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Ahmad provinces. Khuzestan, R? values were 0.14 for temperature G085 for precipitation; in
Kohgiluyeh and Boyer-Ahmad, precipitation showedR#nof 0.147; and in llam, a
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EXTENDED ABSTRACT

INTRODUCTION

Climate change is one of the most critical globalienges of the present century, exerting profound
impacts on natural and human systems, particuldwy agricultural sector (IPCC, 2014). Global
evidence indicates that these changes have disripptdogical and production cycles (Parmesan &
Yohe, 2003). In semi-arid regions, where agriceltis predominantly rainfed, crop production is
highly dependent on climatic conditions and evemanivariations in temperature or seasonal
precipitation patterns can reduce yield, increaselyrction variability, and exacerbate food inseguri
(Arnell, 1999). Rainfed wheat, as a strategic ceghibits high sensitivity to thermal and moisture
stress; rising temperatures can shorten its grpetiod, disrupt phenological stages, and consetyuent
reduce final yields (Alizadeh-Dehkordi et al., 20Znsan et al., 2025). In Iran, studies have
demonstrated that increasing temperatures andpjitegmn variability, particularly in rainfed areas
play a significant role in the instability of wheatoduction (Kiani-Ghaleh Sard et al., 2019; Andiri
Eslamian, 2010). However, a substantial portiompi@vious research has either focused solely on
climatic trends or analyzed the effects on yield drarvested area without spatial differentiation
(Nazari-Pour et al., 2014). This study, therefdoeuses on the southwestern Zagros region of Iran,
considering temperature and precipitation as indéget variables and the harvested area and
production of rainfed wheat as dependent variables.

DATA AND METHODOLOGY

In this study, using an applied—analytical apprdaased on quantitative methods, the spatiotemporal
variations of temperature and precipitation andrtefects on the harvested area ‘and production of
rainfed wheat were investigated in Khuzestan, llamj Kohgiluyeh and Bo %nad provinces.
Climatic data, including monthly temperature andqqmltatlon wer&dgﬁal@dﬂf m meteorological
stations of the Iran Meteorological Organization thee per d while agricultural data on

rainfed wheat, including harvested area and pr coIIected from the Ministry of
Agriculture for the period 2000-2024. F r sp asfs mote sensing data were employed,
including CHIRPS monthly preC|p| ' laresolution, MODIS NDVI vegetation index

at 250m spatial resojutio IS Iand surface terapge (LST) for day and night atkin
spatial resolutlon{% r|od 20/0 2024. Teraptends of climatic variables were analyzed using
the non-parametric Mann—Kendall test, with the tsfsttistics calculated and trend significance
evaluated (Equations 1-4). Data processing, asalged preparation of spatial maps were performed
within a Geographic Information System (GIS) enmir@ent. To assess the impact of climatic
variables on rainfed wheat production indicatotatigical analyses and temporal variation plotsewe

conducted using Microsoft Excel

1) §= Z;cl;zl 7:k+1 sgn(xj — xk)

+1.if(xj —xk) >0
(2 sgn(xj —xk)| 0.if (xj —xk) >0
—1Lif(xj—xk)>0

n(n—1)(n-5)—Yemtm Em—1(Em+5)
18

3 Var(s) =

0ifs =0 if >0

\/_

4 =
) ’ ifs<0

w/var(s)



A (] diS B0 gl )l (gl Ll all oo (26 ol 5l SS9 Cgo asud o
el 0ylods g 1,6 9w

RESULTS AND DISCUSSION

The Mann—Kendall test for the annual mean tempegatuKohgiluyeh and Boyer-Ahmad, llam, and
Khuzestan provinces over the period 1995-2024 atélitan increasing temperature trend in all three
provinces, with the highest test statistics recdiidethe final years of the study period. This ttevas
statistically significant in Khuzestan, whereadlam and Kohgiluyeh and Boyer-Ahmad, despite the
upward direction, it was not statistically signific. Conversely, the Mann—Kendall test for annual
precipitation revealed no statistically significanénds in any of the provinces, with precipitation
variations mainly characterized by fluctuations amsodic anomalies during the study period.
Analysis of the harvested area of rainfed wheat @090-2024 showed a generally increasing trend
with interannual fluctuations in Khuzestan, a digant decline after 2017 in Kohgiluyeh and Boyer-
Ahmad, and a relatively stable harvested area ¥intfited fluctuations in Illam. Rainfed wheat
production exhibited the highest annual yields ihukestan with notable variability, whereas in
Kohgiluyeh and Boyer-Ahmad and llam, productionwtd high fluctuations, with very low values
recorded in some years. Land surface temperat$€)(analysis revealed the lowest values in winter
and the highest in summer, with extensive lowlarehs of Khuzestan and the region experiencing
very high temperature classes during the warm sed3we seasonal precipitation pattern indicated a
peak in winter, a decline in spring, a resurgencalitumn, and minimum values in sumnieemporal
variations of the NDVI index over 2000-2024 showegradual increase from winter to late summer,
followed by a decline toward the end of the yearef@icient of determination (R2) apalysis indicated
that in Khuzestan, temperature and precipitatioplagsed approxim .é;ﬁ%&@ d 9.5% of the
variability in rainfed wheat production, respechiyewhereas tlggrr@;w ion to harvested area
changes was negligible. In llam, R2 values fowaliableswe W 0. 02, while in Kohgiluyeh and
Boyer-Ahmad, precipitation (R20.1468) had the g@a%t/cémnbutlon to productraniability. The

influence of climatic variables on W a@@ wéry limited in all three provinces (Table 1)

o O

Table 1. Coeém:lents of determination (R?) betweeminfed wheat production and harvested
area with temperature and precipitation over 2000224

Production | Harvest
Production | Harvest Production Harvest | in level in
Parameter | in level in in llam level in | Kohgiluyeh | Kohgiluyeh
Khuzestan | Khuzestan llam & Boyer- | & Boyer-

Ahmad 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 gradiuelease in temperature has been the most infalent
climatic factor affecting the rainfed wheat farmigigstem in the southern Zagros region during 1995—
2024. The Mann-Kendall test confirmed an upwardpemature trend in Khuzestan, llam, and
Kohgiluyeh and Boyer-Ahmad provinces, while annymkcipitation exhibited no statistically
significant trend and was primarily influenced byerannual variability. These conditions suggest th
climate warming, even without a significant redantiin rainfall, can affect the stability of rainfed
wheat production through increased evapotranspirateduced soil moisture storage, and intensified
heat stress. Coefficient of determination (R?2) gsial showed that temperature and precipitation have
a very limited contribution in explaining variati®in harvested area across all three provinces (R2
0.02), but they play a greater role in explainitigctuations in production; in Khuzestan, both
temperature and precipitation, and in Kohgiluyed 8oyer-Ahmad, precipitation, accounted for the
largest share of production variability, whereass ¢himatic influence in llam was negligible. Remote
sensing findings also revealed that increased $amthce temperatures in spring and summer, along
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with gradual declines in effective autumn and wimeecipitation, were associated with reductions in
NDVI and instability in vegetation biomass. Overdlhe study indicates that climate warming,
combined with rainfall variability, poses a signdit threat to the sustainability of rainfed wheat
production in the southern Zagros, emphasizing nbed for implementing climate adaptation
strategies in this region.
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