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ABSTRACT

Understanding the long-term variations of extreme temperature events is important for detecting and understanding the characteristics of climate change.
However, it is not clear to what degree urbanization impacts climate change. In the study, station pairs were created by selecting 42 stations that recorded
data between 1970-2018 to reflect the climate characteristics seen in Turkey.

The changes of the selected climate indices in these station pairs in the hot (April-September) and cold (October-March) periods were examined by taking
into account the observations covering the years 1970-2018. This study utilized the RClimDex program and Mann Kendall trend analysis technique. The
RClimDex program was used to generate 27 climate indices. The information derived from the indices not only demonstrates how the mean value changes
over time, rather, it; also contains information about how the statistical distribution of the data has changed. In addition, the results provide crucial
information about the trends of extremes. In the study, 4 indices related to temperature (Diurnal Temperature Range, Cool Nights, Warm Nights, Minimum
of Minimum) were selected and examined. When the changes in the climate indices of the selected stations in the hot and cold periods are examined, it is
observed that the change in the hot period is more pronounced than the change in the cold period. According to Mann Kendall trend analysis, most of the
trends are statistically significant at the 95% level in all station pairs examined. Results of the trend analysis show that the fastest tendency to increase occur
in stations located in the Black Sea, Aegean and Mediterranean coastal zones where the moisture content in the air is higher. This finding points to the
positive feedback mechanism created by the increased moisture content in atmosphere through global climate change.

Keywords: Extreme Temperature, Climate Indices, Climate Change, Mann-Kendall, Trend, Turkey

0z

Ekstrem sicaklik olaylarinin uzun stireli degisimlerini anlamak, iklim degdisikliginin tespiti ve 6zelliklerinin anlasiimasi icin 6nemlidir. Bununla birlikte
sehirlesmeden ne kadar etkinin geldigi acik degildir. Calismada Tiirkiye'de gérilen iklim 6zelliklerini yansitacak sekilde 1970-2018 yillari arasinda verilere
sahip 42 istasyon secilerek istasyon ciftleri olusturulmustur. Bu istasyon ciftlerinde secilen iklim indislerinin sicak ve soguk donemdeki degisimleri,1970-2018
yillari arasini kapsayan rasatlari dikkate alinarak incelenmistir. Bu inceleme icin RClimDex programi ve Mann Kendall trend analizi teknigi kullaniimistir.
RClimDex programi 27 adet iklim indisi Giretmektir. indislerden tiiretilmis bilgi yalnizca ortalama degerin zaman icinde nasil degistigini degil; ayni zamanda
verinin istatistiksel dagiiminin nasil degistigi konusunda da bilgi icerir. Ayrica sonuglar ekstremlerin trendleri hakkinda ¢cok énemli bilgiler saglamaktadir.
Calismada sicaklik ile ilgili olan 4 indis segilerek incelenmistir. Secilen istasyonlarin iklim indislerinin sicak ve soguk dénemdeki degisimleri incelendiginde
sicak dénemdeki degisimin, soguk doneme gore degisimin daha belirgin oldugu gézlenmistir. Mann Kendall trend analizine gore incelenen tiim istasyon
ciftlerinde Trendlerin cogu %95 seviyesinde istatistiksel olarak anlamhidir. Trend analizinin sonuglari istasyonlarda en hizl artis egiliminin havadaki nem
iceriginin daha yiiksek oldugu Karadeniz, Ege ve Akdeniz kiyi kusaginda yer alan istasyonlarda gergeklestigini géstermektedir. Bu durum kiiresel iklim
degisimi ile birlikte atmosferde artan nem igeriginin olusturdugu pozitif geri besleme mekanizmasini diistindtirmektedir.
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1. INTRODUCTION

Extreme weather events are defined as uncommon weather
events. In order to define the measured temperature or
precipitation values as exceptional or extreme, functions of
various statistical distributions are used as a base and the
measured value should be included in the 10" and 90" percentile
range according to the normal probability distribution (IPCC,
2007). Extreme weather events directly affect human life and
activities. From the 21* century onwards, there has been an
increase in the severity of extreme events along with increases in
industrialization, urban construction and population growth. The
response of each area to the changes that occur due to extreme
events will vary based on geographical location. The
Mediterranean basin is listed among the areas which will be
most affected by this variability according to World
Meteorological Organization (WMO) and the Intergovernmental
Panel on Climate Change (IPCC) reports (IPCC, 2007; IPCC,
2013; WMO, 2016).

Lack or scarcity of long-term daily meteorological
observations in many countries, inability to understand the
significance of global warming and lack of studies in regions and
countries make it difficult to identify extreme events in a global
scale. In recent years, the number of observations all over the
world and the increase in studies on this subject has accelerated
the obtaining of more objective results (Erlat and Yavasl, 2009).

In addition to the general global trend of warming, cities are
the areas where climate change is the most prominent (Sarif et
al., 2020, Sarif and Gupta, 2019), due to high density of buildings,
roads, and industrial areas. The main causes for this differentiated
climate are factors such as urban surface materials, geometry
and height of buildings, urban temperature sources and air
quality (Landsberg, 1981; Marsh, 1991).

