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Available Online: 08 October Precipitation. The data underwent Kriging interpolation and bias correction. To
2025 reduce uncertainty, a multi-model ensemble approach was applied. Results show

that ensemble-processed data align closely with observations, exhibiting reduced
errors and higher correlation coefficients. The ensemble model outperformed
individual models. Analysis of baseline precipitation patterns revealed strong
Drought influences from geographic and climatic factors, with high precipitation in the
Zagros Mountains and southwestern Caspian Sea coasts during cold months.
Projections for 2021-2040 under the SSP5-8.5 scenario indicate significant
shifts: increased precipitation is expected in high-altitude regions and along the
Precipitation Modeling Caspian coasts, though rising temperatures may offset these benefits. Conversely,
precipitation is projected to decline in northwestern and central Iran, especially
in spring and summer. These changing patterns present significant challenges for
Water Resource water management and agriculture in the near term, underscoring the need for
Management proactive planning and adaptive measures. By delivering more accurate forecasts,
this study supports policymakers and resource managers in formulating effective
strategies to mitigate drought impacts and sustainably manage water resources.
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EXTENDED ABSTRACT

Introduction

The occurrence of extreme climatic events can lead to natural hazards, ecosystem threats, and negative impacts on
public health and economies. Drought is recognized as the most damaging climate-related hazard, which occurs under
all climatic regimes due to rising global temperatures. Drought is a climatic phenomenon associated with water and
food shortages and has significant economic implications. It does not only occur due to reduced precipitation and
increased evaporation but can also manifest in cold regions when temperatures drop below zero degrees Celsius.
Climate change affects air temperature, rainfall patterns, and evapotranspiration processes, thereby creating conditions
favorable for drought occurrence. Although droughts develop gradually, their negative impacts on the environment,
water resources, and the economy are substantial. This phenomenon particularly affects less-developed countries, such
as those in Africa and South Asia, where it causes more severe damage. Drought comes in various types—
meteorological, agricultural, hydrological, and socioeconomic—each defined by specific criteria. Understanding the
spatiotemporal patterns of drought and predicting its occurrence are essential for effective drought risk management.
Given Iran's geographical location in an arid and semi-arid region and its high sensitivity to climate change, the country
faces a high risk of recurring droughts. Therefore, modeling and forecasting droughts to enable proper planning and
response to this hazard is crucial.

Material and Methods

This study used rainfall and temperature data from 95 synoptic stations across Iran over the period 1985-2014 as
the baseline for model validation. To simulate future precipitation during the period 2021-2040, five General
Circulation Models (GCMs) from CMIP6 were employed: GFDL-ESM4, IPSL-CM6A-LR, MPI-ESM1-2-HR, MRI-
ESM2, and UKESM1-0-LL. The model data were first interpolated using the Kriging method and then corrected using
the Delta Correction Factor (DCF) bias correction technique. To reduce model uncertainty, a multi-model ensemble
approach was applied, with models weighted based on Pearson correlation coefficients. The Standardized
Precipitation-Evapotranspiration Index (SPEI) was used to assess meteorological droughts. Model accuracy and
ensemble-adjusted data were evaluated using statistical metrics including RMSE, MAE, MBE, and Rz2.

Results and Discussion

The results indicated that the ensemble-adjusted data showed strong agreement with observed data, with high
correlation coefficients and significantly reduced errors. The Ensemble model outperformed other individual models.
Analysis of rainfall distribution during the baseline period revealed that precipitation patterns are strongly influenced
by geographic and climatic factors. High precipitation was evident in the mountainous Zagros regions and along the
southwestern coasts of the Caspian Sea during colder months. During warmer seasons, precipitation decreased in
central and southeastern parts of the country. Projections based on the SSP5-8.5 scenario indicate that precipitation
will increase in elevated and coastal areas; however, rising temperatures may offset these positive effects. A decrease
in rainfall in the northwestern and central regions of Iran, especially during spring and summer, is projected. The
frequency of drought events also suggests that southern and eastern parts of the country will face more severe droughts.
These changes pose serious challenges for future water resource and agricultural management.

Conclusions

The results of this study demonstrate that the use of a multi-model ensemble approach can significantly improve
the accuracy of climate predictions. The Ensemble model showed better performance than other models in simulating
precipitation and temperature. Rainfall distribution in Iran is strongly influenced by geographical and climatic factors
and changes with the seasons. Projections for the period 2021-2040 indicate an increase in rainfall in coastal and high-
altitude regions; however, rising temperatures may offset these positive effects. A decrease in precipitation in central
and northwestern parts of the country, especially during spring and summer, will pose significant challenges for water
resource and agricultural management. Therefore, planning and implementing appropriate policies to address future
droughts is essential.
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1- Root-Mean-Square Deviation (RMSD)
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