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Thompson’s model have been largely used (1969) in 
evaluating features of climatic variations in agriculture 
(Katz, 1977). Studies revealed that taking into consid-
eration of rainfall and temperature for year realistic 
forecast could safely be made, but it could also be 
made by using rainfall and temperature in cropping 
season (Olgun et al., 1998b). Drought index formulas 
were developed to describe and to categorize drought. 
Fournier index, Bagnouis and Gaussen index clearly 
categorized drought (Doğan and Benli, 1999; Olgun et 
al., 1999).The purpose of this study to classify similar-
ities/dissimilarities of provinces and to determine the 
potential of provinces on wheat for rainfall, tempera-
ture (maximum, minimum and mean temperatures), 
yield and drought by Krigging method in Turkey. 

Materials and Method 

This study was conducted to classify similari-
ties/dissimilarities of provinces and to determine the 
potential of provinces on wheat for rainfall, tempera-
ture (maximum, minimum and mean temperatures), 
yield and drought by Krigging method in Turkey. 
Data (1990-2011 years) in rainfall, temperature (max-
imum, minimum and mean temperatures), and yield 
for all provinces of Turkey were taken from Turkish 
Statistical Institute and Turkish State Meteorological 
Service (Anon., 2011; Anon., 2012). Drought index of 
provinces were calculated by Olgun Drought Index 

(ODI) formula (Olgun et al., 2000). 
ODI=A/[(12*(A/B)+(A/C)))] A: Annual total rainfall 
(mm), B: Total rainfall for first six months (mm), C: 
Total rainfall for second six months (mm).If IDI de-
notes; < 6: Arid, 6-10: Semi arid, 10-19 Semi humid, 
19-38: Humid and > 39: Very humid. Besides, map of 
Turkey showing all provinces are given in Figure 1 

Cluster and regression analyses were made in Minitab 
15 software. Kriging interpolation method is used in 
the study. Interpolation is the procedure of predicting 
the values of attributes at unsampled sites from meas-
urements made at a set of locations within the same 
region. Kriging, interpolation technique is the stochas-
tic geostatistical method that takes into account both 
the distance and the degree of variation between 
measurement points. It uses a semi variogram to de-
fine the weights that determine the contribution of 
each data point to the prediction of new values at 
unsampled locations (Erdogan, 2004). The accuracy of 
the interpolation process can be evaluated from differ-
ent aspects. The most straightforward is to predict 
some single, global accuracy measures that character-
ize the interpolation accuracy via validation tech-
niques. Therefore the RMSE indices calculated from 
the difference between the surveyed and the predicted 
values for each point were examined to understand the 
distribution of the error. 

 

 
Figure 1. Map of Turkey.  

 

RMSE=  

It should be noted that the accuracy reported with 
these validation methods assumes uniform error val-
ues for the entire surface. The best way to examine the 
spatial distribution of error is to obtain a graphical 
representation of the accuracy by generating error 
maps. So that error maps generated to understand the 
spatial distribution of the error in the country. 

Results and Discussion 

Minimum, maximum and mean values on minimum, 
maximum and mean of temperatures (°C), total rain-
fall (mm) and yield (t/ha) and Olgun’s Drought Index 
in wheat for all provinces in Turkey were given in 
Table 1. 

Table 1 showed that minimum, maximum and mean 
values in mean temperature were 13,1  °C 19,3 °C and 
13,2 °C, respectively. Besides, mean values in mini-
mum temperature (min. -39,8 °C, max. -3,0 °C) and in 
maximum temperature (min. 34,4 °C, max. 46,8 °C) 
were -17,8 °C and 41,1 °C, respectively.  While max-
imum, minimum and mean values occurred in total 
rainfall as 2244,9 mm, 258,8 mm and 623,3 mm; yield 
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had 96,30 kg/da in minimum yield, 227,53 kg/da in 
maximum yield and in 411,00 kg/da in mean yield. 
Moreover Olgun’s Drought Index had 12,21 in mini-
mum index, 68,26 in maximum index and in 25,93 in 
mean index. Studies stressed that genotype x envi-
ronment (rainfall, temperature) interaction is im-
portant factor in determination of yield performance 
close relationship was found between yield with rain-
fall and temperature.  Studies stated that yield amount 
is designed by water availability and suitable tempera-

tures; rainfall and temperature are main determinants 
in variations in yield in rainfed conditions (Ma et 
al.,2004; Karamanos et al., 2009; Sehgal et al., 2002). 
In rainfed conditions drought and relatively yield are 
mainly formed by available water supply that means 
rainfall (Öztürk, A., 1999, Kınacı and Kınacı, 2004). 
The effects of minimum, maximum and mean of tem-
peratures (°C), total rainfall (mm) on yield in regres-
sion analysis were given in Table 2. 

