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Objective: Climate change threatens water security in semi-arid Shahrood by
increasing evaporation and water demand while reducing precipitation and
groundwater recharge. This study assesses these impacts using advanced climate
models and future climate scenarios.

Method: This study uses Shahrood’s monthly precipitation and temperature data and
evaluates three CMIP6 climate models using the OPLO-POCOD MCDM method based
on R?, MAE, and KGE. The best-performing model was then downscaled using the
delta change factor method.

Results: CMCC-EMS2 was identified as the best-performing model for both
precipitation and temperature. OPLO-POCOD confirmed its superiority with the
lowest lost-opportunity values. Future projections indicate 1.5-7.3% decreases in
precipitation and temperature increases of about 1.4-1.9°C under SSP2-4.5 and SSP5-
8.5 scenarios.

Conclusions: Climate change is expected to reduce runoff and aquifer recharge while
increasing groundwater pressure and water-resource instability. The OPLO-POCOD
method provides a reliable approach for climate-model selection. Future research
should use ensemble models and compare CMIP6 with CMIP5 to reduce uncertainty
and improve projections.
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Introduction

Climate change presents a significant and multifaceted threat to water resources,
particularly in semi-arid regions. These areas are especially vulnerable due to their already
limited water availability and high dependence on consistent precipitation patterns. Rising
temperatures and reduced precipitation are two primary manifestations of climate change
that pose a dual threat to these regions. On one hand, increasing temperatures enhance
evaporation rates, thereby decreasing the availability of surface water. On the other hand,
altered precipitation patterns lead to reduced natural recharge of aquifers. Concurrently,
higher temperatures and changing weather patterns increase water demand for agricultural,
industrial, and domestic uses, leading to excessive extraction of groundwater resources. The
sustainability of water resources in such regions is thus seriously challenged. Ensuring water
security requires a comprehensive understanding of how climate change impacts both
surface and groundwater resources. This study aims to investigate these impacts in the
Shahrood region, a semi-arid area where water scarcity is a pressing issue. By employing
advanced climate models and innovative evaluation techniques, this research seeks to
provide insights into the future climate scenarios.

Method
This study focuses on the Shahrood region, utilizing monthly precipitation and

temperature data to assess climate change impacts. We employed three climate models from
the CMIP6: CMCC-EMS2, MPI-ESM1-2-LR, and CNRM-CM6-1-HR. To evaluate and rank these
climate models, we applied the OPLO-POCOD technique, a recently developed multi-criteria
decision-making (MCDM) method. OPLO-POCOD (Opportunity Lost—Polar Coordinates
Distance) integrates the concept of opportunity loss with the calculation of distances in polar
coordinates to provide a comprehensive and fair comparison among alternatives. The
method constructs an initial decision matrix, derives the opportunity loss matrix, and
transforms the results into a polar coordinate framework where distances from the ideal
solution are computed and weighted according to the importance of criteria. This approach
not only captures both gains and losses across criteria but also allows a robust ranking of
models by minimizing lost opportunities and maximizing achieved potential. Statistical
indices such as R%, MAE, and KGE were used as performance criteria. Finally, to downscale
the model outputs to a finer resolution, we applied the delta change factor method.

Results
To evaluate base on the metrics the CMCC-EMS2 model demonstrated superior

performance, with the highest R? value of 0.188 for precipitation, indicating a better fit to
observed data. It also had the lowest MAE value of 12.254 mm, suggesting smaller average
errors in its predictions, and the highest KGE value of 0.381, reflecting a good balance
between correlation, bias, and variability. For temperature, CMCC-EMS2 again performed
best with an R? value of 0.928, an MAE of 3.161°C, and a KGE of 0.733. Using the OPLO-POCOD
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technique, which evaluates models based on lost opportunity values in polar coordinates,
the CMCC-EMS2 model was identified as the most suitable for both precipitation and
temperature simulations. It had the lowest lost opportunity values of 0.29547 for
precipitation and 0.22376 for temperature, indicating its superior performance relative to
the other models. Subsequently, the CMCC-EMS2 model's outputs were analyzed for near-
future (2015-2034) and far-future (2035-2056) periods under the SSP2-4.5 and SSP5-8.5
scenarios. The SSP2-4.5 scenario, representing moderate socio-economic trends, showed a
1.5% decrease in average annual precipitation compared to the baseline period (1995-2014).
The more extreme SSP5-8.5 scenario exhibited a 7.3% reduction in precipitation. Additionally,
the analysis of temperature data revealed significant changes under both scenarios. In the
near-future period (2015-2034), both the SSP2-4.5 and SSP5-8.5 scenarios showed an
increase in the average annual temperature by approximately 1.4 degrees Celsius compared
to the baseline period (1995-2014). However, in the far-future period (2035-2056) Under
the SSP2-4.5 scenario, the average annual temperature increased to about 1.9 degrees
Celsius, while the SSP5-8.5 scenario projected a similar increase, indicating a consistent rise
in temperature across both scenarios.

Conclusions

The findings suggest that climate change will lead to decreased runoff, reduced aquifer
recharge, and increased pressure on groundwater resources, ultimately resulting in
heightened water resource instability. The use of the OPLO-POCOD technique for evaluating
and ranking climate models offers a robust and comprehensive approach to selecting the most
suitable model for climate change analysis. The results underscore the importance of
considering multiple criteria and statistical indices in the evaluation process to ensure
accurate and reliable predictions. The insights gained from this study can enable policymakers
and water resource managers to reduce pressure on water resources and minimize their
vulnerability to climate change through the development of smart strategies and optimal
management practices. By understanding the potential impacts of climate change on
precipitation and temperature, proactive measures can be taken to enhance water resource
resilience and sustainability. For future research, it is recommended to employ ensemble
models to aggregate results from multiple models, thereby reducing uncertainty and
providing more accurate climate projections. Additionally, comparing the performance of
CMIP6 models with those from CMIP5 could offer valuable insights into the structural and
content improvements of the newer models.
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