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Abstract— This research situated in Turkey's  Anatolia 

region, Nigde center and Ulukışla district were conducted. 

Long annual precipitation data were subjected to statistical 

analysis on a monthly basis. Within the scope of the research, 

50 years and 600 months long total monthly precipitation and 

maximum monthly precipitation values between 1970-2019 

were examined. Spearman Rho test, Mann-Kendall 

Correlation test and Sen's slope methods were used in trend 

analysis. According to the total precipitation values; The 

highest total precipitation was observed in 2009 as 460,8 mm. 

The lowest total precipitation was calculated as 192,9 mm in 

1973. Total rainfall average was calculated as 120,5 mm in 

spring and 98,4 mm in winter. The total rainfall average in the 

summer months was determined as 38,2 mm. In general, the 

average total precipitation for many years in the center of 

Niğde was found to be 325,9 mm. The highest total 

precipitation in Ulukışla district was determined as 428,2 mm 

in 1997. The lowest total precipitation for many years was 

182,1 mm in 1989. The average total precipitation for long 

years was determined to be 318,5 mm. Total rainfall average 

was determined as 132,8 mm in spring and 80,7 mm in winter. 

Total rainfall average in the summer months was calculated 

as  42,4 mm. According to the trend analysis results; It is 

concluded that there is no significant trend in total 

precipitation values for many years in the center of Niğde and 

Ulukışla district. The maximum annual precipitation in the 

center of Niğde is calculated as 10,5 mm and in the Ulukışla 

district as 10,3 mm. The average maximum precipitation in 

spring was found to be  13,2 mm in the center of Niğde and 14 

mm in the town of Ulukışla. The highest maximum 

precipitation was observed in 1978 in Niğde city center as 27 

mm in winter. The highest maximum precipitation in Ulukışla 

district was found as 33,8 mm in 2003. According to the long 

annual maximum precipitation values; It has been  

determined that there is an increasing trend in Niğde center  

in the general average of winter, summer and all months.                                                    

      

      

      

               

It is observed that there is an increasing trend in the Ulukışla 

district in the winter months and in general average.  

Keywords—Maximum and Total recipitation, Trend Analysis, 

Global Climate Change, Nigde Province, Turkey 

I. INTRODUCTION 

Water is an indispensable source of life for all living things. 

It has been effective in settlement in terms of agriculture 

and life source of civilizations from past to present. Water, 
which people have fought for ages to find, is the main 

factor in the development of societies and has caused many 

civilizations to collapse in the past [1]. The rapid increase 

in the world population is an important factor in this 

situation. With the rapidly increasing population, the 

growth of the industry will start to be effective in the rapid 

consumption of water resources. Estimates show that the 

need for increasing water demand and decreasing clean 

water supply curves will intersect in 2030. This situation 

naturally means that there will be a universal crisis [2].  

The five basic components called atmosphere, hydrosphere, 

cryosphere, lithosphere and biosphere constitute the 
complex system called the global climate system, the life 

on earth and the interaction between these components [3].   

With the intensive industrialization movements that started 

in the 19th century, the fact that nature was commodified 

and regarded as an industrial raw material and a means of 

exploitation disrupted the balance of all ecology, especially 

the climate [6]. These changes, which emerged due to 

global warming, started to show their effects. According to 

the report of the Intergovernmental Panel on Climate 

Change (IPCC) announced in 2013, climate change has 

been stated as an event that has shown its effects without 
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hesitation throughout the 21st century and is shown as the 

most serious problem of human beings as a result [7, 8]. 
Global warming has also had an impact on the reduction of 

water resources and climate change. Global warming 

caused by the greenhouse effect strengthened due to the 

greenhouse gases whose accumulation continues to 

increase in the atmosphere has become more evident 

especially after the 1980s and reached its highest values in 

the 1990s [9]. 

Influence of the global climate will have an effect on the 

change of seasons, especially in the observation of 

significant changes in temperature and precipitation. The 

biggest impact of climate change on the Earth is carbon 

emission into the air. Carbon is one of the basic elements of 
life when it is present in sufficient levels, but when people 

consume more than they need, it causes serious CO2 in the 

atmosphere to increase and the protective effect of the 

ozone layer decreases and irregularities occur in 

precipitation. Increasing of this situation causes the 

formation of acid rains with CO2 and greenhouse gases 

accumulated in the atmosphere and descending to the earth 

together with precipitation. Acid rains change the pH of the 

water and negatively affect the life of aquatic life. It causes 

the natural structure of plants to deteriorate. 

