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Abstract  
 
Monthly maximum, mean, and minimum long-term time series data (1960-2024) of air temperature from Edirne, Kırklareli, and 

Tekirdağ—located in the Trakya Peninsula (TP) of Türkiye—were tested by using the Mann-Kendall (MK), Şen trend and linear trend 

analysis tests in this study. The drought results determined in previous studies were compared with the results found in the study. The 

trend analysis outcomes revealed that the monthly air temperatures recorded at all stations have increased significantly at the 5% 

significance level according to the Şen trend test. The temperatures at all stations—except for the monthly maximum temperature in 

Kırklareli—showed statistically significant increasing trends at the 5% level according to the MK test (Edirne (+2.28, +2.17, +2.05); 

Kırklareli (1.43**, 2.16, 2.07); Tekirdağ (2.46, 2.07, 2.09)). Statistically significant upward trends in all air temperatures, except for 

the monthly maximum temperature in Kırklareli, under the 5% two-tailed hypothesis test, were seen according to the linear trend 

analysis. According to these analyses, it can be said that TP confirms the changing weather conditions and the increase in air 

temperatures in the natural balance between 1960 and 2024. 
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Trakya Bölgesi’nde Sıcaklık Değişimlerinin Trend Analizi 
 
Özet 
 
Bu çalışmada, Trakya Yarımadası'nda (TY) yer alan Edirne, Kırklareli ve Tekirdağ'ın 1960-2024 yılları arasındaki aylık maksimum, 

ortalama ve minimum uzun süreli zaman serisi hava sıcaklığı verileri Mann-Kendall (MK), Şen eğilim ve doğrusal eğilim testleri 

kullanılarak analiz edilmiştir. Daha önceki çalışmalarda tespit edilen kuraklık çalışmaları sonuçları bu çalışmanın bulgularıyla 

karşılaştırılmıştır. Trend analizi sonuçları, tüm istasyonlarda kaydedilen aylık hava sıcaklıklarının Şen eğilim testine göre %5 

anlamlılık düzeyinde istatistiksel olarak anlamlı bir artış gösterdiği görülmüştür. Kırklareli'ndeki aylık maksimum sıcaklık hariç tüm 

istasyonlardaki sıcaklıklar, MK testine göre %5 anlamlılık düzeyinde istatistiksel olarak anlamlı artış eğilimleri (Edirne (+2.28, +2.17, 

+2.05); Kırklareli (1.43**, 2.16, 2.07); Tekirdağ (2.46, 2.07, 2.09)) göstermiştir. Doğrusal eğilim analizine göre ise %5 çift taraflı 

hipotez testine göre, Kırklareli'ndeki aylık maksimum sıcaklık hariç, tüm hava sıcaklıklarında istatistiksel olarak anlamlı artış eğilimi 

görülmüştür. Bu analizlere göre, TY’nin 1960 ve 2024 yıllarında değişen hava şartları ve doğal dengedeki hava sıcaklıklarının artığını 

doğruladığı söylenebilir. 

 

Anahtar Sözcükler 

Mann-Kendall Trend Testi, Şen Trend Testi, Sıcaklık, Trakya Yarımadası 

 
1. Introduction 
 
The air temperature is a critical variable that influences numerous processes in the universe and atmosphere. Every 

phenomenon occurring on Earth such as biological activities, plant growth, and physical and chemical formations, bears 

the imprint of temperature. Therefore, air temperature functions as a double-edged sword, exerting both beneficial and 

detrimental effects. Understanding climate change and natural climate variability has been the focus of many studies 

(Leroux, 2005; Garbrecht & Piechota, 2006; Blöschl & Montanari, 2010; Kadıoğlu, 2019; AghaKouchak et al., 2020; 

IPCC, 2021; Li & Rodell, 2023; Jensen et al., 2024; Masoudi et al., 2025). According to IPCC projections, the 20-year 

average global temperature is expected to exceed +1.5 °C in the early 2030s (Blöschl et al., 2019; Türkeş et al., 2020; Ay, 

2021, 2022a, b; Chagas et al., 2024). Climate change and variability affect all living organisms through phenomena such 

as flooding, extreme heat, food and water scarcity, increased disease prevalence, and economic loss. These challenges 

directly influence the management and regulation of water resources (Katz & Brown, 1992; Aslan et al., 2016; Sivapalan 

& Blöschl, 2017; Díaz et al., 2018; Tabari, 2019; Ay, 2020; Şen, 2020a, b; Ay, 2022a, b; Güçlü, 2022; Kurnaz, 2023; 

Acar et al., 2025; Ercan et al., 2025; Xiong & Yang, 2025). In other words, such environmental changes increase labour 

and financial demands in areas such as cost, operation, and maintenance. Before these conditions reach a tipping point, 

greenhouse gas reduction strategies must be urgently implemented, and control mechanisms must provide more effective 
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feedback, as emphasized in both national and international policy discussions. Although public institutions and 

organizations make various national and international efforts, an efficient operational mechanism that comprehensively 

integrates and monitors these efforts is still lacking in the world.  

