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limate change, stemming from global warming, poses a signif
icant threat that necessitates comprehensive and concerted 

global action. The agricultural sector, crucial for Iran's production 
cycle and food security, is particularly vulnerable to climate 
change, given the country's hot and arid climate. Iran faces a 
heightened risk of climate change impacts, exacerbating its existing 
vulnerabilities. Notably, Khuzestan province hosts major sugarcane 
industries, where significant and escalating changes in climatic 
variables have been observed. This article explores the repercussions 
of climate change on the sugarcane industry in Khuzestan province 
over the period of 1971 2020. Utilizing the Dynamic Ordinary 
Least Squares (DOLS) econometric model, the study examines 
the impact of climate factors, such as temperature and precipitation, 
on sugarcane production. The findings unveil a nonlinear relationship 
between climatic factors and production, particularly temperature 
and precipitation. The observed nonlinear relationship, depicted 
as an inverted U shape in the graph, underscores the significance 
of climate change for agricultural production. While government 
ownership and exclusive rights over sugarcane cultivation in 
Khuzestan were expected to foster prosperity and maximize pro
ductivity, the sugarcane system has gradually evolved to prioritize 
sustainable self sufficiency as the ultimate goal. However, climate 
change has posed significant challenges to achieving this goal. In 
conclusion, the negative ramifications of climate change on 
sugarcane production underscore the urgency of action. Recom
mendations include minimizing human intervention in nature, 
diversifying crop varieties to ones more resilient to climate change, 
altering cultivation patterns, and implementing supportive policies 
to mitigate the effects of climate change on the sugarcane industry. 

Ab
st
ra
ct

a Department of Agricultural Economy, Karaj Branch, Islamic Azad University, Karaj, Iran 
b Department of Agricultural Economy, Karaj Branch, Islamic Azad University, Karaj, Iran 
 
 
* Corresponding author�s email: nnozari@kiau.ac.ir 

International Journal of Agricultural Management and Development  
Available online on: www.ijamad.iaurasht.ac.ir 
ISSN: 2159 5852 (Print) 
ISSN:2159 5860 (Online) 
 



In
te

rn
at

io
na

l J
ou

rn
al

 o
f A

gr
ic

ul
tu

ra
l M

an
ag

em
en

t a
nd

 D
ev

el
op

m
en

t, 
13

(4
), 

21
1

75
5,

 D
ec

em
be

r 2
02

3.

318

INTRODUCTION 
Climate change stands as one of the para

mount global challenges necessitating com
prehensive cooperation. The incidence of 
natural disasters and accidents worldwide 
has surged ivefold. Presently, climate change 
impacts all regions differently, manifesting in 
warmer, colder, and shorter seasons, with 
projections indicating further intensiication 
in the coming decades (WMO, 2021). Climate 
change signiicantly alters the risk of lood
ing, particularly in regions with high regional 
and temporal temperatures, amplifying the 
risk through shifts in rainfall patterns, a cru
cial hallmark of climate change (Guo et al., 
2020). According to a recent UN report on cli
mate change, the daily lives of at least 3.3 bil
lion people are "extremely susceptible" to its 
effects, with individuals now 15 times more 
likely to experience extreme weather condi
tions than in previous years (IPCC Report, 
2022). Moreover, climate related disasters 
such as loods and droughts have the poten
tial to displace large populations, exacerbat
ing existing geopolitical tensions (UN Report, 
2022). 

Agriculture, as one of the most critical eco
nomic sectors globally, faces profound im
pacts from climate change. The agricultural 
ecosystem, encompassing food security, 
human health, and environmental protection, 
is particularly vulnerable to the effects of cli
mate change. Climate change signiicantly al
ters agricultural ecosystems and poses 
serious threats to food security, human 
health, and environmental sustainability. 
Among all economic sectors, agriculture is 
the most dependent on climate conditions 
(Sivakumar, 2021). Climate change affects 
agricultural productivity through various 
mechanisms, including changes in precipita
tion patterns, shifts in planting and harvest
ing dates, and rising temperatures and 
evapotranspiration rates (Amirnejad and 
Asadpour, 2017). Global warming is pre
dicted to have signiicant impacts on the agri
cultural economy by altering temperature, 
carbon dioxide levels, runoff, frost occur

