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TREND ANALYSIS OF CLIMATE EXTREME INDICES FOR TURKEY

SUMMARY

The climate system has a profound effect on life on the Earth. People’s daily life
mainly depends on weather that surrounds them. Besides, wheather and climate
extremes have significant influence on society, environment and the economy.
Hence, it is very important to study them.

ETCCDI defined 27 core indices for investigating extreme events. In this study 14
indices from them has been analysed. Daily temperature and precipitation data for
452 stations, obtained from Turkish State Metereological Service. In order to
eliminate stations with missing values, data visualization method used and 134
stations selected from 452 stations. These data were used for trend analysis of these
indices between the periods 1965 — 2006.

The Sequentiall Mann Kendall non-parametric test applied for trend analysis of the
indices. This version of the Mann Kendall test used to determine the beginning of a
trend within a sample.

Firstly, in this study annual maximum and minimum temperature trends examined
for four months that were October, May, January and July. In addition, their annual
precipitation investigation have been done. According to this examination, annual
maximum temperatures of July’, October and May showed increasing trends whereas
there was not any spatially coherent trend observed for January. Annual minimum
temperature investigation revealed that for July’ there was spatially coherent
increasing trend throughout the country. In contrast, just one station indicated
decreasing trend that was Erzurum. Moreover, the same behavior observed for
October’ annual minimum temperatures also. Annual minimum temperatures for
May’ indicate both increasing and decreasing trends for some stations. There was not
any annual precipitation pattern found for these months.

Secondly, trend analysis of 14 indices studied. According to this analysis, there was
no spatially coherent increasing or decreasing trend for “number of frost days”,
though the few stations that indicate increasing behaviour were mainly in the
northern half of the country. On the other hand, “numbers of summer days” have
been increasing in Turkey; and the significant increases distributed throughout the
country with the exception of Southeastern Anatolia region. For “tropical nights”,
stations located around the Marmara Sea, Mediterranean coastal areas and northeast
of the country showed increasing trends. There weren’t any trends observed for
“growing season length” and “icing days”.

Trend analysis of monthly maximum temperatures of daily maximum and minimum,
monthly minimum temperatures of daily maximum and minimum have been done for
January and July. No trends observed for January. However, there was an increasing
trend for monthly maximum value of daily minimum temperatures of July. This trend
observed along coastal areas, especially Aegean and Mediterranean regions and some
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stations around Marmara Sea. Furthermore, a few stations on the Black Sea coastline
and some inland stations showed this behavior also.

Trend analysis of monthly minimum value of daily maximum temperature of July
indicated an increasing trend along the Mediterranean and Aegean coastlines.
Besides, the same behavior observed at some stations located in the Southeast,
Central Anatolia and northeast of the Black Sea Region.

Trend analysis of monthly minimum value of daily minimum temperature of July
showed an increasing trend along the Mediterranean, Aegean coastlines and some
stations around Marmara Sea. Moreover, some stations in the west, central and
northern part of the country.

Trend analyses of daily temperature range done for January and July. For January,
there wasn’t any spatially coherent trends observed; some stations showed
decreasing; some Aegean coastline and inland stations indicated increasing trend.

Trend analyses of July showed that stations mainly in the northern part of the country
indicated increasing trend wheras some stations located in the Mediterraean coastal
areas and southeast and east part of the country showed decreasing behavior.

Trend analyses of precipitation indices were done as well. However, there wasn’t any
trend observed for monthly maximum 1-day precipitation, also monthly maximum
consecutive 5-day precipitation. Moreover, no trend observed for R10mm (annual
count of days when precipitation > 10 mm) and R20mm.

In this study, 134 stations annual maximum and minimum temperature and
precipitation data have been analysed for the period 1965-2006. In addition, 14
climate extreme indices trends have been investigated for the same period.
Consequences from this research revealed that; annual maximum temperature of
July, October and May indicated increasing trends. Besides, annual minimum
temperature of July and October showed increasing tendency throughout the country.
However, there wasn’t any precipitation pattern found for Turkey. In addition,
increasing trend observed for number of summer days and tropical nights whereas
there weren’t any spatially coherent trends observed for growing season length and
icing days. Monthly maximum and minimum temperatures displayed increasing
trend for July. However, no trends observed for January. Hence, it may infer that the
effect of climate change on Turkey is more obvious in the warmer part of the year.
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TURKIYE’DE IKLiM UC OLAYLARI iNDISLERININ TARIHSEL
DEGISIMI

OZET

Diinya Tlzerindeki hayat, hava durumu ve iklim olaylarindan ciddi sekilde
etkilenmektedir. iklimin su kaynaklari, tarim, saglik, yasam kosullari, ekonomi,
toplum ve ¢evrenin {lizerindeki etkisi kagmilmazdir. Dolayisiyla, iklimdeki
degiskenligi ve bunun olas1 etkilerini anlayabilmek gerekir. Bunun i¢in de 6ncelikle
iklim sistemi hakinda temel bir fikre sahip olunmalidir.

Hava durumu belirli bir zaman ve yer i¢in atmosferdeki degisimleri ifade eder.
Ornegin, sicaklik, yagis, bulutlanma, riizgar, nem gibi atmosferik parametrelerin
degisimi hava durumunun nasil oldugunu ve kisa siireli olarak (birka¢ giin veya
hafta) icinde nasil degisecegini gosterir. Hava durumu tahminleri ancak bir ka¢ giin
veya maksimum iki hafta olacak sekilde yapilabilir.

Bir bolgenin iklimi ise on yillar {izerinden gozlenen hava durumlarinin ortalamasi
olmakla beraber burada degiskenliklerin ve ug olaylarin da hesaba katilmasi gerekir.

Diinya iizerinde iklim bolgesel olarak degisiklikler gosterir. Burada topografya ve
enlem farki énem arz eder. Iklim ayrica zamana bagl olarak da degisim gosterir. Bu
zaman Olcegi onlarca yildan milyonlarca yila kadar degisebilir. iklim degiskenligi
dogal bir siire¢ olmakla beraber giiniimiizde bu durum insan etkisiyle meydana gelen
iklim degisikliginden dolayr ciddi anlamda 6nem kazanmaktadir. Bunun sonuglar
yeryiiziindeki hayati énemli sekilde yiizyillar boyunca etkileyecek kapasitededir.
Ozellikle giinliik hayat1 olumsuz yénde etkileyen ug olaylarin olusumunun artmasi da
bu insan kaynakl iklim degisikliginin sonuglarindandir.

Maksimum, minimum ve ortalama sicaklik degerleri, yagis miktar1 hava durumunu
belirleyen iklim parametreleridir. Fakat kuraklik, sel, sicak hava dalgasi gibi
istatistiksel olarak olusma olasilig1 az olan durumlar u¢ olaylar olarak nitelendirilir.
Bunlarin yogunluk ve olusum sikliklar1 toplumu, ¢evreyi ve ekonomiyi olumsuz bir
sekilde etkilemektedir. Ornegin, daha yiiksek maksimum sicakliklar; sicak hava
dalgalarina ve karasal alanlar tizerinde daha ¢ok sicak giinlerin olusumuna neden
olabilir. Aymi sekilde, siddetli yagis olaylarmin sikliginin artisi; taskinlarin,
heyelanlarin, toprak erozyonlarinin artisina neden olur. Bunlar, giinliik hayatin
bircok anlamda zorlagsmasina sebep olurlar. Dolayisiyla ug olaylarin bilimsel olarak
incelenmesi ve gerekli tedbirlerin 6nceden alinabilme olasiliginin arttirilmast bu
konuda hassas olan ¢evre, toplum ve ekonomi igin biiyiikk 6nem arz etmektedir.

Bu calismalardan bir tanesi de WMO ve CLIVAR ortak iklim degisikligi belirleme,
goriintiileme ve indis uzman grubu ETCCDI tarafindan yapilmistir. Bu ¢alismada ug
olaylarin analizi i¢in giinlik maksimum, minimum sicaklik ve yagis verilerinden
tiiremis 27 ¢ekirdek indis olusturulmustur. Ornegin yaz giinleri ve tropik geceler
say1s1 ya da buz ve donlu giinler sayis1 gibi.
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Bu tez calismasinda ETCCDI tarafindan hazirlanan 27 indis referans olarak
alinmigtir. Tiirkiye i¢in 14-iklim indisinin 1965 — 2006 yillar1 arasindaki egilimi
incelenmistir. Bu analizin yapilmasi esnasinda kullanilan gilinliik maksimum ve
minimum sicaklik ve yagis verileri Tiirkiye Meteoroloji Genel Miidiirliigii’'nden 452
istasyon i¢in temin edilmistir. Veri gorsellestirme metodu ile tam veriye sahip olan
134 istasyon secilmis ve belirtilen donem igin analizler tamamlanmaistir.

