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ABSTRACT. In this study, the structure of climate characteristics (precipitation, minimum, maximum and 

average temperature, relative humidity), their changes by years, and analysis for drought and stress analysis 

by SPI (Standard Precipitation Index), and for temperature stress by THI in Eskişehir province were 

analysed. In addition, the relationship between climate factors and yield was determined by factor analysis. 

Results showed that although precipitation appears slightly arid in the 50-year period, no excessive change 

or decrease was observed on precipitation in Eskişehir. In addition, about 2°C increase was recorded at 

minimum, maximum and mean temperatures. PCA analysis revealed that, the precipitations in March, 

April, May, June, October, March-June period and total precipitation are closely related to grain yield in 

wheat. When the mean, minimum and maximum temperatures are taken into consideration, the 

temperatures in May and June, October and March-June period and June-August period are also very 

effective in the development of the plant. Since, relative humidity is closely related to precipitation, relative 

humidity in June, July, October, March-June period and August-November period affects the yield together 

with precipitation. While there is not a big change in precipitation, almost 2ºC increase in temperatures is 

determined and this increase is the trigger of drought. There is an increase in evapotranspration more and 

more, that expresses water loss from soil and plants due to the gradual increase of temperature on a 50-year 

basis, it is highly probable that, the plant needs to use more water for transpration due to the increasing 

temperature. This shows that due to the increasing temperature, water loss increases and accordingly, there 

are gradual increases in drought. 

Keywords: Climate, drought, yield, long term, SPI, THI, factor analysis, Eskişehir, Turkey 

INTRODUCTION 

 

 Eskişehir is located in Turkey's Central Anatolia Region; it is surrounded by the Black 

Sea, Marmara and Aegean regions; It is surrounded by Bozdağ and Sündiken Mountains 

in the north, Emirdağ in the south, Central Asia Valley in the east and Turkmen Mountains 

in the west. For this reason, Eskişehir is under the influence of the dominant climates of 

these regions, and it shows a transition type of the Gateway [1, 2]. Occupying about 2% 

of Turkey’s land, the size of the land area in Eskisehir is almost 13,500 km2. The altitude 

is 792 m; 22% and 26% of the total area in the city are mountains and plains, respectively 

[2]. Eskişehir has the feature of land climate due to its geographical conditions, 

elevations, landforms, and distance to the sea. On the one hand, proximity to the Aegean 

and Marmara regions significantly affects the climatic conditions of Eskişehir [3, 4]. 
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Annual total precipitation average, minimum and maximum temperatures in the city 

are about 360 mm, 11°C, -2°C and 25°C, respectively [4]. While December and January 

are the coldest months, the hottest days are experienced in June, July and August. The 

most obvious event showing the land climate feature in the city is that there are also large 

temperature differences between 10°C and 30°C at night and day temperature. Rains in 

Eskişehir are seen in the form of snow and rain in the winter. Since December, 

precipitation is mostly in the form of snow. The weather starts to warm up as of the end 

of April. Although snowfalls generally start in November and end in April in Eskişehir, 

significant decreases have been recorded in snowfall in recent years. In July and August, 

the Mediterranean shows summer drought characteristics [4, 5]. Wheat production is 

generally carried out in dry agricultural areas in the world, and drought that is one of the 

important environmental stresses, frequently causes serious problems in wheat production 

in these areas. 

Drought is a change or decrease in water availability in the climate, and the dry climate 

refers to the regions with low precipitation. The severity of the drought event depends on 

the proportion of soil moisture deficit, duration and duration of the affected area. Besides, 

drought is one of the most important abiotic stress factors in bread wheat, and it is the 

most important factor limiting crop production in most of the agricultural areas. Most of 

the annual precipitation on drought prevailing areas in Eskişehir falls between November 

and April. Although there are arid periods in different plant growth periods due to the 

insufficient amount/ irregular distribution in precipitation, drought stress, that generally 

starts at the flowering and increases its effect in grain filling period. Moreover, mean, 

minimum and maximum temperatures prevailing during the wheat-grow season 

significantly affect the growth performance and hence crop yield [5, 6, 7, 8]. Therefore, 

precipitation and temperature are extremely important climate factors on wheat 

production in dry farming [5, 9]. In regions where continental climate prevails, 

September-November and March-June precipitation, snow-free in December-February 

and low temperatures below -10 / -15ºC, low temperatures below 0ºC during the 

flowering period and high temperatures above 30ºC greatly damage plant growth in wheat 

