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Climate models are primary tools for projecting precipitation changes and 
assessing the impacts of climate change in various fields. This study aims to 
evaluate the simulation performance of the CMIP6 and CMIP5 models and 
to detail the efficacy of each climate model in estimating precipitation 
patterns in Iran. Accordingly, the precipitation simulation performance of 
30 climate models from CMIP6 and CMIP5, as well as their multi-model 
ensemble for Iran, was evaluated against observational data. After bias 
correction of the simulated precipitation values using the quantile mapping 
method, the performance of each General Circulation Model (GCM) will be 
assessed using the Taylor skill score (TSS) and Taylor diagram, which 
includes correlation, standard deviation, root mean square deviation. In the 
following, the spatial and temporal patterns of simulated precipitation in Iran 
by the CMIP6 and CMIP5 models were compared using the relative bias 
criterion. The findings from the Taylor diagram and the TSS metric reveal 
that while most CMIP5 models display a standard deviation closer to 
observational data than CMIP6 models, overall, the majority of CMIP6 
models exhibit superior performance in simulating precipitation in Iran. In 
terms of spatial and temporal variations, there exist relative bias between the 
observed and simulated precipitation values by the CMIP5 and CMIP6 
models, with the CMIP6-MME exhibiting a lower relative bias compared to 
the CMIP5-MME. By evaluating simulated precipitation changes, it can be 
inferred that, alongside CMIP5-MME and CMIP6-MME, models such as 
BCC-CSM1-1-m, CMCC-CM, MPI-ESM-LR, and MPI-ESM-MR from 
CMIP5, as well as BCC-CSM2-MR, MPI-ESM1-2-HR, and MPI-ESM1-2-
MR from CMIP6, exhibit superior capabilities in simulating precipitation in 
Iran compared to other models.  
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EXTENDED ABSTRACT 
 

Introduction: Climate change has become a significant issue in recent decades, impacting the hydrological cycle 
and causing notable hydrological effects globally. This phenomenon has altered climate variables across different 
temporal and spatial scales. Climate models often face high levels of uncertainty due to the lack of a precise 
depiction of Earth's physical processes and their responses to climate change. Using multiple General Circulation 
Models (GCMs) helps reduce these uncertainties. CMIP models have evolved from CMIP1 to CMIP6, with the 
new generations (CMIP5 and CMIP6) addressing more scientific issues and accurately representing Earth's 
physical processes. CMIP6 models, featuring enhanced climate scenarios and updates, show improved 
performance over previous versions. Numerous studies have compared the capabilities of CMIP5 and CMIP6 
models in simulating climate variables. While CMIP6 models have shown improvements, considerable 
performance disparities still exist in certain regions and periods. In some cases, CMIP6 outperforms CMIP5, while 
in others, the differences are negligible. Iran, located in the arid belt of the Earth, is highly vulnerable to climate 
change impacts. Many studies have examined these effects on Iran using GCM outputs, focusing on variables 
such as temperature, precipitation, runoff, groundwater levels, drought, flooding, and crop yield. In the absence 
of dedicated GCMs, Iranian researchers rely on models from other countries. Therefore, evaluating the efficiency 
of CMIP5 and CMIP6 models is essential to reduce uncertainties in climate variable estimation. This study aims 
to assess the efficiency of CMIP5 and CMIP6 models in estimating precipitation to provide accurate evaluation 
and valuable information for effective policymaking and water resource management in Iran. 
Materials and Methods: In this research, to assess precipitation changes in Iran, we utilized outputs from 15 
general circulation models (GCMs) presented in both the Sixth and Fifth Assessment Reports of the 
Intergovernmental Panel on Climate Change. Monthly outputs for the baseline period (1976-2005) were extracted 
from the MetaGrid database under consistent conditions, and the simulated precipitation values were downscaled 
for each station. Given the systematic bias in GCM outputs (such as maximum temperature, minimum 
temperature, and precipitation), it was necessary to apply a bias correction method to obtain reliable estimates at 
regional and local scales for climate change impact assessments. Therefore, a method called quantile mapping 
was employed to achieve this goal. After correcting the simulated values by climate models, we evaluated both 
individual climate models and multi-model ensembles (CMIP6-MME and CMIP5-MME) made by weighted 
averaging method. The performance of each GCM was assessed through the Taylor diagram (including 
correlation, standard deviation, and root mean square error deviation) and Taylor skill score. The spatial and 
temporal patterns of simulated precipitation in Iran were compared between the CMIP6 and CMIP5 models using 
the relative bias criterion. Lastly, temporal changes in simulated precipitation were presented as monthly averages 
by CMIP6-MME for the projection periods 2026-2050 and 2075-2099 under two scenarios, SSP1.26 and SSP5.85. 
Results and Discussion: The evaluation results and comparison of GCMs' rainfall simulation performance in the 
baseline period indicate that most CMIP6 models have better rainfall simulation performance compared to CMIP5 
models in Iran, and a few CMIP5 models have more capability in simulating rainfall climate variables than their 
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CMIP6 counterparts. Spatial evaluations of the CMIP5 Multi-Model Ensemble (MME) and CMIP6-MME 
indicate that the latest generation of climate models performs better at simulating precipitation relative to observed 
values, and it shows less variability in the precipitation pattern. Temporal analysis of simulated rainfall shows that 
along with CMIP5-MME and CMIP6-MME, individual models such as BCC-CSM1-1-m, CMCC-CM, MPI-
ESM-LR, and MPI-ESM-MR from CMIP5, and BCC-CSM2-MR, MPI-ESM1-2-HR, and MPI-ESM1-2-MR 
from CMIP6, possess a higher aptitude for accurately simulating precipitation in Iran. Furthermore, the ensemble 
evaluation results of CMIP5 and CMIP6 models suggest that CMIP6-MME provides more accurate estimates of 
precipitation during the baseline period in Iran. It is worth noting that the analyzed GCMs have larger precipitation 
biases when simulating the areas and seasons with less precipitation in the Iran, while the biases are smaller in the 
areas and seasons with more precipitation. Beyond the aforementioned points, the evaluation results of the selected 
models in this study reveal that all of the individual CMIP6 models do not conclusively surpass their CMIP5 
counterparts in simulating precipitation, and each possesses unique advantages. In this study, most CMIP5 models 
exhibit a closer standard deviation to observational data compared to CMIP6 models, but they have a lower 
correlation than the CMIP6 models. 
Conclusion: In studies assessing uncertainties in climate projections that affect the prediction of hydrological 
changes and future water resource conditions, a significant portion of these uncertainties arises from the selection 
and application of climate models. It is crucial to recognize that this issue persists even with the current generation 
of climate models. As mentioned above, GCMs exhibit larger biases when simulating precipitation in Iran's arid 
regions and dry seasons, whereas the biases are smaller in the regions and seasons with higher precipitation. Not 
all individual CMIP6 models conclusively outperform their CMIP5 counterparts in simulating precipitation, each 
model exhibits unique advantages. Furthermore, the simulations of Iran's precipitation for the future periods 2026-
2050 and 2076-2090 under the SSP1.26 and SSP5.85 scenarios using CMIP6 models due to their better 
performance in comparison with CMIP5 models, which show a decrease in precipitation during December, 
January, February, and March, followed by a sudden increase in simulated rainfall in April and May compared to 
observed amounts, it can be argued that systematic biases in CMIP6 models' precipitation simulations for Iran 
persist. These biases can vary depending on the downscaling method or the correction applied to the evaluated 
climate variable. Overall, this study found that CMIP6 models generally perform better than CMIP5 models in 
simulating precipitation in Iran, and that multi-model ensembles of GCMs outperform individual models. 
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�Y6 .�' � :�� ��F����>� �
�&n A$&&B�� �/&;>� ��*�&A�� $��  <�N V&;W$ �����
 