Analizi yapilan indisler: donlu giinler, yaz giinleri, buz giinleri ve tropik geceler
sayisi, biiylime sezonu uzunlugu, Ocak ve Temmuz aylar1 igin maksimum
sicakliklarin  maksimumu, minimum sicakliklarin  maksimumu, maksimum
sicakliklarin minimumu, minimum sicakliklarin minimumu ve giinliik sicaklik aralig
degerleridir. Glinlilk maksimum yagis miktari, 5 giinlik ardisik maksimum yagis
miktar1 ve yagisin 10 ve 20 mm’den biiyiik oldugu giinlere ait indisler i¢in ayrica tek
tek hesaplamalar yapilmistir.

Yontem olarak parametrik olmayan Mann Kendall sira korelasyon testi
uygulanmistir. Bu test nonparametrik oldugundan verilerin dagilimindan
bagimsizdir. Bu metoda gore, testin uygulandigi zaman serisinde bir artis veya
azalma olup olmadig: sifir hipotezi ile yani ‘HO: egilim yok’ ile belirlenir. Grafiksel
olarak ifade edilen test sonucuna gore de egilimin baslangi¢ yili tespit edilir.

Bu metotta orijinal gézlem degerleri yerine sirali dizideki degerler kullanilarak test
istatistigi ti degeri hesaplanir. Test istatistigi t, nin dagilimi, sifir hipotezi altinda

yaklasik normaldir. Daha sonra dagilim fonksiyonun ortalamasi ve varyansi bulunur.
Bunlar kullanilarak smmama orneklem degeri u(t) ve u'(t) degerleri hesaplanir.

Istenilen anlamlilik diizeyine gore eger u(t) >0 ise artan, degilse (u(t) <0) azalan
yonde bir egilimin oldugu anlasilir. Ornegin %5 anlamhilik diizeyinde
—1.96 <u(t) <+1.96 icin herhangi bir egilim yoktur denir. Yani u(t)degeri bu
siirlar iginde kaliyorsa herhangi bir trend olmadigr anlasilir. Fakat bu sinirlart artan
ya da azalan yonde astiginda istatistiksel agidan 6nemli bir trendin varligindan so6z
edilir. Trendin baslangic yili u(t) ve u'(t) grafiklerinin birbirini kestigi noktadan
itibarendir. Ayrica grafikler bircok noktada birbirini kesiyorsa yine herhangi bir
trendin varligindan bahsedilemez.

Bu ¢alisgmada parametrik olmayan Mann Kendall sira korelasyon testi 134-istasyon
icin uygulanmustir.

[k olarak, Ocak, Temmuz, Ekim ve Mayis aylarmin yillik maksimum ve minimum
sicaklik ve yagis analizleri tamamlanmustir. Incelenen dénemde bu aylarin verileri
tam oldugundan dolay1 bu aylar secilmistir. Bu analizlerin sonuglar1 su sekildedir.
Mayis, Temmuz ve Ekim aylar1 icin yillik maksimum sicakliklarda artis
gbzlemlenmistir. Ocak ay1 i¢in ise mekansal uyumluluk arzeden herhangi bir trende
rastlanmamis bazi istasyonlarda artig, bazilarinda ise azalma goriilmiistiir. Temmuz
ve Ekim aylarinin yillik minimum sicakliklar1 egilimi mekansal olarak uyumlu bir
artis gostermis sadece Erzurum istasyonunda azalma goriilmiistiir. Mayis ay1
minimum sicakliklari i¢cin hem azalis hem artis gosteren istasyonlar mevcuttur. Yillik
yagis egilim analizinde ise herhangi bir trende rastlanmamustir.

14 indis i¢in 1965 — 2006 yillar1 arasinda yapilan analiz sonuglar1 ise su sekilde
bulunmustur. Donlu giinler (FD) minimum sicakligin 0°C’den kii¢lik oldugu giinler
sayisini gostermektedir. Bu indisin analiz sonucu mekansal olarak anlamli bir artis ya
da azalis egilimi gostermemekle birlikte, kuzey kesimde bazi istasyonlarda bu giinler
icin artis goriilmektedir.
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Maksimum sicakligin 25°C’den biiylik oldugu giinler yaz giinleri, SU, olarak
tanimlanmaktadir. Yaz giinleri sayistyla ilgili olarak incelenen indis sonucuna gore,
bu giinlerin sayisinda tilke genelinde Giineydogu ve Dogu Anadolu bdélgeleri harig
olmak iizere, istatistiksel olarak anlamli bir artis goriilmektedir.

Tropik geceler minimum sicakligin 20°C’den biiyiik oldugu giine tekabiil etmektedir.
Bu indis i¢in bulunan sonuglara gore, Marmara Deniz’i ¢evresi ve Akdeniz
kiyilarinda bulunan istasyonlar ile kuzeydogu Karadeniz’de bulunan istasyonlarda bu
giinlerde artis mevcuttur. Ayrica Giineydogu ve Dogu Anadolu bolgelerinde yer alan
ornegin; Malatya, Bingol, Ispir, Keban, Siirt, Ceylanpmar, Samandag ile Ege
Bolgesi’nde Cesme, Denizli, Bodrum, Selguk istasyonlarinda da minimum sicakligin
20°C’den biiyiik oldugu giinlerde artig gézlemlenmistir.

Giinliikk maksimum sicakliklarin aylik maksimum ve minimum degeri ve giinliik
minimum sicakliklarin aylik maksimum ve minimum degerleri Ocak ve Temmuz
aylar1 i¢in incelenmigtir. Ocak aylari i¢in herhangi bir egilim bulunmamakla birlikte
Temmuz aylar1 i¢in gozlemlenen egilimler su sekildedir: Gilinliik minimum
sicakliklarin aylik maksimum degeri icin Ege ve Akdeniz kiyilar ile Marmara Denizi
cevresindeki istasyonlarda, i¢ kesimde yer alan bazi istasyonlar ile Karadeniz
kiyisindaki birkac istasyonda artis goriilmektedir. Giinliik maksimum sicakliklarin
aylik minimum degerleri igin Ege ve Akdeniz kiyilar ile Giineydogu, I¢ Anadolu ve
kuzeydogu Karadeniz’de ki bazi istasyonlarda artig goriilmiistiir. Giinlilk minimum
sicakliklarin aylik minimum degeri i¢in Ege ve Akdeniz kiyilari, Marmara Denizi
cevresindeki istasyonlar ile iilkenin bati, i¢ ve kuzey kisimlarinda yer alan bazi
istasyonlarda artis gozlenmistir.

Giinliik sicaklik araligi (maksimum, minimum sicakliklart farki) indisi analizi
Temmuz ve Ocak aylar i¢in su sonuclar1 vermektedir. Ocak ay1 i¢in herhangi bir
mekansal uyumluluk goriilmemekle beraber bazi istasyonlarda azalan, bazi ig
istasyonlarda ise artan degerler mevcuttur. Ornegin, Inebolu, Giresun, Bafra, Silifke,
Cankiri, Nevsehir, Ardahan, Van, Sarikamis, Kiregburnu istasyonlarin da egilim
azalma yoniindedir. Antalya, Dikili, Bodrum, Burdur gibi istasyonlarda da artis
gorilmektedir. Temmuz ay1 i¢in ise giinliik maksimum, minimum sicaklik farklari
kuzeyde bulunan istasyonlarda artis, Akdeniz kiy1 kesiminde ve giineydogu ve
doguda bulunan bazi istasyonlarda ise azalis seklinde goriilmektedir.

Buz giinleri (ID) maksimum sicakligin 0°C’den kiigiik oldugu giinler igin analiz
sonuclarinda herhangi bir egilim bulunamamustir.

Biitlin bu sonuglara gore yani giinlik maksimum ve minimum sicaklik verileri
kullanilarak yapilan analiz sonuglarina gore, Tiirkiye lizerinde iklim degisikliginin
etkilerinin 6zellikle yilin sicak donemlerinde daha belirgin oldugu anlasilmistir.

Biiyime sezonu uzunlugu (GSL) giinliik ortalama sicakligin 5°C’den biiyiik oldugu
ilk 6 giin ile giinliik ortalama sicakligin 5°C’den kii¢iik oldugu ilk 6 giin arasindaki
giinler toplamin1 veren indis i¢in de herhangi bir egilim goriilmemekle beraber, kiy
kesimlerinde bu siirenin 365 giinii gectigi donemler olmustur. Ornegin Samandag
istasyonunda 1965, 1980, 2000 yillarinda giinliik ortalama sicaklik 365 giin boyunca
5°C’nin altina diismemistir.