Increasing urbanization depending on the population also 
causes changes on the climate. Increasing energy 

consumption due to heating, traffic, industry in cities, 

artificial covers such as asphalt, concrete, city canyons 

formed by tall buildings and the streets between them, 

decreasing green areas cause climate differences [10].   

Many studies on city climatology have revealed that the 

most obvious effect of urbanization on the climate is on 

temperature [11]. In the studies carried out within the scope 

of the metromex project, which is one of the most detailed 

researches on city climatology, In Louis, the city effect was 

found to show statistically significant increases in summer 

rains, heavy showers (> 25 mm), thunderstorms and hail 
rains [12]. Changes in precipitation trends in our country 

were mostly analyzed regionally. In a very few articles that 

examine the relationship between precipitation change and 

urbanization, no significant relationship was found between 

urbanization and precipitation change [10]. The greatest 

effects of climate change occur in countries located in 

middle and high latitudes [13]. The Central Anatolia 

Region is among the areas that will be affected by this 

change due to its geographical location [6]. In our country, 

it is affected by this situation. Turkey constitutes one of the 

risky countries can be experienced in the short or long-term 
climate variability [15].  

Turkey is well below average rainfall of 643 mm and 

falling world average. This situation corresponds to 501 
billion m3 of water in our country. in terms of annual 

distribution of rainfall in Turkey are major differences. As 

a matter of fact, while the annual rainfall in the Eastern 

Black Sea Region exceeds 2500 mm, this value decreases 

below 250 mm in some depressions surrounded by 

mountains [16]. Some of these waters evaporate and leak 

into aquifers. The remaining water from infiltration and 

evaporation combine with surface flow and groundwater to 

create gross water potential. Turkey's gross water potential 

of 193 billion m3. What it is Turkey's water potential by 

2023 is estimated to be 112 billion m3 [17]. Insufficient 

precipitation, drought, reduction in water resources, etc. It 
will be an inevitable end in our country to be adversely 

affected by many sectors such as. 

In this research, trend analysis was applied to monthly total 

and maximum precipitation data observed in the center of 

Niğde and Ulukışla district between 1970-2019. For this 

purpose, Mann-Kendall, Spearman's Rho and Sen's Trend 

Slope methods are used. As a result of the research, the 

course of change of maximum and total precipitation 

values on years basis is revealed. 

II. MATERIAL AND METHOD 

The study area is located in Nigde, Turkey's Central 

Anatolia Region is located in the province of Nigde centers 

and are Ulukışla district. Terrestrial climate is seen in 

Niğde. The causes of terrestrial climate are; It is 

surrounded by mountains, 1200 meters above sea level, 

unable to take overwhelming effects of the sea and winds 

from the sea, it is open to cold winds from the north. In this 

case, the general climate feature of Niğde; summers are hot 

and dry, winters are cold and snowy. Rainfalls are 
encountered in winter in snow and spring in rain [18].  In 

the study, meteorology observation stations in the center of 

Niğde and Ulukışla districts in Niğde Merkez and Ulukışla 

districts were examined. In the study, total and maximum 

precipitation values for many years between 1970-2019 

were used as material in the study. The location and 

location of the districts subject to the research are shown on 

the map given in Figure 2.1. 
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Figure 2.1. Location of the Research Area and the location 

of the studied meteorological stations 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

Monthly changes of precipitation values observed between 

1970-2019 in meteorology stations in Niğde Merkez and 

Ulukışla districts were used. A total of 600 months were 

analyzed seasonally. The results are presented statistically 

with graphs and charts. For the evaluation of the data, it 

was evaluated within Mann-Kendall and Sperman’s Rho 

and Sen’s slope method and it was done in the 95% 
confidence level [19, 20, 25].   

Mann-Kendall test is frequently used in studies to 

investigate the changes in climate parameters [21, 22, 23]. 