When examining studies on the air temperature variable in Türkiye (Sırdaş & Şen, 2003; Aksoy et al., 2008; Toros, 

2012; Azlak, 2015; Bağdatlı & Bellitürk, 2016; Deveci, 2015; Öztürk, 2019; Azlak & Şaylan, 2019; Akçay et al., 2023; 

Eroğlu, 2022; Ciftci & Şahin, 2023; Acar 2024; Öz et al., 2024; MGM, 2024; Tuğrul & Hinis, 2024), it is seen that 

researchers have approached the topic from various perspectives and developed different methodological solutions. These 

studies have examined variables such as the relationship between the number of frost days and air temperature, air 

pollution parameters, minimum, maximum, mean, daily, and monthly air temperatures, streamflow, reference plant 

evapotranspiration, and drought indices. In general, these studies conclude that air temperature exhibits an increasing 

trend and that it affects the analysed variables either positively or negatively. This finding suggests a possible regional 

trend toward meteorological drought both spatially and temporally. At this point, rising air temperatures induce variations 

in other climatic and hydrological variables, leading to discrete and extreme measurements in the corresponding datasets 

(Türkeş et al., 2002; Tatlı, 2015; Abbasnia & Toros, 2020; Ay, 2022a, b; Yılmaz, 2023; Erlat & Güler, 2024; Stigter, 

2024). The absence or decrease in water resources in the affected regions may indicate drought conditions; otherwise, 

such patterns might represent a temporary climatic phase within the TP. To accurately interpret these processes, 

measurement data such as precipitation, temperature, air and soil moisture, atmospheric pressure, solar radiation, and 

wind speed should be complemented with field observations related to land, plant, and soil characteristics (e.g., moisture, 

nitrogen, and organic matter). These factors must be evaluated together in order to obtain a holistic understanding (Tatlı 

et al., 2005; Bardsley & Hugo, 2010; Romm, 2011; Black et al., 2011; Toros, 2012; Azlak, 2015; Deveci, 2015; Tatlı, 

2015; Gray et al., 2016; Cattaneo et al., 2019; Öztürk, 2019; Azlak & Şaylan, 2019; Mudelsee, 2019). In this study, 

inferences were made for the period of 1960-2024. Temporally, meteorological drought can trigger agricultural drought, 

which in turn represents a transition toward the most severe form, hydrological drought. The interconnections within this 

delicate chain directly affect both tangible and intangible aspects of regional productivity and quality of life (Miheretu et 

al., 2020; TAGEM, 2020; Pathakoti et al., 2021; Çamalan et al., 2021; Şen, 2022; Yıldırım, 2023; Chagas et al., 2024; 

Morovati & Karami, 2024). Unlike other studies, this study attempts to determine the trend exhibited by using minimum, 

average, and maximum data (1960-2024), considering the results of studies indicating monthly and seasonal temperature 

increases. An evaluation of extreme and outlier data is also conducted in the analysis. Accordingly, this study focused on 

the research queries: 

1. What are the minimum, mean and maximum temperature trend patterns at three meteorological stations in the TP 

region from 1960 to 2024? 

2. What are their spatiotemporal characteristics? 

3. How do the results found in this study align with the conclusions stated in earlier studies? 

4. What are the advantages and disadvantages of air temperatures in the TP region? 

5. Has the air temperature in the TP region reached a potential tipping point? 

To the best of our knowledge, long-term maximum, mean, and minimum air temperature datasets recorded between  

January 1960 and June 2024 were used for the first time in the TP. Trend analysis methods were used to evaluate the 

minimum, mean, and maximum monthly air temperature data. Accordingly, impacts of global warming on the TP were 

interpreted using the most up-to-date observational datasets. The results of this study can also serve as valuable 

information for decision makers and politicians in developing effective local adaptation and mitigation plans. 

 
2. Study area and data 
 
Türkiye, with an area of roughly 780043 km2, has a subtropical climatic zone, which is vulnerable to climate changes and 

variability, and has 25 hydrological basins. This study includes the Eastern TP in the Marmara region (approximately 

18794 km2), as shown in Figure 1. Roughly 2 million people live in this region, and economic activities that make the 

region attractive increase anthropogenic stress in addition to natural effects (Aksoy et al., 2008; Şaylan et al., 2011; 

Bağdatlı & Bellitürk, 2016; Çamalan et al., 2021). The vast majority of land in the TP region consists of arable land. 12% 

of the country's wheat, 61% of sunflower and 54% of rice are carried out in the region. Wheat and sunflowers are common 

plant species in this region. Approximately 9.6% of Türkiye’s surface water potential of 98 billion m3, which is 9.46 

billion m3, constitutes the surface water potential of the region. 5.84 billion m3 originated from the Meriç River. 

Approximately 3.2% of Türkiye’s groundwater potential of 14 billion m3 is also located in this region (MGM, 2024). For 

these reasons, the region has an important location and production outputs in both agricultural areas and animal husbandry. 

Winters are cold (January averages around 3.5 °C) and summers are hot (with highs of about 33 °C in July and August). 