�
�&IJ> �/&;>� ��*i� ��. � �I6�J�����!$  
�B�&'�� ;>�&/�  �D*.&�? �&���
�Y���*� '�� #���� 
!	�  � ��&V ��� �'&� '�� ;>� �&/� 

� 
��.  �C!� �WJ�� � 
!	���'.�  
:�� �� M� �* ���/��!$ ��
�' �' ���I�� B�I6�J��F8� ��* ��*CMIP5  �CMIP6 �� ���, ���)Chen et al., 2021; 2022; Lei 

et al., 2023; Wang et al., 2021����8� B�&'�� .(�' �� ��*�����Q �' �/&;>� ��*�&A�� ���Y,�&&A$ �&C�$ ���!�? �'���
� 
!^��
 O�!$ ���f!6�
�&*GCM ��*#�!�N  
� ���CMIP5  B�I6�J� .�� �� � �' �� ��� ��� �L�
� ni��� �'�� #����*� T� � :�� �� 

���8* @��/�� A$ �$&&B�� �WJ���� �� ;mQ� �*!�6� 
�� ���f!6�
�&* ���� s
� �
 )Rao et al., 2019(. �' 
:�u� #�!�NRao et al. 

(2019)  ���;/N #�@&� @&�32  �/&;>� :��� ��� �L�
�
 CMIP5 ���� �N!/a� �' �
v �� �� �$��*�	� ��* �8��W� ��H =
�' ��*
:�� �!;J� ���;/N �' �6_� �I6�J� .�� \���� �� ����� � �
�� �/&;>� �&A�� ����� h��!$ �L�
� 
� ��� ���4��� ��*D*.&�? � VT�H \���

:�� �� ����� #�	� �*�+, .�� �� ���4��� �
!� ��*��? :�/� 
� =
�' ���&. ' �
&� � �
���' �H �������. �*�+, �Q�i �� ��*
����8� ����7��  �'CMIP6 
,&�Q�	�*� �P!$ V'�>� :�� 
� �
���� �7�P�*� � E;�F�&D�8�*�  �/&;>���� ���� ��8P�' )Gusain 

et al., 2020; Rivera and Arnould, 2020; Yang et al., 2021(�' . 
:�u� #�!�NRivera and Arnould, (2020) �'��
�' 
!^�� 
�*!�6�� D*
���&�$ ����� ���� �� '�l �!�P �F' 
� ��� ��*�	�� ������� '!�P�&;'�> 
� 7�&�����/&;>� �&A�� � =
�'  O�!$

                                                           
1 Global Climate Model (GCM) 
2 Coupled Model Intercomparison Project (CMIP) 
3 Representative Concentration Pathways 
4 Shared Socioeconomic Pathways 
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:��
� ��� �L�
� ��* CMIP6  .����� 
��> �'���
� �
!�D*.&�? 
Yang et al. (2021) �I6�J� �i ���;/N ��20  �� �/&;>� :��CMIP6 

�&7� 
� �
 �
�� ���' .&? 
!	� 
� O�!�� ���� � =
�' ����2014-1995  �*�+, .�� �� VT�H \���� �� ����� 
��> �'���
� �
!� #�	�
���*� :�� ���*� CMIP6 6!$��' 
�&� �!$�h �����  ��*�&A��;>�&/� '!  �' =
�' � ���� � V/N�����  � ��� ���'���' ���;/N� 