Mann‐ Kendall test, which is carried out to determine the 

direction of changes in climate parameters, temperature and 

precipitation, also gives important ideas about the 

dimensions of climate change [4, 5].  In this study, a 

software called "Trend Analysis for Windows" was used. 

This software is a package program that applies Mann-

Kendall test, Spearman's Rho test, Mann-Kendall Order 

Correlation test and Sen's Trend Slope method to the data 

and gives the result as graphics and text [14]. 

III. RESEARCH FINDIGNS 

Trend analysis results of the maximum and total 

precipitation values between 1970 and 2019 belonging to 

Niğde Merkez and Ulukışla district are presented in detail 

below. 

3.1. MAXIMUM RAIN CHANGES 

The maximum precipitation change values of Niğde Center 

and Ulukışla district, which were analyzed for many years 

(1970-2019), were evaluated seasonally (spring, autumn, 

summer and winter months) with trend analysis.  

The course of the long-term seasonal maximum 

precipitation change values in Niğde Center is given in 
Figure 3.1. 

 

Figure 3.1. Maximum precipitation changes in Niğde 

Center (mm) 

 

The highest maximum precipitation value for many years 

in the center of Niğde in the winter months was seen in 
1987 with 27 mm. The lowest maximum precipitation 

value was in 1995 with 5,8 mm. The highest maximum 

precipitation value for long years in the spring months is 

24.4 mm in 1977. The lowest maximum precipitation value 

was 4,6 mm in 1970.While the maximum maximum 

precipitation value in summer months was 13,3 mm in 

1977, the lowest maximum rainfall value was 0,3 mm in 

1974. The highest maximum precipitation value in autumn 

is 23,3 mm in 2011, while the lowest maximum rainfall 

value is 2,7 mm in 1999. On average, the lowest maximum 

precipitation value was  6 mm in 1973, while the highest 
maximum precipitation value was 17,1 mm in 2011.  

Long-term (1970-2019) and seasonal trend analysis results 

of maximum precipitation values for long years are given 

in Table 3.1. 



 
International Journal of Recent Development in Engineering and Technology 

Website: www.ijrdet.com (ISSN 2347 - 6435 (Online) Volume 9, Issue 7, July 2020) 

4 

 

 

Table 3.1. Trend analysis results of maximum precipitation 
data in the center of Niğde 

According to the trend analysis results regarding the 

maximum precipitation values, it has been observed that 

there is an increasing trend in the general average of the 

long annual maximum precipitation value. No significant 

train was found in the autumn and spring seasons. In the 

summer and winter months, an increasing trend was 

observed according to the Mann-Kendall statistical test 
result. According to Sperman's Rho test, a meaningful train 

could not be reached. The course of change in the years of 

maximum precipitation in Ulukışla district is given in detail 

in the graphs given in Figure 3.2.  

 

Figure 3.2. Maximum precipitation changes in Ulukışla 

District (mm) 

 

The highest maximum precipitation value in Ulukışla 
district in winter is 28,8 mm in 1987. The lowest maximum 

precipitation value was 2,4 mm in 1972. The highest 

maximum precipitation value in spring is 33,8 mm in 2003. 

The lowest maximum precipitation value was 7,5 mm in 

1993. The highest maximum precipitation value in summer 

is 17,8 mm in 1998. The lowest maximum precipitation 

value was 1,1 mm in 1985. The highest maximum 

precipitation value in autumn is 24,1 mm in 1994. The 

lowest maximum precipitation value was 1,9 mm in 1975. 

In general, the lowest maximum precipitation value was 6,2 

mm in 1973. The highest maximum precipitation value is 

16,3 mm in 2003. The average of the maximum 
precipitation values is 10,3 mm. Seasonal trend analysis 

results of maximum precipitation values for long years are 

given in Table 3.2. 

 

Table 3.2. Trend analysis results of maximum precipitation 

values for many years in Ulukışla district 

 

According to these results, it is seen that there is a 

significant trend in general average and increasing in 

winter season. There was no significant trend in the 

summer, autumn and spring seasons. 

