereby the precipitation analyses
together with its climate indices will be able to diversified and the period will be able
to extended which enables to make more accurate and complete assessments within

time period covering all century.
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APPENDICES

A. Sesaonal Trends in Precipitation and Tempreture in 1970-2011
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Figure 3.26. Spatial distributions of seasonal trends in precipitation of the region in the
baseline period (1970-2011).
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Figure 3.27. Spatial distributions of seasonal trends in maximum temperature of the region

in the baseline period (1970-2011).
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Figure 3.28. Spatial distributions of seasonal trends in minimum temperature of the region

in the baseline period (1970-2011).
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B. Seasonal Trend of Climate Indices in 1970-2011
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Figure 3.29. Spring season trends of TNn, TNx, TXn, TXx, SU25 and TR20 indicators in
the baseline period 1970-2011.
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Figure 3.30. Spring season trends of FD, ID, TN10, TN90, TX10 and TX90 indicators in
the baseline period 1970-2011.
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Figure 3.31. Spring season trends of DTR, CDD, CWD, Rx5day, R20mm and PRCPTOT
indicators in the baseline period 1970-2011.
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Figure 3.32. Summer season trends of TNn, TNx, TXn, TXx, SU25 and TR20 indicators in
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Figure 3.33. Summer season trends of FD, ID, TN10, TN90, TX10 and TX90 indicators in

the baseline period 1970-2011.
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Figure 3.35. Autumn season trends of TNn, TNx, TXn, TXx, SU25 and TR20 indicators in
the baseline period 1970-2011.
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Figure 3.36. Autumn season trends of FD, ID, TN10, TN90, TX10 and TX90 indicators

in the baseline period 1970-2011.
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Figure 3.37. Autumn season trends of DTR, CDD, CWD, Rx5day, R20mm and PRCPTOT
indicators in the baseline period 1970-2011.
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Figure 3.38. Winter season trends of TNn, TNx, TXn, TXx, SU25 and TR20 indicators in
the baseline period 1970-2011.
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Figure 3.39. Winter season trends of FD, ID, TN10, TN90, TX10 and TX90 indicators in
the baseline period 1970-2011.

115



i - L ; CHIETE SN NN = i 1 T e e —
i CDD Winter
i BLACK SEA Legend p BLACK SEA Legend
oTR cop
ey | omstaniicamdemreasing | o e R —
“] 2 non-agniosnt ncrzesing i incruating
W sionincant decressing

A sifcant insroasing

& Vi
i . s
= S *”'\“”M"'
"
MEDITERRANEAN SEA
T T T I = = e
e e e & -
- [ 0 e CA "_==_"' e o Kilameters
Rx5day Winter
BLACK SEA Logend BLACK SEA Legend
cwp % Rx5day
war] — 7 | Drorena e o] - = 7 non-significant decreasing g
I ] 5 merattcantsecrassing nan.signifcantinciessing
24 nonsign et e A sincant incressing
2 e— | L
A sigcant inciaasing
ey —\ 4 11—. P
a2 !
< vﬁ"f A &
\ ggnm.L Sagon
[ NATTi, waeanrs o
; v \,{ - “""‘é £ Am@f,m 5
Kiti=" aunE&‘ZiWrcn —
= b~ "
W " Py s e
] 2 A el W.sn.amw
B MEDITERRANEAN SEA = }
1o k { f
I T ! === = p
e i ki e
i an o s 100 00 = ana
Riorian e
R20mm Winter
BLAGK SEA Logend BLACK SEA Legend
R20mm PRCPTOT
o] ok (] | @ e rane besn aared t | ©novend —
& ¥ mncamdc:leas\w; */ non-signiican: decreasing
ing j £ non-signitcant neasing
anin) A sonifeant ncrsss g

Figure 3.40. Winter season trends of DTR, CDD, CWD, Rx5day, R20mm and PRCPTOT

indicators in the baseline period 1970-2011.
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C. Seasonal Distributions of Precipitation and Temperature in 2011-2050
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Figure 3.41. Seasonal precipitation distribution of the region in 2011-2050.
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Figure 3.41. (cont’d)
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Figure 3.42. Seasonal maximum temperature distribution of the region in 2011-2050.
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Figure 3.43. Seasonal minimum temperature distribution of the region in 2011-2050.
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Figure 3.43. (cont’d)
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D. Seasonal Trends in Precipitation and Temperature in 2011-2050
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Figure 3.44. Spatial distribution of seasonal trends in precipitation of the region in the

2011-2050.
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Figure 3.44. (cont’d)
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Figure 3.45. Spatial distributions of seasonal trends in maximum temperature of the region

in the 2011-2050.
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Figure 3.46. Spatial distributions of seasonal trends in minimum temperature of the region

in the 2011-2050.
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E. Spring Trends of Climate Indices in 2011-2050
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Figure 3.47. Spring trends of PRCPTOT, Rx5day, R20mm, CWD and CDD indicators in
2011-2050.
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Figure 3.48. Spring trends of TX10, TN10, TX90 and TN90 indicators in 2011-2050.
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Figure 3.49. Spring trends of TNn,

TXn, TNx and TXx indicators in 2011-2050.
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Figure 3.50. Spring trends of FD, ID, SU25, TR20 and DTR indicators in 2011-2050.
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F. Summer Trends of Climate Indices in 2011-2050
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Figure 3.51. Summer trends of PRCPTOT, Rx5day, R20mm, CWD and CDD indicators in

2011

-2050.
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Figure 3.52. Summer trends of TX10, TN10, TX90 and TN90 indicators in 2011-2050.
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Figure 3.53. Summer trends of TNn, TXn, TNx and TXx indicators in 2011-2050.
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Figure 3.54. Summer trends of FD, ID, SU25, TR20 and DTR indicators in 2011-2050.
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G. Autumn Trends of Climate Indices in 2011-2050
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Figure 3.55. Autumn trends of PRCPTOT, Rx5day, R20mm, CWD and CDD indicators in

2011-2050.
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Figure 3.56. Autumn trends of TX10, TN10, TX90 and TN90 indicators in 2011-2050.
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Figure 3.57. Autumn trends of TNn, TXn, TNx and TXx indicators in 2011-2050.
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Figure 3.58. Autumn trends of FD, ID, SU25, TR20 and DTR indicators in 2011-2050.
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H. Winter Trends of Climate Indices in 2011-2050
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Figure 3.59. Winter trends of PRCPTOT, Rx5day, R20mm, CWD and CDD indicators in
2011-2050.
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Figure 3.60. Winter trends of TX10, TN10, TX90 and TN90 indicators in 2011-2050.
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Figure 3.61. Winter trends of TNn, TXn, TNx and TXx indicators in 2011-2050.
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