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Abstract 
Climate change has many impacts on all environmental processes and society. In this study, three models selected from Coupled Model 
Intercomparison Project Phase 6 (CMIP6) including ACCESS-CM2, HadGEM3-GC31-LL, and NESM3 are validated. The best model (i.e. 
ACCESS-CM2) is selected to simulate the climatic parameters of the Sari Station using the latest emission scenarios called “shared socioeconomic 
pathways (SSP).” The LARS-WG is adopted for downscaling, and two emission scenarios SSP2-4.5 and SSP5-8.5 are used for two periods 2041-
2060 and 2081-2100, respectively. Several statistical tests are conducted including F-test, T-student, Kolomogrov-Smirnov, coefficient of 
determination (R2), and root mean square error (RMSE) to validate the LARS-WG model. The verification results indicate the efficiency of the  
LARS-WG model. The Man-Kendal and Sen’s slope tests are adopted to determine the trend of climatic observational parameters. In general, the 
results show that the average temperature change increases in the range of 1.16-4.09 °C and also the average annual rainfall increases by 24-36 
percent. The Sen’s slope results in terms of maximum and minimum temperatures show an ascending trend in this parameter, but it is descending in 
the rainfall. Since long-term climate change is one of the factors affecting groundwater and surface resources, it is necessary to develop proper 
management strategies for the future, preserving ecosystems, and adapting humans to these changes. 
 
Keywords: Downscaling, Emission Scenario, LARS-WG, SSP. 
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Figure 1. Study area 
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� $, .�5 �,�:�*� �$�* ��D��
�H0  N,��

�,�, $, �� $ ?�1 
	"� !� ~��   ��H1 N�4� ��	�, �

�,�, $, �� $ ,�# ��* ��� �&�   )*� 
���� ���

 $��F�Z  �&�   �,�"6 �� $ �D���� �5�� )@^�Z  
:	�

 ,�� ����< 
����� �������$�A 
. G� �� $ �D���� �5��

(Mann, 1945; Bagherpour et al., 2017) ,�#  ���� .

) !/��$ �
�� �$�,�	"� �� $1.�5�� $����� (  

)1(  |�| � ��2  

 !.,�"� -
� $,�  -
� $, !; �,�� �$�,�	"� f/* N���

 f/*  , $, Z� bA95    �6$,99  ��5 
*$�� �6$,

 �
,�F�   )*��  f/*  , �� ����!� 7����  �����05/0   

01/0  ���� !; )*�96/1=95%Z   ����  57/2=99%Z 


� !@*��� �5�� $����� [�� !/��$ �&� )
�P� $, .,�5

 ~��   �,�� �� $ ,�#  �D����H1  $, .)*� ��@� ,$��

-
� ��h ,�, �$�6�   ,�@� �� $ ��$�, ��5 
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���� �$ , ����

2019-2000 7�5 �� $ N�G�� 0(Q)  -
� ��������

g
����$�A�� \ $ �� �,�:�*� �� Z� bA Slope  Sen’s 
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,����-�"� ��
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0� ��
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�����
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�6�CMIP6  !* !� �*�A���* 
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 �������BC ���  ���
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!
[ ��"� .)*� ��� ?��� $, �,��1 ���  ���CMIP6 

��� !� )@��  ���CMIP5  !���
 ,�@P� -
� �� 
`
 !;

!�@5 0Z
�G�� ��
�G� i��, ���*    )*� �:*�����*� $, ��

3� -�	T  \���& ��5 
*$�� ��	
C ����
$�	* ,��"�

Q��� 
P#�� .)*� !���
 !��O� �
�# ����
$�	*  $, ��5

CMIP6  Q��5SSP1-1.9 0SSP4-3.4   SSP3-7.0  �,��

�
$�	* $�PT !;� SSP1-2.6 0SSP2-4.5 0SSP4-6.0   

SSP5-8.5 !� G��  ����
$�	* ��5� $RCP2.6 0RCP4.5 0

RCP6.0   RCP8.5  $, ,�#��CMIP5 )*� )Su et al., 

2020; Gupta et al., 2020( ,��� �� ����� !".�/� -
� $, .
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 �� Z� bA ,  !��	����   �*��� �R �
$�	*�! 7���� 

