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Abstract 
Groundwater is the most valuable water resources in any region and in many arid and semi-arid regions of the world, such as Iran, is the main source 
for drinking and agricultural needs. In recent years, with the increase in population and as a result of increasing withdrawals from aquifers and climate 
change, many of aquifers are in poor condition, and these conditions continue or are deteriorating. In this regard, regular monitoring of aquifers is 
always very important and by making appropriate management decisions, it is possible to prevent more damage to aquifers and reduce the damage. 
The purpose of this study is to determine the droughts of the future and to determine its impact on the aquifer of Shahrekord plain. In this study, using 
the output of CMIP6 models, climatic variables such as rainfall and temperature for the next period are simulated and the rainfall situation in the 
region until 2100 has been determined. Then, using the ANFIS model, groundwater depth in five selected piezometers in the plain is predicted by 
2050. According to the results of this study, the aquifer condiotion of Shahrekord plain has been determined by 2050 and it has been determined that 
in some parts of Shahrekord plain, the groundwater depth will increase to 26 meters. Due to possible changes in the future in order to prevent the 
situation from deteriorating and increasing the damage, appropriate management decisions must be made in this regard. 
 
Keywords: ANFIS, GRI, Precipitation, SPI, Temperature. 
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Table 1. SPI and GRI classification 
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Figure 1. ANFIS structure derived from two inputs-one output first-order Sugeno FIS 
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Figure 2. Study area, rain gauge station and piezometers 
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Table 2. Annual and seasonal precipitation (base period) 
Average precipitation in rain gauge (mm) 

Autumn Winter Spring Summer Yearly 
91.42 133.19 75.34 1.79 296.15 
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Figure 3. Average annual rainfall with 3, 5 and 7 year moving average (base period) 

  

  
Figure 4. SPI in 3, 6 and 12-month scale (base period) 
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Table 3. Annual and seasonal maximum and 

minimum temperature (base period) 
 Average temperature (c) 

 Autumn Winter Spring Summer Yearly 
Tmin 1.61 -5.94 3.74 11.12 2.63 

Tmax 19.58 7.71 20.55 31.99 19.96 
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Table 4. Location of selected piezometers in 

Shahrekord plain 
Selected piezometers 

Piezometer ID Name Lon Lat 

1 Nafech-Pirbaloot 50.74218 32.41652 

2 No abad 50.82319 32.21293 

3 Shams abad 50.84243 32.16127 
4 Shooranbche 50.96821 32.2413 

5 Boroujen-Esfahan 51.0026 32.28729 

  

-��� ��() \�" �� �.5 �� ��:8� ,4=� Z?%� (

���� �h
��
 ���%� �:�#7�E W	E -� �h�� #  )���� ��

�� ���%� ��#� �� ���:�#7�E ����! �� .�	"��  
�  �.

 ��� ��= �� -��?�� �� 4"����71-1370  �!97-1396 

4=� �:8�
 �#7� # �:"�� �%��. )��#�,  Z?%� ���

 �. 4=�D� -�	L  # �:"�� )�!�� �
bB! \���� �� 4"����

 ��" ���	� �� �	����
� �� '�U 6
�78� K5= ���  ���

 Z&�" .4=�SPI  i���� ��12  �. ��� -�%� ����

��H�( #  
�!�
�"   
�!$%& �<�=  ��#� �( ���	� ��

78-1377  �!81-1380 4=� ���� e�,   ��� �.

$%& �<�= ��P3! �� '�U 6
�78� �� �� ��&  �	����
�

  ��� �� ���	� �� �	����
� �� '�U # 4=� ���� -�%�

 ��#��� A�"  �! ���:�#7�E # 4=� �:8�
 6
�78�29  �:�

�� -�%� �� 6
�78�  .�	��D�  �	L ) \�" ��6 Z&�" (

$%& �<�= ) �	����
� �� �5	�GRI .4=� ���� -�%� (  

  

  
Figure 5. Groundwater depth in five selected piezometers in Shahrekord plain (base period) 

  



���$% &��'()� ��#�* &��'+, -.
/ &��*+0 �12 &�30$# 3.* �3)# �	
�� �4'3��
 

  

 ����12 �  ���	
2 � ���
��� 1401 

336

  

-���  �#�	! ���:�#7�E ,4=� Z?%� �.��(

$%& �� -�%� ���	� �� �� �<�= �! # �<�=  Nc&��) �	��

 Z&�"SPI Z&�" �Q	� �
���� ,GRI -�%�  �<�=�! ��	��

-�%� 45y� �
���� # $%& ��	�� .(4=� �<�=  

  
)�� /#
01 ���34 ��"5 (
�  

�� ��/	� �=��� $%& �<�= # ��P3! ���B!   
� �� D�*@�

��� W
�:� �� 6�#ME  )��CMIP6 # #� �
��	=) 
��7O 

D%" ���B! D�*@� �. �� K�.�! �
��	=) SSP1 �� RCP2.6 

# SSP5 �� RCP8.5 Q:=���� ��" 4=�. �� ��/	�   ��;!

) $
�7� ��#� #� �( -��
� 
��� A����B!2050-2022 (

) �#� ��#� #2100-2051 Z&�" �5=�2� ,-��
� �� (

SPI   ��;! #��P3!  �! ��.�0" 4"� -��?�� �� D�*@� ���B!

