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ABSTRACT 
 

The reactions affected by parameters climatically have a serious influence on national and international securities. The 
present study aims at evaluating the influence of parameters climatically on performance of wheat produced by dry 
farming in southeastern part of Caspian Sea. After data homogeneity test, reactions of parameters climatically on 
performance of the wheat were studied via correlation, one-variable regression model, and multi-variable stepwise 
regression. The results had shown that, the maximum weather temperature in May had the most effects on 
performance of dry farming wheat. Although the parameters did not show the significant trend, but the fluctuations in 
dry farming wheat, had shown the most relations and correlations which had negative trend, in a way that, the increase 
of maximum temperature in ratio with present temperature will result in decrease of the wheat performance in 
Golestan province. The result of modeling by multivariate regressions had shown very different results in different 
Townships which are not unexpected by regard of relief conditions and different climates in province.  The witnesses 
showing that, in Townships of Bandargaz, Gorgan and Aliabad, none of the parameters were in the model which 
proves that there is another parameter that increases the performance of wheat and it may be seed type, Genetic 
changes and seeds resistance or poison and fertilizer types etc. Ramian Township has the positive role of rainfall in 
January means that, the performance of the dry farming wheat is increased by increase of rainfall and also it is reverse. 
Azadshahr Township has 5 parameters and Townships of AqQalla, Bandar Torkman and Minoudasht have 4 
parameters in model which showed the most impressibility. This will make the prediction difficult but degrade of 
model’s temperatures will decrease the mistakes. In created models for the three mentioned Townships, temperature 
in February month, sighted as an effective parameter. 
KEYWORD: parameters climatically; fluctuation; performance of wheat; Golestan Province. 
 

1. INTRODUCTION 
 
There is consensus among the authors on the fact that climate is in change [1]. which is together with increased 

concentration of greenhouse gases and seasonal irregularities of temperature and precipitation patterns. However, the 
changes are not well known in some parts of the world. These extremes cause some changes in social and economic 
sectors such as agricultural products, accessibility of water, and public health which are of importance for human[2]. 
Agriculture is of the keenest systems against climate change which is considered as second indicator of available 
resources and controller of product growth and development after meteorological variables[3]. Product performance 
affected by global climate greatly depends on the product, place, and climate change scenario. Beside climate change, 
reductive and comparative strategies are better to be developed for the activities highly affected by climate change 
(i.e. agriculture) [1]. According to previous studies, the average global temperature has increased around 0.6-0.9°C 
after the Twenties Century. The average global change is predicted to increase around 0.6-2.5°C after 50 years. 
[4].Also, abundance of meteorological extremes is foretold to increase under influence of climate change[5]. 

 
2. MATERIALS AND METHODS 

 
The influence of climate change on product performance is greatly foreseeable through climate change and products 

