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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 (GCMs) 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 1971ï

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 metricsðincluding 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) ðwere 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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½wþÅĉwăĀć  SSP126  ISSP245  ÿ SSP 585  ¿v ā¹wæ¤Åv wz

  óºù ĂÅGCM  ¤·v¹¾~ºþw¤ý )ĉ ª   ¹v¹ ûwÊý ºý    ĂíĂz ½ĀÕ

öíĈ  ¤{¨ù ºýÿ½Ĉ   ~ Ç½wz ½¹ĊÈ zĊþĈ  ºÉ ûj üĊþ°úă )  wă

  Ăí ºþ¤åwĉ½¹vÀåv wzĉ È   ìÊ· ¡ºùõwÅĈ I  ý ûj ¡ºÉĊÀ 

vÀåvĉÈ ùĈ ĉ ºzw)  

Ĉzwĉ¿½v  óºùĈúĊöév ćwă CMIP6  ĂĊ{É ćv¾z ć¿wÅ

Āêý¾é ĂÑĀ³ ½¹ Ç½wz ÿ wù¹ Ôĉv¾É  ÿ ā¹Āz ć½ÿ¾Ñ    ā¹wæ¤Åv

øĊúÎ£ Çÿ½ ¿vā½wĊÞùºþ¯ ć¾Ċñ (AHP) ÷¾ý ÿ½vÀåvExpert 

__________________________________

_________________________ 
1 Krishna 
2 Symmetric Uncertainty 
3 Mono River 
4 Benin 
5 Tongo 

Choice     ÿ èĊé¹ ć¹¾îĉÿ½ûwù¿wÅĈă¹ āºÉ    xw¸¤ýv ćv¾z

óºù üĉ¾¤ĄzĂz wă Ĉù ¾ÚýºÅ½. 

 ¡v¾ĊĊâ£ Ăz ¢{Æý Āêý¾é ĂêÖþù ¢ĊÅwÆ³ Ăz Ă«Ā£ wz

ÈĊ~  ¾z  Àí¾ú£  IĈúĊöévĈþĊzèĊé¹  ćwăĈù  ¾£  Ăz  ºývĀ£

øĊúÎ£ ć¾Ċñ  ÿ  ĈÞĊ{Õ  Üzwþù  ¢ĉ¾ĉºù  ½¹  ¾§où  ćwă

Ăùwý¾z ĂêÖþù ćÀĉ½ )ºþí ìúí ćv 

ā¾Ąz IĈúöÝ āwñºĉ¹ ¿v  üĉv ½¹ ć½wùj ćwă½wĊÞù ¿v ć¾Ċñ

èĊé¹ Ĉzwĉ¿½v ćv¾z ¡wÞõwÖùāÂĉÿ ¢Ċúăv I¾£¹½v¹ ćv.    ãºă

vĉü  ¿½v IĂÞõwÖùĉzw Ĉ  wêù ÿĉĂÆć  óºù ¹¾îöúÝwă ć  â£ĊĊ¾ 

öévĊúĈ  $ øÊÉ Ç½vÀñCMIP6{É ½¹ #Ċ Ă¿wÅć    ÿ wù¹

  Āêý¾é ĂÑĀ³ ½¹ Ç½wz ½¹  $ ā½ÿ¹-+++(,42,  # ćv¾z

  ĈÉ½wz ÿ Ĉĉwù¹ ¹¾îĉÿ½ üĉ¾¤Ąz wz óºù üĉ¾¤Ąz xw¸¤ýv

)¢Åv 

Ăz ½Āí¼ù ĂêÖþùĈñÂĉÿ ôĊõ¹  ÿ ĈúĊöév Ëw· ćwă

Ăz IĈúĊöév ¡v¾ĊĊâ£ ¿v đwz ć¾ĉ¼~¾Ċ§m£  ĂêÖþù ìĉ ûvĀþÝ

Ĉù Ă¤·wþÉ øĄù ÿ ÃwÆ³  )¹ĀÉ  ¾ĊĊâ£ ¡v¾Ċ§m£ Ăz Ă«Ā£ wz

óºù Ăí ¹½v¹ ¡½ÿ¾Ñ IÇ½wz ÿ wù¹ ćwăĀòõv ¾z øĊöév  ćwă

  ºþývĀ¤z  w£  ºýĀÉ  Ĉzwĉ¿½v  Ĉĉđwz  ¢é¹  wz  ĈúĊöév

ÈĊ~ĈþĊzèĊé¹ ćwă Ătv½v  āºþĉj ĈúĊöév  Ôĉv¾É  ¿v  ć¾£

ºþă¹  )v¾zć  vĉü  úÎ£ Çÿ½ ¿v I½ĀÚþùĊøñĊ¾ć  Þùºþ¯Ċ ā½w  

  Çÿ½$AHP  #÷¾ý ½¹  ½vÀåvExpert choice  wz  ÞùĊwă½w ć  

½wùjć é¹ĊêĈ ºÉ Ă¤å¾ñ ā¾Ąz ) 

vĉü  ÿ½ĉ¹¾î  Ăz wÅwþÉ ów{ý¹Ĉĉ  ¾¤Ązĉü  óºùv¾z wăć 

 ~ĊÈzĊþĈ  é¹Ċè¾£  â£ĊĊ¡v¾  öévĊúĈ    )¢Åv  ĂêÖþù  ½¹

Èõw¯ üĉv Üå½ ãºă wz ĂÞõwÖù üĉv Iüĉv¾zwþz ìĉ Ătv½v ÿ wă

óºù üĉ¾¤Ąz xw¸¤ýv ÿ Ĉzwĉ¿½v Ăz IĈúöÝ xĀ¯½w¯  ćwă

  ĈúĊöévCMIP6  ĂĊ{É ½¹ Āêý¾é ĂêÖþù Ç½wz ÿ wù¹ ć¿wÅ

Ĉù¹¿v¹¾~. 

  ÿ ¹vĀùÇÿ½wă 

  ½¹vº¤zvā¹v¹ Iwăć  £vºăwÊù Ĉ  wù¹  ÿ  Ç½wz  Üú«½ÿjć   ÿ

  Ç¿v¹¾~ùĈºýĀÉ  Ăz w£wþ{ù ûvĀþÝć  wêùĉĂÆ  óºù ¹¾îöúÝ  wă

ñ ½v¾éĊºý¾  )Ä~  ¿v  Üú«½ÿjć  ā¹v¹wăć  ÓĀz¾ù  Ăz  óºù Iwă  

 û¿ÿă¹ Ĉ  õÿvĊĂ  Å½¾z ¹½ĀùĈ  ù ½v¾éĈñĊ¹¾Ăz )¿½v ½ĀÚþùĉzw Ĉ  

Þù Ióºù ¾ă ¢é¹Ċwă½wć  ½wùjć  æö¤¸ùĈ    ôùwÉNSE I 
KGEI  RMSEI  NRMSE I  MAEI  PBIAS    ÿr  v¾zć    ¾ă

 Ă{Åw´ù óºù ùĈºýĀÉ ) 