 

Table 1. Minimum, maximum and mean values on minimum, maximum and mean of temperatures (°C), total 
rainfall (mm) and yield (t/ha) and Olgun’s Drought Index in wheat for all provinces in Turkey. 

Variable Minimum Maximum Mean 
Mean Temperature (°C) 13.1 19,3 13,2±3,7 
Maximum Temperature (°C) 34.4 46,8 41,1±2,7 
Minimum Temperature (°C) -39,8 -3,0 -17,8±9,0 
Total Rainfall (mm) 258,8 2244,9 623,3±295,2 
Yield (t/ha) 96,30 411,00 227,53±73,04 
Olgun’s Drought Index 12,21 68,26 25,93±9,84 

 

Table 2. The effects of minimum, maximum and mean of temperatures (°C), total rainfall (mm) on yield. 

Source Deg. of Freedom Mean Square F Value 
Regression 4 45658 14,21** 
ErrorResidual 76 3213  
R² = 42,8%    
Predictor Coefficient Coefficient of Sx T Value 
Constant -22,4 111,6 -0,20ns 
Mean Temperature (°C) 2,906 5,161 0,56ns 
Maximum Temperature (°C) 7,713 3,365 2,29* 
Minimum Temperature (°C) 3,204 1,652 1,94* 
Total Rainfall (mm) -0,07753 0,02480 -3,13** 
* Significance level (P<0,05) ** Significance level (P<0,01). 

 

As seen in regression analysis (Table 2), general effect 
of climatic factors on wheat yield was determined as 
significant at 1%. Moreover, individual effect of cli-
matic factors were analyzed and revealed that the 
effects of rainfall was found as significant at 1%, and 
the significant (p<0,05) effects of maximum and min-
imum temperatures were determined. Rainfall and 
minimum temperatures significantly affect wheat yield 

in where dry farming is obligation in (Öztürk, A., 
1999; Kınacı and Kınacı, 2004; Başer et al., 2005; 
Kutlu, 2010).Climatic factors such as rainfall, temper-
ature and humidity have significant effect on crop 
yield in cereals when cultivated in rainfed conditions. 
Theoretical mean yield could be made by formula 
below;

 

Mean Yield = - 22 + 2,91 x Mean Temperature + 7,71 x Maximum Temperature + 3,20 x Minimum Tempera-
ture - 0,0775 x Total Rainfall 

 

Literatures emphasized that with increasing global 
warming, demand to available water will tremendous-
ly increase and water need for crops and economy in 
water use will naturally increase (Parry and Carter, 
1989; Downing and Parry, 1994; Wallace, 2000; 
Brown, 2002; Doll, 2002).  More extreme weather 
conditions such as extreme droughts and extreme heat 

are likely to further increase volatility of wheat pro-
duction not only in the world but in Turkey.  Further-
more, given the global importance of this wheat as 
staple food, the impact of increased yield variability of 
the world’s largest exporter will not go unnoticed 
(Williams, 1972; Liu et. al., 2007). Maps of minimum, 
maximum and mean temperatures (°C), total rainfall 
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group. Besides Afyon, Çorum, Batman, Ankara, 
Çankırı, Diyarbakır, Tokat, Erzincan, Kırşehir, Niğde, 
Burdur and Elazığ provinces formed same group. Last 
group comprised Bilecik, Nevşehir, Kırıkkale, Kayse-

ri, Balıkesir, Istanbul, Karaman, Denizli, Uşak, 
Eskişehir, Bursa, İzmir, Samsun, Mardin, Amasya, 
Edirne, Tekirdağ, Osmaniye and Şanlıurfa provinces. 

 

 
Figure 8. Cluster analysis of provinces in Turkey. 

 

Wheat is accepted as wonderful crop due to well 
adaptability and growth both in Turkey and in the 
world. Demands to bread wheat have been increasing 
more and more with tremendous increase in human 
population. Important relationships appear between 
acreage, production and crop yield. Climatic factors 
(rainfall, minimum, maximum and mean tempera-
tures) seemed main determiners to built drought and to 
yield and production of wheat. Drought, diseases, 
lodging and winterkill could be assumed as major 
determinants in wheat crop production in Turkey. 
Besides, climatic, topographic and soil conditions are 
very significant factors in determining yield and pro-
duction of wheat. The use of cultivars having more 
tolerance to drought cold and have a shorter growing 
period allowing rapid development. 
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