interactional modeling although a few reports on influences of climate change on product performance have been seen. 
Wassennaar et al(1999) studied the influence of soil and climate changes on winter wheat production of Herault-Lliberon-
Orb Valley placed in south east of France. Their study was on the basis of product simulation model under the current 
climate (1976-1984) and potential of future precipitation and temperature changes (2047-2054). In general, the effect of 
climate change on production was low (lower than 0.1/ha in whole simulation period) although annual changes were rather 
high[6]. Iglesias et al(2000) evaluated the effect of climate change on Spanish agriculture via multivariable linear 
regression and cluster analysis[7]. Weiss et al(2003) studied the performance of winter wheat of Great Plains (a vast area 
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placed in eastern part of Rocky Mountains in the USA and Canada) via simulation of the data related to current and 
delayed plantation of the wheat. Production rate and nitrogen content percentage of the seed greatly decreased according to 
two climatic scenarios from eastern semi-humid part to western semi-arid part of Nebraska. The results obtained from 
these simulations showed that production rate and nitrogen content percentage of seed through two climatic scenarios are 
unable to cover both current simulated levels. Protein content and final quality is primary indicator of winter wheat usage 
for the best cooking[1]. Semenove and Richter (2005) modeled effects of climate change on wheat product of England and 
Wales. Their results indicated 1.2-2 ton/ha increase in average production of the winter wheat till 2050 because carbon 
dioxide increases with elevated temperature which is very effective in production of the winter wheat[8]. Luo et al. (2005) 
studied potential of climate change on wheat production in South Australia. They found variations in wheat production to 
be affected by variations of precipitation, temperature, and CO2 content of atmosphere. The average produced seed showed 
13.5-32% decrease all over the studied area under influence of climate change[2]. White et al. (2009) estimated the 
influence of climate change on performance of winter wheat via regression model[9]. Meza Silva (2009) analyzed dynamic 
conformity of corn and wheat production in Chile with climate change. Their results disclosed that corn has experienced a 
5-10% decrease in production. If irrigation is provided, adjustment of plantation date is the best adaptation to climate 
change. Performance of winter wheat in non-adaptation status decreased. This product showed a positive performance with 
increased CO2 because CO2 has been very effective in regulation of warmth and dryness[3]. Semenove (2009) evaluated 
the influence of climate change on wheat production in England and Wales. Despite the predicted maximum summer 
temperature and minimum precipitation in England for 2050s, the influence of drought on wheat production is predicted to 
be lower than the present rate because wheat ripens earlier in warmer areas and avoids summer droughts[10]. Liu et al. 
(2010) studied wheat performance in relation to climate change in Huang-Huai-Hai in China. Their results indicated that 
wheat is more reactive to increased temperature. Increased precipitation is also effective in increased products and vice 
versa. On the other hand, the results revealed that the products of southern areas are more susceptible compared to those of 
northern area[11]. Xiao et al. (2010) estimated whether increased temperature causes change in growth stages and water 
requirement of winter wheat. The increased performance in elevations will be higher. Higher temperature till 2050 is 
predicted to cause 2.6% and 6% increase in wheat performance in lower and higher elevations, respectively[4]. Lobell and 
Burke (2010) predicted performance of agricultural product relative to climate change. The results obtained from statistical 
analysis showed that temperature variation is more effective than precipitation variation in performance prediction[12]. 
Hosseini et al. (2007) evaluated performance of the wheat produced by dry farming in Gharveh Plain in Kurdistan 
Province – Iran through neural networks and multivariable regression. The results obtained from this study showed that 
precipitation and temperature distribution, especially during middle and final stages of growth, is of special importance in 
performance of the wheat. Two factors of annual precipitation and minimum average humidity of late May to late June 
explain 94.3% variation in performance of the wheat produced by dry farming[13]. Vaseghi (2008) studied economic 
influence of climate change on wheat production in Iran via Ricardian Model. The results of this study disclosed that 
climatic variables have significant and nonlinear influences on net income per hectare of wheat plantation. Increased 
temperature and decreased precipitation till next 100 years will cause 41% decrease (777000 Rls/ha) in wheat performance 
in Iran[14]. 
 

Area of study: 
Although southern part of Caspian Sea is known with temperate and humid climate, it has various climates in 

terms of natural and geographical characteristics. On the basis of the study of Montazeri and Bay (2011), the 
mentioned area has four different types of climates where southeastern part has more climatic variety so that four 
climatic subareas can be detected there (Fig1) [15]. The present study evaluated climatic factors considering non-
climatic parameters effective on wheat performance e.g. soil and its properties, type of seed, herbicides, and etc. as 
fixed parameters so as to recognize climatic variables effective on wheat performance inside each southeastern 
subarea. 

 
 

Fig1: Zonation map of climate of southern area of Caspian Sea(Montazeri and Bay, 2011) 
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Wheat dry farming zone in Golestan Province has been assigned through satellite images ETM 2000 (Fig 2). The 
data of wheat performance for each Township were used in order to determine performance of the wheat produced by dry 
farming in each area. Precipitation and five temperature parameters of synoptic and climatology stations of Meteorology 
Organization of Iran and evapometery stations of Water Stock Company of Golestan Province in 1991-2010 statistical 
period have been adopted in order to estimate the effect of climate change on wheat performance (Fig 3). For facilitated 
statistical analysis of performance of the wheat produced by dry farming, each parameter was marked by a special sign 
where were decided (Table 1).   

 

 

Fig2: Area of wheat dry farming in the studied area Fig 3: situation of used in the present analysis 
 