Bir ay icindeki gilinliik maksimum yagis miktari, 5 giinliik ardisik maksimum yagis
miktar1, yagisin 10 mm’den (siddetli yagisli) ve 20 mm’den (¢ok siddetli yagislh)
fazla oldugu giinler sayistyla ilgili analizleri yapilan indisler i¢in Ocak, Temmuz,
Mayis ve Ekim aylari i¢in herhangi bir egilime rastlanmamastir.
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Bu c¢alismada, 134 istasyon i¢in yillik maksimum ve minimum sicaklik ve yagis
verileri ile 14 iklim indisinin egilim analizi 1965-2006 yillar1 i¢in yapilmistir.
Yapilan aragtirmanin sonuglar1 gostermektedir ki; yillik maksimum sicakliklar i¢in
Temmuz, Ekim ve Mayis aylarinda Tiirkiye genelinde bir artis mevcuttur. Ayn
sekilde yillik minimum sicaklik degerleri Temmuz ve Ekim aylar1 ic¢in artis
gostermektedir. Yaz giinleri ve tropik geceler sayisinda artis olmakla beraber,
bliylime sezonu uzunlugu ve buz giinlerinde herhangi bir egilime rastlanmamustir.
Ulke genelinde yagis deseni icin de herhangi bir egilim mevcut degildir. Aylik
maksimum ve minimum sicaklik degerleri Temmuz aylarinda artig géstermekte fakat
Ocak aylar1 i¢in herhangi bir egilim bulunmamaktadir. Sonug olarak iilke ¢apinda
maksimum ve minimum sicakliklar etkileyen bir 1sinma egilimi olmakla beraber,
yagis i¢in herhangi bir egilim bulunamamustir.
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1. INTRODUCTION

Weather and climate have significant effect on life on the Earth. People’s daily life
mainly depends on the interactions between the components of the climate system.
Effect of weather and climate on water resources, food production, health, and
welfare is inevitable. In this manner, variations in climate are very important for
society and the environment. Hence, in order to understand the variation in climate

and its results on nature and society, first we should understand the climate system.

Ahrens (2007) explained that the condition of the atmosphere at any particular time
and space called weather. Atmospheric conditions are affected by some parameters,
such as air temperature, air pressure, precipitation, clouds, wind, humidity and
visibility. Furthermore, weather can be predicted only for a limited time scale such as
several days or a week (IPCC, 2001).

Ahrens (2007) also stated that the climate of a region is the average state of its
weather over a longer period that is months or years. Besides, it includes the
extremes of weather such as heat waves or warm spells for a particular region. The
Thirth Assessment Report of the Intergovernmental Panel on Climate Change (IPCC,
2001) indicated that there are many kinds of climatic regimes observed on the Earth,
which varies from region to region. Moreover, a geographical factor, for example,
mountains, lake or sea, vegetation type and latitude affect the climate system. In
addition, climate varies in time scales. It changes from season to season, year to year,

decade to decade.

Taylor (2005) stated that the climate system consists of the Earth that is land, ocean
and ice, the surrounding atmosphere, radiation from the Sun and their interactions.
The Sun considered as an external forcing mechanism of the system. The radiation
coming from the Sun is the main source of the climate system that drives it.
Houghton (2004) explained this driving mechanism of the system as; outside of the
atmosphere, which directly facing the Sun, receives 343 watts radiant energy per

square meter. Six percent of this amount reflected back to space by atmospheric



molecules. Furthermore, ten percent of this radiation scattered from the land and
ocean surface to the space. Eighty-four percent of this energy that is 288 watts per
square meter is used for heating the surface of the Earth. In order to maintain a stable
climate there should be an energy balance between incoming and outgoing solar

radiation. As a result, 288 Wm radiations should be emitted back into space.

IPCC (2001) pointed out that half of the solar radiation coming from the Sun is in the
visible short wave part of the electromagnetic spectrum. The other is mostly in the
form of near infrared and ultraviolet radiation. By contrast, heat that returns from the
Earth’s surface to the atmosphere is in infrared part. The average net radiation at the
top of the atmosphere is zero when the climate system is in equilibrium condition,
which means incoming and outgoing radiation is equal. However, if a change in solar
radiation or the infrared radiation happens then, an imbalance occurs that is called
radiative forcing. Variations in radiative forcing may be due to external forcings such
as solar radiation or aerosols or anthropogenic effect that leads to change in the

atmospheric composition.

One of the natural forcing of the climate system is greenhouse gases, which are parts
of the atmosphere naturally. These gases have an important role in the energy
balance of the climate system due to absorbing and emiting infrared radiation (IPCC,
2001). Kump et al. (2004) said that water vapor (H20), carbon dioxide (COy),
methane (CHa), nitrous oxide (N20), ozone (O3) and chlorofluorocarbons (CFCs) are
main greenhouse gases. Lutgens et al. (2010) assessed that they affect energy balance
of the climate system. Short wave radiation that comes from the Sun passes through
the atmosphere and comes to Earth’s surface. It re-radiated from the land-sea surface
as a long-wave radiation and absorbed by water vapor, carbon dioxide and other
trace gases in the atmosphere. Then, this radiation sent back to the Earth surface
again so heat is held within the atmosphere. This process is called the natural
greenhouse effect.

IPCC (2001) reported that before the Industrial Revolution, the total greenhouse
gases in the atmosphere remained constant. However, when human activities have
begun to increase then the gases concentration increased also, which leads to
intensify the absorption and emission of the infrared radiation. Thus, positive
radiative forcing occurs that result in warming of the surface on average. As a result,

enhanced greenhouse effect is observed.



IPCC (2001) also stated that natural variability of climate depends on external
forcing and the interactions within the system components. For example, the
contingency of extreme events may be due to radiative forcing. The weather and
climate parameters such as maximum, minimum and average temperature, amount of
precipitation specifies the weather events. However, events such as, droughts,
flooding, heat waves have the least likely occurrence in a statistical point of view. As
a result, they are called extreme events. Their intensity and frequency have profound
consequences on people daily life with respect to social, economical and
environmental aspects. Both nature and society are vulnerable for such situations.

Hence, there are some studies on this subject.

One of these researches done by ETCCDI and a core set of 27 descriptive indices of

extremes has defined by using daily temperature and precipitation values (Url-1).

1.1 Purpose of Thesis

The main objective of this study is to investigate 14-climate indices trend for Turkey
for the period of 1965 — 2006. These indices obtained from 27 core indices of
ETCCDI.

Investigated 14 indices are:

1. FD, Number of frost days: Annual count of days when TN- daily minimum

temperature < 0°C.

2. SU, Number of summer days: Annual count of days when TX- daily

maximum temperature > 25 °C.

3. ID, Number of icing days: Annual count of days when TX- daily maximum

temperature < 0 °C.

4. TR, Number of tropical nights: Annual count of days when TN- daily

minimum temperature > 20°C.

5. GSL, Growing season length: Annual (1% Jan to 31 Dec in Northern
Hemisphere) count between first span of at least 6 days with daily mean
temperature TG> 5°C and first span after July 1* of 6 days with TG< 5°C.

6. TXx, Monthly maximum value of Daily maximum temperature.

7. TNx, Monthly maximum value of Daily minimum temperature.



8. TXn, Monthly minimum value of Daily maximum temperature.
9. TNn, Monthly minimum value of Daily minimum temperature.

10. DTR, Daily temperature range: Monthly mean difference between TX and
TN.

11.  Rxlday, Monthly maximum 1-day precipitation.
12. R10mm, Annual count of days when PRCP> 10 mm.
13. R10mm, Annual count of days when PRCP> 20 mm.

14.  Rxbday, Monthly maximum consecutive 5-day precipitation.

1.2 Study Area

Turkey is located between the geographic coordinates with latitudes 36° and 42° N
and longitudes 26° and 45° E. The country surrounded by Black Sea to the north,
Aegean Sea to the west and Mediterrean Sea to the south. Turkish Mountains are
located especially on the eastern part of the country so elevation increases eastward.
Besides, there are two main mountain ranges: one in the north called Black Sea
Mountain range and the other Taurus Mountains in the south. Between them, there is
a high central plateau. In Turkey, climatic conditions vary from region to region.
However, there are three main climate types observed for the country. One of them is
Mediterranean climate characterized by hot and dry summers and mild and wet
winters. Aegean and Mediterranean coastal areas experienced this temperate
Mediterranean climate. Continental climate observed interior of Turkey. This
climatic regime is characterized by cold winters and hot summers. Precipitation
occurrence is less and especially in the form of snow during the wintertime. The
Black Sea coastal region has a temperate maritime climate that is warm and wet
summers with cool and wet winters. This region receives considerable amount of

precipitation and its eastern part has rainfall throughout the year.