��
�� =
�' �' �78�:�� �&;'�> �'���
� 
��� 
� . �/&;>� ��*CMIP6  �CMIP5 �'����8� B�I6�J� 
�@a� B
!T �8��W� �' �J'�
 
� ��
GCM ��*CMIP6  �CMIP5 ) ������ 
�Ortega et al., 2021) �&�� 
(Chen et al., 2021; Zamani et al., 2020�Q� 
() �W�Ayugi 

et al., 2021) ������ 
(Bourdeau-Goulet and Hassanzadeh, 2021; Sobie et al., 2021) .&? 
(Lun et al., 2021; Lei at al., 

2023) �'!�P ��� � (Song et al., 2021��� ��� <�a�� ( :�� ��$�' �' B�I6�J� �� �
�&8' 
� �� ��*CMIP6  � �' 
� � ��� �
���
#� ��:�� ��$�' �&��$ <�N @&� �* ��*CMIP6 :�� �' �78� ��*CMIP5 ) ��� ��� 
��x�Li and Su, 2020; Wang et al., 2022; 

Zhu and Yang, 2020.(  
��#�� �WJ�� 
� ���� � � M	 &�/M	   �'��' 
� 
�
�� 
��>B��C� A$&&� ;>�&D �*� 
� ���*�  �&� �'
!i �@Q������ ��� �!�	� 
���

8'&
� ��&9Y,�� , � ���&�*���� ���8Z�&J� N�/�P� �� , 
� �
� ��� ����� )Zabihi and Azad, 2024(. 8'&
�� �
 �' B�I6�J� ��� 
,&�*���� A$&&� ;>�&D � �'�#�� P��  �� ���4��� �'��*� GCM ����� 
 D&;>� �&&A$ �C�=
�' � ��� �' )Azad and Ahmadi, 2024; Zabihi 

and Ahmadi, 2024; Usta et al., 2022; Yaghoobzadeh, 2022�����
 
( )Razmara et al., 2013; Shadkam et al., 2016  
(
) ��&����� ��Hashemi et al., 2015) �6�8�	  
(Sayari et al., 2013) V&� 
(Khazaei et al., 2012:!mZ� ���;/N � ( 

)Abbaspour et al., 2009; Gohari et al., 2013 (��� @��/��.��� �
�' �' �P!$ �'� �� 
� ��Q�� B
!T B�I6�J�&y� �
��'�� ��;/N �
:�� 
� ��� �L�
� �/&;>� ��*CMIP5  �CMIP6 O�!$ ��� <�a�� �I6�J� �i ���$ 
Zamani et al. (2020)  �� V8� �� .�� ��
�' �'
:�� 
� �/&;>� ��*��� ��� �� ���, #���� �>�� :�/�.  

:�� h��P ��
�' B
��G .�Q�� �^� 
� �' 
� ��� �L�
� �/&;>� ��*CMIP5  �CMIP6 �' #���	*�+, ���' ���8� B�&'�� �L�
� 
!^��
D&;>� �&&A$ �' 
!^���' � ��F���:�� ��&�
���46!� �' D&;>� �&&A$ �C� �'���
� ��P 9���� �/&;>� ��* ��*���f!6�
�&* �#���� 
 �i 


 =S$ �G�H �*�+,�� =�
 �L�
� 
��� 
� 
9���� ������&7� =
�' ���;/N O�!$ ��� ����30  �� �/&;>� :��CMIP6  �CMIP5 

6�� ��? ���/* ���/* �'�1 #����� �' �P!$ �' #���� ���' �* 
��> �'���
� �
!� �$��*�	� ��*��&�� �!� �� .� 
��F��� �?���:�� ���*� 
;>�&/� �7�P ���!�' �� 9�����*� ����� ;>�&D����� ��#�� !m$ �' �
�� /*� �� 
�	�'&� �P!$ V'�>� ��� 
��
! �'] � ��� B�I6�J 
�&8'

����Z� ��'� �
��'�� :���*� ;>�&/�  
�W�&%� � 
!	� #S��#�� .��� ��� <�a�� ;IQ �I6�J� 
� �Y6�  =S$���!� �� �&;'�>  ����;/N
:���/&;>� ��* �� ��� ���4��� CMIP5  �CMIP6  �L�
� � ���:�����/* 
��� 
� �� ���* #��&7� 
� �6!7W� ���/��!$ �* ����

 
��
�� �/&;>� ��*�&A��V&;Z$ � ��
�' ��' <�_ .��! ��� ��t  �� 
!	� 
� D&;>� �&&A$ �'���
� ��P ��� <�a�� �& � B�I6�J� ��/N 
�
 �� ����Z� ���I$ �� #����GCM �'���
� 
� �/&;>� �&IJ> <�N ��
� ���P� ����H�$ r!G!� .�� � ��� ���4����� 
��T �
 �
��� ��* .���

 =S$ ��� �L�
� K��*� 
��� 
� �;IQ �I6�J� 
��� :�� ���/$ �� �$ ��*#�8�� O���� �Z$ �� �/&;>�  �� �* ���'CMIP5  �CMIP6 

=
�' ��*�&A�� �P��  ��
�� � ��� ��P�  �� V8� �* ���' #�8�� ��*!�
��� ���'GCM  .�!� ���4��� 
���8*�' �I� 
�$
�7N��  �* ��
 V8� ��CMIP :���&, !�
��� ��
�� � ��� ��P� �'�	� �&6�� O���� �Z$ �� ���*��8�� ���� .��!� j��F��� 
���8* �  

 

F�
G5 ��� � ��3�  

.��� � ��*�D� ��3� �
D>�.��H�?� ��3� ��� 

 
!	���#�� � � M	  ��'�/� 
�&�/M	  �&D��� 6�/�� 
!	� .�� .�
�� 
��> .&�� �' #�!�N�M � �WJ��&�/8���&�� ��l 
� ��&�  �'
 �H�8�195/640/1 ���&Q��AP �&I>!� ��
�� h'�����!;&� ,&`&�� ����� �� N�4$
��  �&A�� ��20  �$5000 
� oJ� �� �$_�' ����� ���. 