Table 1: related signs to studied climatic parameters of performance of the wheat 
Variable name Sign  Variable name Sign  Variable name Sign  

performance of the wheat Y Maximum absolute 
 temperature November 

X17 Average Minimum  
temperature December 

X34 

Precipitation November X1 Maximum absolute  
temperature December 

X18 Average Minimum  
temperature January 

X35 

Precipitation December X2 Maximum absolute temperature 
 January 

X19 Average Minimum 
 temperature February 

X36 

Precipitation January X3 Maximum absolute  
temperature February 

X20 Average Minimum 
 temperature March 

X37 

Precipitation February X4 Maximum absolute 
 temperature March 

X21 Average Minimum 
 temperature April 

X38 

Precipitation March X5 Maximum absolute 
 temperature April 

X22 Average Minimum 
 temperature May 

X39 

Precipitation April X6 Maximum absolute 
 temperature May 

X23 Average Minimum 
 temperature June 

X40 

Precipitation May X7 Maximum absolute 
 temperature June 

X24 Average maximum  
temperature November 

X41 

Precipitation June X8 Average temperature  
November 

X25 Average maximum  
temperature December 

X42 

Minimum absolute temperature 
November 

X9 Average temperature  
December 

X26 Average maximum  
temperature January 

X43 

Minimum absolute temperature 
December 

X10 Average temperature January X27 Average maximum 
 temperature February 

X44 

Minimum absolute temperature 
January 

X11 Average temperature 
 February 

X28 Average maximum  
temperature March 

X45 

Minimum absolute temperature 
February 

X12 Average temperature 
 March 

X29 Average maximum 
 temperature April 

X46 

Minimum absolute temperature 
March 

X13 Average temperature  
April 

X30 Average maximum 
 temperature May 

X47 

Minimum absolute temperature AprilX14 Average temperature May X31 Average maximum 
 temperature June 

X48 

Minimum absolute temperature MayX15 Average temperature June X32   
Minimum absolute temperature JuneX16 Average Minimum 

 temperature November 
X33   
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Krijing Method was utilized to find median. Krijing is an estimation method based on weighted mobile average 
which can be considered as the best non-diagonal linear estimator [16].This method considers a distinct statistical weight 
for each station inside or outside of the range in terms of distance and situation so that estimation variance becomes 
minimum. In this method, place changes of phenomena such as precipitation in one range are hypnotized to have random 
distribution with three attributes of place correlation, random procedure, and random error. If a sample is chosen to be 
larger than a community, the data should be random and indicative of all properties of statistical community. So, in order 
to making sure of have random data, data conformity test should be adopted. Here, Run Test was selected for data 
conformity test. If the test result is higher than 0.05, the data are accepted as random. The results obtained from the 
conformity test on data related to the wheat performance were higher than 0.05 for all Townships (Table 2). 
Consequently, the data were confirmed to be random and their results are dependable. 

 
Table 2: results of Run Test on data related to the wheat performance 

Township Test Township Test Township Test Township Test 
Kalaleh 0.45 Aq-qala 0.97 Ramian 0.45 Azadshahr 0.45 
Minudasht 0.45 Gorgan 0.14 Aliabad 0.5 Kordkuy 0.14 
Gonbad 0.97 BandarTurkmen 0.97 Bandar Gaz 0.5 The province 0.45 

   
There are several methods in order to predict performance of the wheat produced by dry farming in terms of climatic 

parameters and variations in an area, namely regression methods and models. Some authors such, Katz (1977) have 
mentioned regression as an strong method for climatic researches during a long-term statistical period[17].. Correlation 
between data is required for linear regression. Linear multivariable (regression) statistical models describe linear 
relationship between dependent variable and independent variables. This regression relation is described as follows: Yi = 
A0 + B1X1 + …+ BnXn + Ei where Yi, n, Ao, B1, X1 to Xn, and Ei are indicatives of dependent variable value, number 
of independent variables, constant of the relation, relation coefficient or regression line slope, independent variables, and 
standard error, respectively. Different methods in regression models are used for prediction. Stepwise method has been 
used in this study. Stepwise modeling is a combination of forward and backward methods. In this method, number of 
modeling steps and significance level can be recognized. This method enjoys the advantage of recognition of important 
and effective variables. This method evaluates the role of each variable on the basis of componential correlation and opts 
for the variables with highest correlation in various steps and presents their regression relations. In final step, it shows the 
last chosen model and presents the best relation to predict dependent variable from several independent variables. The 
best method is multivariable regression model.  

 
3. RESULTS 

 
Golestan Province receives average 457 mm precipitation. Formation procedures of all precipitations are same 

where northern part of the province receives the minimum precipitation while, the rate increases toward the south of the 
province. The maximum precipitation of the province was seen in Ramian and it decreased toward southern elevations so 
that 870 mm annual precipitation in Ramian has reached 250 mm in Tangrah station in 1000 elevation (Fig 4). 