Sensoy et al. (2008) indicated that the Aegean and Mediterrean areas have different
precipitation pattern depending on location. Moreover, coastal areas of these regions
receive greatest amount of rain during the wintertime when compered with summers.
Central Anatolia gets least amount of precipitation due to mountain location. In the

south Taurus Mountains, lies close to the coast and do not allow the rain clouds to



puncture to the interior part. Besides, in the Eastern part, the mountains elevations
passes 2500 — 3000 m. Furthermore, in the north, Caucasian Mountain and Black Sea
Mountains hold the rain clouds, as a result, interior part of the coutry experienced
continental climate and receives least amount of rainfall. Although the stations on
the Black Sea coasts such as Rize and Hopa, receives 2,200 mm rainfall, inland
stations for example Konya and Igdir receives 250 — 300 mm rainfall annually. In
addition, annual precipitation on the Aegean and Mediterrean areas changes from
580 to 1300 mm.

Sen (2013) pointed out that Turkey’s mean temperature variation changes from
region to region due to topographic elevation of the country. The central plateau and
eastern parts are relatively cold (usually below 0 °C) during the wintertime.
However, coastal areas have mild winter months because of sea effect (usually over
4°C). In summertime, the Aegean and Mediterrean coastline and southeast part of the
Turkey have monthly average temperatures exceeding 25 °C. Along the Black Sea
coastline, it is around 21°C. Besides, central plain and eastern highlands have
temperatures well above 20°C. Hence, in a year, monthly averages of temperature
values are 18°C for the Black Sea coastline, around 20°C for the Mediterrean
coastline, about 23°C for the central plateau and about 30°C for the eastern parts of

Turkey.

1.3 Literature Review

Fourth Assessment Report of IPCC (IPCC, 2007) stated that Mediterrean basin is one
of the most vulnerable regions to climate change. Hence, there are many scientific
studies on climate change and its effect on this region. Turkey is located in the
eastern parts of this basin. As a result, some investigations were done for Turkey
also. Sensoy et al. (2005) examined temperature and precipitation trends for Turkey.
They used 100 stations for period 1971-2000. They found increasing trend for
monthly maximum of daily maximum, monthly maximum of daily minimum,
monthly minimum of daily maximum, and monthly minimum of daily minimum
temperatures. Furthermore, they showed that number of summer days and tropical
nights increased all over the country wheras number of ice and frost days decreased.
Besides, growing season length showed increasing behavior except coastal areas.

Their study also indicated that most inland stations showed increasing trend for



diurnal temperature range. However, it decreased along the coastal stations. In
addition, their study revealed that the maximum one-day and 5-days precipitation
have also increased except eastern Marmara and south Anatolia region. Zhang et al.
(2005) analysed the precipitation and temperature indices of 14 countries and Turkey
for period 1950 — 2003. They showed that there was not a strong trend for
precipitation indices such as, number of days with precipitation and maximum daily
precipitation. No spatiall coherency is found for them also. Their examination on
daily minimum and maximum temperatures indicated that annual maximum of daily
maximum and daily minimum temperature and the annual minimum of daily
maximum and daily minimum temperature have a statistically increasing trend that is
spatially coherent for the whole region. In addition, number of summer days showed
increasing trend also. Tiirkes et al. (2002) investigated diurnal temperature trends of
70 stations in Turkey for the period between 1929 -1999. Their research indicated
that, there was a significant warming of the nighttime minimum temperatures when
compared with cooling in daytime maximum temperatures for many regions.
Furthermore, some stations have shown significantly increasing trend for annual and
seasonal daily temperature range. Another study has been done for Turkey for period
1929 — 1999 by using 70 stations data. This investigation indicated that for southern
regions of Turkey, annual mean temperatures of spring and summer have increasing
trend. In addition, for the northern and continental inner regions autumn and summer
mean temperatures have decreasing trend. Aegean Region autumun maximum
temperatures indicated decreasing trend. Some parts of the Black Sea, Marmara and
Eastern Anatolia regions have negative trends for winter and autumn minimum
temperatures (Tiirkes et al, 2002). Kahya et al. (2006) analysed Turkish precipitation
data by using 96 stations for the period 1929 to 1993. This research indicated that
January, February and especially September monthly total precipitation amount
showed decreasing trend while the other months indicated increasing and decresing
trends. In addition, annual mean precipitation trends for western and southern of

Turkey showed downward behavior.



1.4 Motivation

It is obvious that the change in the frequency or intensity of extreme climate events
have significant impacts on environment and society. It is thus very crucial to
investigate extreme events. Effects of extreme events on human health, economy and
nature could be devastating. Human being is affected by extreme weather conditions
such as, flooding, drought and heat wave more than average weather conditions.
Motivation of this study is to investigate the trend in such a catastrophic weather
conditions in Turkey. It could be observed in Turkey that storm, flooding and
droughts usually occurred and caused loss of life and money. For example, in 2009
in Istanbul, more than 30 people has died due to flooding of Ayamama River.
Therefore, it is very important to study the trends in climate extremes for Turkey

region since there are very few studies in that area.

In order to investigate extreme events, we searched 14 climate extremes indices trend
for Turkey for the period 1965-2006. For achieving this goal, daily temperature and

precipitation data were used.






2. DATA AND METHODOLOGY

2.1 Data

In this study, daily temperature and precipitation data were used. They were obtained
from Turkish State Meteorological Service for 452 stations. In order to eliminate
missing value stations data visualization method was used and 134 stations selected
from them. After that trend analysis of indices, have been done for period 1965-
2006.

Distribution of 452-stations data is shown in Figure 2.1. This figure was obtained
from number of frost day’s data. Y-axis indicates years, X-axis indicates stations.
Black points have data whereas white points are NaN (missing values).

Stations without any missing values have been chosen by using data visualization
method. Optimization was applied for this purpose. Periods for analyzing these data

were also chosen by optimization.

Distribution of station data
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Figure 2.1 : Distribution of station data.

Stations and their missing data numbers have been shown in Figure 2.2. Some
stations have 40, 45 NaN’s. However, some of them do not have any missing data.

Hence, stations were sorted for their missing data and its graph was shown below.
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Figure 2.2 : Distribution of missing data.

Stations without any missing data indicated in Figure 2.3. In order to choose
statistically meaningful period for trend analysis an optimization have been done.
According to this optimization periods, 1965-2006 that is 41 years have been chosen
for trend analysis of 134 stations (Figure 2.4).
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Figure 2.3 : Stations sorted for missing data.
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Figure 2.4 : Number of stations without missing data from 1965 to 2006.
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Stations distributions according to seven regions were shown in tables below.

Table 2.1 : Black Sea region stations.

Region Station Latitude (N) Longitude (E)
Name
BLS Akgakoca 41° 08' 31° 12
BLS Bartin 41° 60 32° 51
BLS Zonguldak 41°27 31°48'
BLS Inebolu 41°59' 33°47
BLS Sinop 42° 01" 35° 10
BLS Samsun 41°17 35°10'
BLS Ordu 40° 81" 37° 54'
BLS Giresun 40° 55' 38° 23
BLS Rize 41° 02 40° 31"
BLS Trabzon 41°00' 39° 43
BLS Hopa 41° 24 41° 26'
BLS Artvin 41° 13 41° 85'
BLS Diizce 40° 84' 31° 16
BLS Kastamonu 41° 38 33° 78
BLS Corum 40° 55' 34° 95"
BLS Amasya 40° 39' 35°50'
BLS Tokat 40° 18' 36° 33"
BLS Giimiighane 40°27' 39° 27
BLS Bayburt 40° 15 40° 14'
BLS Bafra 41° 31 35° 53
BLS Pazar-Rize 41°10' 40° 53'
BLS Zile 40° 28' 35° 88!
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Table 2.2 : Marmara region stations.

Region Station Latitude (N)  Longitude (E)
Name
MAR Corlu 41°9' 27° 49
MAR Edirne 41° 40’ 26° 33"
MAR Tekirdag 40° 59' 27°29
MAR Kumkdy 41° 25' 29° 04'
MAR Kiregburnu 41° 15 29° 05'
MAR Goztepe 40° 58' 29° 05'
MAR Kocaeli 40° 46' 29° 56'
MAR Sakarya 40° 46' 30° 23"
MAR Bolu 40° 44' 31°36'
MAR Gokgeada 40° 11 25° 54
MAR Canakkale 40° 8' 26° 23"
MAR Bandirma 40° 21" 27° 58'
MAR Bursa 40° 11" 29° 06'
MAR Yalova 40° 39' 29° 16'
MAR Bilecik 40°9' 29° 58'
MAR Edremit 39° 35! 27° 1
MAR Balikesir 39° 36' 27° 55!
MAR Uzunkopri 41° 16 26° 41"
MAR Liileburgaz 41°24' 27° 21
MAR Florya 40° 59' 28°48'
MAR Geyve 40° 31" 30° 17
MAR Bozoylik 39° 55' 3002

Table 2.3 : Aegean region stations.