Materials with high absorption such as asphalt, stone,
concrete and glass that are frequently used on city surfaces
absorb and store heat just like a reflector with their dark colors,
opaque and rough surfaces (Rousta et al., 2018). This increases
the energy retention and storage time of urban surface materials.
Low albedo values in cities generate high net radiation and
temperature values increase. Urban structures absorb more heat
compared to natural environments (Pathak et al., 2020). While
solar radiation is dispersed by reflection in open areas, this is
reflected in solar radiation through tall buildings in urban areas
(Gonenggil, 2011). Absorption increases in direct proportion
with dark building materials, and high-rise buildings reduce

airflow, thereby preventing, heat loss from horizontal movement
and convective mixing (Kum and Kilig, 2013).

The studies conducted in Europe showed that the number of
summer days and heat waves were higher in the last years (IPCC,
2013; Kum and Kilig, 2013). Another study that examined the
temperature extremes in some European stations between 1946
and 1999 pointed to increases in the number of summer days on
the continent. This warming trend was statistically significant in
16 of the 42 stations for summer days (Klein and Kénnen, 2003).
A study that explored the air temperatures for the period for
1950-1999 in connection with sea water temperatures and
atmospheric circulation in the Mediterrancan Basin in the
summer season presented that the coolest summers were in the
mid-1960s and 1970s and the coolest summer for this period was
experienced in 1976. The 1950s, 1980s and 1990s were
characterized by warmer summer seasons, with the highest
values found in 1994 and 1999 (Xoplaki et al., 2003).

A study conducted by Alexander et al., 2006 evaluated the
daily temperatures of 200 stations distributed globally from the
1951-2003 period and 16 temperature indices found that the
annual numbers of summer days decreased in a narrow area
including a large part of India and the eastern part of the U.S,
while showing a significant upward trend in northern Canada,
western Europe, the Middle East, Australia and the south of
Brazil (Alexander et al., 2006).

Nastos and Matzarakis, 2008 identified a negative trend in
the number of tropical days in Greece between 1955 and 1976
and a positive trend between 1976 and 2000. The stations with
the highest positive trend are also the cities with strong heat
islands due to Greece’s urban development. Kioutsioukis et al.,
2009 stated that there was a significant increase in the number of
summer days in 7 out of 19 stations in Greece and that the
warming tendency became especially evident in the summer
months.

The study conducted by Amani-Benia et al., 2018 investigated
the effect of green areas in city centers on temperature by
focusing on Urban Heat Islands (UHI). As a result, urban green
spaces were seen as a factor that mitigates UHI with a cooling
effect.

Mostafa et al., (2019) observed that the frequencies of hot
days (TX90P) and nights (TN90P) clearly increased in the Egypt
region between 1980-2017, whereas cold days (TX10P) and
nights (TN10P) decreased. As a result of the study, it was
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observed that night temperatures increased faster than daytime
temperatures.

Studies conducted in Turkey on the changes and trends of
minimum and maximum temperatures and daily temperature
differences showed an overall downward trend for decrease in
maximum temperature ranges up to 1992 (except spring), but
after this date, maximum temperatures as well as mean and
minimum temperature ranges increased especially in the spring
and summer seasons (Tiirkes et al., 2002).

The highest temperature increases are observed at average
minimum values in cities. Heat islands described by daytime
maximum temperature analysis are weaker and discontinuous.
On the contrary, heat islands formed at night are more powerful
and flat, especially if they are developed under anti-cyclone
conditions. This is due to the fact that the energy stored by the
city surfaces during the day is released at night, the turbulence is
weaker to the turbulence during the day and regional variations
in local change in cloud covers are less effective. In other words,
temperature differences between urban and rural areas tend to
decrease during the day while they increase at night time (Cigek,
2005).

Temperature typically increases in areas with denser
construction towards city centers. Despite the irregularity of
thermal changes, the descending and rising trends of city
temperature is significant. Large cities are capable of creating
their own thermal environment. The effect of heat due to
urbanization is more effective up to 600-800 m (Ezber et al.,
2007).

27°E 30°E 33°E
. |

The number of summer days is increasing in all stations
according to observations conducted in 100 stations in Turkey in
the period from 1971-2004. According to Mann-Kendall test
results, a significant trend of 5% increase was determined
especially in the majority of the stations on the Black Sea coast
(Sensoy et al. 2008).

Population is increasing rapidly both in Turkey and globally.
This is accompained by Parallel rapid migration towards cities.
Cities are growing spatially and due to the increase in asphalt
surfaces, increase in buildings, decrease in albedo and use of
vehicles, urbanization can cause additional heat in the city because
the energy gained during the daytime in cities is maintained at
night. Temperatures higher in urban areas compared to rural areas.
This is termed Urban Heat Island (UHI). This study aimed to
reveal whether the determined extreme temperature indices
presented more variability in urban areas compared to rural areas
while exploring the changes in the hot (April-September) and cold
(October-March) periods for 1970-2018.