Snow and frost can occur in winter, and heat waves may develop in summer. The region is also an important in Türkiye 

in term of location (Figure 1), and the Meriç-Ergene Basin consists of the drainage areas of the transboundary waters, 

Meriç, Arda, Kızıldeli River, Tunca and the national waters Ergene River. These rivers possess an international status 

and play a critical role in political relations, agricultural development, energy generation, and the provision of drinking 

water. Therefore, any a change in the upper stream of the region positively or negatively affects the downstream regions 

(Albut et al., 2007; Yıldız, 2010; Şaylan et al., 2011; Scheumann et al., 2011; Williams, 2011; Kankal & Uzlu, 2014; Ay 
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&Kişi, 2016; Dabanlı et al., 2016; TOB, 2018, 2019; Azlak & Şaylan, 2019; Kibaroglu, 2021; Deveci & Konukcu, 2024; 

Eroğlu, 2024). For this step, Prof. Dr. Fatih Konukçu and other project members launched a project called as 

İKLİMTRAK with other partners in the TP. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

Figure 1: Locations of the meteorological stations (Edirne, Kırklareli and Tekirdağ) in the TP in Türkiye (SYGM, 2021) 
 

The Edirne station (17050) is located in the provincial centre at an elevation of approximately 51 m above sea level, 

with historical daily climate data available back to at least the mid‑20th century. This long dataset allows for robust 

analysis of temperature trends over extended periods. The Kırklareli station (17052), situated at about 232 m elevation in 

the provincial centre, also provides valuable climatic records that contribute to understanding regional climate variability. 

The Tekirdağ station (17056), located very close to sea level at approximately 4 m elevation, captures climate dynamics 

influenced by proximity to the Marmara Sea. Its record includes daily data dating back to the early 1960s, making it 

especially suitable for long‑term trend analysis in coastal and near‑coastal environments. 

For this study, monthly records of the minimum, mean, and maximum temperatures were obtained from three stations 

maintained by the Turkish State Meteorological Service (TSMS). The basic statistics of the stations can be seen in Table 

1-4. The station in Kırklareli province has missing data compared to other stations in previous years. The data here were 

taken to avoid statistical bias, and no data completion method was used. In Table 1, skewness coefficients have negative 

(left way) values except for Kırklareli (monthly mean temperature (°C) and Tekirdağ (monthly mean temperature (°C). 

Table 2, 3 and 4 also show some important results for the region. These tables show the monthly and annual temperatures 

of the provinces, respectively. The coefficients of variation of the monthly minimum temperatures (°C) of the stations 

had high values (Edirne (3.67), Kırklareli (3.03), and Tekirdağ (1.58) in Table 1. It can be said that these results can 

support the trend results in Table 8. The increase in the monthly minimum temperature values could also be another 

indication of the increase in air temperature. These arguments represent challenging issues in terms of nature activities in 

the TP. The box and whisker plots in Figure 2 show that there are no extreme and outlier data at the stations between 

1960 and 2024. This result is also compatible with the skewness coefficients of the data in Table 1. A further significant 
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result is the high coefficient of variation in monthly minimum temperatures of the stations, implying considerable changes 

between 1960 and 2024. 
 

Table 1: Basic statistics of the monthly maximum, mean and minimum temperatures of the stations used in this study     
in the Trakya Peninsula (TP) in Türkiye (1960-2024) 

 

Station codes and 

data range 

Coordinates 

(Longitude and 

latitude) 

Altitude

(m) 

Data types,  

1960-2024 
(°C) 

N Mean (°C) 

Standard 

deviation  

(°C) 

Coefficient of 

skewness  

Coefficient of 

variation  

Edirne-17050 
(1960-2024) 

41°67'67"N 
26°55'08"E 

51 

Monthly maximum 

temperature  
774 +27.17 7.85 -0.11 0.29 

Monthly mean 
temperature 

774 +13.85 7.91 -0.02 0.57 

Monthly minimum 

temperature  
774 +2.17 7.98 -0.06 3.67 

Kırklareli-17052 

(1960-2024) 

41°73'82"N 

27°21'78"E 
232 

Monthly maximum 
temperature 

770 +25.92 8.02 -0.08 0.31 

Monthly mean 

temperature 
771 +13.38 7.60 +0.01 0.57 

Monthly minimum 
temperature 

744 +2.57 7.79 -0.02 3.03 

Tekirdağ-17056 
(1960-2024) 

40°95'85"N 
27°49'65"E 

4 

Monthly maximum 

temperature 
774 +24.77 6.24 -0.08 0.25 

Monthly mean 
temperature 

774 +14.19 6.90 +0.04 0.49 

Monthly minimum 

temperature 
774 +4.89 7.73 -0.01 1.58 

 

 
 

Figure 2: Box and whisker plots of the monthly minimum (blue boxes), mean (grey boxes) and maximum (red boxes) 
temperatures time series of Edirne, Kırklareli and Tekirdağ in Türkiye, 1960-2024 
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Table 2: Basic statistics of the temperatures (oC) in Edirne 
 