[3, 10, 11, 12, 13]. Therefore, it is very important to reveal the common characteristics of 

the prevailing precipitation and temperatures throughout the plant development circuits, 

to carry out a successful breeding program in that region, to develop novel genotypes and 

to maintain a healthy grain production [3, 14, 15]. In this study, the structure of climate 

characteristics (precipitation, minimum, maximum and average temperature, relative 

humidity), their changes by years, and analysis for drought and stress analysis by SPI 

(Standard Precipitation Index) [5, 16], and for temperature stress by THI (Thermal Heat 

Index) [17, 18] in Eskişehir province were analysed. In addition, the relationship between 

climate factors and yield was determined by factor analysis. 

MATERIALS AND METHODS 

Having a surface area of approximately 13,500 km², Eskişehir is located between 29-

32 degrees east longitudes and 39-40 degrees north latitudes in the northwest of Central 

Anatolia Region. The city is surrounded by Bozdağ and Sündiken Mountains in the north, 

Emirdağ in the south, Central Asia Valley in the east, and Turkmen Mountains in the west 

(Fig 1). Therefore, the influence of the dominant climates of the Black Sea, Marmara and 

Aegean Regions are seen. Annual total precipitation, mean, minimum and maximum 

temperatures are about 360 mm 11°C, -2°C and 25°C, respectively. 
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Fig. 1. Map of Eskişehir province. 

 

In our study, precipitation, minimum, maximum, and average temperature and relative 

humidity data of Eskişehir were obtained from Eskişehir 3rd Regional Directorate of 

Meteorology and 49-year data (1980-2018) were used. The arithmetic mean was used to 

calculate means. Wheat yields (2004-2018) were taken from Turkey Statistical Institute 

(TSI). Standard Precipitation Index (SPI) [5, 16] for the precipitation and drought analysis 

and Thermal Temperature Index [17, 18] were used to stress analysis of temperatures for 

Eskişehir. Excel 13 package program [19] was used for the classification modelling of 

precipitation and temperatures, and the necessary information is given in Table 1. Spatial 

analysis and all cartographic designs made in the study were carried out in ArcGIS 

software. Besides, interpolations were made according to the IDW (Inverse Distance 

Weighting) method [20]. 

 

Table 1. Data on classification and modeling of precipitation and temperatures in 

Eskişehir province 
Standard Rain Index (SRI) and Classification 

𝑺𝑹𝑰 = 𝑿𝒊 − 𝑿𝒎𝒆𝒂𝒏/𝜶     SRI: Standard rain index, 𝑿𝒊: Normalized amount of current annual precipitation, 

𝑿𝒎𝒆𝒂𝒏: Average rainfall in the selected time interval for each station, 𝜶: Standard deviation of values for each station over time. 

Class Index Values Class Index Values 

Extremely Dry <-2,00  Slightly Rain 0,00- 1,00  

Very Dry -2,00- -1,50  Moderate Rain 1,00- 1,50  

Moderate Dry -1,50- -1,00  Very Rain 1,50- 2,00  

Slightly Dry -1,00- 0,00  Extremely Rain >2,00  

SRI Modelling Formula 

SRI=IF(XValue<=-2;"Extremely Dry";IF(AND (XValue>-2;XValue<=-1,5);"Very Dry";IF(AND(XValue>-1,5;XValue<=-1);" 

Moderate Dry"; IF(AND (XValue>-1; XValue<=0); "Slightly Dry";IF (AND (XValue>0; XValue<=1); "Slightly 

Rain";IF(AND(XValue>1;XValue<=1,5);"Moderate Rain";IF(AND(XValue>1,5;XValue<=2);"Very Rain"; IF (XValue>2; "Extremely 

Rain";"")))))))) 

Thermal Heat Index (THI) and Classification 

𝑻𝑯𝑰 =  (𝟏. 𝟖 ×  𝑻 +  𝟑𝟐)  − [(𝟎. 𝟓𝟓 −  𝟎. 𝟎𝟎𝟓𝟓 ×  𝑹𝑯) ×  (𝟏. 𝟖 ×  𝑻 −  𝟐𝟔. 𝟖)] 
𝑻: Air temperature in°C , 𝑹𝑯: Relative humidity in %. 