Region Station Latitude (N)  Longitude (E)
Name
AEG Kiitahya 39° 25 29° 58'
AEG Dikili 39°03' 26° 52
AEG Akhisar 38°55' 27° 51
AEG Manisa 38°37' 27°27
AEG Usak 38°41' 29° 24
AEG Afyon 38° 45 30° 32
AEG [zmir 38°26' 27° 10’
AEG Cesme 38°18' 26° 22
AEG Aydin 37° 51 27° 50"
AEG Denizli 37° 46' 29° 6'
AEG Burdur 37° 40' 30°20'
AEG Bodrum 37°02' 27° 26'
AEG Mugla 37°13' 28° 22
AEG Dalaman 36° 46' 28° 47
AEG Fethiye 36°37' 29° 7
AEG Bergama 39°6' 27° 10
AEG Bornova 38°27 27° 11
AEG Selguk 37° 56' 27° 22
AEG Koycegiz 36° 57 28° 41"
AEG Emirdag 39° 1 31°9
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Table 2.4 : Mediterranean region stations.

Region Station Name Latitude (N) Longitude (E)
MED Alanya 36° 33" 31°59
MED Antalya 36° 53 30° 40'
MED Anamur 36°5' 32°50'
MED Silifke 36°23' 33°56'
MED Mersin 36° 48" 34° 38'
MED Adana 37° 0 35°19'
MED Isparta 37° 47 30° 34
MED Beysehir 37° 67 31° 72
MED Iskenderun 36° 35" 36° 10'
MED Antakya 36° 15 36° 8
MED Finike 36° 18' 30° 8
MED Goksun 38° 1 36°29'
MED Tefenni 37° 18 29° 46'
MED Kozan 37°26' 35°49'
MED K.Maras 37° 35 36° 55'
MED Karaisali 37° 16 35° 4
MED Elmali 36° 44' 29° 54'
MED Manavgat 36° 46' 31°26'
MED Dortyol 36° 51" 36° 13"
MED Yumurtalik 36° 46' 35°47
MED Karatas 36° 34' 35°23'

Table 2.5 : East Anatolia region stations.

Region Station Latitude (N)  Longitude (E)
Name
EAN Ardahan 41°6' 42° 42'
EAN Erzincan 39° 42 39° 31"
EAN Erzurum 39° 53" 41° 16'
EAN Kars 40° 35 43° 4'
EAN Igdir 39° 55! 44° 3"
EAN Van 38°29' 43° 23
EAN Malatya 38° 21" 38° 18
EAN Elazig 38° 40' 39° 13
EAN Bingol 38° 53' 40° 29'
EAN Bitlis 38°28' 42° 9
EAN Ispir 40° 29' 40° 59'
EAN Tortum 40° 18' 41° 32
EAN Sarikamis 40° 20’ 42° 35'
EAN Tercan 39° 46' 40° 23'
EAN Dogubeyazit 39° 33" 44° 5!
EAN Arapgir 38°2' 38°26'
EAN Keban 38° 47 38° 44
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Table 2.6 : South East Anatolia region stations.

Region Station Name Latitude (N) Longitude (E)
SAN Siirt 37° 55" 41° 56'
SAN G.Antep 37° 4 37°29'
SAN S.Urfa 37°9 38°47
SAN Diyarbakir 37° 54 40° 13
SAN Islahiye 37° 20 36° 38'
SAN Kilis 36° 43' 37° %
SAN Adiyaman 37° 45’ 38° 16'
SAN Ceylanpinar 36° 51" 40° 2
SAN Samandag 36° 5 35° 58'

Table 2.7 : Central Anatolia region stations.

Region Station Name Latitude (N) Longitude (E)
CAN Cankiri 40° 36' 33° 36
CAN Sivas 39° 45 37° 1
CAN Esenboga 39° 57 32° 53"
CAN Ankara 40° 4' 32° 34
CAN Yozgat 39° 49' 34° 48’
CAN Kirsehir 39° 08 34° 10
CAN Gemerek 39° 11 36° 4
CAN Cihanbeyli 38° 39 32° 55
CAN Aksaray 38°22' 34°0'
CAN Nevsehir 38° 37 34° 42
CAN Kayseri 38°43' 35°29
CAN Aksehir 38° 22 31° 26
CAN Konya 37° 52 32°28'
CAN Karaman 37° 12 33°13'
CAN EregliKonya 37° 31" 34° 2
CAN Nigde 37°28' 34° 41
CAN Kizilcahamam 40° 28' 32° 39
CAN Beypazari 40° 10' 31° 55
CAN Zara 39° 54 37° 45
CAN Polath 39° 58 32° 16
CAN Divrigi 39°22' 38°7
CAN Ulukisla 37° 33" 37° 29
CAN Karapinar 37°43' 33°33'

Figure 2.5 showed the distribution of 134 stations over Turkey.
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Figure 2.5 : Distribution of 134 stations over Turkey.

2.2 Methodology

Daily minimum and maximum temperature and daily precipitation data have been
used for this study. At the beginning, data were arranged by using NCL software. By
using this method, for some indices, daily minimum and maximum temperature data
were converted to the number of days such as frost and summer. After that, in order
to analyse 134 stations trends for 1965-2006 the Sequential Mann Kendall non-

parametric test was applied.

This version of the Mann Kendall test used to determine beginning of a trend within
a sample. The null hypothesis HO assumes that the time series under investigation

shows no beginning of a developing trend. Test statistic computed by using ranked

values of the original values(xl, Xy, Xs, ...,xn). The following steps are applied to

determine trend-beginning period. Then according to this test, the null hypothesis is

accepted or rejected (Gerstengarbe et al, 1999).

The test statistics variables ti computed by the equation below
i
t=2n, (2.1)
1

where n; indicates for each element x, (j>k) the number of cases where X; > X,

with j=1,2,...,nand k=12,....,j—1.

The distribution of the test statistic t, is asymptotically normal with mean:
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Et)=[i(i-1)/4] (2.2)
The variance:
Var(t;) =[i(j-D(2j+5)]/ 72 (2.3)

Calculation of the sequential value of the test statistic u(t) (progressive rows of

statistic that is standardized variable or reduced variable) is given below:

t —E(t,)

M0=J§§E7 (2.4)

In order to determine the beginning of a trend retrograde row of statistics u'(t)is

computed backwards from the end of series. When both of curves plotted then
intersection of these curves, give the beginning of a developing trend within the time

series. Furthermore, if u(t)>0 at = 1.96 (5% level) then it is concluded that the
sample has an increasing trend. Neverthless, if u(t) <0 at = 1.96 (5% level) then it

can be inferred that there is a decreasing trend in time series. Without any trend a

time series plot of the values u(t) and u'(t) shows curves that overlap several times
(Turkes et al, 2002).

Figure 2.6 showed increasing trend pattern for tropical nights indices for Siirt station.
Curves, u(t) andu'(t) intersect each other beyond statistically significance level
around 1992 and u(t) indicated increasing behavior for this index from 1992 to
2006.

u(t) and u'(t) for Tropical Nights for Station64 Siirt
T
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Figure 2.6 : Increasing trend pattern for tropical nights indices for Siirt station.
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Figure 2.7 showed decreasing trend pattern for daily temperature range of Fethiye

station for July. Curves, u(t) and u'(t) intersect each other around 1994 and u(t)
indicated decreasing tendency for this index from 1994 to 2006.

u(t) and u'(t) for July Daily Temperature Range for Station86 Fethiye
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Figure 2.7 : Decreasing trend pattern for DTR indices of July for Fethiye station.

Figure 2.8 showed daily temperature range of Zonguldak station for July. For this

indeces there wasn’t any trend observed. Curves, u(t) and u'(t) intersect each other

several times in the boundary of significance level.

u(t) and u'(t) for July Daily Temperature Range for Station3 Zonguldak
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Figure 2.8 : DTR indices of July without any trend for Zonguldak station.
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3. RESULTS AND DISCUSSION

Trend analysis of 134 stations with respect to 14 indices have been done by using
non-parametric Sequentiall Mann Kendall Test at 5% significance level. Their results
are shown below. Moreover, maximum and minimum temperatures annual trends
investigation have been done for four months. They were October, May, January and
July. Furthermore, their annual precipitation investigation have been done also. First

of all, their results are discussed here then indices results will be explained.