EDİRNE 

(17050) (°C) 
Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.  Annual 

Mean 
temperature  

2.7 4.4 7.6 12.8 18 22.2 24.7 24.5 20.1 14.5 9.2 4.6 13.8 

Mean 

maximum 
temperature 

6.7 9.4 13.4 19.3 24.8 29.2 32 32 27.4 20.8 14.2 8.6 19.8 

Mean 

minimum 

temperature 

-0.5 0.5 2.9 7.1 11.7 15.5 17.4 17.3 13.5 9.3 5.3 1.4 8.5 

Maximum 

temperature 
20.5 23.3 28.0 33.5 37.1 42.6 44.1 41.9 39.9 35.8 28.0 22.9 44.1 

Minimum 

temperature 
-19.5 -19.0 -12.0 -4.1 0.7 6.0 8.0 8.9 0.2 -3.7 -9.4 -14.9 -19.5 

 
Table 3: Basic statistics of the temperatures (oC) in Kırklareli 

 
KIRKLARELİ 

(17052) (°C) 
Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Annual 

Mean temperature  2.9 4.1 6.9 12.0 17.1 21.4 23.8 23.6 19.4 14.1 9.3 5.1 13.3 

Mean maximum 
temperature 

6.9 8.6 12.2 17.9 23.5 28.0 30.7 30.7 26.2 20.0 13.9 8.8 18.9 

Mean minimum 

temperature 
0.1 1.0 3.0 7.1 11.6 15.6 17.8 17.8 14.1 9.8 5.9 2.3 8.8 

Maximum 
temperature 

18.9 23.1 25.7 31.5 36.0 40.4 42.5 40.4 38.8 37.4 28.9 21.6 42.5 

Minimum 

temperature 
-15.8 -15.0 -11.8 -3.0 1.4 5.8 8.8 8.7 3.0 -3.4 -7.2 -11.1 -15.8 

  
Table 4: Basic statistics of the temperatures (oC) in Tekirdağ 

 
TEKİRDAĞ 

(17056) (°C) 
Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Annual 

Mean 

temperature  
4.9 5.5 7.3 11.7 16.7 21.1 23.7 23.9 20.3 15.7 11.3 7.3 14.1 

Mean 

maximum 

temperature 

8.1 9.0 11.0 15.7 20.6 25.3 28.1 28.3 24.5 19.5 14.8 10.5 18.0 

Mean 
minimum 

temperature 

2.0 2.5 4.1 8.1 12.7 16.7 19.1 19.4 16.2 12.1 8.2 4.4 10.5 

Maximum 
temperature 

23.9 24.7 28.1 34.3 33.8 40.2 38.4 39.4 39.7 35.1 28.2 23.5 40.2 

Minimum 

temperature 
-13.5 -13.3 -10.4 -1.2 2.7 8.6 10.9 11.0 3.7 -1.8 -7.8 -10.9 -13.5 

 
3. Methodology 
 
The Runs test is employed to determine the homogeneity of the data before analysis. Mann-Kendall (MK), Spearman’s 

Rho (SR), Theil-Sen, and Şen tests are generally used non-parametric statistical monotonic trend tests. These methods 

have two main advantages. First, as non-parametric tests, they do not require the data to follow a normal distribution. 

Second, they are less sensitive to abrupt changes caused by an inhomogeneous time series. As with most statistical 

analyses, hypothesis testing was performed using confidence levels of 1%, 5%, and 10%. In these tests, the null hypothesis 

(H0) assumes the absence of a trend, while the alternative hypothesis (H1) assumes the presence of a trend. MK, Şen and 

linear trend tests were applied in this study, and more detail information can be seen below. 

 
3.1. Homogeneity test 
 
The Runs test is one of the most commonly used tests to determine the homogeneity of the data. In Eq. 1, Z is the test 

value, n is the number of data, Na is the number of data smaller than the median, Nb is the number of data larger than the 

median, and r is the number of runs. If the calculated Z value is greater than the z test value of the two-tailed hypothesis 

test at a 95% confidence interval, H0 is rejected; therefore, the H1 hypothesis is accepted. It can be said that the examined 

time series is a statistically significant inhomogeneous series. It means that the homogenous datasets can be safely used 

in modeling, frequency analysis, and other statistical methods (Wald & Wolfowitz 1940; Swed & Eisenhart 1943; Güçlü 

et al., 2025) 
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𝑍 =
𝑟−

2∗𝑁𝑎∗𝑁𝑏
𝑁𝑎+𝑁𝑏

−1

√
2∗𝑁𝑎∗𝑁𝑏(2∗𝑁𝑎∗𝑁𝑏−𝑁)

𝑁2(𝑁−1)                                                                                                                        (1) 

3.2. Trend tests  
 
3.2.1 Mann-Kendall (MK) trend test  

 

The MK test is a nonparametric statistical tool for determining whether a time series shows a monotonic upward or 

downward trend. Additional details can be obtained from previous studies (Mann, 1945; Kendall, 1975; Kottegoda, 1980; 

Gumus et al., 2022). 
 
3.2.2 Şen trend test 

 

Şen (2017) proposed a new procedure for this test was following an earlier graphical method introduced by Şen (2012, 

2014). In the first phase of the procedure, a hydro-meteorological time series was divided into two equal halves in 

ascending order. After determining critical value (CL), comparison was performed using Equations 2-6 within the 

framework of the hypothesis test. 

 

𝐸(𝑠) =
2

𝑛
[𝐸(𝑦2)̅̅ ̅̅ − 𝐸(𝑦1)̅̅ ̅̅ ]                                                                                                                         (2) 

𝜎𝑠
2 =

4

𝑛2
[𝐸(𝑦2̅̅ ̅

2) − 2𝐸(𝑦2̅̅ ̅𝑦1̅̅ ̅) − 𝐸(𝑦1̅̅ ̅
2)]                                                                                                      (3) 

𝜌𝑦2̅̅̅̅ 𝑦1̅̅̅̅ =
𝐸(𝑦2̅̅̅̅ 𝑦1̅̅̅̅ )−𝐸(𝑦2̅̅̅̅ )−𝐸(𝑦1̅̅̅̅ )

𝜎𝑦2̅̅ ̅̅ 𝜎𝑦1̅̅ ̅̅
                                                                                                                         (4) 