Class Index Values Class Index Values 

No Stress <66  Heavy Stress 80-89  

Slightly Stress  66-71  Extremely Stress >90  

Stress 72-79     

THI Modelling Formula 

THI=IF(XValue<=66;"No Stress";IF(VE(XValue>66;XValue<=71);"Slightly Stress"; IF(VE(XValue>72;XValue<=79);"Stress"; 

IF(VE(XValue>80; XValue<=89);"Heavy Stress";IF(XValue>90;"Extremely Stress";""))))) 
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RESULTS AND DISCUSSION 

Drought is a phenomenon that creates significant results in agricultural production and 

causes serious problems in production and thus in the economy. The development of 

drought could take many years and its results could be serious and costly. The negative 

effects of drought are felt in the world due to climate changes. In fact, studies stated that 

the prevailing continental climate affects plant development negatively due to the 

increasing drought and temperature and there are significant decreases in crop production. 

In addition, drought intensities and duration in the world will increase [5, 7, 8, 21]. The 

49-year climate data (1980-2018) of Eskişehir are evaluated in five-year periods, and the 

minimum, maximum, and average temperature and relative humidity changes are given 

in Fig. 2. Again, the evaluation of precipitation and mean temperature values for the 1980-

2018 period according to SPI and THI index are given in Table 2, minimum and 

maximum temperature and relative humidity values are given in Table 3. Moreover, based 

on the period of 1980-84, the % increase and decrease in the minimum, maximum, and 

average temperature and relative humidity data in the next five-year periods are shown in 

Table 4. 

 

 

 
Fig. 2. The 49-year climate data (1980-2018) of Eskişehir province are evaluated as 

five-year periods, for minimum, maximum, and average temperature and relative 

humidity. 
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Despite the increase in rains in the March-June period and December-February period, 

it has decreased significantly especially in the June-August period. Although similar trend 

is observed in relative humidity values, the variation in relative humidity values was not 

as high as the precipitation. Fig. 2. Periodic increases and decreases in precipitation did 

not occur similarly in 5-year periods, decreased considerably in some periods, and 

therefore there were wide variations between 5-year periods. Analyses in terms of mean, 

minimum and maximum temperatures, almost all similar impressions were seen at mean, 

minimum and maximum temperatures and typical continental climate characteristics 

appeared as an increase in the temperatures from February to July and a decrease towards 

December. Therefore, the highest temperature was determined as July-August and the 

lowest temperatures as December-January during the long-year period examined (Fig. 1). 

In Table 2, precipitation and average temperature values, SPI and THI indices are 

evaluated in 5-year periods. In the 1980-2018 precipitation period according to the SPI 

index, March, April, May, October, November, December and January are slightly rain; 

February, June, July and August are determined to be slightly dry. When evaluated all 

year, Eskişehir province is assumed as slightly dry with 362,36 mm. When monthly 

periods are analysed, it was determined that the months of December-February and 

March-June of June periods emerged as slightly rain and August-November period was 

slightly dry. Although some periods are slightly rain, droughts occurring from mid-May 

and June, cause a decline in the plant's development, grain filling period, and therefore 

low precipitation leads to diminutions in the photosynthetic ability of the plant and 

hinders reaching the desired level in crop yield. It has been revealed that plant 

development and therefore crop yield in dry farming are closely related to precipitation, 

and that increase in crop yield also takes place with the increase in precipitation in April-

June period, called as plant development period [3, 14]. When the 49-year-long period is 

analysed, it was observed that the precipitation with 360.42 mm in 1980-84 period, was 

similar to the 2015-18 period with 395.65 mm, and variations on precipitations in 5-year 

periods were not much. However, the change in the five-year periods was determined to 

be more on a monthly basis. When the mean temperatures are analysed, during 1980-

2018 period, great changes did not occur and similar synchronizations occurred on the 

basis of both months and five-year periods. According to the THI index, although slightly 

stress was observed only in July and August, no stress was observed in the other months. 