rences, precipitation patterns, and their in
teractions (Wani et al., 2020). The economic 
repercussions of climate change are evident 
in changes in crop yields, production, and 
supply, impacting food security, as well as 
long term alterations in climate parameters 
affecting farmers' proitability and income 
(Amirnejad and Asadpour, 2017). Conse
quently, the agricultural sector is vulnerable 
both economically and physically to changes 
in weather factors such as temperature and 
precipitation (Benhin, 2008). Changes in 
weather patterns can reduce crop yields dur
ing crucial harvest periods (Ben Zaied, 2013). 
By 2050, the demand for food is expected to 
increase by 70 percent. Overexploitation of 
existing resources, soil and water pollution, 
and excessive use of pesticides and chemical 
fertilizers will exacerbate instability (Vahdati 
et al., 2020). 

In recent years, numerous studies have 
delved into investigating the ramiications of 
climate change on the agricultural sector. Sig
niicant contributions have been made by re
searchers such as Rajabalinejad et al. (2023), 
Kemerodi and Bostanabad (2019), Amirne
jad and Asadpour Kurdi (2017), Soleimanine
jad et al. (2016), Khaleghi et al. (2015), and 
Hosseini et al. (2013). Each of these studies 
explored the impact of climate change on the 
agricultural sector, with indings highlighting 
the inluence of climatic variables, particu
larly temperature and precipitation, on value 
added within this sector. Rajabalinejad et al. 
(2023) employed the "safety cube theory" 
(Rajabalinejad, 2019) to conduct a compre
hensive assessment of climate change's im
pact on Iran�s agricultural economy spanning 
50 years. The study offers practical solutions 
to mitigate climate change damages through 
dynamic and targeted diplomacy. It recom
mends that Iran�s climate policy adopt a com
prehensive approach, considering the entire 
climate change system, and implement a bal
anced and intelligent strategy to mitigate its 
effects at the national level, while also foster
ing regional and international 
cooperation.Furthermore, Asadpour Kordi et 
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al. (2023) recommended, based on their 
study, that governments develop industrial 
development plans grounded in medium and 
long term strategies, emphasizing advanced 
industries and workforce innovation support. 
This approach is envisaged to catalyze trans
formation in the agricultural industry and 
foster its development. 

The Islamic Republic of Iran, characterized 
by a hot and dry climate, faces signiicant 
challenges in its agricultural sector, with 
many regions experiencing water scarcity 
and stress. Agriculture contributes more than 
8 percent to Iran's Gross Domestic Product 
(GDP). Owing to its unique ecological struc
ture, Iran is particularly sensitive to environ
mental changes, rendering it more vulnerable 
compared to other countries. Consequently, 
climate changes in these regions can have 
substantial effects on agricultural production 
systems (Amirnejad and Asadpour, 2017). 
Climate change is recognized as the most sig
niicant threat to sustainable development, 
inlicting severe damage on natural re
sources, the environment, human health, 
food security, and economic activities 
(Rahimi et al., 2019). Additionally, alongside 
the potential impact of climate change, sanc
tions can also affect various economic sec
tors, including agriculture (Madani, 2021). 

Sugarcane, a tropical crop, thrives in hot, 
humid conditions unless halted by lowering. 
Its normal life cycle spans approximately 15 
to 18 months, requiring temperatures rang
ing from 27 to 38°C throughout its growth 
phases. Optimal temperatures of 32 to 38°C 
are essential for germination, while temper
atures exceeding 38°C can inhibit photosyn
thesis rates. Adequate water supply is equally 
vital for crop development (Kelkar, Kulkarni 
et al., 2020). 

In recent years, Iran has experienced cli
mate change induced abnormal rains leading 
to severe weather events, loods, and 
droughts. Numerous studies conducted in 
Iran have documented a signiicant increase 
in annual temperatures (Hemadi et al., 2011). 
In dry regions like Khuzestan province, 

nearly 100 percent of agricultural production 
relies on irrigated farming (Shahbazi, 2019). 
Given the signiicance and urgency of the 
issue, along with limited research in this area, 
understanding the local and regional effects 
of climate luctuations on crop evapotranspi
ration is crucial. These changes are particu
larly pertinent in fertile agricultural areas 
such as Khuzestan (Shahbazi, 2019). 