𝜎𝑠 =
2√2

𝑛√𝑛
𝜎√(1 − 𝜌𝑦2̅̅̅̅ 𝑦1̅̅̅̅ )                                                                                                                             (5) 

𝐶𝐿(1−𝛼) = 0 ∓ 𝑠𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙𝜎𝑠                                                                                                                                (6) 

𝑦1̅̅ ̅ presents mean of the first half of the ordered data, y2̅̅̅ presents the mean of the second half of the ordered data; ρ 

denotes the correlation between them; s is the slope value; α indicates the significance levels (%10, %5, and %1); n is the 

number of data; σ is the standard deviation; σs is slope standard deviation, and scritical signifies the z critical values in the 

one-way hypothesis at 95% confidence interval. If the slope value (s) is outside the lower and upper confidence limits, 

the alternative hypothesis, H1, is accepted. H0, which is the null hypothesis, is accepted. The slope value (s) can be 

increasing (+) or decreasing (-) (Mann, 1945; Kendall, 1975; Helsel & Hirsch, 2002; Şen, 2014, 2017; Ay, 2022a, b). 

 
4. Results and discussion 
 
Spatial and temporal variations in air temperatures in the TP were evaluated using data covering the period from 1960 to 

2024 (approximately 65-year). When formulating the hypotheses for the analyses, the critical Z-table values were taken 

into consideration, and H0 hypothesis was determined as the null hypothesis. H1 hypothesis was determined as the 

alternative hypothesis. The seasonal component in the monthly time series was evaluated, and the lag-1 autocorrelation 

coefficients were calculated after removing seasonality. Trend analyses were applied on these data series. As a result of 

these additional analyses, the main findings were given in terms of both trend direction and statistical significance. The 

calculated z values were smaller than the zcritical (±1.96, %5 two-tailed hypothesis test) according to the Runs test’ results; 

therefore, maximum, mean, and minimum monthly temperature of all stations had homogeneous time series. The time 

series plots illustrating the monthly maximum, mean, and minimum temperature values are presented in Figures 3, 4, and 

5, respectively. These figures provide a visual representation of the temporal variability and long-term behaviour of the 

temperature records over the study period. The linear functions fitted to each dataset, as shown in the corresponding 

graphs, clearly indicate that all three-temperature series display a consistent upward tendency over time (1960-2024). 

This suggests a general warming pattern reflected across maximum, mean, and minimum temperature observations. 

According to the linear functions in the graphs, it is seen that the line of all data series exhibits an increasing trend. 

Whether the trend is statistically significant or not can be assessed according to the Student’s t-test values. Table 5 

indicates that only Kırklareli’s monthly maximum temperature (tcal.= +1.85) had a statistically insignificant increasing 

trend, while all other stations showed significant increases, with t values above the critical value (±1.97) according to the 

Student’s t-test table. 
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Figure 3: Monthly minimum, mean and maximum temperatures time series of Edirne in Türkiye 
 

  
 

Figure 4: Monthly minimum, mean and maximum temperatures time series of Kırklareli in Türkiye 
 

 
 

Figure 5: Monthly minimum, mean and maximum temperatures time series of Tekirdağ in Türkiye 
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Table 5: Student’s t-test results for all stations according to the linear functions in the figures (3, 4, and 5)  
 

Stations, dates and 

coordinates 
Data N 

The linear functions of  

the time series data   

Hypothesis 

H1 or H0 

Trend 

statistically 

significant or 

not (+, -) 

The 

calculated            

t value 

Edirne-17050 
(1960-2024) 41°67'67"N 

26°55'08"E 

Monthly maximum 

temperature (°C) 
774 

y = +0.0032x + 25.942 

R2= 0.0081 (r= +0.09) 
H1 Yes (+) +2.51 

Monthly mean 

temperature (°C) 
774 

y = +0.0029x + 12.721 

R2= 0.0068 (r= +0.083) 
H1 Yes (+) +2.30 

 
Monthly minimum 

temperature (°C) 
774 

y = +0.0029x + 1.0476 

R2= 0.0066 (r= +0.082) 
H1 Yes (+) +2.27 

Kırklareli-17052  

(1960-2024) 

41°73'82"N 

27°21'78"E 

Monthly maximum 
temperature (°C) 

770 
y = +0.0024x + 24.993 
R2= 0.0044 (r= +0.067) 

H0 

Statistically 

insignificant 

No (+) 

+1.85* 

Monthly mean 
temperature (°C) 

771 
y = +0.003x + 12.23 

R2= 0.0076 (r= +0.0871) 
H1 Yes (+) +2.42 

Monthly minimum 

temperature (°C) 
744 

y = +0.0031x + 1.348 

R2= 0.0071 (r= +0.0843) 
H1 Yes (+) +2.30 

Tekirdağ-17056                
(1960-2024) 

40°95'85"N 
27°49'65"E 

Monthly maximum 

temperature (°C) 
774 

y = +0.0027x + 23.715 

R2= 0.0094 (r= +0.097) 
H1 Yes (+) +2.71 

Monthly mean 

temperature (°C) 
774 

y = +0.0024x + 13.269 

R2= 0.0059 (r= +0.0769) 
H1 Yes (+) +2.14 

Monthly minimum 

temperature (°C) 
774 

y = +0.003x + 3.7229 

R2= 0.0075 (r= +0.086) 
H1 Yes (+) +2.42 

*tcritical is ±1.97 according to the t-test table (N=770 and at 5% two-tailed hypothesis test). Trend is statistically insignificant at 5% two-tailed 
hypothesis test. 