2. MATERIALS and METHODS

Data obtained from 42 stations were used (Fig. 1) for the
study. The daily maximum and minimum temperature data for
these 42 stations were obtained from the Turkish State
Meteorological Service. 42 selected stations were divided into
pairs as stations located in their province and district, and station
pairs were formed. The designated stations used in the study
were selected from every region of Turkey based on the following
criteria: stations having complete data for the years 1970-2018,
stations with no change of location for the determined period,
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Figure 1: Geographical distribution of weather stations used in research
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Table 1: Weather Stations Used In Research and Their Geographical Characteristics

Urban Rural :.;;ltude :.:)ngltude Elevation Urban Rural Latitude Longitude Elevation(m)

Ankara Esenboga 38° 26’ 32°53 891-949 Isparta Egirdir 37°45' 30°33 997-920
38°12 40° 07 37°52' 30° 50

izmir Seferihisar 37°47 27°10' 29-22 Adapazari Geyve 40° 47’ 30°25' 30-100
38°09 26° 50’ 40° 31" 30°18'

Denizli Glney 36° 53’ 29°05' 425-806 Hakkari Yiksekova 37°34 43° 16’ 1728-1900
36°18' 29° 04 37°34 44°17'

Antalya Finike 40° 50’ 30°42 42-2 Konya Karapinar 37°58 32°33 1031-1004
41°05’ 30°09’ 37°43 33°33

Diizce Akcakoca 41° 00’ 31°10° 146-10 Erzurum Oltu 39°55' 41°16’ 1758-1322
41°01 41°05’ 40°33' 41°59'

Trabzon Akcaabat 38°28' 39°43' 30-3 Keles 40°14' 29°00’ 100-1063
38°03' 39°34' 39°55” 29° 04

Van Baskale 37°08' 43°271 1671-2400 Mersin Anamur 36° 48’ 34°38' 3-4
36°51' 44° 01" 36° 05 32°50'

Sanlurfa Ceylanpinar 37°54 38°46' 549-398 Sinop inebolu 42°01' 35°10° 32-64
38°17 40° 03’ 41°59' 33°47

Diyarbakir Ergani 41° 40 40° 14’ 677-1000 istanbul Sile 40° 43’ 29°13' 32-83
41°16 39°46’ 41°11 29°37'

Edirne Uzunkopri 36° 12 26° 34’ 51-52 Samsun Bafra 41°17 36°18' 4-20
36°51 24° 47 41°35' 35°56’

Antakya Dértyol 36°10 100-28

36°13’

stations with suitable and specific characteristics for urban-rural
settlements (Hua vd., 2007). The hot period was defined as
April-September and October-March was defined as the period.

Climate indices are indicators that are produced from raw
data and demonstrate changes in climate. Twenty-seven core
climate indices were identified by the Expert Team on Climate
Change Detection and Indices (ET-CCDI) assembled by the
World Meteorological Organization (WMO). RClimDex
software was used to calculate the indices in the study. Sixteen of
these climate indices are related to extreme temperature.
RClimDex software based on the R-Statistics package, was
developed by Xuebin Zhang and Feng Yang on behalf of Expert
Team to calculate these 27 indices by entering the daily maximum
and minimum temperatures and precipitation amounts. The
RHtest package is also available to test the homogeneity of data
sets. In addition, quality control can be performed in the data
series with the help of RClimDex without any calculation.

Homogeneity procedures were applied to data sets during indices
calculations. Data homogeneity, homogeneous climatic time series
change, is defined as data resulting only from climatic change
(Aguilaretal.,2003). RHtest program was used for data homogeneity.
This analysis is based on the linear trend applied to the whole time
series and the two-phase regression model (Xiaolan 2003).

The data were arranged in the format of the program for each
station and quality control was performed. In order to control the

quality of the data and to detect possible quality problems, the
software plots a plurality of graphs of the daily data and marks
the statistical data outside the Xort + 4 standard deviation data
(Outlier). These data are written to the quality control file, errors
are corrected or the missing value code is entered instead. The
quality control procedures in the software are as follows:

- If the precipitation value is (-), it is considered as a missing
value (-99.9)

- If Tmax <Tmin, both pieces of data are considered as missing
values (-99.9)

- If the data is outside Xort + 4St. deviation, it is considered
problematic.

After the quality control stage, RClimDex software was run
with data from 1970-2018 to produce climate indices. With the
help of RClimDex climate indices outputs a time series was
created with the differences between the urban-rural station pairs
and index values. The Mann-Kendall test was used to analyze
the trends of this different time series.

Various tests are used to determine whether there is a change
in the trend of a temporal data series and if there is a change,
whether this change leads to a significant increase or decrease.
The Mann Kendall test was chosen as the most appropriate test
since the temperature indices studied in this research could
present extreme values. The non-parametric Mann-Kendall test
is frequently used to test the statistical significance of the
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Table 2: Indices Used In Research and Their Definitions (WMO)

Index Name of Index

Definition

DTR Diurnal Temperature Range
TN10p Cool Nights

TN90p Warm Nights

TNn Min of Tmin

Difference between TX and TN (Tmax- Tmin)

Percentage of days when TN<10th percentile

Percentage of days when TN>90th percentile

Monthly minimum value of daily minimum temperatures

increase or decrease in the time series. In this method, the rank
of data is more important than data size. It is useful because it
allows missing data and it is not necessary to comply with a
certain distribution at hand (Kalayci and Kahya, 1998). In
addition, the test eliminates the effect of serial correlation, is
easy to implement and is based on ranks. As with all correlation
methods, the Mann-Kendall test is a method independent of the
distribution used to find the relationship between two variables
(Sneyers, 1990). Positive values of the test statistic (u (t)) indicate
an upward trend over time, while negative values (u (t) <0)
indicate a downward trend. When u(t) reaches critical values
corresponding to the level of significance, the reliability level of
the trend is significant. Graphically, u(t), the progressive series,
and u '(t), calculated as reversed series, approach each other at
the place where the change begins and then move away from
each other and express their significance at the place where the
trend starts. If there is no trend in the series, u(t) and u '(t)
approach each other many times and oscillate closely.