 ��=2050 ��� W
�:� ��  )��GCM  �� .4=� ��" ���Q:=�

 �:=��  ����� ��/	�  ���*�U ���
���10  ���*@� ���

���Q:=����� ��5" �� �.  4"� �� ��	
� ��#� )��=

 ��.�0"���Q:=����� ���@ �:8�O  �#�1) ���5 ��
��� �� ,(

Z&�" W
�:�  �<��:� $%& )���#� ��/� ���*@� )��

)CDD) ����#� A�" ���= �
��� ,(SDII 
��� �y.��F ,(


$ ��#� )Rx1Day
��� �� ���#� # (   �h	=

)Rx10mm��� �?
��! ��#� # �!����%� ��#� )��� (  ��

�5!� W
�:� �. �" ���Q:=� ��� )�	�  �� $
 �� �� ��

Z&�"  )��t�� ���� ) �#�1 �� ��"6 ��" Z?%� (

.4=�  

  

  
Figure 6. GRI in 12-month scale for five selected piezometers (base period) 
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Table 5. CMIP6 models 

Institute Country Model ID 
Commonwealth Scientific and Industrial Research Organization Australia ACCESS-CM2 1 
Beijing Climate Center Ocean–atmosphere Coupled Model China BCC-CSM2-MR 2 

Canadian Earth System Model Canada CanESM5 3 

The Whole Atmosphere Community Climate Model with thermosphere and ionosphere extension USA CESM2-WACCM 4 
Flexible Global Ocean-Atmosphere-Land System China FGOALS-f3-L 5 

National Oceanic and Atmospheric Administration, Geophysical Fluid Dynamics Laboratory USA GFDL-ESM4 6 

third Hadley Centre Global Environment Model in the Global Coupled configuration UK HadGEM3-GC31-MM 7 
Indian Institute of Tropical Meteorology ESM India IITM-ESM 8 

National Institute of Meteorological Sciences/Korea Meteorological Administration South Korea KACE-1-0-G 9 

Korea Institute of Ocean Science and Technology South Korea KIOST-ESM 10 

  
Table 6. Ranking of CMIP6 models in basic period simulation 

Ranking of CMIP6 models in terms of performance 
Rank Model IA Model RMSE Model BIAS 

1 GFDL-ESM4 0.51 GFDL-ESM4 0.41 IITM-ESM 32.01 

2 CanESM5 0.41 ACCESS-CM2 0.41 GFDL-ESM4 33.30 
3 FGOALS-g3 0.35 IITM-ESM 0.43 ACCESS-CM2 33.70 

4 ACCESS-CM2 0.35 CESM2-WACCM 0.46 CESM2-WACCM 36.03 

5 BCC-ESM1 0.32 BCC-ESM1 0.50 BCC-ESM1 39.57 
6 IITM-ESM 0.31 KACE-1-0-G 0.53 KACE-1-0-G 42.43 

7 KIOST-ESM 0.31 HadGEM3-GC31-MM 0.58 HadGEM3-GC31-MM 47.88 

8 HadGEM3-GC31-MM 0.31 CanESM5 0.59 CanESM5 48.78 
9 KACE-1-0-G 0.28 FGOALS-g3 0.61 FGOALS-g3 54.19 

10 CESM2-WACCM 0.23 KIOST-ESM 0.73 KIOST-ESM 65.28 
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Figure 7. ANFIS model structure in groundwater depth prediction 

 
Table 7. ANFIS performance in train and test period 

ANFIS Results 

Piezometer Name Piezometer ID 
TRAIN TEST 

R2 RMSE MSE R2 RMSE MSE 

Nafech-Pirbaloot 1 0.99 0.43 0.19 0.95 2.48 6.17 

No abad 2 0.83 0.32 0.1 0.61 0.65 0.42 

Shams abad 3 0.81 0.3 0.09 0.43 0.45 0.21 
Shooranbche 4 0.85 1.16 1.36 0.76 2.17 4.7 

Boroujen-Esfahan 5 0.99 0.28 0.08 0.92 1.53 3.2 
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Figure 8. Time series generated by ANFIS model in the base period 
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Table 8. Annual and seasonal precipitation under 

climate change (SSP1-2.6 and SSP5-8.5) until 2100 
Average precipitation in rain gauge (mm) 

 
Autumn Winter Spring Summer Yearly 

SSP1-2.6 89.96 118.18 91.89 1.03 301.05 

SSP5-8.5 88.84 111.06 74.06 0.85 274.81 

  

  
Figure 9. Annual precipitation in Shahrekord under SSP1-2.6 and SSP5-8.5 until 2100 

  

 
Figure 10. SPI in 3, 6 and 12-month scale (SSP1-2.6) 
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Figure 11. SPI in 3, 6 and 12-month scale (SSP5-8.5) 
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Table 9. Annual and seasonal temperature under 

climate change (SSP1-2.6 and SSP5-8.5) until 2100 

  
Average temperature (c) 

  
Autumn Winter Spring Summer Yearly 

SSP1-2.6 
Tmin 2.09 -5.41 2.28 12.29 2.81 
Tmax 19.48 8.01 18.4 32.65 19.63 

SSP5-8.5 
Tmin 3.44 -4.16 3.38 13.97 4.16 

Tmax 21.35 9.61 20.28 34.55 21.45 
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Figure 12. Piezometer 1 depth under climate change (SSP1-2.6 and SSP5-8.5) until 2050 

  

 
Figure 13. Piezometer 2 depth under climate change (SSP1-2.6 and SSP5-8.5) until 2050 

 



�*�$� � 5.1�� $6' 7�8 �!�* $� �$�* ��� 9: �;.#<$0< �� �'$0' )�>!�?# ���+# :@
� �$A$)
( 

  

 ����12 �  ���	
2 � ���
��� 1401 

343

  
Figure 14. Piezometer 3 depth under climate change (SSP1-2.6 and SSP5-8.5) until 2050  

 

  
Figure 15. Piezometer 4 depth under climate change (SSP1-2.6 and SSP5-8.5) until 2050 

  

  
Figure 16. Piezometer 5 depth under climate change (SSP1-2.6 and SSP5-8.5) until 2050  
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