��#�� �' ��
� oJ� �� #!���!� �N�4$
� KS� � V&6��
��� ;>�&D�*� 
� VH�!� 
� �!i�� � :��I� :��� r!������  

@ <�� M	  �  
�
BSQ �@���
 '&#�'��*� '!�P VH�!�� >�� �!�P �� �!� K��i� 
� ��� ��!* � �� �) h4$�� ��*Doulabian et al., 2021(.  �&A��

 �/&;>� 
� =
�' #���� 
!	� ��76� D�� �!� �� ��
!	� ��l �� �� 
� B���!� �'��� 
@  �!� ���
 ��*�  %������ ��  �'�l :�/���� #�
 �>�� �!�P �/� �'��Q�� ������ 
����C��� ) ���Usta et al., 2022 .(  

 =
�' B�NSi� �� 
�;IQ �*�+, K�* �' V&� ��P50  ��t #���� .�� ���4��� #���� ������!* #����� �� ��� Y � M&�,!�&� ����8��
 ���H #���� M&�,!�&� ����8�� ���I$ 
���452 ) ��&� �
!� �
��� �
�� :!i �' �P!$ �' ����8�� ���I$ .�� �� �� ��!' ����8��1976-2005 (

50 #� B�NSi� �� � ��� M&�4$ ����8��.��� ��� ���4��� �*  V��1  �������, �!Z�50 �� #�	� �
 #���� 
� ���4��� �
!� ����8��.�*�  
  

                                                           
1 Multi Model Ensemble (MME) 
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 J/�1- .�6�	�� 
���"��LM %��N3������ �3�= � 
?�>��3� ��� 

Figure 1- Geographical Location of meteorological stations and Iran country 
  

���3M 
�3�O ���� ���  

�P:�� �P��  �� 
�G�H �I6�J� K�* �' V&� � #���� 
� =
�' B��&&A$ �'���
� � � D	� =
�@� 
� ��� �L�
� !P ��!/N =��� ��*
.&' Bk&* �'���
� Da�,�� ���4��� D&;>� �&&A$ :��6�:�� ���/$ .��� � �� 9F��� ��*CMIP6  O���� �Z$r1i1p1f1  �:�� ��*

CMIP5  O���� �Z$ @&�r1i1p1  �� �����,١ESGF MetaGrid  � ��� Y � =S$�� :���*�� �
�� ���  �
�� :!i 
� V��� B�NSi�
 �F�
�$2005-1976 
�
��) M��@� ����� ��*2050-2026) 
�� ����� � (2099-2075( =!  !�
��� �� �* �Z$�;&  � ����&'  ����&'�'

:�� ���� �� ���8*:�� �� �&6�� �'���
� �� U, .��!� M&�4$ �* 
�/&;>� ��*15 ) ��� ��F��� .&	&, B�&'�� �' �P!$ �' :��Doulabian 

et al., 2021; Usta et al., 2022; Zabihi and Ahmadi, 2024; Zamani et al., 2020; Yaghoobzadeh, 2022 �P��  �� � (
#��&7� =
�' ����W� .�� ���4��� #���� 
� =
�' �/&;>� �&A�� �'���
� ��P �*:�� �� �F8� �� �* O�!$ ��� ���� ��*GCM  :!i 
�

 :�� �� �F�
�$ �
��1976  �6�2005 �� �
�� :!i n'�J$ �' �P!$ �'#� �
��' �$��*�	� ����W� �' �*�F��� ���*�� B
!T �P!$ �' � ��� j�
M&�4$ �P
� �'2 :�� ���/$ 
B��4�� .���� %�&W�@�
 �*���8�� %�&W� 
� �*
� � � �� ���4��� �' #���� ��
�' �!�6� B��&&A$ 
* ���/

:�� ��*CMIP6  ��*!�
��� �Z$SSP1.26  �SSP5.85  ���' �$� �
�� ���&7� ����W� �' ���*�� O�!�� ����� %�&W� 
� � ��� ����
 �
!� �$��*�	��8��W� .�Q�� 
��> :�� ���/$ B�NSi�:�� ���� 
�;/P�� ��� ���4��� ��* :��P 
� M&�4$ �P
� � 
!	� 
�i!'�� ����

1 .��� ��� �L�
�  
 
 
  
  
  
  
 
  

                                                           
1 https://esgf-node.llnl.gov/ 
2 Resolution 
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 ���M1- ��� 
��<N� ���CMIP5  �CMIP6  �� .��H�?� ��3��P�' ��*�D�  
Table 1- CMIP5 and CMIP6 climate models used in the present study 


!	�/�8�|�  
CMIP6 CMIP5 

M&�4$ �P
�  :�� <��  M&�4$ �P
�  :�� <��  
6�N @���� �
!�� WZ$&B�W 6�����&� ��'� � <!;N&8D� 

�&6����� 
�/&;>�  1.90° × 1.30° ACCESS-ESM1-5  1.90° × 1.20° ACCESS1-0  

6�N @���� �
!�� WZ$&B�W 6�����&� ��'� � <!;N&8D� 
�&6����� 
�/&;>�  1.90° × 1.20° ACCESS-CM2 1.90° × 1.20° ACCESS1-3 

 D&;>� @���Beijing
 .&?  1.12° × 1.12° BCC-CSM2-MR  2.80° × 2.80° BCC-CSM1-1-m  

:�� � V&;Z$ @��������� 
��
!���� 
������ D&;>� ����  2.81° × 2.81° CanESM5 2.81° × 2.81° CanESM2 