The reversed Mann-Kendall test statistics u '(t) are also
calculated in a similar manner. This time, the data is numbered
from beginning to end (i’). The values of u(t) over = 1.96
determine the 95% confidence interval (Sneyers 1990).

By taking into consideration the increasing temperatures
within the scope of climate change and the studies mentioned in
the introductory section of this study, the changes in the tendency

"'.I Georgia

BELACK SEA
- )

DTR Diurnal temperature range trends (hot period)

,l Significantincrease atthe 899% confidence leel " Significant deccrease atthe 999, confidence level
A Significantincrease atthe 95% confidence level " Significant deccrease atthe 95% confidence level

A Sianificantincrease atthe 90% confidence level 7 Significant deccrease at the 909 confidence level

Figure 2: Diurnal temperature range trends (hot period)

of warm nights and cool nights indices were selected based on
the relationship between urbanization and the increase in
minimum temperatures. In addition, the monthly minimum value
of daily minimum temperatures and diurnal temperature range
indices were selected to observe extreme temperature changes
(Tables 1-2). Frost days, ice days, cool days and warm days were
not selected because they were related to maximum temperature
and would not have been impacted by urbanization. Growing
season length was not selected because it was regarded as an
agricultural index.

3. RESULTS and DISCUSSION
3.1. Temperature Indices
3.1.1. Diurnal temperature range (DTR)

The DTR is obtained from the differences of daily maximum
and minimum temperatures. As the minimum temperature
increases in cities are greater than the maximum temperature,
they generally show significant decreasing trends in DTR. In
rural areas, generally, significant increase trends are observed
since maximum temperature increases are more global. While
there is not much increase in cold period DTR data in Ergani, the
increase in hot period DTR data is higher. Changes in Erzurum,
Ergani, Diyarbakir and Bagskale stations are related to
continentality (Fig. 2-5, Table 3, 4).
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A Significant increase atthe 95% confidence level y Significant deccrease at the 95% confidence level

A significant increase atthe 90% confidence level 7 Significant deccrease atthe 90% confidence level

Figure 3: Diurnal temperature range trends (cold period)
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Table 3: Diurnal Temperature Range (DTR-Urban) Mann Kendall Test Results

Results of Mann-Kendall Trend Analysis

First Last First Last
Stations ———— n TestZ Significance Stations ———— n TestZ Significance
Year Year
Ankara 1970 2018 43 -1.98 ** istanbul 1970 2018 43 0.75
Antalya 1970 2018 43 -1.42 izmir 1970 2018 43 1.43
Bursa 1970 2018 43 1.32 Konya 1970 2018 43 -1.49
Denizli 1970 2018 43 -2.35 ** Mersin 1970 2018 43 -3.13 wxE
Diyarbakir 1970 2018 43 2.95 i Adapazari 1970 2018 43 0.77
Dizce 1970 2018 43 2.03 ** Samsun 1970 2018 43 2.24 **
Edirne 1970 2018 43 1.27 Sinop 1970 2018 43 0.25
Erzurum 1970 2018 43 4.84 Hx Trabzon 1970 2018 43 0.14
Hakkari 1970 2018 43 -1.27 Urfa 1970 2018 43 -1.08
Hatay 1970 2018 43 -1.09 Van 1970 2018 43 -3.86 Hxx
Isparta 1970 2018 43 -0.58
1.645-1.96 * (Within 90% confidence interval),1.96-2.58 ** (Within 95% confidence interval), 2.58 + *** (Within 99% confidence interval)
Table 4: Diurnal Temperature Range (DTR-Rural) Mann Kendall Test Results
Results of Mann-Kendall Trend Analysis
First Last First Last
Stations ————— n TestZ Significance Stations ——————— n TestZ Significance
Year Year
Esenboga 1970 2018 43 1.50 ** Sile 1970 2018 43 1.61
Finike 1970 2018 43 -6.53 Seferihisar 1970 2018 43 -1.58
Keles 1970 2018 43 0.16 Karapinar 1970 2018 43 0.31
Gliney 1970 2018 43 0.50 ** Anamur 1970 2018 43 -6.02 Fr
Ergani 1970 2018 43 6.32 xxx Geyve 1970 2018 43 3.80 rxE
Akcakoca 1970 2018 43 4.79 ** Bafra 1970 2018 43 -1.76 *
Uzunkopri 1970 2018 43 4.54 inebolu 1970 2018 43 1.35
Oltu 1970 2018 43 -1.25 i Akcaabat 1970 2018 43 -0.34
Yiksekova 1970 2018 43 -4.32 Ceylanpinar 1970 2018 43 -3.23 wHx
Dértyol 1970 2018 43 -0.63 Bagskale 1970 2018 43 2.77 *EX
Egirdir 1970 2018 43 4.40