3.1 Annual Maximum Temperature Trend for July

Trend analysis of annual maximum temperatures of July indicates spatially
increasing trends. Stations from the west part of the country mainly located in
Aegean coastal area displayed increasing trend. Besides, some stations for instance
Antalya, Alanya, Silifke that located along the Mediterranean coastal areas have
have an increasing tendency for annual maximum temperature of July. Furthermore,
stations around Marmara Sea and Black Sea coastal areas plus most inland stations
showed this behavior (Figure 3.1).

Black Sea

Mediterraneai fea

Figure 3.1 : The results of the trend for annual maximum temperature of July
between 1965-2006. Statistically significant trends indicated
with triangles.
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3.2 Annual Maximum Temperature Trend for October

Trend analysis of annual maximum temperatures of October for the period 1965-
2006 showed increasing trends for some stations. Although, there isn’t any spatially
coherent distribution observed throughout the country some parts indicated this
tendency. Stations, for instance; Ordu, Trabzon, Rize that are located in the north-
east part of the country showed this direction. Furthermore, some stations such as;
Alanya, Anamur, Mersin, Yumurtalik, Tefenni in the Mediterrean and Izmir, Aydin,
Denizli, Bodrum in the Aegean regions have behaviour like this. Moreover, Ispir,
Tortum, Dogubeyazit, Erzurum, Kars and Arapgir stations from East Anatolia region
exhibited increasing trend. In addition, from Marmara region just two stations,
Yalova and Liileburgaz displayed increasing behaviour for annual maximum

temperature of October. Distribution of stations indicated in Figure 3.2.

Black Sea

L

®

Mediterraneai Sea

Figure 3.2 : The results of the trend for annual maximum temperature of
October between 1965-2006. Statistically significant trends
indicated with triangles.

3.3 Annual Maximum Temperature Trend for January

Trend analysis of annual maximum temperatures of January for 134 stations does not
indicate any spatially coherent result for the period 1965-2006. However, few
sitations showed increasing trends. Stations from East Anatolia region such as Kars
and Van indicated this tendency. Furthermore, stations from South East Anatolia
region for instance Gaziantep, and Adiyaman have behaviour like this. Moreover,
stations from west part of the country for example Aydin, Bodrum, Mugla, Kdycegiz
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and from south part of the country such as Alanya, Antakya have displayed
increasing trend. In addition, one station which is Liileburgaz from Marmara region
indicated increasing trend for annual maximum temperature of January. As a result,
investigation of January annual maximum temperatures reveals increasing trend for

few stations, their distribution given below (Figure 3.3).

Black Sea

3

Aegean Sea

Mediterranea

Figure 3.3 : The results of the trend for annual maximum temperature of
January between 1965-2006. Statistically significant trends are
indicated with triangles.

3.4 Annual Maximum Temperature Trend for May

Annual maximum temperatures of May indicated increasing trends for some stations
in the west part of the country such as Aydmn, Usak Manisa. Besides, stations from
the central part for example Nigde, Konya Eregli, Polatli showed increasing trend.
Furthermore, few stations located along the Mediterrean coastal areas for instance
Antalya, Antakya, Alanya, Mersin have increasing temperature tendecy also.
However, one station which is Bafra showed decreasing trend for annual maximum

temperature of May. Distribution of stations shown in Figure 3.4.
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Black Sea

Mediterraneai $ea

Figure 3.4 : The results of the trend for annual maximum temperature of
May between 1965-2006. Statistically significant trends are
indicated with triangles.

3.5 Annual Minimum Temperature Trend for July

Trend analysis of annual minimum temperatures of July indicates spatially coherent
increasing trends for 93 stations. They are distributed along the three coastlines and
around Marmara Sea. From the Aegean region stations (Izmir, Cesme, Aydin,
Denizli, Afyon, Kiitahya) from the Mediterranean region stations (Mersin, Adana,
Alanya, Anamur) and from the Black Sea region stations for example, Bartin, Sinop,
Rize, Giresun have increasing trend for annual minimum temperature of July.
Stations located in Marmara region such as, Bolu, Sakarya, Kocaeli, Tekirdag have
increasing tendency for annual minimum temperature of July. In addition, some
inland stations such as Ankara, Konya Eregli, Nigde, Aksaray indicated this
behaviour. Furthermore, some stations located in the east part of the country for
instance Van, Kars, Igdir, Erzincan displayed increasing behaviour. However,
Erzurum station indicated decreasing trend. Furthermore, some stations like
Adiyaman, Kilis, Sanliurfa from the south-east part of the country have showed
increasing trend. Consequently, this analysis indicates spatially coherent increasing
trends for annual minimum temperature of July. Distribution of stations shown in

Figure 3.5.

22



Black Sea
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Figure 3.5 : The results of the trend for annual minimum temperature of July
between 1965-2006. Statistically significant trends are
indicated with triangles.

3.6 Annual Minimum Temperature Trend for October

Trend analysis of annual minimum temperatures of October for 134 stations for the
period 1965-2006 reveals increasing trends for some stations. These stations located
around the Marmara Sea such as Goztepe, Sakarya, Bursa, Edirne, Bolu. In addition,
stations located along the Mediterrean coastal areas for example Manavgat, Antalya,
Mersin, Iskenderun displayed increasing trend. Furthermore, some stations from the
Aegean region for instance Denizli, Akhisar indicated increasing trend for annual
minimum temperature of October. Besides, some inland stations for example Ankara,
Kayseri, Aksaray, Sivas showed this behaviour. In addition, stations that located in
the south-east part of the country such as Gaziantep, Kilis, Kahramanmaras,
Sanliurfa displayed the same trend for annual minimum temperature of October.
Moreover, stations from the north-east part of the Black Sea region for example
Ordu, Giresun, Rize have increasing tendency also. Although, few stations from the
east part of the country displayed increasing trend for instance Van, Erzincan, Keban,
Erzurum station indicated decreasing trend for annual minimum temperature of
October. As a consequence, there was not any spatially coherent trend observed for
this analysis throughout the country but mainly two coastal areas the Mediterranean
and Aegen parts, north-east part of the Black Sea region, stations from the south part
of the county and some inland stations displayed increasing trend. However, just one
station which is Erzurum from the east part of the country showed decreasing trend.
Distribution of stations given in Figure 3.6.

23



Black Sea

o

YN 4

Mediterraneaifea

Figure 3.6 : The results of the trend for annual minimum temperature of
October between 1965-2006. Statistically significant trends are
indicated with triangles.

3.7 Annual Minimum Temperature Trend for May

Annual trend analysis of May minimum temperatures indicated decreasing trends for
some stations in the Black Sea region but the Mediterrean and Aegean coastal areas
with some inland and south-east stations, few stations on the east part of the country

showed increasing trends (Figure 3.7).

Black Sea

Mediterraneai ?ea

Figure 3.7 : The results of the trend for annual minimum temperature of May
between 1965-2006. Statistically significant trends are
indicated with triangles.
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3.8 Annual Precipitation Trends for Four Months

Annual trend analysis of precipitation for four months (October, May, July, January)

does not show any trends. There wasn’t any precipitation patterns found.

3.9 Number of Frost Days Trend Analysis

FD, Number of frost days mean: Annual count of days when TN- daily minimum
temperature is less than 0°C. Analysis of this indices revealed that there is no
spatially coherent increasing or decreasing trend throughout the country. However,
few stations that indicate increase in frost days number are mainly in the northern

half of the country plus few inland stations (Figure 3.8).

Black Sea

T )
gean Sea

.2 %8
4 Nae

Mediterraneai }ea

Figure 3.8 : Distribution of frost days stations.Statistically significant trend
indicated with triangles

3.10 Number of Summer Days Trend Analysis

Number of summer days, SU refers to annual count of days when TX- daily
maximum temperature is greater than 25°C. Summer days are increasing in Turkey.
The significant increases distributed throughout the country with the exception of

southeastern Anatolia region (Figure 3.9).
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Figure 3.9 : Distribution of summer days stations. Statistically significant
trends indicated with triangles.

3.11 Number of Tropical Nights Trend Analysis

Number of tropical nights, TR refers to annual count of days when TN- daily
minimum temperature is greater than 20°C. Investigation of this indices indicated
that stations located on northeast of the country and coastal regions around the

Marmara Sea and the Mediterranean showed increasing trend (Figure 3.10).

Black Sea

i

X [
j";}Aegean Sea 1

Mediterrane

Figure 3.10 : Distribution of tropical nights stations. Statistically significant
trends indicated with triangles.