The important thing is that although the stress is not observed, a gradual increase in 

temperature occurred from 1980 to 2018 with almost 2°C (Table 2). The increase by years 

for mean temperature occurred mostly in March, April, June, July and August. When the 

long year period is examined in terms of minimum and maximum temperatures in Table 

3, an increase in minimum and maximum temperatures are similar to the mean 

temperature with 1-2ºC. The highest increase also occurs in March, May, June, July, 

August and February. This reveals that; due to this increase in winter and spring, an 

increase in temperature continues towards a milder winter and a drier summer. 
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Indeed, researchers found that the increase in global world warming affects all 

countries and the climate towards a warmer world is observed [12, 13, 22]. Especially in 

countries such as Turkey, which dominates the continental climate, global warming due 

to climate change are felt in the visible. As a result of this situation, due to the decrease 

in crop available water, drought increases and crop production is affected especially in 

the places where agriculture is made. It was revealed in our study, although there was not 

much change in the precipitation that was insufficient for plant development, an increase 

of about 2°C occurred in the temperature. While an increase of 10-15% in precipitation, 

especially in June, August, September and October, a slight decrease was observed in 

other months and on average. While an increase of 1-2°C was detected in maximum, 

minimum and mean temperatures, this similar increase occurred in January, February, 

May, July, August, October and November. In this case, if the increase in the temperature 

increase continues in this way, the increase in drought will continue due to the decrease 

in the useful water to the plant that could decrease in agricultural production. There was 

not much change in relative humidity due to long years and similar relative humidity was 

observed in our study based on five-year periods (Table 3). 

Again, based on the period of 1980-84, relative increases/decreases as percentage in 

precipitation, mean, minimum and maximum temperatures, relative humidity are given 

in Table 4. Because of these results, there was no significant change in precipitation and 

relative humidity on a provincial basis but increases of up to 2°C occurred in minimum, 

maximum and mean temperatures causing an increase in drought. Wheat is a crop that 

has a very important place in both the human nutrition and food industry and makes 

significant contributions to the economy. Adapting to the continental climate type in the 

Central Anatolia Region, including Eskisehir, wheat plays an important role in meeting 

the calorie and protein deficit and increasing livestock and industrial production [21, 23] 

In the last fifty years, the yield has increased with the development of high-yielding, 

quality, resistant to pests and diseases. Again, with the application of modern cultivation 

techniques that wheat needs for high yield, significant increases have been achieved in 

wheat production. Besides, the production is largely influenced by climatic conditions 

since it is based on dry agriculture. By using spatial analysis and in ArcGIS software and 

IDW (Inverse Distance Weighting) method [20], climate (precipitation, minimum, 

maximum, mean temperature and relative humidity) and wheat yield map are given in 

Fig. 3. IDW method, a deterministic method, is an interpolation technique used to 

determine the values of the points that are not sampled with the help of the values of the 

sample points whose value is known. The predicted values are a function of the distance 

and magnitude of the known points, and their importance and influence on the cell to be 

estimated decreases with increasing distance. Fig. 3 shows that although the rainfall 

increases towards the west side (Bilecik, Kütahya and Afyon), Northwest and Southwest 

directions, starting from Eskişehir center and towards Konya and Ankara, decrease in 

precipitation occurs. Once the maximum, minimum and mean temperatures are lower in 

the southeast and southwest directions and the west part of Eskişehir, higher temperatures 

are noticeable in the center and towards the north. While higher grain yield is obtained in 

the center and towards the north part of Eskişehir, locations that are east parts of the city, 

southeast and southwest directions towards Kütahya, Konya and Ankara have lower grain 

yield capacity (Fig. 3). 