1.645-1.96 * (Within 90% confidence interval),1.96-2.58 ** (Within 95% confidence interval),2.58 + *** (Within 99% confidence interval)

4 ~

y =0,0512x + 10,747
R?=0,6726

\_ ) - S/

Figure 4: Ergani diurnal temperature range Figure 5: Ergani diurnal temperaturg range
(DTR) linear trend graphic (DTR) Mann Kendall Test graphic
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y =-0,0474x + 10,931
R?=0,6198

o /
Figure 6: Finike diurnal temperature range
(DTR) linear trend graphic

3.1.2. Cool nights index (TN10p)

The cool night index is the number of nights in which
percentage of days when TN<I10th percentile. There is a
significant decrease in cool nights in the hot period in the Ankara,
Esenboga, Yuksekova, Bafra, Antalya, Finike, Hatay, Dortyol,
Bursa, Isparta, Sinop, Denizli, Istanbul, Sile, Ergani, Izmir,

Ruliaria | BLACK SEA \

1 Georgia
) ; [ e < s /;__:
./ ‘1;:“' \/N\’\Armenia\
A

TN10p- Cool Nights Trends (hot period)
A Significant increase atthe 99% confidence level ' Sianificant deccrease atthe 99% confidence level
A Significant increase atthe 95% confidence level Y Significant deccrease at the 95% confidence level

A Sionificant increase atthe 0% canfidence level Significant deccrease at the 909 confidence level

Figure 8: Cool nights trend (hot period)

y = 0,2454x + 4,4594
R?30,173

Figure 10: Egirdir cool nights (TN10p)
linear trend graphic

4 2

- /
Figure 7: Finike diurnal temperature range
(DTR) Mann Kendall Test graphic

Seferihisar, Duzce, Konya, Karapinar, Urfa, Ceylanpinar, Edirne,
Mersin, Anamur, Van, and Adapazari stations, whereas a
significant increase in cool nights was observed in the Egirdir
and Erzurum stations (Fig. 8-13, Tables 5-6).

In most stations, there is a significant decrease in the number
of cool nights. This decrease is more prominent in urban stations
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A Significant increase atthe 95% confidence level Y Significant deccrease at the 95% confidence level

A Sianificant increase atthe 90% confidence level 77 Significant deccrease atthe 909 confidence |evel

Figure 9: Cool nights trends (cold period)

Figure 11: Egirdir cool nights (TN10p) Mann
Kendall Test graphic
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y =-0,9742x + 38,553
R?=0,7557

Figure 12: Mersin cool nights (TN10p) linear Figure 13: Mersin cool nights (TN10p) Mann
trend graphic Kendall Test graphic

Table 5: Cool Nights (TN10p-Urban) Mann Kendall Test Results (Hot Period)

Results of Mann-Kendall Trend Analysis

First Last First Last

Stations ——— n TestZ Significance Stations ——— n TestZ Significance
Year Year

Ankara 1970 2018 43 -3.82 FEX istanbul 1970 2018 43 -4.77 Frx
Antalya 1970 2018 43 -3.55 bl izmir 1970 2018 43 -3.60 Fr
Bursa 1970 2018 43 -4.29 *xk Konya 1970 2018 43 -2.67 Hxx
Denizli 1970 2018 43 -6.16 Fxx Mersin 1970 2018 43 -7.40 HxE
Diyarbakir 1970 2018 43 3.16 Frx Adapazari 1970 2018 43 -4.20 FHx
Diizce 1970 2018 43 -2.10 ** Samsun 1970 2018 43 -1.50
Edirne 1970 2018 43 -1.98 ** Sinop 1970 2018 43 -2.63 rxE
Erzurum 1970 2018 43 3.1 Fxx Trabzon 1970 2018 43 -1.78 *
Hakkari 1970 2018 43 -1.57 Urfa 1970 2018 43 -5.20 xR
Hatay 1970 2018 43 -4.21 i Van 1970 2018 43 -5.09 i
Isparta 1970 2018 43 -4.54 *xx

1.645-1.96 * (Within 90% confidence interval),1.96-2.58 ** (Within 95% confidence interval),2.58 + *** (Within 99% confidence interval)

Table 6: Cool Nights (TN10p-Rural) Mann Kendall Test Results (Hot Period)

Results of Mann-Kendall Trend Analysis

First Last First Last

Stations —— n TestZ Significance Stations ——— n TestZ Significance
Year Year

Esenboga 1970 2018 43 -2.42 ** Sile 1970 2018 43 -3.02 HxX
Finike 1970 2018 43 -6.65 HxX Seferihisar 1970 2018 43 -5.17 wx
Keles 1970 2018 43 -1.84 * Krapinar 1970 2018 43 -2.87 i
Gliney 1970 2018 43 -2.55 ** Anamur 1970 2018 43 -5.57 Hxx
Ergani 1970 2018 43 -2.85 Frx Geyve 1970 2018 43 0.39
Akcakoca 1970 2018 43 -0.83 Bafra 1970 2018 43 -3.87 bt
Uzunkopri 1970 2018 43 0.66 inebolu 1970 2018 43 -1.63
Oltu 1970 2018 43 -1.87 * Akcaabat 1970 2018 43 -2.68 FxE
Yiiksekova 1970 2018 43 -5.58 *rx Ceylanpinar 1970 2018 43 -4.69 HHx
Dértyol 1970 2018 43 -3.71 i Bagkale 1970 2018 43 -0.65
Egirdir 1970 2018 43 3.76 *EX

1.645-1.96 * (Within 90% confidence interval),1.96-2.58 ** (Within 95% confidence interval),2.58 + *** (Within 99% confidence interval)

compared to rural stations. The ongoing increase in temperatures temperatures at night in urban areas which are hotter during the
at nights in urban stations has reduced the number of cool nights. day compared to rural areas.