3.2. TOTAL PRECIPITATION CHANGES 

The total precipitation change values of the Niğde center 

and Ulukışla district which were analyzed for many years 

(1970-2019), were evaluated seasonally (spring, autumn, 

summer and winter months) with trend analysis. The 

course of the long-term seasonal total precipitation change 

values in Niğde Center is given in Figure 3.3. 
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Figure 3.3. Long Years Total precipitation Changes in the 
Center of Niğde (mm) 

 

While the highest total precipitation value in the center of 
Niğde in winter was 167,4 mm in 2009, the lowest total 

precipitation value was 48,5 mm in 1974. The highest total 

precipitation in the spring months is 198,2 mm in 1987. 

The lowest total precipitation is 43,2 mm in 1970. The 

highest total precipitation value of the total precipitation 

values for many years in the summer is 118,3 mm in 2015.  

The lowest total precipitation value is 3,5 mm in 1975. 

While the highest total precipitation value of the total 

precipitation values for long years in the autumn months 

was 138,2 mm in 1986, the lowest total precipitation value 

was 15,7 mm in 1999.  

On average, the lowest total precipitation value was 192,9 
mm in 1970. The highest total precipitation value is 469,8 

mm in 2010. The average total precipitation value for long 

years is 325,9 mm. 

In trend analysis results of Niğde center total precipitation 

values for many years are given in  Table 3.3.  

 

 

 

 

 
Table 3.3. Trend analysis results of total precipitation 

values in Niğde Center 

 

According to the results of the trend analysis, it was 

concluded that there was no significant trend in total 

precipitation in all seasons and overall average. In Ulukışla 

district, the course of change of total precipitation on years 

basis is also shown in detail in the graphs given in Figure 
3.4. 

 

Figure 3.4. Total precipitation Changes in Ulukışla district 

(mm) 
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The highest total precipitation value in Ulukışla district in 
winter is 191,8 mm in 2016. The lowest total precipitation 

value is 19,7 mm in 1973. The highest total precipitation 

value in spring is 218,5 mm in 2003. The lowest total 

precipitation value is 50,8 mm in 1970. The highest total 

precipitation in summer months is 104 mm in 1998. The 

lowest total precipitation value is 5,3 mm in 1984. The 

highest total precipitation value in the autumn months was 

139,5 mm in 2006. The lowest total precipitation value is 

9,9 mm in 1975. According to the general average of total 

precipitation; The lowest total precipitation value was 

182,1 mm in 1984. The highest total precipitation value is 

428,2 mm in 1992. Total precipitation average for long 
years was found to be 318,5 mm. Trend analysis results of 

total precipitation values for many years in Ulukışla district 

are given in Table 3.3 

 

Table 3.3. Trend analysis results of total precipitation 

values in Ulukışla district 

According to the trend analysis results made for the total 

precipitation values for many years; It is concluded that 

there is no train in the overall average of all seasons and 

long total precipitation. 

IV. CONCLUSION AND SUGGESTIONS 

 

Between 1970 and 2019, 50 years and 600 months total and 
maximum precipitation values were subjected to analysis in 

Niğde center and Ulukışla district. In this study, Mann-

Kendall test and Sperman's Rho tests and Sen's slope 

methods were used. Total and maximum precipitation data 

were analyzed using the ―Trend Analysis for Windows 

software‖ [14]. 

Long-term total precipitation values in the Niğde center 

and Ulukışla district, the changes of summer, spring 

months and general averages are presented in Figure 4.1. 

 

Figure 4.1. Summer, spring months and long annual total 

precipitation changes in Niğde center and Ulukışla district 

According to the total precipitation values for many years; 

The average total rainfall in the center of Niğde in summer 

was 5,1 mm and 6,1 m in July and 27,2 mm in June. In 

spring, it was calculated as 33,4 mm in the month and 43,4 

mm in April and 43,8 mm in March. Looking at the general 

average, the average total precipitation for many years was 

found to be 325,9 mm in the center of Niğde. According to 
the total precipitation values for many years; In the summer 

months, the average total precipitation in Ulukışla district 

was 4,7 mm and  7 mm in July and 30,6 mm in June. In 

spring, it was calculated as 34,6 mm in the month and 49 

mm in April and 49,2 mm in March. Looking at the general 

average, the average total precipitation for many years was 

found to be 318,5 mm in the Ulukışla district. 

The long-term maximum rainfall averages of Niğde Center 

are 13,2 mm for the spring months, 12,1 mm for the winter 

months, 10,6 mm for the autumn months, 6 mm for the 

summer months and the overall average is 10,5 mm. 