SSP2-4.5   SSP5-8.5 ) � �# $, !; �5 �,�:�*�2 (


&b
  NC ���  �� Z� bA $, .)*� ��5 N��� $�>�<� !�

)�6 )P# �O�R��� Q���R   �^;��R ��, 
2	* ���

B�V���  ��5CMIP6 ) ��� $ i@W2   3  7
�O �� (

) -��"�(R
2 ) �/< ��"��� -�D���� !4
$  (RMSE 

 \$�� ����   �,�:�*�)�6 S
��� �� 
2	*RMSE   

RSME  .�5 �,�:�*� ��5 f��>�RSME f��>�  $, ��5

) !/��$ i@W 
Rl6� 7
�O g
4 �|*   ��5 B�O (

�$�5� ��� $ .�5 ����< !@*���  �
� t�5 !� [�� $, ��5

) )*�Salehnia, 2016:(  

)2(  �� � ∑ 
�� 
 ���. 
�� 
 �������∑ 
�� 
 ����. ∑ 
�� 
 ������������  

)3(  ���� � �∑ 
�� 
 �������� �  

)4(  ������ � ��   �!"
��   �#$%&'( 

 [�� ��� $ $,��   �� !� 7���� !�@5 �
,�F�  ���*

N ��    �,�� 
�����4�   ��� ,�,�  �,�, ,��"� ���

 .)*� �, $ 3� -�	T  ��   �� !� 7���� �,�, -�D���� -

N ��   
�����4� ���  .)*� ��� ,�,��    *+, Q��5 -�D���� 

�,�,���  !����� \$��
��D��
�   ��    *-��.�/ Q��5 

-�D���� �,�,��� \$�� !����� ��� 
��5�� . $�c	� -
� !�

�,�,�$ , ���  !; ��� !* �� !
�A!� N��	1  
V
$�� �,�,


� �,�� ?�� 3��,�, �� 0���5 ��� ,$�� 
�����4� !
�A

.)��& $��� 
*$��  

  

Table 1. List of CMIP6 models that have been used in this study (Priestley et al., 2020) 

Simulated 

scenarios Processing Resolution Institution Model name 

SSP2-4.5 

SSP5-8.5 
r1i1p1f1 192*145 CSIRO-ARCCSS; Commonwealth Scientific and Industrial Research 

Organization, and Bureau of Meteorology (Australia) 
ACCESS-CM2 

SSP2-4.5 

SSP5-8.5 
r1i1p1f1 192*144 MOHC; Met Office Hadley Center, United Kingdom 

HadGEM3-

GC31-LL 

SSP2-4.5 

SSP5-8.5 
r1i1p1f1 192*96 

NUIST; Nanjing University of Information Science and Technology, 

China 
NESM3 

  

Table 2. Summary of assumptions regarding demographic and human development elements of SSP2 and SSP5 

(O’Neill et al., 2017) 

SSP5 SSP2 SSP element 
  Technology 
Rapid Medium, uneven  Development 
High Medium Carbon intensity 
Directed toward fossil fuels; alternative sources 

not actively pursued 
Some investment in renewables but 

continued reliance on fossil fuels Energy tech change 
  Economy & lifestyle 
High Medium, uneven Growth (per capita) 
Strongly globalized, increasingly connected Semi-open globalized economy Globalization 
Materialism, status consumption, tourism, 

mobility, meat-rich diets 
Material-intensive consumption, 

medium meat consumption Consumption & Diet 
  Policies & institutions 
Effective in pursuit of development goals, more 

limited for envt. goals Relatively weak International Cooperation 

Focus on local environment with obvious 

benefits to well-being, little concern with global 

problems 

Concern for local pollutants but only 

moderate success in implementation Environmental Policy 

Toward development, free markets, human 

capita Weak focus on sustainability Policy orientation 
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1����2)� ����  

 $,3���* )P# ,�`
 $ -
�	T 
`
{�. $��� ���

3���� 
��
�$�Z�A 
��P# ���   ��5 
	��!� $�c	� 

E��F�G
$ !� s��V� 
����� ����
$�	* ���* !���& $�;