3.12 Monthly Maximum Value of Daily Minimum Temperature for July

Trend analysis of monthly maximum value of daily minimum temperature of July
showed increasing trends along coastal areas especially Aegean and the Mediterrean.
Besides, some stations around Marmara Sea exhibited this behaviour. Furthermore,
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few stations on the Black Sea coastline and some inland stations indicated this trend
also (Figure 3.11).
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Figure 3.11 : Stations for monthly maximum value of daily minimum
temperature of July. Statistically significant trends shown in
triangles.

3.13 Monthly Minimum Value of Daily Maximum Temperature for July

Monthly minimum value of daily maximum temperature analysis for July months
indicated increasing trends among stations located especially along Aegean and the
Mediterrean coastal areas. In addition, some stations on the Southeast, Central
Anatolia and northeast of the Black Sea Region revealed increasing trends (Figure
3.12).

Black Sea

'
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Figure 3.12 : Stations distribution for monthly minimum value of daily
maximum temperature of July. Statistically significant trends
shown in triangles.
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3.14 Monthly Minimum Value of Daily MinimumTemperature for July

Monthly minimum value of daily minimum temperature analysis for July months
indicated increasing trends along the Mediterranean, Aegean coastlines and some
stations around Marmara Sea. Moreover, some stations on the west, central and

northern part of the country behave in the same manner (Figure 3.13).

Black Sea

T

bR

Figure 3.13 : Stations for monthly minimum value of daily minimum
temperature for July. Statistically significant trends are shown
by triangles.

3.15 Daily Temperature Range for January

Daily temperature range (DTR) refers to the monthly mean difference between
maximum and minimum temperature of a day. DTR trend analysis has been done for
January and July. There weren’t any spatially coherent trends found for January.
Some stations showed decreasing, some Aegean coastline and inland stations showed

increasing trend. Distribution of the stations are shown in Figure 3.14.
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Figure 3.14 : Distribution of stations for daily temperature range for
January.

3.16 Daily Temperature Range for July

Stations located on the northern part of the country showed increasing trend for DTR
of July. However, there was decreasing trend among the stations located on the
Mediterranean coastal areas and southeast and east part of the country. Distribution

of the stations are shown in Figure 3.15.

Black Sea

Mediterraneaitsea

Figure 3.15 : Distribution of stations for daily temperature range for July.
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3.17 Numbers of Icing Days

Icing days, ID refer to annual count of days when TX, daily maximum temperature is

less than 0°C. There wasn’t any trend observed for icing days.

3.18 Growing Season Length

Growing season length, GSL refers to annual (1 Jan to 31 Dec in Northern
Hemisiphere) count between first span of at least 6 days with daily mean temperature
TG >5°C and first span after July 1% of 6 days with TG <5°C. There wasn’t any trend
observed for this indis between the period 1965 — 2006. Stations on the coastal
regions may have growing season length exceding 365 days. For example Samandag
station daily mean temperature does not fall below 5°C in 1965, 1980, 2000.

3.19 Precipitation Indices

Precipitation indices; Rx1day that is monthly maximum 1-day precipitation, Rx5day
monthly consecutive 5-day precipitation have been investigated but there weren’t
any trends observed for them. Moreover, annual count of days when precipitation
greater than 10 mm and 20 mm were analysed but there were not any trend found for

them also.

3.20 General Assesment

General assessment between the stations and indices give us some consequences.
These results are obtained from comparing the tables that given in appendix of this

study. The information obtained from the tables is

e Two stations from Black Sea region and six stations from Mediterranean
region have the same tendency for monthly minimum of daily maximum
(TXn), monthly minimum of daily minimum (TNn) and monthly maximum

of daily minimum (Tnx) indices for July months. All of them are increasing.

e Four stations from Aegean region showed increasing trends for monthly
minimum of daily maximum (TXn), monthly minimum of daily minimum

(TNn) and monthly maximum of daily minimum (Tnx) indices for July
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months. Besides, for these stations daily maximum temperatures are greater
than 25 °C. As a result their summer days increased also.

Seven stations from Central Anatolia region, three stations from South East
Anatolia region and three stations from Marmara region indicated increasing
trends for monthly minimum of daily maximum (TXn), monthly minimum of

daily minimum (TNn) indices for July.

Four stations, Tekirdag, Kumkdy, Liileburgaz and Geyve from Marmara
region have daily maximum temperatures greater than 25 °C that their
summer days increased. In addition, their daily minimum temperatures grater

than 20 °C which means their tropical nights increased also.

Two stations, Corum and Bayburt from Black Sea region, two stations,
Antalya and Anamur from Mediterranean region, three stations, Denizli,
Bodrum, Selguk from Aegean region, one station, Kars, from East Anatolia
region and four stations Tekirdag, Kumkdy, Liileburgaz and Geyve from
Marmara region have daily maximum temperatures greater than 25 °C.
Hence, in those stations summer days increased. Moreover, their daily
minimum temperatures are grater than 20 °C which means their tropical

nights increased also.
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4. CONCLUSIONS AND RECOMMENDATIONS

This study aims to analyse 134 stations extreme temperature and precipitation
indices trends for the period 1965 -2006. Daily temperature and precipitation data
used for this analysis was obtained from Turkish State Meteorological Service. The
stations were chosen by data visualization methods to eliminate missing value

stations.

Fourteen climate indices have been investigated for their trends. Furthermore, annual
maximum and minimum temperature and precipitation trends have been done for

October, May, January and July.

4.1 Annual temperature and precipitation trends results

e Annual maximum temperatures of July showed spatially increasing trends for
coastline and most inland stations and stations around Marmara Sea.

e Annual maximum temperatures of October indicated increasing trends for
north-east part of the country. Moreover, some stations on the Mediterrean
and Aegean coastal areas have a tendency like this.

e Investigation of annual maximum temperatures of January does not indicate
any spatially coherent trend.

e Trend analysis of May annual maximum temperatures showed that stations
located on west and central part of the country with few stations along the
Mediterrean coastal areas have increasing trends. In contrast, one station
which is Bafra showed decreasing trend.

e Annual minimum temperatures of July showed that spatially coherent
increasing trends for 93 stations. They distributed along the coastlines, inland,
east and south-east part of the country. However, Erzurum station indicated
decreasing trend.

e Trend analysis of October annual minimum temperatures revealed that
stations around the Marmara Sea, along the Mediterrean and Aegean coastal

areas with some inland and south-east stations, the north-east part of the
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Black Sea region and few stations on the east part of the country showed
increasing trends. However, Erzurum station indicated decreasing trend.

e Annual minimum temperatures of May indicated decreasing trends for some
stations in the Black Sea region. By contrast, stations on the Mediterrean and
Aegean coastal areas with some inland and south-east stations, few stations
on the east part of the country showed increasing trends.

e Annual trend analysis of precipitation for four months does not show any

trends. There were not any precipitation patterns found.

4.2 Indices trends results

e Number of summer days and tropical nights has increased significantly

whereas there was not any spatially coherent trend observed for frost days.

e The statistical analysis indicated that monthly minimum value of daily
maximum temperature of July have an increasing trend for stations located
especially in Aegean and the Mediterranean coastal areas. In addition, some
stations from the Southeast, Central Anatolia and northeast of the Black Sea

region have displayed increasing trend.

e Trend analysis of monthly minimum value of daily minimum temperature for
July indicated increasing trends along the Mediterranean, Aegean coastlines
and some stations around Marmara Sea. Moreover, some stations on the west,

central and northern part of the country behave in the same manner.

e Daily temperature range trend analysis has been done for January and July.
There weren’t any spatially coherent trends found for January. Some stations
showed decreasing, some Aegean coastline and inland stations showed

increasing trend.

e Trend analysis of July months indicated that stations located on the northern
part of the country showed increasing trend whereas there was a decreasing
trend among the stations located on the Mediterranean coastal areas and

southeast and east part of the country.
e There weren’t any trends observed for icing days.

e There weren’t any trends observed for growing season length indices.

34



e There weren’t any trends observed for precipitation indices, Rx1day, Rx5day,
R10mm and R20mm.

4.3 Discussions

As it is known that climate extremes has significant affects on nature, society and
economy. Some important areas that are affected by extremes are ecosystems,
forestry, agriculture, water resources, tourism, health and insurance and energy
sectors (Kostopoulou et al, 2005). Extreme weather can have significant effects on
wild life populations and its dynamics. Many population extinctions occurred due to
this reason, for example Edith’s Checkerspot butterfly (Parmesan et al, 2000).
Distribution of species, their morphology, behavior and population influenced by
extreme events (Easterling et al, 2000). Increase in droughts, flooding events, heat
stress have an important impacts on crop yields and livestock productivity, both of
them are reduced. Besides, extremes have negative consequences on food, fibre and
forestry (IPCC, 2007). Changes in extremes intensity and frequency have significant
impacts on health. Both low-income and high-income countries affected by these
extremes. For example, at 2003 heat wave affects Europe. Occurrence of deaths
increased by 140 % in Paris (Haines et al, 2005). Damages due to extreme events
such as floods, storms and droughts affects insurance industry. Moreoever, tourism

and energy sectors also influenced by extremes.