 
 



 
International Journal of Recent Development in Engineering and Technology 

Website: www.ijrdet.com (ISSN 2347 - 6435 (Online) Volume 9, Issue 7, July 2020) 

7 

 

 

Long-term total precipitation averages are 129,5 mm for 
spring, average 98,1 mm for winter, 68,7 mm for autumn, 

and 38,2 mm for summer. In the Ulukışla district, the 

maximum annual average precipitation is 33,8 mm for the 

spring months, the average for the winter months is 5,1 

mm, the average for the autumn months is 21,8 mm, the 

average for the summer months is 4,6 mm and the general 

average is 16,3 mm. Long-term total precipitation averages 

were 132,8 mm for the spring months, 80,7 mm for the 

winter months, 62,4 mm for the autumn months, and 42,4 

mm for the summer months. 

Water, which is the life source of all living things, is 

decreasing gradually and it is expected that the problems of 
water crises will be experienced in the coming years. The 

decrease in precipitation due to climate change affects the 

living life in the ecosystem. Among the climate parameters, 

the amount of precipitation is the most variable climate 

element according to time and place [24]. Undoubtedly, 

global warming is also an important factor affecting 

precipitation. Increasing temperatures are important factors 

in decreasing precipitation. From this point, if trends in 

temperature and precipitation amount of any place are 

detected, the direction and severity of climate change can 

be determined [6]. Therefore, changing climate conditions 
will be an important factor in the current situation and the 

problems that may arise in the coming years. For this 

reason, solutions are needed for global warming and 

reduction of greenhouse gases that cause climate change. 

References 

 

[1] Güler, Ç. 1997. Su kalitesi, Çevre Sağlığı Temel 

Kaynak Dizisi No: 43  (in turkish) 

 
[2] Özgüler, H. 1997. Su, su kaynakları ve çevresel 

konular‖ Meteoroloji Mühendisliği, TMMOB Meteoroloji 

Mühendisleri OdasıYayın Organı    s. 2: 57-63  (in turkish) 

 

[3] Türkeş, M. 2012. Türkiye’de Gözlenen ve Öngörülen 

İklim Değişikliği, Kuraklık ve Çölleşme, Ankara 

Üniversitesi Çevrebilimleri Dergisi 4(2): 1‐32. (in turkish) 

 

[4] Novotny, E.V., Heinz G. S.  2007. Stream Flow in 

Minnesota: Indicator of Climate Change, Journal of 

Hydrology ,334, 319– 333 
 

 

 

 

 

[5] Deng, H., Chen, Y., Shi, X., Li, W., Wang, H., Zhang, 
S.,Fang G. 2014. Dynamics of temperature and 

precipitation extremes and their spatial variation in the arid 

region of northwest China, Atmospheric Research 138, 

346-355. 

 

[6] Kızılelma, Y., Çelik, M.A., Karabulut, M. 2015. İç 

Anadolu Bölgesinde sıcaklık ve yağışların trend 

analizi, Türk Coğrafya Dergisi, 64: 1‐10, İstanbul. (in 

turkish) 

 

[7] Lacressonniére, G., Peuchc, V.H., Vautard, R.,   Arteta, 

J., Déqué, M., Joly, M., Josse, B., Marécal, V., Saint 
Martin, D. 2014. European Air Quality in the 2030s and 

2050s: Impacts of Global and Regional Emission Trends 

and of Climate Change, Atmospheric Environment 

92:348‐358.  

 

[8] Minga, T., Richter, R., Liua, W., Caillol, S. 2014. 

Fighting Global Warming by Climate Engineering: Is the 

Earth Radiation Management and the Solar Radiation 

Management any Option for fighting Climate Change, 

Renewable and Sustainable Energy Reviews 31:792-834. 

 
[9] İstanbulluoğlu, A. , Bağdatlı , M.C. , Arslan , C. 2013. 