�4P �/&;>� :�� �/&;>� B��&&A$ @��� ���Euro‐

Mediterranean
 �&6����  0.94° × 1.25° CMCC-ESM2 0.7° × 0.7° CMCC-CM 

��8��&<! EC-Earth
 �,�
�  0.35° × 0.35° EC-EARTH3  1.12° × 1.12° EC-EARTH  

������ :�� <!;N��*  EJI���&D�8 ���P� >�&%!�� - P !
- ��&. .&? 
.&?  2.00° × 2.00° FGOALS-g3  2.81° × 2.08° FGOALS-g2  

��������	 �����&M �&B_� Q!Lf&@�
M �&��P!�
 ��B_� 
��� ��Z�����  1.00° × 1.25° GFDL-ESM4 2.5° × 2.00° GFDL-ESM2G 


 �8�!��G�&B� ��N�
 ��
&�  2.00° × 1.50° INM-CM4-8  2.00° × 1.50° INMCM4.0  

 �����Pierre Simon Laplace	 
��
	� ������  2.50° × 1.27° IPSL-CM5A-LR 3.70° × 1.90° IPSL-CM5A-LR 


���Q � <!;N U��f�� 
�����-��&�� .,�f )JAMSTEC(  1.40° × 1.40° MIROC6 1.40° × 1.40° MIROC5 

) M�S, U��� ������!* �8�|�MPI-M#�/6� 
(  0.94° × 0.94° MPI-ESM1-2-HR  1.90° × 1.90° MPI-ESM-MR  

) M�S, U��� ������!* �8�|�MPI-M#�/6� 
(  1.87° × 1.86° MPI-ESM1-2-LR 1.90° × 1.90° MPI-ESM-LR 

WZ$ �8�!�&B�W �����!*�
 ����
�7�
 .,�f  1.12° × 1.12° MRI-ESM2-0  1.10° × 1.10° MRI-CGCM3  

f��� 
f��� D&;>� @���  2.50° × 1.90° NorESM2-LM  2.50° × 1.90° NorESM1-M  

  

���
?�>�  

����� � 
!��� Q�G,5��� ���? 
��<N� ���  

.�� �' �^��&7� (=
�' � ��&/� ���� 
��&	&' ��� �����) �/&;>� ��*�&A�� �P��  �� O�!$ ��� ����GCM ��&$�/�8&� ��J  ��
�� �*
 
���8*��. P�� � �*%�&W� 
� ��/�N� V'�> ��
���' �$ ��� RST� ���'�WJ�� ��* � ���Y6 .��� ��� �' D&;>� �&&A$ B��C� �'���
� ���' �;Z� 


����? ����� =�
 �� r!G!� .�� nWZ$ ��P1 �� 
�/� �' �
��� V��7$ r!� M� =�
 .�� .�� ���4����� =S$ �� ��� ���I'�$� ' �
&�'� 
�$ P�� �  �
 :���' #� n7i �M �!$�h �P��  �����
��� �'
!i��!$ ���h ���' ����� �W'�J� B��*�	� �' VT�H �	&�)#���  
#�
��/* �

1402(� .�'=�
 �$
�7N QM ���� h��!$�&7� ��*:�� O�!$ ��� �������� h��!$ �' n&7J$ ��P �
 �/&;>� ��* M/� �' 
�$��*�	� ��*
 M�V��7$ h'�$ RST� ����� )Block et al., 2009 .(�'
!i;��
 ��. �7$�V �
��� � �
� #�!$ �J'�
 V�� �'1 .��� #�&'  

)1(  X�� = f (X�) 


}!Q �J'�
 
� X��  .��� :�� ��� RST� �P�� �!$ ����h 
��� �X�  (:�� <�  �P�� ) �X� )��*�	� 
��W���( vF	�  
���'
 h'�$�7$�V � �
�  #�!$�' �J'�
 B
!T2 .��� �8�!���'  

)2(  X�� = F���(F�(X�)) 
}!Q �J'�
 
� 
F�  �F� �' �I/a$ h��!$ h'�$ 9&$�$X�  �X�  .���8*  

 
��' �J'�
 �&7� ����W� RST�:�� O�!$ ��� ���� #�!/� K�i�' � �/&;>� ��*' n'�J$ <�N&. �����*� �*�	��$�  ��&7� ����

��� =�
 �_�' ���/��!$ �' �P!$ �'�����
�,�� V��7$ s��? ����� ��*2 =�
 �' �78������
�, V��7$ ��*3 )Gudmundsson et 

al., 2012�&7� ����W� 
�$�I6�J� ����8�� �* ���' =
�' �/&;>� �&A�� j��F��� �� U, 
( �����
�,�� =�
 �' ��� ����RQUANT  o&Zm$
���� �	&�) 
#�
��/* � #���1402(� .  

