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Abstract

As climate change emerges as one of the most significant environmental and economic challenges of the 21st
century, the agricultural sector—being highly climate-dependent—stands out as the most vulnerable to its
effects. This study aimed to examine how climate change affected barley performance in Isfahan Province from
1996 to 2022. Using a mixed panel data approach, the research simultaneously assessed both technical and
environmental factors influencing barley output over a 27-year period, incorporating spatial data from 19
counties. Operational data were sourced from the statistical reports of the Ministry of Agriculture Jihad, while
climate data were obtained from the National Meteorological Organization. The final modeling was conducted
using EViews12 software, employing the F-Limer and Hausman tests alongside the Generalized Least Squares
(GLS) method. The results indicated that technical factors, such as labor, machinery, irrigation rates, and
chemical fertilizer usage, positively and significantly impacted barley output. Conversely, increased rainfall had
led to improved performance, while higher air temperatures had adversely affected yields. Additionally, the
analysis confirmed that barley production exhibited increasing returns to scale. These findings suggested that
food security and agricultural sustainability in Isfahan Province were seriously threatened by ongoing warming
trends and declining rainfall in this arid and semi-arid region. Therefore, it is essential to implement climate
adaptation strategies, develop efficient irrigation systems, and utilize resilient seeds and renewable energy
sources to sustain agricultural productivity in the area.
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Introduction

The agricultural sector is crucial for meeting the basic needs of societies and plays a vital role in economic
development and food security programs. Among agricultural products, barley stands out as one of the most
important crops for human consumption, livestock, and poultry. It ranks second only to wheat in terms of both
cultivated area and production, with its output experiencing significant fluctuations over time due to economic,
social, and climatic factors. Climate change poses a substantial risk to the agricultural sector as these changes
can profoundly affect the production of agricultural products, food industries, and the overall value added by this
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sector. One of the key consequences of shifting weather patterns is their economic impacts. While nearly all
economic sectors are influenced by climate, agriculture is the most climate-dependent with production affected
by alterations in precipitation patterns, changes in planting and harvesting dates, temperature fluctuations, and
evapotranspiration rates. The economic effects of climate change manifest through variations in vyield,
production, and supply of agricultural products, ultimately impacting food security. Additionally, long-term
changes in climate parameters can significantly influence the farmers’ profitability and income. Climate change
also has a notable impact on water resources, which, in turn, affects agricultural production. In light of these
considerations, the current study aimed to examine the impact of climate change on barley production with a
particular emphasis on the geographical and climatic characteristics of the counties in Isfahan Province.

Materials & Methods

This study was classified as applied research based on its methodology. The necessary statistics and information
were collected through documentary sources. Agricultural data were compiled from statistical tables and records
provided by the Agricultural Jihad Organization of Isfahan Province for the years of 2006 to 2022. Additionally,
data on rainfall and temperature were obtained from the Meteorological Organization of the province. The
statistical population for this study consisted of 19 counties located in Isfahan Province, including Aran and
Bidgol, Ardestan, Isfahan, Barkhor-e-Meimeh, Tiran and Karun, Khomeini Shahr, Khansar, Semirom, Shahreza,
Fereydan, Fereydounshahr, Falavarjan, Kashan, Golpayegan, Lenjan, Mobarakeh, Naein, Najafabad, and Natanz.
To investigate the climatic factors affecting barley production in Isfahan Province, the research model was fitted
using the Generalized Least Squares (GLS) method and panel data within the EViews12 software environment.

Research Findings

The significance of the coefficients indicated that all were statistically significant at the 5% critical level.
Additionally, the explanatory power of the model as represented by the R2? value demonstrated that the
explanatory variables accounted for approximately 87% of the variability in barley production per hectare. The F
statistic obtained (149.21) further confirmed a good fit for the research model at a significance level of less than
1%. Since the model was specified in logarithmic form, the coefficient of each variable reflected its elasticity.
Notably, the coefficient for irrigation showed a positive and significant effect on barley production, indicating
that a 1% increase in irrigation led to a 0.22% increase in barley yield while assuming the all other factors
remained constant. The coefficients for machinery, chemical fertilizer, and labor also exhibited positive and
significant effects with barley yield increasing by 0.28, 0.24, and 0.27% for each 1% increase in these variables,
respectively. Furthermore, the analyses of climatic variables revealed that temperature and precipitation had
significant negative and positive effects on barley yield, respectively. Specifically, a 1% increase in temperature
resulted in a 0.18% decrease in barley production per hectare, while a 1% increase in precipitation led to a 0.26%
increase in production per hectare. The results also indicated that barley production in Isfahan Province exhibited
increasing returns to scale with a scale elasticity of 1.09. This suggested that a simultaneous 1% increase in all
variables resulted in a 1.09% increase in barley yield.

Discussion of Results & Conclusion

This study analyzed the effects of irrigation, capital (agricultural machinery), chemical fertilizers, seeds, and labor, as
well as temperature and rainfall on barley production in the counties of Isfahan Province. The model’s data
demonstrated stability as confirmed by the panel data reliability test and a long-term relationship was established
through the cointegration test. The F-Limer and Hausman tests indicated that the research model comprised panel data
with fixed effects. Due to the presence of autocorrelation and heteroscedasticity, the Generalized Least Squares (GLS)
estimation method was employed. The results revealed that capital, fertilizers, and labor positively influenced barley
yield. In contrast, rainfall and temperature—acting as climate indicators—had a positive and negative effect on
production, respectively. This underscored that while technical factors significantly impacted barley production,
climate change also played a crucial role. Given the ongoing climate crisis and the escalation of global warming
characterized by rising temperatures and declining precipitation trends in recent years the influence of climate on the
future of agricultural production is critical. Further research in this area is essential. Additionally, since the increase in
greenhouse gases—one of the primary contributors to global warming—adversely affects the production of
temperature-sensitive crops like barley, it is recommended to facilitate a transition from fossil fuels to renewable
energy sources, such as solar energy. Furthermore, considering the findings of this research and the lack of
significance of the seed consumption variable, it is advisable to produce modified seeds that are resistant to climate
stress on a large scale and ensure their availability to farmers. Lastly, comprehensive policies aimed at mitigating
climate change should be implemented at the national level, including tree planting initiatives and protection of green
spaces to reduce human-induced climate impacts.
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Figure2: Climate zones of Isfahan Province
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Table2. Results from examining the stationarity of the variables used in the model
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Table3. Results of the Kao cointegration test
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Table7. Results of model estimation using the GLS method
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