Studies conducted in Iran, mirroring global 
trends, have observed an escalating annual 
temperature. A study in the Khuzestan Plain 
aimed to examine the impact of rising tem
peratures on sugarcane water consumption. 
This investigation involved analyzing annual 
temperature time series alongside theoreti
cal principles of evaporation, transpiration, 
and crop water demand. Results from the an
nual time series analysis revealed a temper
ature increase of 3.7°C over a 100 year 
period. 

Through sensitivity analysis of the water 
demand model, the study demonstrated 
varying responses in potential evaporation 
and transpiration to changes in temperature, 
wind speed, sunshine hours, and relative hu
midity. Speciically, for every 1 percent 
change in these factors, potential evaporation 
and transpiration exhibited respective alter
ations of 14, 8, 4, and 2.7 percent. The in
crease in potential evaporation and 
transpiration rates attributed to temperature 
rise was recorded as 2.04, 2.01, 1.52, and 2.23 
mm per year in the Behbahan, Ahvaz, Dezful, 
and Karkheh regions, respectively (Hemadi 
et al., 2011). 

Furthermore, a study on precipitation sta
tistics over the past 50 years in the southwest 
basin, encompassing the Karun and Karkheh 
basins in Khuzestan province, highlighted 
signiicant changes in precipitation patterns, 
including the emergence of rain waves and 
loods (Special Committee of the National 
Flood Report, 2019). 

The industrial production of sugarcane 
holds signiicant economic importance in 
Iran, contributing signiicantly to GDP and job 
creation. Sugarcane is considered a strategic 

The Effects of Climate Change  on Iran's Sugarcane.../ Rajabalinejad et al.
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crop with the potential to facilitate sugar self
suficiency in the country. Understanding the 
impact of climate change on the sugarcane 
economy necessitates assessing its effects on 
production volume, cultivated area, supply 
quantity, and price index of the crop. The eco
nomic repercussions of climate change, in
cluding those on the sugarcane economy, will 
inluence agricultural and sugarcane produc
tion practices, environmental policies, and in
ternational measures. Additionally, its 
feedback will play a crucial role in either ex
acerbating or mitigating global warming, 
thereby affecting potential strategies for cli
mate change control. 

Given its strategic importance in Iran's agri
culture, sugarcane production has the poten
tial to bolster the country's self suficiency in 
sugar production. Khuzestan province, re
sponsible for approximately 70 percent of 
Iran's sugarcane production, holds the pri
mary production rank (Amili, 2013), hence 
its selection as the focal point for studying the 
effects of climate change on sugarcane. 

Given the global and national signiicance 
of sugarcane production, particularly in the 
context of climate change, this study aims to 
address the following questions: 

 
Does the total production of sugarcane in 

Iran correlate with average annual tempera
ture changes?How does precipitation vari
ability impact sugarcane yield or production 
in Khuzestan province? 

Given that 77 percent of crop production in 
Iran occurs in semi arid regions susceptible 
to the impacts of climate change, it is imper
ative to prioritize research in these areas. De
spite numerous studies investigating the 
effects of climate change on the agricultural 
sector in recent years, research speciically 
focused on sugarcane has been notably lim
ited. 

While various studies have explored how 
climate change affects sugarcane production 
and evaluated its consequences on the sugar
cane industry, few have considered the 
broader industry wide impacts and eco

nomic repercussions across the sugarcane 
value chain (Linnenluecke et al., 2018). En
hancing productivity, a crucial driver of eco
nomic growth, entails utilizing eficient 
production methods across all resources, in
cluding labor, capital, and energy (Eskandari 
et al., 2022). 

A review of 90 studies, including articles, 
proceedings, and book chapters, revealed 
that 61 of them evaluated the observed or 
predicted effects of climate change on sugar
cane production. These studies often yielded 
differing conclusions regarding how sugar
cane production is inluenced by increases in 
air temperature or atmospheric carbon diox
ide levels. Furthermore, only 17 adaptation 
studies have focused on observed or pre
dicted impacts of climate change, exploring 
management or agricultural practices as po
tential adaptations. However, there is limited 
evidence regarding successful adaptation 
outcomes. Additionally, another stream of ar
ticles has discussed reducing energy use and 
greenhouse gas emissions in the sugarcane 
production process, primarily aiming to mit
igate environmental impacts (Linnenluecke 
et al., 2018). 