Urbanization creates changes in what would usually substances

because of the increase in asphalt surfaces, the formation of 3.1.3. Warm nights index (TN90p)

additional heat sources and the increase in the use of vehicles. As

aresult, changes in temperature trends are observed. The number The warm nights index shows the number of days above the
of cool nights decreases in urban areas due to the higher minimum 90% percentile of the daily minimum temperature data series,
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aligned from large to small. It is obvious that the increase in the
urban stations in warm nights is higher than the rural stations in
almost all rural-urban stations. This shows that urbanization is
compatible with the increase in the number of warm nights.

Significant increases are seen in most of the stations on warm
nights during the hot and cold periods. The only significant
decrease occurs in Isparta, Erzurum and Diyarbakir stations

Bulgaria \, BLACK SEA \  Georgia

/ ) N SR ———
i MEDITERRANEAN e

TNSOp- Warm Nights trends (hot period)

l ignificant i atthe 99% confid level Y Sianificant deccrease at the 999 confidence level
A significanti atthe 95% confidence level ' Significant deccrease atthe 95% confidence level
A Significanti atthe 90% conifid level 7 Significant deccrease at the 90% confidence [evel

Figure 14: Warm nights trend (hot period)
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Figure 18: Egirdir warm nights (TN90p) linear
trend graphic

(Fig. 14-19, Tables 7-8). The tables show increases observed
every 10 years in station pairs on warm nights during the cold
period. Accordingly, almost all stations have significant increases
in terms of warm nights. Again, the tables show that the increase
in urban stations is higher than rural stations. The increase rates
in the cold period are less compared to the hot period. At nights,
loss of energy in urban stations is less compared to rural stations
since daytime heating in urban stations is higher than the heating
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Figure 15: Warm nights trend (cold period)

Figure 17: Mersin warm nights (TN90p) Mann
Kendall Test graphic
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Figure 19: Egirdir warm nights (TN90p) Mann
Kendall Test graphic
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Table 7: Warm Nights (TN90p -Urban) Mann Kendall Test Results (Hot Period)

Results of Mann-Kendall Trend Analysis

First Last First Last
Stations ———— n TestZ Significance Stations ——— n TestZ Significance
Year Year
Ankara 1970 2018 43 233 ** istanbul 1970 2018 43 2.05 **
Antalya 1970 2018 43 2.64 *k% izmir 1970 2018 43 1.76 *
Bursa 1970 2018 43 0.15 Konya 1970 2018 43 2.79 Fx%
Denizli 1970 2018 43 2.87 HEX Mersin 1970 2018 43 5.21 wxx
Diyarbakir 1970 2018 43 0.29 Adapazari 1970 2018 43 247 **
Duizce 1970 2018 43 0.70 Samsun 1970 2018 43 1.23
Edirne 1970 2018 43 2.37 ** Sinop 1970 2018 43 1.54
Erzurum 1970 2018 43 -0.60 Trabzon 1970 2018 43 -0.02
Hakkari 1970 2018 43 0.95 Urfa 1970 2018 43 3.80 HxE
Hatay 1970 2018 43 2.87 wx% Van 1970 2018 43 3.87 HxE
Isparta 1970 2018 43 1.03
1.645-1.96 * (Within 90% confidence interval),1.96-2.58 ** (Within 95% confidence interval),2.58 + *** (Within 99% confidence interval)
Table 8: Warm Nights (TN90p -Rural) Mann Kendall Test Results
Results of Mann-Kendall Trend Analysis
First Last First Last
Stations ——— n TestZ Significance Stations n TestZ Significance
Year Year
Esenboga 1970 2018 43 1.44 Sile 1970 2018 43 2.50 **
Finike 1970 2018 43 5.57 HxE Seferihisar 1970 2018 43 2.54 **
Keles 1970 2018 43 0.57 Karapinar 1970 2018 43 2.34 **
Gliney 1970 2018 43 1.75 * Anamur 1970 2018 43 447 il
Ergani 1970 2018 43 2.63 wxE Geyve 1970 2018 43 1.20
Akgakoca 1970 2018 43 0.69 Bafra 1970 2018 43 2.25 **
Uzunkopri 1970 2018 43 -0.26 inebolu 1970 2018 43 1.00
Oltu 1970 2018 43 3.55 HxE Akcaabat 1970 2018 43 2.36 **
Yiiksekova 1970 2018 43 4.04 *rx Ceylanpinar 1970 2018 43 1.75 *
Dortyol 1970 2018 43 1.87 * Baskale 1970 2018 43 1.42
Egirdir 1970 2018 43 -2.39 **

1.645-1.96 * (Within 90% confidence interval),1.96-2.58 ** (Within 95% confidence interval),2.58 + *** (Within 99% confidence interval)

observed in rural areas and as well as effect of factors such as
urbanization, population increase, proximity of industrial
facilities to city centers, increase in asphalt surfaces, formation
of additional heat sources and increased use of vehicles. For this
reason, the number of warm nights increased more in urban
centers compared to rural stations.