�&7� ����W� RST� �� U,:�� O�!$ ��� ����;>� ��* =S$ 
�/&�� :�� 
��� 
� �$ �6�� ��? ���/* 
��4�� �/&;>� ��*CMIP6 

)CMIP6-MME ( �CMIP5 )CMIP5-MME ( �' @&�.&���&� =�
 M/� ��&�����  =�
 �i .��&� 
��> �'���
� �
!� � ��� ��a��
 
��� ���4���:�� �� M� �* �'#�� =�
 %��� �' ������P B
!T �' ��4�� ��* �*� O�!��=
�'  ����� 
� � ��� ���� #�� �$��*�	�

���� ����� ��� M�:�� �P��  �� =
�' ��*�� ��a�� �*�!� ..&���&� �' <��>� 
:�� �* #�� .&&I$ �� U, �Y6���� �� ���� ��&� ��*

                                                           
1 Quantile Mapping (QM) 
2 Non-Parametric Transformation 
3 Parametric Transformation 
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:�� �^��� ��:�� =�
 .�� 
� .�!� ��*GCM K��Z�� 
��W� %��� �' =
�' O�!�� �&7�
�� 
� ��� ���� �� ���, ~O�!�� ���� ��*
#�� �$��*�	��� �*���!�  
���� � ���!' R�8�)1384 =�
 .( n7i 
!�Y�J'�
� 3 �� �7��Z��!�.  

)3(  W� = ( 1∆P�)∑ ( 1∆P�)����  

) �J'�
 
�3 
(W�  � �^� �
!� ��� 
� :�� �* #��∆P�  K��Z��=
�' O�!�� �&7� ��� ������;' :�� �� M� �* O�!$ B�� ��*
GCM  �� ���, ~
�� 
�O�!�� =
�' ' #�� .��� �$��*�	���&7� ���' :�� �����!$ ����	� :�� �* ���' ���� ����� ���, ~
�� ���� .�  
  

��� ��/<�O 
������ 
��<N� ���  

���;/N 
�I6�J� .�� 
� �P��  GCM 
�&I� � 
!;&$ <������ O�!$ ����? ����� =�
 :�/N� �� U, ��� RST� ��*١TSS  �'���
� �
!�
 ���'� 
� 
�Y6 .�Q�� 
��><������ $&
!;2 ��'� �
��'�� �W� ���8 ;'�>&��*� 7�&����� :�� =
�'�*� CMIP6 :�� �'�*� CMIP5  
� 
!	�

#����  D&��$��<������ . $&
!; �'�!�� � h��P 
!i� �M 
��� �TS �  ��#�@&� ' n'�J$&.  �P�� GCM�$��*�	� ����W� � �*  �L�
�
���' � �*���' ����8� 
!i� �W���8 P�� ��*� 7�&����:�� ��/&;>� ��*  �'�����$��*�	� ��* � ���4���� �!� )Zhu and Yang, 

2020; Song et al., 2021(. �'�	� <������ .�� �M 7J> B�m�F� 
��!/�� � 
YP K��Z�� 
�
������� K��Z�� �� �� ���&���&. B�I'��  �
�G�9 ��87/*�  .&'P�� ��*� 7�&����� GCM  � ����W�$��*�	�� �	$&V ��� ��� )Taylor, 2001(.  �' �P!$ �' 
!;&$ <������

������ �
��� �&/� 
��? �J'�
 n7i ��� ��&�4 �� �� ��.��!� 

)4(  RMSE$ = SD�&'$ + SD)*+$ − 2SD�&'SD)*+R 

)5(  SD�&' = -1N /(X�&' − X�&'000000)$�
1��  

)6(  SD)*+ = -1N /(X1 − X2)$�
1��  

)7(  SD�&' = -1N /[(X1 − X2) − (X�&' − X�&'000000)]$�
1��  

)8(  R = (1 N5 ) ∑ (X1 − X2) − (X�&' − X�&'000000)�1�� SD�&'SD)*+  

 
}!Q O'��
 
�SD�&' 
SD)*+
 X�&' 
X�&'000000 
X1  �X2 �'���� 
�&I� K��Z�� 9&$�$���� 
�&I� K��Z�� 
�$��*�	� ��*�&7� ��* ����
���� .&���&� 
�$��*�	� ���� 
��W� 
����&7� ���� 
��W� 
�$��*�	� ��*���� .&���&� � ��� �����&7� ��* .���8* ��� ����N  ���I$

���� V� � �*RMSE  �R �' @&� ����	� 9&$�$� 
YP K��Z��&���&. B�I'�� �&7� � �$��*�	� ����W� ���87/* #�@&� ����� .���8* ��� 

����� 
� 
 
�&I�TSS ��'� �W���8 /�� 7� ���;/N&����� :�� =
�'�*� CMIP6 :�� �'�*� CMIP5 �
 �'� �7��Z� #���� .��  .��

�&I� �����!$  K��Z��
�&I� �G ��9 ��87/*� '&.  ����W�GCM�* �*�	� ��$� ��' �
� �
��'�� �@��� �I� ��9 ;'�>&� 7�&����:�� � ��*

��� ���4��� �/&;>� I$&&. ��� )Luo et al., 2021; Taylor, 2001(.  �7��Z� :!��Q 
�&I�TSS  �J'�
 
�9 .��� ��� ���� #�	�  

)9( S =  4(1 + R)6((SD)*+ SD�&'⁄ ) + (SD�&' SD)*+⁄ ))$(1 + R�89)6 

 
}!Q �J'�
 
�S  
�&I� 
��W�TSS � ��!' maxR  @&� 
��W� �u���H ���87/* 9��G'&. ���� ��*7�&����� GCM �*�	� � �$�.���   
  

                                                           
1 Taylor Skill Score 
2 Taylor Diagram 
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� � �
 ���+��*� A$&&B�� ����� ���� �� �&7����� GCM�*� ;Z$&V��� ��'� �
��'��  ���;/N�
���'  =
�' O�!$:���*� CMIP6 