Azizi et al. (2022) conducted a study using 
panel data and the dynamic ordinary least 
squares (DOLS) method to assess the thresh
old levels of temperature and rainfall and 
their impact on irrigated barley yield. Their 
indings conirmed an inverted U shaped re
lationship between climate change variables 
and irrigated barley yield in Iran. The esti
mated threshold levels were determined to 
be 15.48ºC for temperature and 239 mm for 
rainfall. Beyond these thresholds, increases 
in temperature and rainfall were found to 
have a negative impact on barley yield in the 
country. The study also revealed that the 
long term elasticity of temperature indicates 
a decrease in yield with rising temperatures, 
a pattern that also holds true for precipita
tion and barley yield. 

Climate change is anticipated to have signif
icant implications for sugarcane production 
globally, particularly in developing countries. 

The Effects of Climate Change  on Iran's Sugarcane.../ Rajabalinejad et al.
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These nations often possess relatively low 
adaptive capacity, high vulnerability to natu
ral hazards, and limited forecasting systems 
and mitigation strategies. Sugarcane produc
tion has already been negatively impacted by, 
and is expected to continue facing consider
able challenges due to, increases in the fre
quency and intensity of extreme 
environmental conditions caused by climate 
change. However, the extent of this impact 
varies depending on geographical location 
and the adaptive capacity of the region (Zhao 
and Li, 2015). 

Ghafari et al. (2019) conducted a study to 
examine the impact of climate change on 
Iran's sugarcane sector's economic growth. 
They utilized a dynamic calculable general 
equilibrium model based on the social ac
counting matrix of 2019. Their indings indi
cated that considering the projected decrease 
in rainfall over a twenty year period leading 
up to 2030, the production, consumption, in
vestment, and export levels in the sugarcane 
sector were projected to decline by 4.469, 
5.025, 4.462, and 13.770 percent, respec
tively. Conversely, imports in this sector were 
anticipated to increase by 504.5 percent. 
Given the adverse effects of climate change 
on macroeconomic variables in the sugar
cane sector, the government was urged to im
plement appropriate measures to support 
the sector in adverse climatic conditions. 

In a study by Linnenluecke et al. (2018), the 
impact of climate change on Australian sug
arcane production was investigated. Utilizing 
climatic data from Australia, including maxi
mum and minimum temperatures and pre
cipitation spanning from 1964 to 2012, the 
study revealed that annual CO2 emissions, 
along with maximum temperature, had a 
negative effect on Australian sugarcane pro
duction, while minimum temperature 
showed a signiicant positive effect during 
the study period. 

Kelkar et al. (2020) conducted research to 
assess the potential effects of climate change 
on the production of three major crops: sug
arcane, cotton, and rice in India. Their analy

sis demonstrated a signiicant decrease in the 
production of these crops as a result of cli
mate change. 

Tokunaga et al. (2015) conducted a study to 
examine the impact of climate change on 
agricultural production in Japan. Utilizing dy
namic panel analysis and reviewing data 
from 1995 to 2006 across eight regions in 
Japan, the researchers analyzed the effects of 
three climatic variables: temperature, solar 
radiation, and precipitation�on crop pro
duction using the production function. Their 
indings revealed that a 1°C increase in the 
average annual temperature led to a 5.8 per
cent reduction in rice production in the short 
run and a 3.9 percent reduction in the long 
run. 

These studies serve as examples of recent 
research exploring the effects of climate 
change on sugarcane production. Consis
tently, studies conducted in Iran and other 
countries have highlighted temperature and 
precipitation as crucial climatic variables in
luencing sugarcane production. The current 
research aims to investigate these key cli
matic factors' impact on sugarcane produc
tion using the production function. Data were 
compiled as a time series and analyzed using 
the Dynamic Least Squares (DOLS) method, 
incorporating climatic data such as average 
temperature and total precipitation from the 
Khuzestan Synoptic Station over a consecu
tive 50 year period (1971 2020). 