Climate is one of the most important factors that directly affects vegetative production 

and there is a high relationship between climate factors and crop yield. The factors are 

not effective on crop yield alone, therefore, multiple factors could be safer to analyse 
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relationship between climate factors and grain yield, and this could be made by using 

multiple correlations and PCA analyses [24]. Principal Component Analysis is a 

mathematical technique to explain information in a multivariate data set with fewer 

variables and minimal loss of information. In other words, PCA is a transformation 

technique that enables the size of the dataset, which contains a large number of 

interrelated variables, to be reduced to a smaller size by preserving the data in the dataset. 

PCA reduces dimensionality in large datasets. The technique aims to reduce the number 

of variables in the dataset in the size reduction process. The variables obtained after the 

conversion are called the basic components of the first variables. As the first main 

component, the variance value is chosen the most and the other main components are 

listed in order to decrease the variance values [24]. PCA analysis showing the relationship 

between climate factors (precipitation, minimum, maximum and mean temperature, 

relative humidity) and crop yield is given in Table 5 and Biplot analysis is given in Fig. 

4. 

Table 5 shows that the precipitations in March, April, May, June, October, March-June 

period and total precipitation are closely related to the grain yield in wheat. Studies 

revealed that although the direct effect of precipitation on yield has been revealed, 

especially precipitations in the planting period and during the development period of the 

crop plays an important role in shaping the yield [5, 9, 13]. On the other hand, when the 

mean, minimum and maximum temperatures are taken into consideration, the 

temperatures in May and June, October and March, the temperatures between June, June 

and August are also very effective in the development of the plant. 
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Table 5. PCA analysis showing relationship between climate factors (precipitation, 

inimum, maxsimum and mean temperatures, relative humidity) and crop yield 
Eigenanalysis of the Correlation Matrix 