��5 Z� bA $, .���Murphy (1998)  j�O�� -
� !�

E��F�G
$ !; )*� ��5 �$�5�
� ���* ZV�  , !� �����

,�5 3��F� 
�6�� 
`���	
,  .
`����*�  3� -�	T 

\ $ E��F�G
$ ���  ��� �
$�	* -
�	T !
�A �� ���*

   �# 
���1 \,�&�(�� -�� � �.�  3���� �����IPCC 


� .�5��GCM 
�6� �{ �A $, !; )*� �$�G�� -
��

��'(� -
� .,$�, ,��$�; ��	
C 3���� � $ �� $�4��� ��

 E��F� $, �$ ��1lW�500-100 
 ���� �������; g


�[�W   !����� -�D���� �� 
���� E��F�   !`@5 ������ ��


� !z�$�E��F�G
$ \ $ �� .��, !� ���� ���* -

)*,  .)*� ��5 �,�:�*� ��D��
� �� �@��� ��1lW� N,$ C

!".�/� $, Majumder & Roy (2016)    )*� ��5 �$�5�

 !;IPCC 
� !z�$� �$ 3���� ����� s��V� ����
$�	* ��,

�  
� \l��
�A $, �$ ������� -
� !2��� �	; ���

Z�A �@��� 
"�@W s��V� ���
$�	* -
� !
�A .�	; 
	��

   )�"�# 0-��� ���$�; ������� 0
&,�.C E�*�����'(� 

 �������BC ���  )�.�"� -
� �� ��� .)*� ��LARS-

WG  ��.�� ���� !; )*� 
�,�>� 
*�	5��� �.�� g


�,�, ��* g
 �������	��  $, 
*�	5��� ,  �$ ,

)2060 -2041)   (2100-2081  �,�:�*� (�5 �� � l1 .

 !".�/� ���� -
���'(�  .)*� ��5 
R��W 
����� �������

3� -�	T  $��� Z
���C ,$�� N�P# s��V� iW�	� ����


� N�4� S
���   !���& )*� $,�� ��� -
� !; ��,

 �������$�ABC ��� *�	� )�, �� �$ 

!�@5 
@.�	; ���*  

�
$�	* )<�* �����  3���� �����AOGCM
7  ��

) ��., Q��1 ����� \ $DCF  \ $ -
� $, .�5 �,�:�*� (

�$ , \$�� )@��   Q���R   �^;��R ���, xl�<� ���

) ��� $ i@W �c��� !F/	� ��� !
�A   ��	
C5(0 )6(   )7 (


� !@*��� ) !
�A �$ , Z� bA -
� $, !; ,�52019 -

2000) Q��5 ��	
C �$ ,   (2060-2041)   (2100 -

2081  )*� ((Semenov & Barrow, 1997).  

)5(  ∆�� � � 123,567,�/� 123,9:!',� 
)6(  ∆;�,3�� � ; 3��
123,567,��<; 3��
123,9:!',�� 
)7(  ∆;�,3:( � ; 3:(
123,567,��<; 3:(
123,9:!',�� 

 0[�� ��� $ $,∆�� 0∆;�,3��   ∆;�,3:( !� 7����

 �^;��R ���,   Q���R ���, 0\$�� 3��������� ����
$�	*

 .�	��� ��� �� ����� 123,567,�  )��� !����� -�D����

!�@5 \$�� ��*���* ��� �*�� ��5 ���AOGCM 

 
�C �$ , Z� bA -
� $,) �,�� ��	
C �$ , ����2060 -

2041   2100-2081    ()*�� 123,9:!',�  -�D����

 !�����19 !�@5 \$�� ��*���* ��� �*�� ��5 ���

AOGCM  �$ , !".�/� -
� $, !;) �,�� !
�A �$ , ����

 !
�A2019-2000  ���, ���� ��5 �;m ����O�� .()*�

��R   Q���R
� f��6 G�� �^; .�5��  

  

 ,�� �*�)	�LARS-WG   

 ��� -
���
�# �� !".�/� -
� $,LARS-WG6  ��5 �,�:�*�
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*�	5���   BC �.�� g
 N��	1 -
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��� 
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��� ��� 
��2�

!�@5 .�	; ���* �� ����� ?��&����� g
 �� ��� -
�23  ����

 \$�� 0g4<   �� ���� $ ��W _
��� s�6�� ����


� �,�:�*� ��, Q���R   ��, �^;��R 0!��� $ �	;(Semenov 

& Barrow, 1997)�,�, .!� ��5��.�� 
����� ���  �$�6

_
��� �� 
�,�>� �
,�F�!��� ���  ��5 ��.�� !W���� 
��2�
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� $, .)*� 
����� ��
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���C )P# ��$�,��� !�
�F� 
2	*
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3&4,�� .5��  

 
W�	
��� )�6 �������$�A ���V�*� �� � l1 
2	*


&b
  0�$��C�,�, �$��C ���
����� ���    ��5��.��

����4�  )P# !	�4�� ���,   !	��; ���, 0\$�� ��c� ��5
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*$�� ,$��
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2	*