 
 

METHODOLOGY 
Mathematical modeling serves as a valuable 

tool for studying farm level adaptations, of
fering various techniques to explore different 
aspects of agricultural adaptations. Examples 
of these modeling techniques include deci
sion models like agent based models (ABM) 
and decision support models (DSM), as well 
as optimization models such as linear pro
gramming (LP), non linear programming 
(NLP), and mixed integer programming mod
els (MIP). ABM and DSM, in particular, are ef
fective for assessing adaptation measures on 

The Effects of Climate Change  on Iran's Sugarcane.../ Rajabalinejad et al.
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farms (Shrestha et al., 2016). In this study, the 
investigation focused on climatic factors im
pacting sugarcane production utilizing the 
production function. The production function 
illustrates the relationship between input uti
lization and output production across vary
ing levels of input consumption. The general 
form of the production function is repre
sented as Eq. (1) (Amirnjad and Asadpour, 
2016, 2017): 

 Y=  f(x1, x2, ..., xn)                   (1)   
 
In which Y represents the amount of pro

duction and X represents the production fac
tors (labor, capital, and materials). If both 
manageable production factors and unman
ageable production factors are considered in 
the production of a crop, then the production 
function will be as Eq. (2): 

 Y=  f(x1, x2, ..., xn)                  (2) 
 
In which X1 is the vector of production in

puts, X2 is the climatic factors of temperature 
and precipitation, and X3 is the level of tech
nology that has been used. This study used 
Eq. (2) according to Linnenluecke et al. 
(2018) and Kelkar et al. (2020) that both 
used the important climatic variables of tem
perature and precipitation. 

Lyt=F(Lraint.Lrain2t  .Ltemit .Ltem2t)   (3) 
In which Lyt is the natural logarithm of 

Iran's total sugarcane production, Lraint is 
the natural logarithm of total annual precip
itation, (rain2)t is the natural logarithm of the 
second power of the total annual precipita
tion, Ltempt is the natural logarithm of the 
average annual temperature, (Ltemp2)t is the 
natural logarithm of the second power of the 
average annual temperature. 

It should be noted that the relationship be
tween the climatic variables of temperature 
and precipitation and the total production of 
sugarcane is represented by the square 
power of these variables in Eq. (3), so the re
lationship is not estimated only linearly but 
a more accurate estimate is obtained in the 
long run. 

The DOLS method was used to achieve this 

goal because this is a common method to 
examine long term relationships between 
dependent and explanatory variables of 
the model and the change in weather con
ditions is considered over a period of time 
according to the definition of climate 
change. The DOLS method can be benefi
cial in examining this phenomenon (Ben 
Zaied, 2013). 

The Dynamic Ordinary Least Squares 
(DOLS) method, proposed by Stock and 
Watson (1993), is a dynamic composite 
data model estimation technique. This 
method examines how a dependent vari
able responds to variations in independ
ent variables by adjusting the ordinary 
least squares (OLS) method. One of the 
significant advantages of the DOLS 
method, compared to other cointegration 
vector estimators, is its applicability in 
small sample sizes, its ability to mitigate 
simultaneous bias, and its adherence to a 
normal asymptotic distribution. Addition
ally, Kao Weiqiang (2000) has demon
strated that this method is more efficient 
and allows for reliable statistical infer
ences. In this method, Eq. (4) is employed 
to estimate the long term coefficients: 

In which P represents past and future 
trends (precedence or delay), X (i,t j) 
represents the difference of explanatory 
variable with interval, X(i,t+j) repre
sents the difference of explanatory vari
able with future trends, j represents the 
coefficients of breaks or past trends, j 
represents the coefficients of future 
trends, uit represents the error of esti
mating the long term dynamic relation
ship, and Yit represents the dependent 
variable. 

The study area was located in the west 
of Khuzestan Province (32°11'01"
31°06'89" N and 47°72'16" 48°26'.37" E) 
in the southwest of Iran. The data of this 
study were in the form of time series for 
1971 2020. Data were derived from the 
information provided by the Central Bank 
of the Islamic Republic of Iran, the Min
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istry of Agricultural Jihad, the Sugar Or
ganization, and the Meteorological Or
ganization of Iran. Due to the lack of
access to provincial production data, na
tional data were used. Also, Eviews9 soft
ware was employed to estimate the

model. 
RESULTS

To comprehend the variables utilized in the
study, their statistical attributes are delin
eated in Table 1, summarizing their minimum,
maximum, average, and standard deviations.

