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Introduction

Temperature and precipitation are fundamental climatic parameters that play a crucial role in
climate change studies. Their accurate simulation is vital for effective water resource
management and strategic planning in response to evolving climatic conditions. General
Circulation Models (GCMSs) serve as powerful tools for predicting future climate scenarios;
however, significant variations among model outputs necessitate the selection of the most
suitable model tailored to the specific climatic conditions of the study area (Qarnqu
Watershed). Previous studies have integrated Multi-Criteria Decision-Making (MCDM)
methods with statistical performance metrics to identify the optimal climate model, thereby
enhancing predictive accuracy and minimizing uncertainties in decision-making processes. In
this study, the performance of 19 CMIP6 climate models in simulating temperature and
precipitation was assessed using the Analytic Hierarchy Process (AHP) method combined
with statistical indicators. The primary objective was to determine the most appropriate
CMIP6 climate model for the study area.

Materials and Methods

In this study, the long-term monthly averages of temperature and precipitation simulated by
19 climate models from the CMIP6 report were computed for the baseline period of 1971—
2000. These simulated values were then compared with the corresponding observed data
obtained from the Miyaneh synoptic station during the same period.
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To assess the accuracy of the models, seven statistical performance metrics—including Nash-Sutcliffe
Efficiency (NSE), Kling-Gupta Efficiency (KGE), Root Mean Square Error (RMSE), Normalized Root Mean
Square Error (NRMSE), Mean Absolute Error (MAE), Percent Bias (PBIAS), and Pearson correlation
coefficient (r) —were calculated for all 19 models and subsequently compared. To enhance the analysis, each
model was weighted using the weighted average method, which incorporates observed mean values of
temperature and precipitation. This weighting approach aimed to provide a more comprehensive evaluation of
model performance. Finally, the Expert Choice software was utilized to rank and select the best-performing
model among the 19 CMIP6 models for simulating both temperature and precipitation variables. The selection
process was based on an integration of statistical metrics and the AHP method.

Results and Discussion

This study evaluates 19 climate models from the CMIP6 report and investigates the selection of the optimal
model for simulating temperature and precipitation. The results indicate that certain models, such as CMCC-
ESM2 and FIO-ESM-2-0, performed well in simulating precipitation, with estimated values showing
reasonable agreement with observed data. Similarly, models like MRI-ESM1-2-LR and AWI-CM-1-1-MR
provided accurate temperature estimates, demonstrating strong consistency with observational data.
Furthermore, the performance assessment of the climate models using statistical metrics revealed that the
models generally performed better in simulating temperature than precipitation. To enhance the analysis, each
of the 19 models was weighted using the Weighted Average Method (WAM), which incorporates observed
mean values of temperature and precipitation. The results showed that models NORESM2-MM and INM-
CM4-8 had the strongest influence on precipitation simulation, while models MPI-ESM1-2-LR and NESM3
carried the most weight for temperature simulation. The final selection of the best-performing model was
conducted using Expert Choice software, which considered the seven key statistical criteria introduced earlier
and performed pairwise comparisons among them. Based on a comprehensive evaluation of all requirements,
the CMCC-ESM2 model was identified as the best model for generating future precipitation data, while the
MPI-ESM1-2-LR model was selected as the optimal choice for simulating future temperature data.

Conclusion

In summary, the findings of this study indicate that climate models generally perform better in simulating
temperature than precipitation. Additionally, the evaluation and comparison of 19 CMIP6 climate models
using Expert Choice software, combined with the AHP and statistical criteria, revealed that the CMCC-ESM2
model exhibited the highest accuracy in precipitation simulation, while the MPI-ESM1-2-LR model excelled
in temperature simulation. These results underscore the importance of selecting climate models tailored to
specific climatic variables and regions. The outcomes of this research contribute to improving climate
projections and supporting decision-making processes related to water resource management and climate
change adaptation strategies. Future studies are recommended to further validate these findings by applying
the selected models to other climatic regions or incorporating additional statistical metrics and advanced
weighting methods.
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Table 2. Descriptive Concept of Numbers’ Value
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CMS5-0, MIROC6, AWI-CM-1-1-MR, ACCESS-
CM2, MPI-ESM1-2-LR, FGOALS-G3, KACE-1-0-
G, NESM3, INM-CM4-8, IITM-ESM, GFDL-ESM4,

FGOAIS-F3-L, MRI-ESM2-0
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Table 4. Changes in The Sensitivity Number of The Model With The Highest Sensitivity To Each Criterion (Related To

Precipitation).
Joe NSE KGE RMSE  MAE NRMSE PBIAS r
Model (Dimensionless) (Dimensionless) (mm) (mm) (Dimensionless) (%) (%)
CMCC-ESM2 0.47* 0.46 0.53* 0.48 0.49* 0.34 0.33
FIO-ESM-2-0 0.44 0.30 0.47 0.34 0.44 0.20 0.74*
INM-CMS5-0 0.19 0.15 0.18 0.13 0.20 0.46%* 0.05
TAIESM1 0.42 0.59* 0.41 0.54* 0.42 0.40 0.21
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Table 5. Changes in The Sensitivity Number of The Model With The Highest Sensitivity To Each Criterion (Related to

Temperature).
Jow NSE KGE RMSE  MAE NRMSE PBIAS r
Model (Dimensionless) (Dimensionless) (mm) (mm) (Dimensionless) (%) (%)
AWI-CM-1-1-
0.55* 0.40 0.72% 0.70%* 0.50 0.68 0.50
MR
IITM-ESM 0.46 0.71% 0.59 0.70%* 0.44 0.47 0.12
FGOALS-G3 0.17 0.12 0.11 0.11 0.18 0.12 0.62%
MPI-ESM1-2-
LR 0.56* 0.66 0.68 0.49 0.55* 0.56 0.64*
NESM3 0.26 0.14 0.22 0.13 0.28 0.72* 0.23
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