Rainfall –Seed Yield Mean Temperature-Seed Yield 

 PC1 PC2 PC3 PC4  PC1 PC2 PC3 

Eigenvalue 6,342 2,753 1,753 1,448 Eigenvalue 7,161 2,716 1,960 

Proportion 0,373 0,162 0,103 0,085 Proportion 0,421 0,160 0,115 

Cumulative 0,373 0,535 0,638 0,723 Cumulative 0,421 0,581 0,696 

PCA Analysis of Variables 

Rainfall–Seed Yield Mean Temperature-Seed Yield 

Variables PC1 PC2 PC3 PC4 Variables PC1 PC2 PC3 

January -0,106 -0,413 0,009 -0,124 January 0,146 0,482 0,123 

February 0,032 -0,454 0,299 -0,178 February 0,238 0,396 -0,139 

March 0,286 -0,173 -0,299 0,137 March 0,201 0,176 -0,366 

April 0,302 0,032 -0,229 0,495 April 0,206 -0,129 -0,442 

May 0,336 0,142 0,153 -0,009 May 0,267 0,03 0,075 

June 0,313 0,014 0,23 0,065 June 0,203 -0,288 -0,283 

July 0,069 0,015 0,569 -0,032 July 0,24 -0,141 0,285 

August 0,252 -0,083 -0,199 -0,057 August 0,207 0,005 -0,066 

September 0,074 0,167 -0,269 -0,596 September 0,199 -0,194 0,414 

October 0,043 0,310 -0,109 -0,007 October 0,152 -0,405 0,009 

November -0,109 0,089 0,306 -0,103 November 0,29 -0,083 0,025 

December -0,061 -0,344 -0,278 0,115 December 0,159 0,076 0,273 

Dec-Feb. Per. -0,065 -0,588 0,005 -0,084 Dec-Feb. Per. 0,243 0,414 0,075 

March-July Per. 0,373 0,033 0,184 0,283 March-July Per. 0,328 -0,081 -0,287 

Aug.-Nov. Per. 0,128 0,106 -0,161 -0,488 Aug.-Nov. Per. -0,151 0,312 0,128 

Total Rainfall 0,061 -0,192 0,362 -0,164 Total Rainfall 0,369 0,061 -0,038 

Seed Yield 0,338 -0,117 0,107 0,115 Seed Yield 0,232 0,015 0,335 

Eigenanalysis of the Correlation Matrix 

Minimum Temperature–Seed Yield Maximum Temperature-Seed Yield 

 PC1 PC2  PC1 PC2 PC3 PC4 

Eigenvalue 9,931 2,350 Eigenvalue 3,979 3,203 2,839 1,7781 

Proportion 0,584 0,138 Proportion 0,234 0,188 0,167 0,105 

Cumulative 0,584 0,722 Cumulative 0,234 0,422 0,59 0,694 

PCA Analysis of Variables 

Minimum Temperature–Seed Yield Maximum Temperature-Seed Yield 

Variables PC1 PC2 Variables PC1 PC2 PC3 PC4 

January 0,117 0,562 January 0,293 0,337 -0,064 0,007 

February 0,212 0,35 February 0,376 0,117 -0,177 -0,211 

March 0,237 -0,211 March 0,029 -0,197 -0,462 0,097 

April 0,263 -0,048 April 0,053 -0,383 0,040 -0,127 

May 0,248 -0,053 May -0,470 -0,121 -0,220 -0,028 

June 0,284 0,007 June -0,113 -0,260 0,251 0,104 

July 0,279 0,024 July 0,299 -0,165 0,127 0,024 

August 0,171 0,027 August 0,216 -0,191 -0,121 0,325 

September 0,226 -0,205 September 0,178 -0,125 0,303 -0,375 

October 0,177 0,450 October -0,251 -0,188 0,314 -0,008 

November 0,270 -0,012 November 0,072 -0,147 0,311 0,142 

December 0,221 0,015 December 0,194 -0,084 0,144 0,532 

Dec-Feb. Per. 0,222 0,447 Dec-Feb. Per. 0,441 0,200 -0,082 0,081 

March-July Per. 0,307 -0,077 March-July Per. 0,126 -0,469 -0,25 -0,144 

Aug.-Nov. Per. 0,283 -0,223 Aug.-Nov. Per. 0,095 -0,329 0,402 0,043 

Total Rainfall 0,214 0,073 Total Rainfall 0,441 -0,24 -0,034 0,002 

Seed Yield 0,201 0,065 Seed Yield 0,262 0,192 0,263 -0,186 

Eigenanalysis of the Correlation Matrix/ Relative Humidity–Seed 

Yield 
PCA Analysis of Variables/ Relative Humidity–Seed Yield 

 PC1 PC2 PC3  PC1 PC2 PC3 

Eigenvalue 7,161 2,716 1,960 January 0,291 -0,218 -0,044 

Proportion 0,421 0,160 0,115 February 0,117 -0,442 0,13 

Cumulative 0,421 0,581 0,696 March 0,283 0,258 0,174 

PCA Analysis of Variables/ Relative Humidity–Seed Yield 

 PC1 PC2 PC3  PC1 PC2 PC3 

April 0,17 -0,281 -0,179 November 0,104 -0,009 0,551 

May 0,229 -0,09 -0,205 December 0,24 0,048 0,436 

June 0,339 0,156 0,207 Dec-Feb. Per. 0,279 -0,267 0,231 

July 
0,093 0,320 -0,21 

March-July 

Per. 0,317 -0,085 -0,217 

August 0,256 0,059 -0,278 Aug.-Nov. Per. 0,275 0,335 0,153 

September 0,155 0,417 0,191 Total Rainfall 0,338 -0,01 0,001 

October 0,185 -0,014 0,388 Seed Yield 0,210 0,19 0,076 

 
In the studies conducted, the minimum temperatures below 0°C in April and May in 

the flowering time and the maximum temperatures above 30 ° C have a negative effect 

on wheat [25, 26, 27]. Since relative humidity is closely related to precipitation, relative 

humidity in June, July, October months, in the March-June period and in the August-

November period affect the crop yield. 
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Once the lower the relative humidity is, the higher the evaporation rate is; when the 

relative humidity in the March June period is so high (above 70%), this may cause a 

significant increase in the rust diseases in the wheat leaves [28, 29, 30]. The relationship 

between yield, months and years in terms of precipitation, mean, minimum and maximum 

temperatures and relative humidity are given on the Biplot chart in Fig. 4 that also shows 

the stability of months and years. When the crop yield-precipitation relationship is 

examined, crop yield is more closely related to precipitations in October, November, 

March, April, and June months, March-June period and August-November periods. 