Variable Name Variable Description Minimum Maximum Mean Standard Deviation 

Y Sugarcane production
 (tons) 578 7800 3151/652 2169/264

TEMP Annual average 
temperature (Celsius) 23/72 26/89 25/33 0.61

RAIN Total annual 
precipitation (mm) 93/96 470/23 254/1 80/29

Table 1
Descriptive Information of the Respostatistical characteristics of the variables used in the study for the sugarcane 
productndents.

Table 1 displays the minimum and maxi
mum production of sugarcane in Khuzestan
during the investigated period of 1971 to
2020, which were 578 and 7800 tons in 1971
and 2017, respectively. Additionally, the max
imum average annual temperature recorded

in this province was 26.89°C in 2010, while
the minimum temperature was 23.72°C in
1977. As for the rainfall variable, the highest
total annual rainfall was 470.23 mm ob
served in 1997, whereas the lowest rainfall
occurred in 2010, measuring 93.96 mm.

Figure 1. Annual average precipitation and temperature of the studied period.

According to Figure 1, the average annual
precipitation and temperature over the stud
ied period indicate a notable trend. Since
1997, there has been a consistent increase in
temperature, depicted by the upward move

ment of the graph. Concurrently, there has
been a declining trend in average annual
rainfall. This decrease in rainfall could exac
erbate the intensiication of temperature, re
sulting in adverse effects on the environment
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and agriculture. A rise in average seasonal 
temperature has the potential to shorten 
the growing period of many crops, subse
quently reducing their yield. In the long 
term, climate change can impact agricul
ture in various ways, influencing the quan
tity and quality of crops in terms of 
productivity, growth rate, photosynthesis, 
transpiration rate, moisture availability, 

and more. In the subsequent analysis, be
fore estimating the model, the stationarity 
of the variables was initially assessed using 
the widely employed augmented Dickey
Fuller (ADF) test. A summary of the results 
is presented in Table 2, which includes the 
logarithm of the examined variables at 
their original level and subsequent to the 
first differentiation. 

Variable

Variable in level First order difference

Generalized Dickey Fuller test Generalized Dickey Fuller test

t statistic Possibility t statistic Possibility

LY 1.51 0.52 7.09*** 0
Lrain 06.88 0 9.59*** 0
Lrain2 6.89 0 6.69*** 0
LtempP 6.89 0.06 12.80*** 0

Ltemp2 2.88 0.06 12.82*** 0

Table 2 
Stationary results for variables at level and irst order difference.

According to the results of the unit root 
tests presented in Table 2, it is observed 
that, except for the precipitation variable, 
which exhibits stationarity at the 1% signif
icance level, the remaining variables display 
nonstationarity at the 1% level and possess 
a unit root. Consequently, their first order 
differences are stationary or I(0) at the 1% 
significance level across all instances. The 
estimation of the model with nonstationary 
variables may lead to spurious regression 
results. To mitigate reliance on spurious re

gression, various differencing methods and 
cointegration tests are employed. Addition
ally, the KPSS test yielded similar outcomes. 
Hence, if cointegration exists among the 
variables in the model, the results of the 
model estimation are deemed reliable. In 
this study, the Johansen method was utilized 
to conduct the cointegration test within the 
model. The null hypothesis of this test posits 
the absence of cointegration or a long term 
relationship. The results are presented in 
Table 3. 

The number of cointegration 
equations

Eigenvalue Statistics Trace Critical limit 0.05 Probe

Zero* 0.51 91.6 69.82 0
One 0.3 32.32 29.79 0.087
Two 0.22 15.06 15.49 0.197
Three 0.05 2.54 75843 0.11

Table 3 
Johanson Test Results.

According to Table (3), a cointegrating vec
tor is observed at the 1% signiicance level, 

conirming the existence of a long term rela
tionship. Following the conirmation of coin
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tegration in the model, various methods can 
be employed to estimate the long term pat
tern. As mentioned earlier, this study utilizes 

the fully modiied ordinary least squares 
(DOLS) method. The results of estimating the 
DOLS model are presented in Table (4). 

Probability value t statistic Standard deviation Coeficient value Variable

0 4.259 1155.56 4922.278** Ltemp
0 4.241 178.932 758.855** Ltemp2
0.086 1.786 9.147 16.344* Lrain
0.06 1.964 0.845 1.660* Lrain2

0 4.323 1853.368 8013.186** C
R2= 81

Table 4 
DOLS Model Results.