 

The MK results can be seen in Table 6. Monthly temperatures recorded at all stations except for monthly maximum 

temperature of Kırklareli had an increased and were statistically significant at %5 significance level (α=5% and two-tailed 

test). Table 7 displays the results of the Şen trend test. All stations’ z values were out of upper and lower critical limits 

for the 95% confidence interval (α=5% and one-tailed test); therefore, the H1 hypothesis was accepted in all data. Table 

8 displays an evaluation of the results of the tests. Table 8 indicates the Şen test provided same results with the MK and 

linear trend tests except for monthly maximum temperature of Kırklareli which is a statistically insignificant increasing 

trend. The trend tests have similar results for the TP and other previous studies (Türkeş et al., 2002; Türkeş & Sümer, 

2004; Türkeş et al., 2016). In addition, the drought results and current TP conditions were compared with the findings of 

this study. It was observed the results of trend tests are consistent with the findings of the drought studies (Aksoy et al., 

2008; Gönençgil, 2012; Altunay, 2016; Azlak & Şaylan, 2019; Eroğlu, 2021; Eroğlu, 2024). In other words, it is possible 

to say that the time of return interval of drought periods has shorten generally because all the stations have a statistically 

significant increasing trend except for monthly maximum temperature of Kırklareli. Moreover, magnitude of the 

significant trends found in this study can change according to the locations to locations in the region. Therefore, 

evapotranspiration (ET0) values related to the air temperatures are generally increasing, which can be related with the 

drought cases of the TP. The results were also tested by querying society and the previous studies (Sırdaş & Sen, 2003; 

Oruc & Yalcin, 2021) in the TP. They specified that the region was hotter than before, rainfall was irregular and less than 

normal values, and the yield of products in the agricultural sector has been changing negatively (TOB, 2018, 2019, 2023a, 

b).   

The rapid population growth and urbanization in the provinces have led to significant changes in land use and surface 

structure; these changes have caused natural surfaces to be transformed into artificial surfaces such as concrete and 

asphalt, creating effects on the local climate. The previous studies indicate that urbanization and increasing population 

density support the urban heat island, which raises air temperatures, particularly in urban areas compared to surrounding 

rural areas; this leads to increases in surface and air temperatures in regions with increased building density (Albut et al., 

2007; Bağdatlı & Bellitürk, 2016; Oruc & Yalcin, 2021; Deveci & Konukcu, 2024; Eroğlu, 2024). Such cases are 

demonstrated in research conducted in Türkiye, showing that increasing population and changing land cover affect 

microclimatic characteristics, making temperatures higher in urban areas compared to rural areas. Furthermore, climate 

studies related to the TP reveal that regional temperature increase trends, which are compatible with this study, along with 

climate change, show that urbanization is altering the local climate; increased population and construction resulting from 

urbanization cause temperatures to rise in the TP, leading to more pronounced local microclimates and heat wave events. 

Studies indicate that rising temperatures and changing climate conditions in the TP have already influenced agricultural 

practices and crop patterns. Increased evapotranspiration, warmer conditions, and altered precipitation patterns affect 

water availability and crop water requirements, leading to shifts in the suitability and management of traditional crops 

such as wheat, canola, and sunflower. These climatic changes also influence the timing and methods of vegetable 

cultivation, prompting farmers to adjust sowing dates, crop selection, and agricultural practices in order to sustain 

productivity under evolving climatic conditions. Such evidences highlight the need for targeted adaptation strategies to 

maintain regional agricultural output in response to both urbanization-induced warming and broader climate 

change/variability trends (TOB, 2018, 2019, 2023a, b). 
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Table 6: Results of the MK trend test for the monthly maximum, mean and minimum temperatures (°C) in the Trakya 
Peninsula (TP) in Türkiye (1960-2024) 

 

Parameters 

 Edirne-17050 (1960-2024) Kırklareli-17052 (1960-2024) Tekirdağ-17056 (1960-2024) 

Monthly 
maximum 

temperature 

Monthly mean 

temperature 

Monthly 
minimum 

temperature 

Monthly 
maximum 

temperature 

Monthly mean 

temperature 

Monthly 
minimum 

temperature 

Monthly 
maximum 

temperature 

Monthly mean 

temperature 

Monthly 
minimum 

temperature 

Data range 
1960- 2024 

(°C) 

1960- 2024 

(°C) 

1960- 2024  

(°C) 

1960-2024      

(°C) 

1960-2024  

(°C) 

1960-2024 

(°C) 

1961-2024 

(°C) 

1960-2024 

(°C) 

1960-2024 

(°C) 

The number   
of data 

774 774 774 770 771 744 774 774 774 

Calculated 

± Z value 
+2.28 +2.17 +2.05 +1.43* +2.16 +2.07 +2.46 +2.07 +2.09 

  Z critical 

value           
(α=0.05 and             

two-tailed test) 

±1.96 ±1.96 ±1.96 ±1.96 ±1.96 ±1.96 ±1.96 ±1.96 ±1.96 

Type of trend 

(+, -) 

Increasing 

 trend(+) 

Increasing 

 trend(+) 

Increasing 

 trend(+) 

Statistically 

insignificant  

No trend (+)    

Increasing 

 trend(+) 

Increasing 

 trend(+) 

Increasing 

 trend(+) 

Increasing 

 trend(+) 

Increasing 

 trend(+) 

H0, null 

hypothesis 
Rejected Rejected Rejected Accepted Rejected Rejected Rejected Rejected Rejected 

    *Trend is statistically insignificant at 5% two-tailed hypothesis test (zcritical is of ±1.96). 
 

