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Introduction

Drought is a major climate-related disaster with significant impacts on water resources, agriculture,
and ecosystems. Unlike sudden extreme events, droughts develop gradually and persist over time,
making their effects difficult to manage. Climate change is increasing the frequency and severity of
droughts, particularly in arid and semi-arid regions like western Iran. Changes in precipitation patterns
and rising temperatures threaten agricultural productivity and water availability. Understanding
drought characteristics such as intensity, duration, and magnitude is essential for effective water
management. Traditional drought analysis often relies on single-variable indices like the Standardized
Precipitation Index (SPI), but drought is a complex phenomenon influenced by multiple factors.
Recent studies have used copula functions to model dependencies between different drought
characteristics, providing a more accurate assessment of drought risk. This study examines the impact
of climate change on droughts in western Iran using climate models and statistical methods. Future
projections are generated using the HadCM3 General Circulation Model (GCM) and downscaled with
the LARS-WG model under two climate scenarios: SSP2-4.5 (moderate emissions) and SSP5-8.5
(high emissions). By analyzing historical and projected drought data, this research aims to identify
trends in drought severity and provide insights for future water management strategies

Materials and Methods

This study examines the impact of climate change on drought characteristics in western Iran using
climate modeling and statistical analysis. Future climate projections were generated using the
HadCM3 General Circulation Model (GCM) and downscaled with the LARS-WG model. The
Standardized Precipitation Index (SPI) was applied to assess drought severity, duration, and
magnitude. Two climate scenarios, SSP2-4.5 (moderate emissions) and SSP5-8.5 (high emissions),
were analyzed to evaluate potential drought intensification. Historical precipitation data (1966—2020)
from six meteorological stations were used to assess past trends. The Mann-Kendall test identified
significant changes in drought patterns, while probability distributions were fitted to drought indices
using statistical criteria such as the Kolmogorov-Smirnov (K-S) test, AIC, and BIC. Copula functions,
including Gaussian, t, and Archimedean models, were employed to analyze the interdependence of
drought intensity, duration, and magnitude. Maximum Likelihood Estimation (MLE) was used to
select the best-fitting copula, enabling joint return period estimation. This integrated approach
provides a comprehensive risk assessment of future droughts in western Iran.

Results

The analysis of historical climate data revealed an increasing trend in drought severity across western
Iran, particularly in Hamedan and Sagez. Validation of the LARS-WG model confirmed its high
accuracy in simulating local precipitation patterns, with minimal bias observed in stations like
Khorramabad and Sanandaj. Future climate projections under SSP2-4.5 and SSP5-8.5 scenarios
indicate a significant rise in drought frequency and intensity, with SSP5-8.5 showing more extreme
conditions. SPI values suggest that prolonged and severe droughts will become more frequent,
especially under SSP5-8.5. Maximum drought intensity is expected to rise in most stations, with
Hamedan and Sagez experiencing the most severe increases. The average drought duration is projected
to extend by two to four months, indicating longer dry periods. Joint return period analysis shows that
extreme droughts, which previously occurred once every 20 years, may now happen every 10 years
under SSP5-8.5. Regional variability was observed, with Khorramabad showing the least increase in
drought severity, while Sanandaj and Sagez were identified as the most vulnerable locations. Copula-
based analysis revealed a stronger dependence between drought intensity, duration, and magnitude in
future climate scenarios, suggesting an increased likelihood of simultaneous extreme drought
characteristics. These findings highlight the growing risk of severe droughts and the need for proactive
water resource management strategies.

Conclusion
This study highlights the increasing severity and frequency of droughts in western Iran due to climate
change, emphasizing the need for adaptive water management strategies. Future climate projections



Journal of Ecohydrology, Volume 12, Issue 1, 2025 637

indicate that under high-emission scenarios (SSP5-8.5), droughts will become more intense and
prolonged, particularly in regions like Hamedan and Sagez. The use of copula functions provided a
comprehensive multivariate analysis, revealing stronger dependencies between drought intensity,
duration, and magnitude, which suggests a higher likelihood of extreme drought events occurring
simultaneously. Regional differences in drought vulnerability were evident, with Khorramabad
experiencing the least change and Sanandaj and Sagez showing the highest risk. The shortening of
return periods for extreme droughts further underscores the urgency of climate adaptation measures.
The findings highlight the importance of proactive planning, such as improving water storage systems,
enhancing irrigation efficiency, and implementing sustainable land-use policies. This research
contributes to understanding the future risks of climate-induced droughts using advanced statistical
and climate modeling techniques. The results can support policymakers in developing more resilient
water resource management strategies to mitigate the impacts of increasing drought severity in
western Iran. Future studies should incorporate additional climatic and hydrological variables to refine
risk assessments and explore potential mitigation strategies further.
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