Besides, the March-June period and August-November periods are found as so stable 

periods. In terms of years, 2018, 2017, 2014, and 2006 seem that precipitation is favorable 

and yield is more than the other years. In terms of mean, minimum and maximum 

temperatures, October, November, March, April and May, periods of March- June and 

August-November are to be important months and periods in terms of both the low 

temperatures below zero and the temperatures above zero that encourage optimum 

development. The years 2008, 2010, 2013, 2014 and 2018 are determined as the years 

that the temperature has a positive effect on yield. A similar impression has also appeared 

in relative humidity, that is high a certain level having a positive effect on crop yield. 

Crop yield in terms of relative humidity in 2010, 2014, 2015 and 2018 are determined as 

so high. Precipitation, the temperature and relative humidity has positive effects within 

certain limits on crop yield in countries where the total annual precipitation is below 500 

mm. Results showed that since October is the first development period, wheat needs to 

have a certain rate of precipitation and temperature in this period. In the same way, the 

months of March, April, May and June or March-June period are so vital tfor tillering, 

generative development and grain filling period. Minimum and maximum temperatures 

play an essential role on crop yield. Therefore, it is desired to have a certain level of 

precipitation and temperature in this period [22]. In our study, the August-November 

period ocupying the first development phase of the wheat, March-June period covering 

crop generative development, are determined as important factors. 
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Fig. 4. Biplot analysis showing the relationship between climate factors (precipitation, minimum, 

maximum and mean temperature, relative humidity) and wheat yield. 
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Adequate rainfall or irrigation water during these periods will trigger the crop yield 

positively. Having both positive and negative effects, the temperatures above zero during 

the flowering period positively affect cop growth and yield. The analysis results showed 

that in the 50-year period precipitation is slightly arid, no excessive change or decrease 

in precipitation was observed in Eskişehir province. In addition, with approximately 2°C, 

a gradual rise in minimum, maximum and mean temperatures occurred. This shows that 

an increase of 2°C may cause significant negative changes in crop performance and grain 

yield. An increase in temperature helps to increase the evapotranspiration values (water 

loss from the soil and the crop) cause the drought to become more common. It is necessary 

to take into account that there must be sufficient precipitation as well as optimum 

temperatures in order to obtain genotypes having high quality and yield. For Eskişehir, 

where dry agriculture prevails, inadequate precipitation in SPI is termed as slightly arid. 

The SPI index values, that are determined as slightly rainy especially based on months, 

have been determined as slightly arid in the autumn and spring periods. While there is not 

a big change in precipitation, almost 2ºC increase in temperatures is determined and this 

increase is the trigger of drought. There is an increase in evapotranspration more and 

more, that expresses water loss from soil and plants due to the gradual increase of 

temperature on a 50-year basis, it is highly probable that, the plant needs to use more 

water for transpration due to the increasing temperature. This shows that due to the 

increasing temperature, water loss increases and accordingly, there are gradual increases 

in drought. It is a fact that the water required for higher crop yield must be given externally 

by irrigation in dry farming. A drier world agriculture is waiting in the coming years, 

whether this scenario continues in this way, more detailed studies are required on this 

subject and the studies to be conducted will shed light on the better understanding of the 

subject. 

CONCLUSION 

Analysis of long term climatic data of Eskişehir province and the relationship between 

climate factors and the yield which was determined by factor analysis of these climatic 

data showed that the 50-year period precipitation is slightly arid, no excessive change or 

decrease in precipitation was observed. In addition, about 2°C gradually rise in minimum, 

maximum and mean temperatures was determined. In the light of these findings, it is clear 

that in the future, more drought resistant genotypes will need to be used in Eskişehir. 
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