Uzun Yıllık Yağış Verilerinin Trend Analizi ile 

Değerlendirilmesi: Tekirdağ-Çorlu İlçesi Uygulaması, 

Tekirdağ Ziraat Fakültesi Dergisi, s. 70-77 10(2). (in 

turkish)  

 

[10] Çiçek, İ. 2004. Ankara’da Şehirleşmenin Yağış 

Üzerine Etkisi, Fırat Üniversitesi Sosyal Bilimler Dergisi , 

Cilt: 14,Sayı:1, Sayfa:1-17, Elazığ (In Turkish) 

 

[11] Oke, T.R. 1979. Reviewof urban climatology. WMO 

TechNoteNo: 169, p.100 
 

[12] Changnon, S. A., Semonin, R. G., Huff, F. A. 1976. A 

hypothesis for urban rainfall anomalies. J. Appl. Met 15: 

544-560 

 

[13] Cosun, F., Karabulut, M. 2009. Kahramanmaraş'ta 

Ortalama, minimum ve Maksimum Sıcaklıkların Trend 

Analizi, Türk Coğrafya Dergisi 53:41‐50. (in turkish) 

 

[14] Gümüş, V., Yenigün, K. 2006. Fırat Havzası 

Akımlarının Trend Analizi ile Değerlendirilmesi, Harran 
Üniversitesi Fen Bilimleri Enstitüsü İnşaat Mühendisliği 

Anabilim Dalı Yüksek Lisans Tezi, Şanlıurfa. (in turkish) 



 
International Journal of Recent Development in Engineering and Technology 

Website: www.ijrdet.com (ISSN 2347 - 6435 (Online) Volume 9, Issue 7, July 2020) 

8 

 

 

[15] Türkeş, M., Sümer, U. M., Demir, İ. 2002.  Re-
Evaluation of Trends and Changes in Mean, Maximum and 

Minimum Temperatures of Turkey for the Period 1929-

1999. International Journal of Climatology, 22, 947-977.  

 

[16] Ölgen, K. M. 2010. Türkiye’de Yıllık ve Mevsimsel 

Yağış değişkenliğinin Alansal Dağılımı’’ , Ege Coğrafya 

Dergisi, 1 9/1 8 5- 95 ,  İzmir (in turkish) 

 

[17] Hakyemez, C. 2019. Su: Yeni Elmas, TSKB 

Ekonomik Araştırmalar, Türkiye Sınai Kalkınma Bankası, 

s. 4-17  (in turkish) 

 
[18] Anonymous, 2020. Niğde'yi Tanıyalım, Tarım Ve 

Orman Bakanlığı, Niğde İl Tarım Ve Orman Müdürlüğü,  

https://nigde.tarimorman.gov.tr/Menu/10/Nigdeyi-

Taniyalim  (Access date: 07.05.2020) (In Turkish) 

 

[19] Mann, H.  1945. Non-parametric Tests Against Trend, 

Econometrica, 13: 245- 259 

 

[20] Kendall, M. G., 1975. Rank Correlation Methods, 

Charles Griffin, London, 135p 

 
[21] Yue, S., Pilon, P. 2012. A Comparison of the Power of 

the t test, Mann‐Kendall and Bootstrap Tests for Trend 

Detection / Une Comparaison de la puissance des tests t de 

Student, de Mann‐Kendall et du bootstrap pour la détection 

de tendance, Hydrological Sciences, 49(1). 

 

[22] Danneberg, J. 2012. Changes in runoff time series in 

Thuringia, Germany- Mann‐Kendall trend test and extreme 

value analysis, Adv. Geosci., 31, 49-56. 

 

[23] Yürekli, K. 2015. Impact of Climate Variability on 

Precipitation in the Upper Euphrates–Tigris Rivers Basin of 
Southeast Turkey, Atmospheric Research 154, p.25-38. 

 

[24] Karabulut, M., Cosun, F. 2009. Kahramanmaraş İlinde 

Yağışların Trend Analizi, Coğrafi Bilimler Dergisi, 7 (1): 

65‐83. (in turkish) 

 

[25] Sen, P. K., 1968. Estimates of the regression 

coefficient based on Kendall’s Tau. Journal of the 

American Statistical Association, 63 (324), 1379-1389.  
 

 
 

 

https://nigde.tarimorman.gov.tr/
https://nigde.tarimorman.gov.tr/
https://nigde.tarimorman.gov.tr/Menu/10/Nigdeyi-Taniyalim
https://nigde.tarimorman.gov.tr/Menu/10/Nigdeyi-Taniyalim