Table 7: Results of the Şen trend test for the monthly maximum, mean and minimum temperatures (°C) in the Trakya 
Peninsula (TP) in Türkiye (1960-2024) 

 

Parameters 

Edirne-17050-(1960-2024) Kırklareli-17052- (1960-2024) Tekirdağ-17056-(1960-2024) 

Monthly 

maximum 
temperature 

Monthly 

mean 
temperature 

Monthly 

minimum 
temperature 

Monthly 

maximum 
temperature 

Monthly 

mean 
temperature 

Monthly 

minimum 
temperature 

Monthly 

maximum 
temperature 

Monthly 

mean 
temperature 

Monthly 

minimum 
temperature 

Unit °C °C °C °C °C °C °C °C °C 

The number of data, n 774 774 774 770   771    744 774 774 774 

Slope, s (+ or -) +0.0025 +0.0021 +0.0021 +0.0022 +0.0021 +0.0022 +0.0025 +0.0017 +0.0023 

Z critical value (α=0.05 and 

one-tailed test) 
±1.645 ±1.645 ±1.645 ±1.645 ±1.645 ±1.645 ±1.645 ±1.645 ±1.645 

Hypothesis (H0 or H1) H1 H1 H1 H1 H1 H1 H1 H1 H1 

Decision (Yes or No) Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Type of trend (Upward (+), 

downward (-) or no trend) 
Upward (+) Upward (+) Upward (+) Upward (+) Upward (+) Upward (+) Upward (+) Upward (+) Upward (+) 

 

Before some cases the results of climate change/variability in nature reach a tipping point, the necessary intangible 

and tangible actions should be taken all over the world. Everything has been known and discussed in the environmental 

and climate meetings held up to now (UNFCC, The European Climate Change Programme (ECCP), Conference of Parties 

(COP), IPCC, Kyoto, Paris Climate Agreement) but that is why it is high time we should conduct more detailed research 

in these arguments. While the decisions taken at the meetings focused on reducing greenhouse gas emissions, it can be 

seen that these decisions underwent a paradigm shift in the following years as adaptation to climate change. At this point, 

answers to the questions of what can be done to adapt to the changing climate/variability are found, while new strategies 

are also put forward. For example, the states need to reduce consumption with various regulations (e.g., carbon tax, if 

any), use resources economically, increase individual actions and make these more effective all over the world (Batan & 

Toprak, 2015; TOB, 2023a, b; Yıldız, 2024). Consequently, the amount of greenhouse gases in a region, waste 

management, water usage, and other significant environmental indicators should be closely monitored. Moreover, we 

should act with common future and sense. It can be said that if the increase in greenhouse gases and the motion of the 

world continues in this way, our generations will have to deal with more confusion, chaos, and disease in the future. 

Instead of saying that air temperature has a direct effect on climate variability and change, it would be more accurate to 

calculate how much climate change/variability affects the system globally and to determine how much climate 

change/variability affects which parts of the environment because land, soil uses, and the status of vegetation should also 

be considered and interpreted together in addition to the other variables listed above. Otherwise, there will be an 

incomplete phase for all systems. 
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Table 8: Comparison of the results of the trend tests for the monthly maximum, mean and minimum temperatures (°C) in 
the Trakya Peninsula (TP) in Türkiye (1960-2024) 

 
 

Stations, dates and variables 

Trend types for the annual data of the monthly temperature (°C), 1960-2024 

Linear trend, the 

calculated t value 

Statistically 

significant or not 

(+, -) 

MK trend        

test 

The calculated                                      

z values 

Şen trend       

test 

The calculated                           

slope values 

Edirne-17050-        

(1960-2024) 

(°C) 

Monthly 

maximum 
temperature 

2.51 Yes (+) 
Increasing 

 trend (+) 

Statistically 

significant  
 (+) 

Statistically 

significant 

Monthly    

mean 
temperature 

2.30 Yes (+)  (+) 
Statistically 

significant 
 (+) 

Statistically 

significant 

Monthly 

minimum 

temperature 

2.27 Yes (+) (+) 
Statistically 
significant 

 (+) 
Statistically 
significant 

Kırklareli-17052- 

(1960-2024) 
(°C) 

Monthly 
maximum 

temperature 
1.85* 

Statistically 

insignificant 

No (+) 

No 

 Trend 

(+) 

Statistically 

insignificant 

(+1.43)** 

Increasing 

 Trend 

(+) 

Statistically 

significant 

Monthly    

mean 
temperature 

2.42 Yes (+)  (+) 
Statistically 

significant 
(+) 

Statistically 

significant 

Monthly 

minimum 
temperature 

2.30 Yes (+)  (+) 
Statistically 

significant 
 (+) 

Statistically 

significant 

Tekirdağ-17056-                

(1960-2024) 

(°C) 

Monthly 

maximum 

temperature 

2.71 Yes (+)  (+) 
Statistically 
significant 

 (+) 
Statistically 
significant 

Monthly    

mean 

temperature 

2.14 Yes (+) (+) 
Statistically 
significant 

(+) 
Statistically 
significant 

Monthly 
minimum 

temperature 

2.42 Yes (+)  (+) 
Statistically 
significant 

 (+) 
Statistically 
significant 

*tcritical is of ±1.97 according to the t-test table (N=770 and at 5% two-tailed hypothesis test). Trend is statistically insignificant at 5% two-tailed 
hypothesis test.   **: Trend is statistically insignificant at 5% two-tailed hypothesis test (zcritical is of ±1.96). 