\ $�� �$��C ��� @�Q�  F-test 0t-student   

Kolomogrov-Smirnov 
� Q
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 �^;��R �� !����� -�D���� 0!����� \$�� -�D���� ,$�� !* $,

 )@�� !��� $ ���, Q���R �� !����� -�D����   !��� $ ���,

3� .�5 ?�2�� 0��$�, �$�,�	"� � �:� �D
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�4� ��* �� \$�� !����� ���
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*$�� )P# ��� -
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0!".�/�,$�� !F/	� $, 
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NESM3 0HadGEM3-GC31-LL   ACCESS-CM2 

�,�, !� )@��
�����4� ���  -��"� 7
�O $��"�  , ��R�   

 ��/<RMSE    0Q���R   �^;��R ���, �������$�A ����

 ��/< \$�� ����$�A ����RMSE   RMSE  ��5 f��>�

 $, ��5 !z�$� S
��� !� !#�� �� .)��& $��� 
��
�$� ,$��

) � �#3 ��� 0(ACCESS-CM2    Q���R ���, $,

3; ��$�, �^;��R  -
��RMSE 3�   �,�� 	T -� \$�� ����

 ���ACCESS-CM2  -
��P� �$��C N���C  , �� $,

 ���� ��� -
� ��	����� �� 
;�R   ,$�, �$ ,�`��1

!�@5 !� ��� -
� -
����	� .)*� �c�,$�� !F/	� ���*  Q�.,

��� !� )@�� ��P� ,�`��1 ������� 
*$�� )P# 0�D
, ���

BC !��,� $, 

���   .�5 B�V��� Z� bA QR���  

  
Table 3. Statistical comparison of AOGCM models to select the best model 

Models AOGCM Statistical test 
Maximum temperature  

NESM3 HadGEM3-GC31-LL ACCESS-CM2 
0.98 0.96 0.97 >? 
5.19 6.32 4.09 RMSE (°C) 

Minimum temperature 
 

NESM3 HadGEM3-GC31-LL ACCESS-CM2  
0.98 0.95 0.98 >? 
5.75 8.38 5.55 RMSE (°C) 

precipitation 
 

NESM3 HadGEM3-GC31-LL ACCESS-CM2  
10.42 24.94 8.62 RMSE (mm) 
2.70 2.51 2.29 RMSE Corrected (mm)  
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3&4 .5��LARS-WG 
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Table 4. K-S test daily distribution of observational and simulated data 

Precipitation Maximum temperature Minimum temperature 
Month 

P-value K-S Evaluation P-value K-S Evaluation P-value K-S Evaluation 
0.673 0.204 * 0.999 0.106 * 1.000 0.053 * January 
1.000 0.048 * 1.000 0.053 * 0.999 0.105 * February 
1.000 0.080 * 1.000 0.053 * 1.000 0.053 * march 
1.000 0.059 * 1.000 0.000 * 1.000 0.053 * April 
1.000 0.063 * 1.000 0.053 * 1.000 0.053 * May 
0.999 0.104 * 0.999 0.106 * 0.999 0.105 * June 
1.000 0.045 * 1.000 0.053 * 1.000 0.053 * July 
1.000 0.050 * 0.999 0.106 * 1.000 0.053 * August 
1.000 0.029 * 1.000 0.053 * 0.999 0.105 * September 
1.000 0.052 * 1.000 0.053 * 0.999 0.106 * October 
1.000 0.072 * 1.000 0.053 * 1.000 0.053 * November 
1.000 0.077 * 1.000 0.053 * 1.000 0.053 * December 

: not statistically significant 
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Table 5. Values of Mann-Kendall and Sen’s slope tests in the analysis of climatic observational data in the period 

(2000-2019) 
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 Month 

0.045 0.067 -0.054 -0.042 0.088 0.094 0.113 0.194 0.202 -0.029 0.017 -0.086 0.067 Q 

Maximum temperature 2.04 -0.75 -0.81 -0.49 1.33 1.27 1.91 3.08 3.54 -0.29 0.23 -1.20 1.59 Z 

** * * * * * * *** *** * * * * Trend 
0.017 0.019 -0.051 -0.04 0.008 0.008 0.097 0.111 0.126 -0.03 0.037 0.016 0.049 Q 

Minimum temperature 1.46 0.29 -0.88 -0.55 0.16 0.29 2.76 2.43 3.15 -0.62 0.75 0.32 1.01 Z 
* * * * * * *** ** *** * * * * Trend 