 �CMIP5  
�W�&�%��* ����� ���� ��  
� #�����W���8 �
� ��'�� .���� W� 
�&%� �����
 �*!�6�� ����� P�� ��*� 7�&�����  O�!��
=
�' B�� ��
�  O�!$MME-CMIP6  �MME-CMIP5 ���Q�� 
��> �8��W� �
!� �$��*�	� =
�' O�!�� �' �P!$ �'. D*.&�?
 #�@&� 

�78� 9�
� 
�&I� B��&&A$1 '&. P�� ��*�  =
�':�� ���/* �* �f��, �� ����� ��� �L�
� BS, U��' 96�> 
� �$��*�	� ����W� �'.  
�
W�&%� ����� @&�
 A$&&B�� ;mQ � ���*�� 
��_���  .&'��P�� ��*� 7�&�����  =
�'O�!$ GCM�*�  ��� �'���
� �'���� �$��*�	� ��*

B��&&A$ #�@&� � ��Q�� 
��> ��
�' �
!� O�!�� �78� 9�
�  =
�'%�&W� 
�NSi� ��S&� ��
�$ �' �P!$ �' .�� �7��Z� 
!'@� ����� ��* B�
���� �� �* ���' ��� Y � � �$��*�	� ��*GCM 
VmQ� �$ %
��) 
��' �' �*��, 
(��!�� �$ .L�f) #��8'�$ 
(&�@  � (�7��!� �$ �7�����)


!Q �$ �7����) #��8����8W$ (&D .���� ��Q �7��Z� :!�78� 9�
� 
�&I� ) �J'�
 
�10.��� ��� ���� #�	� (  
)10(  RB = P)*+ − P�&'P�&' × 100 

 
}!Q �J'�
 
�RB ���� .&' �^� �� 
�&I� 
��W� #�/*�&7� � �$��*�	� ��* � ��!' ��� ����GCMP  �obsP �' @&����� 
��W� 9&$�$ ��*
�&7� O�!$ ��� ����GCM  #�	� �
 �$��*�	� ���.��*�  

  

 � T���� UG�  

������
  ��/<�O���
��<N� ��� �
� ���	 ����  

�&7� =
�' ����W� RST� �� U,:�� O�!$ ��� ����=�
 �F' 
� ��� �L�
� ����? ����� =�
 �� ���4��� �' �/&;>� ��*� 
����
 =S$�� :�� ���;/N �'���
� �� VT�H \���� 
�&I� � 
!;&$ 
��!/� M/� �' ���4��� �
!� ��*TSS  V�� .�!� �L�
�2  D&��$ 
!;&$ <������

�&7� ���*�� =
�' ���' ���:�� O�!$ ��� ���� ��*CMIP5  �CMIP6 �� #�	� �
 �$��*�	� ���*�� =
�' 
��� 
� V�� 
� .�*�2 

�&7� � �$��*�	� =
�' .&' �J  KS� � O�!$ ��� ����� 
YP K��Z��&���&. B�I'�� ��� ��� #���/� �4�' q!J  B
!T �'. 

  

 
 J/�2- V������ 5��3< !� ������ ��������?� W .��
  .���2005-1976 ��� ���� ���CMIP5  � (Y0 %�?)CMIP6 (%?�� %�?) 

Figure 2- Taylor diagram of simulated monthly precipitation over the period 1976-2005 for CMIP5 (left) and CMIP6 (right) model 
 

#�/*
!i V�� 
� ��2 �� ��*�	�:�� ��/N B�I'�� .&���&� 
YP K��Z�� � ���87/* #�@&� 
�!� ��*CMIP6  �' �78�CMIP5 

D��$ �6�H
� .���:�� �u�� 
�&I� K��Z�� 
�� �f��, �� ��� ���4��� ��*CMIP5 :�� �' �8��W� 
� ��*CMIP6 ���� 
�&I� K��Z�� �' ��*
M��@� �$��*�	�:�� �_�' �&;'�> ����&' r!G!� .�� �� ��� �$ ��*CMIP5  �' �78�CMIP6 �&7� 
� 
�&I� K��Z�� �
��� n7i� ���

 � ���87/* #�@&� ��*
�&I� �' �J'�
 
� ���� .�� �� ��!' =
�' �&A��� 
YP K��Z��&���&. B�I'�� :�� ���' ��*CMIP5  .�8&� }��T
:�� �������, V&6���* CMIP5 ��� ���� ���/� :�� �' �78� ��*CMIP6� � �!P� 
S K ���� �7�
� #�@&� � B�I'�� .&���&� 
YP 
�

                                                           
1 Relative Bias 
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 �� V8� .��:���* ��� �$��*�	� ����W� �' �8��W� 
� .:�� .&'�� 
��� �L�
� V�� �' �P!$ �' ��4�� ��*CMIP5  
��W� �� 
YP K��Z��
�&���&. B�I'�� #� :�� @P �' �*CanESM2  ��15  �6�20 �� �&&A$#� ���87/* #�@&� � ��� �� @&� �*29/0  �6�61/0  :�� 
��� �&A��

CMCC-CM  ��
��D��$.� � 
YP K��Z��&���&. B�I'��  ��&'�$:�� �� �F8� .�� ���' �Q�i �� .��� ���87/* #�@&� .���*  ���4���
 ���D��$.�  ��&'�$ �� �&l �' �$��*�	� ����W� 
�&I� K��Z�� �' KS� � #�@&� .�CMIP5-MME �':�� �' n;I�� 9&$�$��* EC-