3.1.4. Monthly minimum value of daily minimum
temperature indice (TNn)

It represents the smallest value in the series of minimum
daily temperatures. There was a decrease in the Giiney, Isparta,
Erzurum and Diyarbakir stations and an increase in other stations
in general in the hot period. In the cold period the stations
showing decreasing trends are Edirne, Uzunkoprii, Geyve,
Isparta, Karapinar, Diyarbakir and Erzurum, which are all
continental stations (Fig. 20-23, Tables 9-10). The monthly
minimum values of daily minimum temperatures were observed
to increase in most stations.

The urbanization effect is most evident at minimum
temperatures. Due to the fact that the energy accumulated during
the daytime in city centers can be maintened at night., the
monthly minimum value of minimum temperatures are higher in
urban areas compared to rural areas. In all the stations on the
map, there was an increase in the minimum temperatures as a
result of the general warming trend in the world, but this rate was
higher in urban stations than in rural stations.

Global mean temperatures in the world are increasing. There
is a similar increase in annual mean temperatures in Turkey as
well. However, due to urbanization effect and local climatic
conditions, the impact on living things has become more
pronounced. The population is increasing rapidly both in Turkey
and globally, which is accompained by rapid migration towards
cities. Cities are growing spatially while their populations
increase. Urbanization causes changes in the natural fabric due
to the increase in asphalt surfaces, the formation of additional
heat sources and the increase in the use of vehicles.
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Figure 20: Minimum of daily minimum temperature (TNn) (hot
period)
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Figure 22: Egirdir minimum of daily
minimum temperature (TNn) linear trend
graphic

In Europe, the greatest increase in mean temperatures was
detected between 0.5 and 1.0 °C per decade in winter and spring.
It was observed that the long-term temperature changes varied
regionally depending on the season. It was identified that
warming was faster in the spring in southwest Europe, the
southeast, and its central parts compared to winter since the
1960s (de Luis et al., 2014; Dumitrescu et al., 2015; El Kenawy
et al., 2012; Serquet et al., 2011); While it was concluded that
summer warming was the increasing trend in southeast Europe,
it was identified that autumn and winter had near-zero or slightly
declining trends (Brazdil, 2009; Feidas et al., 2004; Klein Tank
et al., 2005; Mamara et al., 2016).

This study examined the change of extreme temperature
indices in urban and rural areas based on the urban/rural centers
in Turkey in addition to the overall global warming trend in the
world.
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Figure 21: Minimum of daily minimum temperature (TNn) (cold
period)

Figure 23: EGirdir minimum of daily minimum
temperature (TNn) Mann Kendall Test graphic

In the study, a significant increase of 99% was observed in 34
stations during hot periods in the warm nights. In the cold season,
there was a significant increase of 99% in 21 stations while an
increase of 90% were observed in 17 stations during warm
nights.

Significant decreases of 99% were detected at 27 stations in
the 42 city-rural stations that were investigated in the cool nights
during the hot period. There was a significant decrease of 99% and
95% at 15 stations in the cool nights during the cold period and an
decrease of 90% at 17 stations. The obtained results show the
minimum temperatures and accordingly the number of tropical
nights have increased in Turkey since mid-80s. This shows results
that are similar to Erlat and Tirkes’s, 2017 study. Significant
increases of 99% and 95% were observed in the monthly minimum
value of minimum temperatures of the hot period in the examined
stations, and increases at the level of 90% were observed in 11
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Table 9: Minimum of Daily Minimum Temperature (Tnn -Urban) Mann Kendall Test Results

Results of Mann-Kendall Trend Analysis

First Last First Last
Stations ——— n TestZ Significance Stations ———— n TestZ Significance
Year Year
Ankara 1970 2018 43 374 FrE istanbul 1970 2018 43 3.69 *EE
Antalya 1970 2018 43 3.62 *xk izmir 1970 2018 43 4.06 Frx
Bursa 1970 2018 43 3.52 Hxx Konya 1970 2018 43 243 **
Denizli 1970 2018 43 5.24 HxE Mersin 1970 2018 43 6.68 Fxx
Diyarbakir 1970 2018 43 -3.04 i Adapazari 1970 2018 43 4.24 i
Dizce 1970 2018 43 1.58 Samsun 1970 2018 43 1.62
Edirne 1970 2018 43 2.79 Frx Sinop 1970 2018 43 2.84 Frx
Erzurum 1970 2018 43 -3.70 HxE Trabzon 1970 2018 43 2.27 **
Hakkari 1970 2018 43 0.75 Urfa 1970 2018 43 3.16 FxX
Hatay 1970 2018 43 4.13 Fxx Van 1970 2018 43 3.34 Fxx
Isparta 1970 2018 43 4.69 HxE
1.645-1.96 * (Within 90% confidence interval),1.96-2.58 ** (Within 95% confidence interval),2.58 + *** (Within 99% confidence interval)
Table 10: Minimum of Daily Minimum Temperature (Tnn -Rural) Mann Kendall Test Results
Results of Mann-Kendall Trend Analysis
First Last First Last
Stations ——— n TestZ Significance Stations ——— n TestZ Significance
Year Year
Esenboga 1970 2018 43 1.97 ** Sile 1970 2018 43 0.78
Finike 1970 2018 43 6.41 i Seferihisar 1970 2018 43 4.58 HxE
Keles 1970 2018 43 0.71 Karapinar 1970 2018 43 297 HxE
Gliney 1970 2018 43 1.90 * Anamur 1970 2018 43 6.27 Frx
Ergani 1970 2018 43 233 ** Geyve 1970 2018 43 -1.47
Akcakoca 1970 2018 43 0.43 Bafra 1970 2018 43 3.67 i
Uzunkopri 1970 2018 43 -1.32 inebolu 1970 2018 43 1.67 *
Oltu 1970 2018 43 0.91 Akgaabat 1970 2018 43 1.94 *
Yiiksekova 1970 2018 43 3.60 i Ceylanpinar 1970 2018 43 2.38 **
Dértyol 1970 2018 43 2.57 ** Baskale 1970 2018 43 0.34
Egirdir 1970 2018 43 -3.64 el