-4.919 -2.186 -5.373 1.439 -0.066 -0.297 0.573 -0.965 -2.986 1.054 0.343 0.994 1.977 Q 

precipitation -0.49 -1.72 -1.46 0.68 0.01 -0.71 1.07 -1.27 -3.73 0.94 0.16 0.55 1.14 Z 
* * * * * * * * *** * * * * Trend 

: No trend            : significant trend at 95 percent       : significant trend at 99 percent 
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Table 6. Comparison of average monthly maximum and minimum temperature changes in the future under SSP2-4.5 

scenario (° C) 
Minimum temperature  Maximum temperature   

ACCESS-CM2 Base period 
2000-2019 

ACCESS-CM2 Base period 
2000-2019 Month 

2081-2100 2041-2060 2081-2100 2041-2060 
5.74 5.00 3.77 15.53 14.80 13.66 January 

6.66 5.70 4.55 15.86 14.90 13.71 February 
10.27 8.90 7.61 19.48 18.08 17.21 march 

14.29 12.98 11.32 24.49 23.18 21.05 April 

19.14 17.82 16.70 28.57 27.27 26.32 May 
23.23 21.78 20.97 32.23 30.78 30.09 June 

25.98 24.59 23.35 34.66 33.33 32.06 July 

25.94 24.78 23.42 35.20 33.95 33.08 August 
23.61 22.23 20.89 32.15 30.79 29.82 September 

17.99 16.89 15.59 27.41 26.34 25.14 October 

12.06 11.11 9.44 21.57 20.62 19.05 November 
7.85 6.86 5.40 17.39 16.42 15.09 December 

  
Table 7. Comparison of average monthly changes in future precipitation under SSP2-4.5 scenario (mm) 

ACCESS-CM2 Base period 
2000-2019 Month 

2081-2100 2041-2060 
105.12 100.76 71.31 January 
94.65 91.67 67.54 February 

121.73 123.90 82.95 march 
53.13 55.82 47.17 April 
33.61 36.53 29.05 May 
36.69 38.48 26.54 June 
29.61 31.50 26.21 July 
60.38 70.09 33.84 August 
56.01 59.01 64.63 September 

111.52 99.63 107.80 October 
124.94 131.48 114.10 November 
112.01 116.56 79.97 December 

  

 
Figure 2. Comparison of monthly precipitation of Sari station based on SSP2-4.5 scenario in two periods 
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Table 8. Comparison of average monthly maximum and minimum temperature changes in the future under SSP5-

8.5 scenario (° C) 
Minimum temperature 

 

Maximum temperature   

ACCESS-CM2 
Base period 2000-2019 

ACCESS-CM2 
Base period 2000-2019 Month 

2081-2100 2041-2060 2081-2100 2041-2060 
7.70 5.11 3.77 17.50 14.91 13.66 January 

8.40 5.94 4.55 17.59 15.14 13.71 February 
11.45 9.41 7.61 20.63 18.62 17.21 march 

15.44 13.48 11.32 25.66 23.69 21.05 April 

20.55 18.35 16.70 30.00 27.78 26.32 May 
24.59 22.47 20.97 33.60 31.47 30.09 June 

27.55 25.48 23.35 36.33 34.20 32.06 July 

28.13 25.73 23.42 37.29 34.89 33.08 August 
25.63 23.10 20.89 34.18 31.66 29.82 September 

20.07 17.70 15.59 29.53 27.15 25.14 October 

14.26 11.94 9.44 23.77 21.41 19.05 November 
9.90 7.38 5.40 19.45 16.93 15.09 December 

  
Table 9. Comparison of average monthly changes in future precipitation under SSP5-8.5 scenario (mm) 

ACCESS-CM2 Base period 
2000-2019 Month 

2041-2060 2081-2100 
84/105 22/114 71.31 January 
02/93 74/106 67.54 February 

98/119 90/147 82.95 march 
49/52 34/63 47.17 April 
25/32 25/37 29.05 May 
18/33 17/41 26.54 June 
68/26 90/32 26.21 July 
04/60 55/61 33.84 August 
46/58 12/52 64.63 September 

95/115 23/103 107.80 October 
41/133 26/143 114.10 November 
59/119 33/125 79.97 December 
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Figure 3. Comparison of monthly precipitation of Sari station based on SSP5-8.5 scenario in two periods 
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