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Increasing temperature and irregular precipitation patterns, particularly in semi-arid 

regions, are among the most important limiting factors for rainfed wheat production. 

This crop is highly dependent on the amount and seasonal distribution of rainfall as 

well as soil moisture storage, and any changes in temperature or precipitation timing 

can directly affect crop growth duration, phenological stages, and final yield. This 

study investigates the spatiotemporal variations of temperature and precipitation and 

evaluates their impacts on harvested area and production of rainfed wheat in 

Khuzestan, Ilam, and Kohgiluyeh and Boyer-Ahmad provinces. To achieve this, 

station-based temperature and precipitation data, agricultural statistics, and remote 

sensing datasets, including CHIRPS monthly precipitation, land surface temperature, 

and MODIS NDVI, were used. The results indicated that the mean annual 

temperature increased by approximately 0.2 to 0.4 °C over the study period. In 

contrast, annual precipitation trends were not statistically significant, and interannual 

variability dominated precipitation patterns. R² analysis revealed that climatic 

variables have a limited effect on the harvested area of rainfed wheat (R² < 0.02), 

while their influence on yield variability is more pronounced. Specifically, in 

Khuzestan, R² values were 0.14 for temperature and 0.095 for precipitation; in 

Kohgiluyeh and Boyer-Ahmad, precipitation showed an R² of 0.147; and in Ilam, a 

very weak relationship was observed (R² ≈ 0.015). Overall, these findings suggest 

that climatic variability exerts a stronger influence on wheat yield than on cultivated 

area, highlighting the sensitivity of rainfed agricultural systems to temperature and 

precipitation fluctuations. 
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EXTENDED  ABSTRACT 

INTRODUCTION 
Climate change is one of the most critical global challenges of the present century, exerting profound 
impacts on natural and human systems, particularly the agricultural sector (IPCC, 2014). Global 
evidence indicates that these changes have disrupted biological and production cycles (Parmesan & 
Yohe, 2003). In semi-arid regions, where agriculture is predominantly rainfed, crop production is 
highly dependent on climatic conditions and even minor variations in temperature or seasonal 
precipitation patterns can reduce yield, increase production variability, and exacerbate food insecurity 
(Arnell, 1999). Rainfed wheat, as a strategic crop, exhibits high sensitivity to thermal and moisture 
stress; rising temperatures can shorten its growth period, disrupt phenological stages, and consequently 
reduce final yields (Alizadeh-Dehkordi et al., 2024; Ensan et al., 2025). In Iran, studies have 
demonstrated that increasing temperatures and precipitation variability, particularly in rainfed areas, 
play a significant role in the instability of wheat production (Kiani-Ghaleh Sard et al., 2019; Amiri & 
Eslamian, 2010). However, a substantial portion of previous research has either focused solely on 
climatic trends or analyzed the effects on yield and harvested area without spatial differentiation 
(Nazari-Pour et al., 2014). This study, therefore, focuses on the southwestern Zagros region of Iran, 
considering temperature and precipitation as independent variables and the harvested area and 
production of rainfed wheat as dependent variables. 

 

DATA AND METHODOLOGY  

In this study, using an applied–analytical approach based on quantitative methods, the spatiotemporal 
variations of temperature and precipitation and their effects on the harvested area and production of 
rainfed wheat were investigated in Khuzestan, Ilam, and Kohgiluyeh and Boyer-Ahmad provinces. 
Climatic data, including monthly temperature and precipitation, were obtained from meteorological 
stations of the Iran Meteorological Organization for the period 1995–2024, while agricultural data on 
rainfed wheat, including harvested area and production, were collected from the Ministry of 
Agriculture for the period 2000–2024. For spatial analysis, remote sensing data were employed, 
including CHIRPS monthly precipitation at 0.05° spatial resolution, MODIS NDVI vegetation index 
at 250 m spatial resolution, and MODIS land surface temperature (LST) for day and night at 1 km 
spatial resolution for the period 2000–2024. Temporal trends of climatic variables were analyzed using 
the non-parametric Mann–Kendall test, with the test statistics calculated and trend significance 
evaluated (Equations 1–4). Data processing, analysis, and preparation of spatial maps were performed 
within a Geographic Information System (GIS) environment. To assess the impact of climatic 
variables on rainfed wheat production indicators, statistical analyses and temporal variation plots were 
conducted using Microsoft Excel. 