Therefore, to study the trend in climate extreme events became crucial due to
damaging effects on human comfort. According to the fourth assessment report of
Interngovernmental Panel on Climate Change (IPCC, 2007) Turkey and the
Meditarranean Basin are one of the most vulnerable region to climate change. To
understand the future change in climate extremes, we first have to investigate the

past trend in climate extremes in Turkey.

Hence, in this study, we have examined 14 climate extreme indices which
emphasizing changes in temperature and precipitation extremes for 134 stations for
the period 1965-2006 for Turkey. The results shows statistically significant
increasing trends for temperature data. Tropical nights and summer days have been
increased all over Turkey. Monthly minimum and maximum temperatures reveals

increasing trend for July throughout the country. Daily temperature range of July
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exhibits decreasing trend mainly in the south coastline and south part of the country.
There wasn’t any trend observed for precipitation pattern. In general, there was an
increasing trend observed for minimum and maximum temperature throughout the
country especially warmer parts of the year. Hence, in Turkey we may have

experiences like given examples due to climate extremes effects.

In this study, possible errors occurred due to data itself because we haven’t got any
metadata and we didn’t do any homogeneity test. Equipments and their positions in
the stations may changed. However, we didn’t pay attention to singular changes we

focused on coherency.
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APPENDIX A

1. FD, Number of frost days: Annual count of days when TN- daily minimum
temperature < 0°C.

Let TN; be daily minimum temperature on day iand year j. Count the
number of days where TN;, <0°C.

2. SU, Number of summer days: Annual count of days when TX- daily
maximum temperature > 25°C.

Let TX;be daily maximum temperature on day iand year j. Count the
number of days where TX; >25°C.

3. ID, Number of icing days: Annual count of days when TX- daily maximum
temperature < 0°C.

Let TX;be daily maximum temperature on day iand year j. Count the
number of days where TX; <0°C.

4. TR, Number of tropical nights: Annual count of days when TN- daily
minimum temperature > 20°C.

Let TN; be daily minimum temperature on day iand year j. Count the
number of days where TN; >20°C.

5. GSL, Growing season length: Annual (1% Jan to 31 Dec in Northern
Hemisphere), count between first span of at least 6 days with daily mean

temperature TG>5°C and first span after July of 6 days with daily mean
temperature TG<5°C.

Let TG, be daily mean temperature on day iand year j. Count the number of
days between the first occurrence of at least 6 consecuitive days with TG; >
5°C and the first occurrence after 1% July of at least 6 consecuitive days with

TG, <5°C.
6. TXx, Monthly maximum value of daily maximum temperature:

Let TXx be daily maximum temperatures in monthk, periodj. The
maximum daily maximum temperature each month is then
TX 4 :max(Txxkj)

7. TNx, Monthly maximum value of daily minimum temperature:

Let TNx be daily minimum temperatures in monthk, periodj. The
maximum  daily minimum temperature each month is then
TN, =max(TN,;)

8. TXn, Monthly minimum value of daily maximum temperature:

Let TXn be daily maximum temperatures in monthk, periodj. The
minimum daily maximum temperature each month is then TX ; =min(TX ;)
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10.

11.

12.

13.

14.

TNn, Monthly minimum value of daily minimum temperature:
Let TNn be daily minimum temperatures in monthk , period j . The minimum
daily minimum temperature each month is then TN, ; =min(TN ;)

DTR, Daily temperature range: Monthly mean difference between TX and
TN

Let TX;and TN;be the daily maximum and minimum temperature
respectively on day iand period j. If | represent the number of days in j,

then: DTR _ 2 =Tn,)
) i
|

Rx1day, Monthly maximum 1- day precipitation:

Let RR; be daily precipitation amount on day iand period j. The maximum
1-day values for period j are: Rx1dayj=max RR;

Rx5day, Monthly maximum consecutive 5-day precipitation:

Let RR be the precipitation amount for the 5-day interval ending k , period j .
Then maximum 5-day values for period j are: Rx5dayj=max RR,,

R10mm, Annual count of days when PRCP>10mm:

LetRR; be daily precipitation amount on day iand period j. Count the

number of days where RR; >10mm.

R10mm, Annual count of days when PRCP>20mm:

LetRR; be daily precipitation amount on day iand period j. Count the

number of days where RR; >20mm.

41



APPENDIX B

Table B.1 : Indices definitions and its abbrevations.

Indices

Definitions

FD
ID
SU
TR

TXX

TNX

TXn

TNn
DTR

Number of frost days
Number of icing days
Number of summer days
Number of tropical nights
Monthly maximum value of
daily maximum temperature
Monthly maximum value of
daily minimum temperature
Monthly minimum value of
daily maximum temperature
Monthly minimum value of
daily minimum temperature
Daily temperature range for

Table B.2 : Indices distribution for Black Sea region.

Stations

FD

Akcakoca
Bartin
Zonguldak
Inebolu
Sinop
Samsun
Ordu
Giresun
Rize
Trabzon
Hopa
Artvin
Kastamonu
Corum
Amasya
Tokat
Giimiishane
Bayburt
Bafra
Pazar-Rize
Diizce
Zile

inc M8 inc

ID SU TR TXx TNx- TXn- TNn-

July  July July

DTR-
Jan

DTR-
July
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Table B.3 : Indices distribution for Mediterranean region.

Stations FD

ID SU TR TXx TNXx-

July

TXn- TNn-
July July Jan

DTR-

DTR-
July

Isparta
Beyschir il
K.Maras
Antalya

Alanya
Anamur

Silifke

Mersin

Adana

Iskenderun
Antakya

Finike
Goksun
Tefenni

Kozan
Karaisali

Elmal
Manavgat
Dértyol

Yumurtalik
Karatas
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Table B.4 : Indices distribution for Aegean region.

Stations FD ID SU TR TXx TNx- TXn- TNn- DTR- DTR-
July July July Jan July

Kiitahya
Dikili inc
Akhisar I I
Manisa
Usak
Afyon inc
[zmir
Cesme .
Aydin I
Denizli inc
Burdur il
Bodrum inc
Mugla
Dalaman
Fethiye inc
Bergama
Bornova
Selguk inc inc
Koycegiz

Emirdag . .
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Table B.5 : Indices distribution for Central Anatolia region.

Stations FD ID SU TR TXx TNx- TXn- TNn- DTR- DTR-
July July July Jan July

Cankir
Sivas
Esenboga
Ankara
Yozgat
Kirsehir
Gemerek
Cihanbeyli
Aksaray
Nevsehir

“H B
Kayseri dec
Aksehir
Konya inc
Karaman
EregliKonya
Nigde

Kizilcahamam
Beypazari inc inc
Zara
Polatl
Divrigi
Ulukisla

Karapiar . . I

Table B.6 : Indices distribution for East Anatolia region.

Stations FD ID SU TR TXx TNx- TXn- TNn- DTR- DTR-
July July July Jan July

Ardahan
Igdir
Elazig inc
Ispir inc
Dogubeyazit

inc dec
Erzincan inc inc
Erzurum il
Kars dec inc inc
van [l I I dec l
Malatya inc
Bingol inc
Bitlis inc inc inc
Tortum inc
Sarikamis [l inc l
Tercan
Arapgir I
Keban
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Table B.7 : Indices distribution for South East Anatolia region.

Stations FD ID SU TR TXx TNx- TXn- TNn- DTR- DTR-

July July July Jan July
Siirt inc ded
G.Antep ded incinc
S.Urfa inc inc
Diyarbakir inc inc
Islahiye
Kilis inc dec
Adiyaman inc
Ceylanpmar dec
Samandag .

Table B.8 : Indices distribution for Marmara region.

Stations FD ID SU TR TXx TNx- TXn- TNn- DTR- DTR-
July July July Jan July

Edirne

Corlu
Tekirdag
Kumkoy inc

Kirecburnu

Goztepe

Kocaeli

Sakarya I
Bolu

Gokgeada

Canakkale inc I

Bandirma

Bursa inc

Yalova
Bilecik
Edremit

Balikesir

Uzunkdprii
Liileburgaz inc inc inc
Florya

Geyve [l I [

Boziiyiik
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