1.645-1.96 * (Within 90% confidence interval),1.96-2.58 ** (Within 95% confidence interval),2.58 + *** (Within 99% confidence interval)

stations. While significant increases of 99% and 95% were
observed at the monthly minimum value of minimum temperatures
in 16 stations, increases were observed at the level of 90% in 18
stations in cold period. Another indicator of the warming trend is
the Diurnal Temperature Range (DTR) obtained from the
difference of maximum and minimum temperatures. Since the
minimum temperature increases in cities are greater than the
maximum temperature increases, DTR generally exhibits
significant decreasing trends. On the other hand, significant
increasing trends are generally observed in rural areas, in the
maximum temperature. There was a significant decrease of 99%
and 95% DTR difference in the hot period in 23 stations, and an
increase of 90% in 9 stations. Cold period DTR difference
decreased significantly at the level of 99% and 95% in 23 stations,
while increases at 90% level were observed in 10 stations.

4. CONCLUSIONS

The indices that best show the difference between urban and
rural are DTR, TN10p, TN90p and TNn, which are associated

with minimum temperature. Therefore, in this study, the trend
results of these 4 indices for the period 1970-2018 were
examined. Climate indices are indicators that are produced from
raw data and show changes in climate. In other words, indices
take a snapshot of the data (Xiaolan, 2003). For this reason,
indices and descriptive statistics were used to reveal the
difference between urban and rural.

Trends in DTR: When the hot period is examined, there are
generally significant tendencies of decrease in the Diurnal
Temperature Range as the minimum temperature increases in the
cities are higher than the maximum temperature increases. In
rural areas, significant increases are generally observed in DTR
since maximum temperature increases are higher than minimum
temperature increases. When the cold period is analyzed,
significant increase trends are observed as well. Continentality
also has a large effect on increasing trends in DTR.

Trends in TN10p: Significant decreases were observed in
cool nights in all stations during the hot period. When the cold
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period was examined, it was found that there was a decrease in
cool nights. Although this decrease was not as significant as the
decrease in the hot season, the decrease in the number of cool
nights in urban stations was higher than in rural stations.

Trends in TN90p: The number of warm nights, in general,
shows significant increases in all stations in the hot season.
When the cold period is examined, it was observed that there
was a significant increase in most of the stations on warm nights.
There was an increase in the number of warm nights in urban-
rural stations. The increase in the number of warm nights in
urban stations was higher than in rural stations. The energy
accumulated in the cities during the day is slowly given back to
the city by long wave radiation at night. This is an indication of
Urban Heat Island (UHI) which is why cities are warmer than
rural areas at night.

Trends in TNn: When the hot period was considered, it was
generally found that even the monthly minimum value of daily
minimum temperatures increased in most of the stations, and
when the cold period was examined, it was generally found that
even the minimum value of daily minimum temperatures
increased in most of the stations. Urbanization causes the highest
increase in minimum value of minimum temperatures. Since city
areas retain heat gained during the daytime at night, they form an
Urban Heat Island (UHI), which leads to an increase in minimum
temperatures.

The results of the trend analysis show that while there is
more increase in terms of minimum temperatures in cities, the
maximum temperature increase is more evident in rural stations
where urban canyon effect is not observed. The decrease in
differences between station pairs indicates that the diurnal
temperature range decreases more rapidly in urban stations. The
most rapid increase in TN10p and TN90p tendency occurs in the
stations located in the Black Sea, Aegean and Mediterranean
coastal zones where the moisture content in the air is higher. This
suggests that increased moisture content in the atmosphere as a
result of global climate change is due to positive feedback from
humidity.

While temperature increases were observed in all stations
due to climate change, it was found that the additional effect of
Urban Heat Island (UHI) generated higher temperature increases
in cities. It was observed that minimum temperature increases
were higher in cities while maximum temperature increases
were higher in rural areas.

Temperature rises are experienced around the world with
varying degrees of intensity caused by local variations created
by mankind. Turkey is no exception, as its cahenges vary from
region to region. It is natural that changes observed in extreme
temperature indices vary across Turkey, which has high climate
variations due to factors such as a large surface area, geographical
formations, elevation, terrestrial and nautical geographical
conditions.
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