 

 
 

Fig 4: iso-rain map of annual precipitation in Golestan Province 
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Northern-southern increasing procedure of precipitation in the province in performance of the product has also been 
seen so that four northern Townships of Golestan Province have the lowest performance in the case of wheat. With 
increased precipitation in southern part, wheat performance starts to increase ad Aliabad, Kordkuy, and Ramian show the 
highest performance of wheat product. Golestan Province precipitation starts in November and reaches its maximum with 
an increasing procedure in March and April and its minimum in June. It is noteworthy that maximum precipitation of 
studied stations is different in terms of geographical situation. Although April is of highly-precipitated months of the 
province, it averagely shows the highest standard deviation, as well. According to Fig 5, two maximum precipitations, one 
in the autumn and other in late winter and early spring, is of distinct characteristics of the studied stations in Townships of 
Golestan Province. The lowest-precipitated month in all the stations is June. Relative reduction of precipitation in January 
is worthy to note, i.e. increase in precipitation commences at early autumn and reaches its lowest value in January during 
autumn and winter. During February and March, precipitation increases and it starts to decrease from May and shows the 
lowest amount in June. Precipitation regime of the province is in such a way that maximum precipitation in western part 
in autumn is concentrated (Kordkuy, Bandar-Gaz, Bandar-Turkmen, Gorgan, and Aq-qala) while, the maximum is in 
March and April toward the eastern part of the province (Kalaleh, Gonbad, Minudasht, Ramian, and Azadshahr). 

 

    

    

   

    

    
Fig 5: time distribution curve of precipitation from October to June in past 20 years in studied stations 
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Monthly precipitation procedure in past 20 years (1991-2010) has been evaluated through Kendal Taw Test. The 
results obtained from evaluation of precipitation procedure in the stations showed that majority of the stations haven't had 
any procedure in any level in past 20 years. Among the studied stations for precipitation in May, Gorgan, Aq-qala, 
Bandar-Turkmen, and Azadshahr have negative procedures in the level of 0.05 and showed precipitation decrease in May 
during the past two decades with procedures of -0.326, -0.375, -0.326, and 0.354, respectively. During the past 20 years, 
precipitation in December in Minudasht experienced an increasing procedure with an amount of 0.322 in the level of 0.05. 
Precipitation in Kalaleh in January showed a decreasing procedure with an amount of -0.322.According to the studied 
statistical period (1991-2010) the annual average temperature of the province was 17.4°C. As it can be seen in Fig 6, place 
distribution of annual temperature has been seen to reversely relate to iso-rain map of the province, i.e. there has been 
decreasing temperature parameter from north to the south. The maximum average temperature of the province is placed in 
the northern range of the province with around 19.2°C. This has been aggravated via aridity and being in proximity to 
Ghareh-Ghum Desert in Turkmenistan. Also, the minimum temperature of the province has been placed in southern and 
southeastern elevations of the province. The annual average temperature of the province reaches 13.3°C with around 6°C 
difference along the province.  

 
 

Fig 6: place distribution of annual average isotherm of Golestan Province during the past 20 years 
 
Evaluation of monthly temperature parameters of farming year of statistical period (Fig 7) indicated that January is 

the coldest month of year when the lowest monthly temperature was seen in majority of the sample stations. Also, 
November and June have been recognized as the warmest months of farming year during the statistical period. Majority of 
the studied Townships appeared to have a temperature average of 13.8-14.5°C where Gorgan and Aq-qala were 
recognized as the warmest Townships in the studied statistical period with 15.8 and 16°C, respectively. Also, Kalaleh, 
Aq-qala, and Bandar-Turkmen showed the highest variation ranges in temperature extremes. Not only geographical status 
but also coming systems are related to temperature status of Golestan Province so that during cold period of year (late 
autumn to early spring) when low-pressure Mediterranean and high-pressure Siberian systems are dominant in the 
province, increased precipitation and also rather high reduction in temperature are seen. During January and February 
with the most intensive Siberian high-pressure in Golestan Province, all the sample stations showed the lowest 
temperature status. Near mid spring, movement of side-tropical high-pressure to northern latitudes, withdrawal of current 
systems to northern latitudes, and rather direct sunlight result in temperature increase. Besides, Caspian Sea, southern 
jungles of the province, and also southern and southeastern elevations of the province act as regulator factor in 
temperature status and have resulted in temperature fall relative to annual temperature of the province. Meanwhile, 
northern part of the province receives more temperature due to lack of elevations, placing to the south of Ghareh-Ghum 
Desert in Turkmenistan, lack of humidity, lack of vegetation, and lack of direct sunlight; on the other hand, because there 
is no hindering factor, temperature radiation is easier than humid areas so that it experience not only the highest 
temperature but also the most frigid ones, too; that's why this part has higher temperature fluctuations compared to other 
parts of the province. Southern elevations of the province experience the lowest temperatures compared to other parts of 
the province owing to the effect of elevation on temperature (6°C lower/1000 m higher) and placing in shaded parts of 
Alborz Mountains. It is noteworthy that the range of wheat plantation in Golestan Province is placed in the parts with 
average temperature and precipitation; that's why they are far from harsh fluctuations. Meanwhile, although natural status 
of the province is stationary, fluctuations of the system influencing climate of the province has resulted in this fact that 
plants are greatly affected by these fluctuations and suffer from many damages. Therefore, recognition of procedure of 
climatic parameters change and their effects on performance of crops can be regarded as a solution for future management 
programs.  
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Fig 7: monthly distribution of monthly average temperature parameters ( ), minimum monthly absolute 
temperature ( ), maximum monthly absolute temperature ( ), average minimum temperature ( ), 
and average maximum temperature ( ) in the studied stations during the statistical year 1991-2010. 
 