(1) � = ∑ ∑ �����	 − ��� ������������    
 

(2) �����	 − ��� �+1. ����	 − ��� > 00. ����	 − ��� > 0−1. ����	 − ��� > 0�   
 

(3)  � !��� = �������"��#��∑ �$%����$%�#�&%&%�'    
 

(4)  ( = )0��� = 0 *��+,-"�*� �� > 0
0 *��+,-"�*� ��� < 0 / 



���  ��� � 	�
� �
�� ����� ����� �� ���� ���� .���� �  	�! "�#$�%� ���  �
��

$�& '����( .	)� *$�+� �  

 

RESULTS AND DISCUSSION 

The Mann–Kendall test for the annual mean temperature in Kohgiluyeh and Boyer-Ahmad, Ilam, and 
Khuzestan provinces over the period 1995–2024 indicated an increasing temperature trend in all three 
provinces, with the highest test statistics recorded in the final years of the study period. This trend was 
statistically significant in Khuzestan, whereas in Ilam and Kohgiluyeh and Boyer-Ahmad, despite the 
upward direction, it was not statistically significant. Conversely, the Mann–Kendall test for annual 
precipitation revealed no statistically significant trends in any of the provinces, with precipitation 
variations mainly characterized by fluctuations and episodic anomalies during the study period. 
Analysis of the harvested area of rainfed wheat over 2000–2024 showed a generally increasing trend 
with interannual fluctuations in Khuzestan, a significant decline after 2017 in Kohgiluyeh and Boyer-
Ahmad, and a relatively stable harvested area with limited fluctuations in Ilam. Rainfed wheat 
production exhibited the highest annual yields in Khuzestan with notable variability, whereas in 
Kohgiluyeh and Boyer-Ahmad and Ilam, production showed high fluctuations, with very low values 
recorded in some years. Land surface temperature (LST) analysis revealed the lowest values in winter 
and the highest in summer, with extensive lowland areas of Khuzestan and the region experiencing 
very high temperature classes during the warm season. The seasonal precipitation pattern indicated a 
peak in winter, a decline in spring, a resurgence in autumn, and minimum values in summer. Temporal 
variations of the NDVI index over 2000–2024 showed a gradual increase from winter to late summer, 
followed by a decline toward the end of the year. Coefficient of determination (R²) analysis indicated 
that in Khuzestan, temperature and precipitation explained approximately 14% and 9.5% of the 
variability in rainfed wheat production, respectively, whereas their contribution to harvested area 
changes was negligible. In Ilam, R² values for all variables were below 0.02, while in Kohgiluyeh and 
Boyer-Ahmad, precipitation (R² = 0.1468) had the largest contribution to production variability. The 
influence of climatic variables on harvested area was very limited in all three provinces (Table 1). 

 

Table 1. Coefficients of determination (R²) between rainfed wheat production and harvested 
area with temperature and precipitation over 2000–2024 

Parameter 
Production 
in 
Khuzestan 

Harvest 
level in 
Khuzestan 

Production 
in Ilam 

Harvest 
level in 
Ilam 

Production 
in 
Kohgiluyeh 
& Boyer-
Ahmad 

Harvest 
level in 
Kohgiluyeh 
& Boyer-
Ahmad 

Temperature 0.1414 0.0114 0.003 0.0046 0.057 0.0119 

Precipitation 0.095 0.000 0.015 0.0093 0.1468 0.0012 

 

CONCLUSION  

The results of this study indicate that the gradual increase in temperature has been the most influential 
climatic factor affecting the rainfed wheat farming system in the southern Zagros region during 1995–
2024. The Mann–Kendall test confirmed an upward temperature trend in Khuzestan, Ilam, and 
Kohgiluyeh and Boyer-Ahmad provinces, while annual precipitation exhibited no statistically 
significant trend and was primarily influenced by interannual variability. These conditions suggest that 
climate warming, even without a significant reduction in rainfall, can affect the stability of rainfed 
wheat production through increased evapotranspiration, reduced soil moisture storage, and intensified 
heat stress. Coefficient of determination (R²) analysis showed that temperature and precipitation have 
a very limited contribution in explaining variations in harvested area across all three provinces (R² < 
0.02), but they play a greater role in explaining fluctuations in production; in Khuzestan, both 
temperature and precipitation, and in Kohgiluyeh and Boyer-Ahmad, precipitation, accounted for the 
largest share of production variability, whereas the climatic influence in Ilam was negligible. Remote 
sensing findings also revealed that increased land surface temperatures in spring and summer, along 



���  ��� � 	�
� �
����� �� ����� �� ������� ���� .� �  	�! "�#$�%� ���  �
��

$�& '����( .	)� *$�+� �  

 

with gradual declines in effective autumn and winter precipitation, were associated with reductions in 
NDVI and instability in vegetation biomass. Overall, the study indicates that climate warming, 
combined with rainfall variability, poses a significant threat to the sustainability of rainfed wheat 
production in the southern Zagros, emphasizing the need for implementing climate adaptation 
strategies in this region. 
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)4 (  �TUUF! G�H = ∑ IJK�RVNOMW�P    
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1 -kassa 
2 -Choubin 
3-Land Surface Temperature 
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