According to Table (4), the estimated coef
icient of determination is 0.81, indicating 
that 81 percent of the variance in the depend
ent variable is explained by the explanatory 
variables of the model. Furthermore, the re
sults suggest a non linear relationship be
tween both climatic variables, rainfall, and 
average annual temperature, and production. 
The coeficients of the irst and second pow
ers of these variables indicate an inverted U
shaped relationship. Speciically, there exists 
a threshold point where an increase in tem
perature and precipitation leads to a rise in 
production before reaching the maximum 
point. However, after surpassing this thresh
old, further increases in temperature and 
precipitation result in a decline in produc
tion. This threshold point in the logarithmic 
model is determined by Eq. (5) (Hosseni
nasab and Paykari, 2012): 

 
 

in which X is the maximum temperature or 
precipitation (return threshold), 1 is the co
eficient of the variable�s irst power, and 2 
is the coeficient of the variable�s second 
power.Therefore, according to Eq. (5), the 
maximum annual temperature for sugarcane 
is 25.62°C. This indicates that the increase in 
the average annual temperature will enhance 
sugarcane production up to 25.8°C, beyond 
which further increases will result in a reduc
tion in production. Similarly, Eq. (5) was uti

lized to estimate the maximum point of pre
cipitation for sugarcane, with the threshold 
being calculated at 137.40 mm. This suggests 
that an increase in precipitation up to this 
threshold will boost sugarcane production, 
but any further increase will have an adverse 
effect on its production. 

Climate change, historically present, has 
garnered significant international attention 
in recent decades due to its exacerbation 
resulting from human activities, signifi
cantly impacting agricultural production 
worldwide. Indeed, climate change has be
come one of the most pressing environ
mental challenges globally, particularly 
affecting the agricultural sector. Iran's agri
cultural production system, characterized 
by limited flexibility in adapting to techno
logical and capital changes, renders it in
creasingly susceptible to climate change. 
Hence, this study aimed to investigate the 
impacts of climatic variables, specifically 
average annual temperature and total an
nual precipitation, in Khuzestan. To achieve 
this objective, the dynamic ordinary least 
squares (DOLS) method was employed, 
given its suitability for examining long
term relationships between dependent and 
explanatory variables, aligning well with 
the concept of climate change, which de
notes weather condition alterations over 
time. 

The findings reveal a non linear relation
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ship between both precipitation and aver
age annual temperature with production. The 
sign of the irst  and second power coefi
cients of these variables indicates an inverted 
U shaped relationship, signifying a threshold 
beyond which further increases lead to de
creased production. Similar signiicant rela
tionships between temperature and other 
crops in Iran have been reported in studies 
by Zarkani et al. (2014), Momeni and Zibaei 
(2013), Alijani et al. (2011), Sultana et al. 
(2009), and Linnenluecke et al. (2018). 

 
CONCLUSIONS 

According to the findings, it is impera
tive to prioritize measures aimed at miti
gating temperature increases, as the 
non linear relationship between temper
ature and sugarcane production suggests 
that temperatures exceeding the maxi
mum threshold are detrimental to sugar
cane yields. To achieve this, strategies 
such as reforestation, environmental con
servation, and the adoption of clean en
ergy sources like solar and wind power 
should be pursued to counteract the up
ward trend in temperatures. 

Policy initiatives aimed at reducing the 
adverse impacts of climate change on the 
agricultural sector should be revisited 
and implemented through sustainable de
velopment programs. These programs 
should focus on fostering a societal cul
ture of responsible consumption manage
ment and the adoption of environmentally 
compatible technologies. Given the inter
dependent relationship between climate 
change and human well being, such meas
ures are essential for promoting sustain
able development. 

Furthermore, the research underscores 
the significant impact of climate variables, 
namely temperature and precipitation, on 
sugarcane production. As such, the 
study's findings can inform strategic plan
ning for policymakers in addressing cli
mate change. For instance, policymakers 
may consider initiatives such as the devel

opment of resilient seed varieties capable 
of withstanding extreme weather condi
tions, the promotion of temperature re
sistant cultivars, and exploring 
alternative cultivation methods. Addition
ally, government support for the agricul
tural sector during unfavorable climatic 
conditions is essential to safeguarding 
agricultural productivity and ensuring 
food security. 
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