Fluctuations of climatic parameters are of the most prominent factors affecting variability of performance of the 
wheat produced by dry farming. If climatic fluctuations are able to be evaluated, the performance can be predicted 

Bandartorkman  Bandargaz & Kordkoy 

 َ◌Aghala Ramian 

Aliabad Gorgan 

Gonbad  Azadshahr 

Minoodasht Kalale  
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considering the parameters change. According to the obtained results from the study, it was concluded that performance 
of the wheat produced by dry farming has increased with increased precipitation and decreased temperature toward south 
of the province (Fig 8). Performance of the wheat produced by dry farming in Golestan Province is 2828 kg/ha with 
maximum and minimum of 3252 and 1098 kg/ha in Kordkuy and Gonbad, respectively. 

 

 
 

Fig 8: spatial distribution map of 20 years average performance of the wheat 
 

Table 3: statistical analysis of the data related to performance of the wheat 
Mean Min Max R Sd Township  
2688  1476  3649  2173  509.5  Kalaleh  
2745  1765  3935  2170  447.7  Minudasht  
2159  1098  3256  2158  505.4  Gonbad  
2840  1914  3970  2056  535.5  Azadshahr  
3245  2633  4318  1685  380.8  Ramian  
3000  1705  4155  2450  566.9  Gorgan  
2379  1255  3401  2146  517.5  Aq-qala  
3275  2185  5257  3072  686.5  Aliabad  
2339  1253  3688  2435  518.1  Bandar Turkmen  
3252  2036  4734  2698  679.2  Kordkuy  
3184  1913  4380  2468  672.2  Bandar Gaz  
2828  1896  4053  2157  459.4  Golestan Province  

 
4. CONCLUSION 

 
According to fluctuations’ results, the climate parameter of maximum temperature in May had the most effective roles 

on wheat performance in total of province. The results of regression had shown that Townships of Bandargaz, Gorgan and 
Aliabad are not in model. Ramian Township has the positive role of rainfall and for Townships of Aq Qalla, Banda Torkman 
and Minoudasht, the minimum temperature of February moth is regarded as an effective parameter(Table 6). 
 
Table 6: regression relation for performance of the wheat produced by dry farming in Townships of Golestan Province in 
terms of climatic parameters during the statistical period 1991-2010  

Regression equation derived from the Stepwise model  
Yield=7481/714-(113/576X22) Golestan Province  

Yield =-4100/389+(41/953*X11)+(11/057*X3)+(26/425*X7)+(237/49*X31) Aq-qala  
Yield=7942/188_(107/543*X14)_(71/033*X24)+(53/948*X11)+(61/511*X45)_(62/192*X23)  Azadshahr  

Yield=-5111/025+(376/062*X39)+(21/592*X7)+(197/689*X27)-(75/905*X44)  Bandar Turkmen  
Yield=2991/933+(3/758*X2)  Ramian  

Yield =1069/001+(78/214*X17)+ (6/958*X5)  Kordkuy 
Yield =1347/738+(63/785*X15)+ (181/868*X35)+ (15/760*X2)  Kalaleh 
Yield =4476/172+(195/035*X16)+ (34/318*X7)- (156/929*X48)  Gonbad 

Yield =786/466+(108/426*X11)- (165/561*X14)+ (88/006*X22)+ (40/876*X15)  Minudasht 
No variables were entered into the equation.  Bandar Gaz, Aliabad, Gorgan  
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