 

On the other hand, while there are numerous published studies on the dangerous effects of climate change, there are 

a few studies done on positive effects of climate change. At this point, climate variability could have positive effects in 

one region and negative effects in another region. Benefits of climate change or variability may include longer growing 

seasons and milder temperatures, which could help agriculture (e.g., sugarcane, crops) and other sectors such as industries 

(e.g., electricity, natural gas) and energy. Rising temperatures may lead to lower heating needs and expanded tourism 

potential in regions such as the Arctic, Antarctic, Siberia, and other frozen parts of the world. In another example, snow 

that fell in the same region in the previous winter season fell in the higher altitude areas in the same region. Sunshine can 

also gain solar power, and strong winds can generate wind and wave powered energy. As another example, climate 

change/variability may also cause people/creatures living in cold regions to migrate to warmer regions. These situations 

can also be seen in the all regions; however, these issues need to be examined in detail on site (Friedlingstein et al., 2001; 

Albut et al., 2007; Aydinalp&Cresser, 2008; Tol, 2009; Batan & Toprak, 2015; Pearce-Higgins et al., 2015; USGCRP, 

2017; Hoegh-Guldberg et al., 2018; Ruan et al., 2018; Cavus et al., 2021). However, the exact opposite cases of these 

situations can also be seen. Hence, some warming locations may start to cooling. In this case, the issues mentioned above 

may change the direction for possible situations (TOB 2023a, b) for each region in the world. 

 
5. Conclusions 
 
The monthly minimum, mean, and maximum temperature time series in the TP in Türkiye were scrutinised by using the 

MK, Şen, and linear trend test, as presented in Tables, 5, 6, 7 and 8. The statistically significant trends were detected in 

all air temperature series, except for the monthly maximum temperature at Kırklareli station, according to the linear trend 

test at the 5% level with a two-tailed hypothesis. According to the MK, the monthly temperatures in the stations, except 

the monthly maximum temperature at Kırklareli, exhibited statistically significant increases at 5% significance level 

(α=0.05 (5%), two-tailed test). Similarly, the Şen trend test indicated statistically significant increases in the monthly 

minimum, mean, and maximum temperatures at all stations at 5% significance level. These significant upward trends in 

air temperature correspond to an increased frequency of drought periods in Edirne, Kırklareli, and Tekirdağ. In line with 

this, the water levels and quality in the region’s dams reached critical levels, which can be attributed to increased 

evaporation and/or reduced precipitation. Other atmospheric factors, including wind, humidity, radiation, and overall 

evaporation, also contribute to these conditions. These significant increases in the minimum, mean, and maximum 

temperatures have a direct impact on regional activities.  
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To mitigate these impacts, both regional and international solutions should be pursued. Adaptation strategies may 

include population planning, the implementation of recycling systems, changes in crop patterns, rainwater harvesting 

techniques, and the construction of groundwater storage facilities. These measures represent long-term and critical 

interventions for the TP (Albut et al., 2007; Aksoy et al., 2008; Deveci, 2015; Azlak & Şaylan, 2019; Candar et al., 2019; 

TOB, 2018, 2019; IPCC, 2021; Şen, 2022; Eroğlu, 2022; Dağ & Ay, 2024; Deveci & Konukcu, 2024; Jensen et al., 2024; 

MGM, 2024; Xiong & Yang, 2025). Furthermore, the conclusions of this present study are projected to supply valuable 

insights for stakeholders in the region, particularly regarding the interpretation of air temperature data recorded between 

1960 and 2024. In addition to the results discussed above, the next inferences can be given: 

1. This present study provides significant results based on historical climate data, indicating an increasing trend in 

the air temperature. These observed trends are consistent with the climate scenarios projected for the TP for the 

period 1960-2024. 

2. To ensure reliability, these statistically significant increasing trends must be supported by evidence from field 

observations. For instance, declining agricultural yields in the region corroborate the observed increase in 

temperature increases (TOB, 2018, 2019, 2023a, b). 

3. Addressing the question of whether air temperature in the TP has reached a tipping point involves consideration 

of complex underlying mechanisms. Although current evidence does not allow us to assert that temperatures in 

the region have reached a climatic tipping point, the results discussed above do reveal a clear upward trend in 

temperatures across the TP. To further substantiate these observations, it is necessary to analyse other relevant 

variables. Therefore, achieving a holistic understanding necessitates the consideration of additional variables, 

including precipitation, snowfall, relative humidity, soil moisture, atmospheric pressure, evaporation, surface 

winds, and solar radiation. Future studies should integrate these parameters to more robustly explain the climatic 

mechanisms operating over the TP. 

4. Several ecological and natural processes, such as the nitrogen and carbon cycles, are altered as a result of rising 

temperatures. The cumulative effects of these changes enhance our understanding of climate variability and 

provide important visions into ecological sustainability for especially agricultural activities in the TP. 
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