EARTH  �CanESM2 :�� �' �J'�
 
� .���8* ��4�� ��*CMIP6 :�� ��/N ����/* @&� ��*CMIP5  
��W�� 
YP K��Z��&���&. 
B�I'�� #� .&'�� �*15  �6�20  ���87/* #�@&� ��
�� � ��!' �&A��42/0  �6�63/0  �� ���8*D��$.�  #�@&�� 
YP K��Z��&���&. B�I'�� 

 ��&'�$:�� �� �F8� .�� 
� ���87/* .� :�� �' n;I�� �*BCC-CSM2-MR  .���D��$.�  ��&'�$ 
�&I� K��Z�� �' KS� � .�
 �� �&l �' �$��*�	� ����W�CMIP6-MME :�� �� V8� .�� ���'�' @&� �*:�� �' q!'�� 9&$�$ ��*ACCESS-CM2  �GFDL-ESM4 

:�� �� V8� �� �* ���/* .���8*:�� �' �78� �* K��Z�� � 
�&I� K��Z�� 
_�' ���87/* #�@&� �� ��4�� ��*� 
YP&���&. B�I'�� �D�$ �
:�� .�� �_�' �&;'�> �' �6_� � ��
��
! �'�&7� 
� �*.��
�� #���� 
� =
�' �&A�� ���� ��87/* #�@&� D� 
��W� :!;I� 
��� ��t #���� �

 
��W� #�!' ���� �� 
YP K��Z��&���&. B�I'�� :�� �� �* ���' ��� ���4��� ��*CMIP �&7� ����W� �'���
� �;N �' �$��*�	� � ��� ����
.��� ���*�� ����� %�&W� 
�  

/*#�
!i=�
 �F' 
� �� 
�&I� 

!;&$ <������ 
��� 
� 
�� �
��� �*�+, �����TSS :�� 
� �*�&7����� =
�'  ���*�� #���� 
�
 �L�
��� :�� �� M� �* ���;/N �'���
� �� VT�H \���� �� V�� 
� 
!�Y� 
�&I� �Z$ �*3  .��� ��� ���� ���/�� n7i�. I�&
�  �?�*

�' 
��W���' ���� ���� :���*� �@� ���4��� �
!��M  �'�M ;'�> ����	� ���'&� _�'� 7�&���� GCM  .��� =
�' �&A�� ���'#�/*
!i ��
 V�� 
�3 �� ��*�	�:�� ��/N 
�!� ��*CMIP6 �':�� 
��? @P ACCESS-ESM1-5 
CMCC-ESM2 
INM-CM4-8  �

MIROC6  ��
�� �;7> �F8� 
� �!  ���/* �' �78�TSS �&'�' 
���8* ��$�
!i 
�&I� O�!�� ��TSS :�� ���' ��*CMIP5 

54/0 :�� ���' 
��W� .�� � ��*CMIP6  �' �'��'59/0 :�� ���' .��� ��*CMIP5  B��&&A$ ���'TSS  ��36/0  �6�89/0  �� ��!' �&A��
 :��CanESM2  ��
��D��$.�  
��W�TSS )47/0 :�� � (CMIP5-MME  ��
���&'�$ 
��W� .�TSS )89/0�&7� 
� ( =
�' ����

:�� �' �J'�
 
� .���8* #���� ���' ��*CMIP6  B��&&A$ @&�TSS � �02/0  �6�94/0 :�� .�� .&' �� �� ��!' �&A�� :�� 
�*CMIP6-

MME  ��
���&'�$ 
��W� .�TSS )94/0 :�� � (INM-CM4-8 )02/0 ��
�� (D��$.�  
��W�TSS �' .���8*
!i ���/$ .&' �� 
�;�
:�� �f��, �� �* �� ��� ���4��� ��*CMIP
 :�� ���/* ��*CMIP6  :�� �INM-CM4-8  ��CMIP6 �' ��
�� 9&$�$�&'�$ � .�
D��$.� �&7� 
� �&;'�>.�Q�� �^� 
� #��' .���8* #���� ���' =
�' �&A�� ���� :�� �� V8� �* ���/*:�� 
�*D* ���* #!?CMCC-

CM  ��CMIP5  �BCC-CSM2-MR  ��CMIP6 :�� ���� �' �78��&7� �&;'�> �� �*� �F' .�� �� ��
��
! �' ����' ������ � �' \��
 O�!$ ��� <�a�� B�I6�J� �' n'�J� 9&$�$Abbasian et al. (2018)  �Zabihi and Ahmadi (2024) .��� 

 

  
 J/�3.  �����TSS !� ������ ��������?� W .��
  .���2005-1976 %G5 ����� �� ������ CMIP6 )
��(  �CMIP5 )[��N(  

Figure 3. Taylor skill scores of simulated monthly precipitation during the period 1976-2005 in Iran under CMIP6 (blue) and 
CMIP5 (red) models 
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1976 to 2005 
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Figure 5- Spatial distribution of simulated precipitation relative bias by CMIP5-MME and CMIP6-MME compared to observed 

values alongside box plot of precipitation relative bias for both versions of the models used 
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Figure 6- Time series of annual average precipitation of observational and simulated values by CMIP5 and CMIP6 models along 
with their relative bias 
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Figure 7- Observed and simulated monthly average precipitation by climate models along with their relative bias 
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Figure 8- Simulated average precipitation in spring, summer, autumn and winter by climate models and the relative bias of each 

model in simulating precipitation for the evaluated seasons 
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Figure 9- Monthly average simulated precipitation for the periods 2026-2050 (left) and 2075-2099 (right), under the SSP1.26 and 

SSP5.85 scenarios, compared to baseline observed precipitation 
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