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This study aimed to estimate groundwater recharge along with other balance 
components (runoff, evapotranspiration, and transpiration) in Hashtgerd plain, using 
the WetSpass-M distribution model in the conditions of climate change and land use 
in the next 30 years. To study the effects of climate change, the output of five models 
under four emission scenarios, i.e., RCP2.6, RCP4.5, RCP6, and RCP8.5 of the Fifth 
Report of the Intergovernmental Panel on Climate Change (IPPC) was utilized. The 
LARS-WG model was also used for the downscaleing of the climatic data. Land-use 
mapping was performed using Landsat images in 1990, 2005, and 2020 processed in 
ENVI 5.3. The Markov chain method in TerrSet software was used to predict land-
use changes for 2050. In the end, the effect of climate change and land use on 
underground water supply and other water balance components was simulated using 
the WetSpass-M distribution model for the period 2050-2020 and the effect of 
climate and land use scenarios was applied on it. The climate change results showed 
that the annual temperature will increase by 1.2 and 3.2 degrees Celsius until 2050 
for the RCP2.6 and RCP8.5 scenarios, respectively, and the annual precipitation will 
decrease by 1.95 and 4.47 Percent for both scenarios. The results of land use change 
show an increase of 105, 41, and 8 percent for residential, barren, and agricultural 
land, respectively, and a 94 percent decrease in pastures. With the increase of 
residential and barren uses and the decrease of pastureland, the permeability of the 
land will decrease, and as a result, the amount of surface discharge of the aquifer will 
decrease. Estimates, in general, showed that climate change has caused a decrease, 
land use change has increased the feeding of the aquifer in such a way that in the 
most critical scenario the amount of feeding will reach 220.6, and the balance of the 
aquifer will reach 115.9 million cubic meters per year. Because of climate and land 
use changes, the share of evaporation and transpiration has increased and the share of 
rescharge and runoff from precipitation has decreased. In general, in the highlands 
due to more rainfall and in agricultural areas due to irrigation return water, the 
contribution of underground water supply has increased. 
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Figure 1. Steps of conducting the research method 
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Table 2. Hydroclimatology and water balance of plains and mountains for Hashtgerd study area  

Range 
Area  

(km2) 

Rainfall 

volume (MCM) 

Evapotranspiration 

(from rainfall) (MCM) 

Effective rainfall (MCM) 

Recharghe Runoff 

Plain 579 255.8 115.0 39.4 13.2 

Mountains 591.6 167.5 123.7 33.0 99.0 
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 Figure 2. Location of Hashtgerd study area   
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 Table 3. Characteristics of General Circulation Models  
Reference Scenarios Reference Resolution Founding group Model 

Watanabe et al, 2010 

RCP2.6 - 

RCP4.5 

RCP6 - 

RCP8.5 

Watanabe et al, 2010 2.8◦ * 2.8◦ 

Atmosphere and Ocean 

Research Institute (The 

University of Tokyo) 

MIROC-

ESM 

Giorgetta at al, 2013 
RCP2.6 - 

RCP4.5 

RCP8.5 
Giorgetta at al, 2013 1.9◦ * 1.9◦ 

Max Planck Institute for 

Meteorology Germany 

MPI-ESM-

MR 

Martin et al. 2011 

RCP2.6 - 

RCP4.5 

RCP6 - 

RCP8.5 

Martin et al. 2011 2◦ * 2.5◦ 
Met Office Hadley Centre, 

UK 

HadGEM2-

ES 

Hazeleger et al, 2010 

RCP2.6 - 

RCP4.5 

RCP8.5 
Hazeleger et al, 2010 1.1◦ * 1.1◦ 

EC-EARTH consortium 

published at Irish Centre 

for High-End Computing 

Netherlands/Ireland 

EC-

EARTH 

http://www.gfdl.noaa.gov/ 

RCP2.6 - 

RCP4.5 

RCP6 - 

RCP8.5 

http://www.gfdl.noaa.gov/ 1.9◦ * 1.9◦ 

Geophysical Fluid 

Dynamics Laboratory, 

USA 

GFDL-

ESM2M 
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��� �  
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N� � �  �6� �� � �  �6/ ��
6��
�� �� � �  �6/ &�LQ !�	/ �
Q� � !" A�����
 � �  �6/ 

��
6��
� � � !" A�����
 � �  �6/ &�LQ !�	/ �
Q P	�.  

  
Table 4. The results of climate change in the period of 2020-2050  

Season Temperature increase (C) Rainfall change (%) 
2.6 RCP 8.5 RCP 2.6 RCP 8.5 RCP 

Winter 1.2 3.0 -0.4 -1.3 
Spring 1.1 3.1 2.8 -8.6 
Summer 1.6 3.5 -3.2 -9.4 
Autumn 1.5 3.3 -2.1 -3.6 
Annual 1.4 3.2 -0.7 -5.7 
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Figure 3. Land use changes during 1990-2050 
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Table 5. Input parameters of WetSpass-M model  

Resolution Number Processing tool/method Input parameter 
100×100 1 Lookup according to WetSpass-M model Land-use map 
100×100 1 Lookup according to WetSpass-M model Soil texture map 
100×100 96 Interpolation using Kriging Rain maps 
100×100 96 According to the pumping from wells Irrigation maps 
100×100 96 Interpolation using Kriging Groundwater depth maps 
100×100 96 Regression; elevation and temperature Temperature maps 
100×100 96 Average monthly synoptic station Wind speed maps 
100×100 96 Regression; elevation and potential ET potential ET maps 
100×100 96 Estimated from Landsat 8 images Leaf area index maps 
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Table 6. Specifications of the scenarios used in this study  

Description Name Scenario Row 
Without land use change and climate change Reference S1 
(Optimistic state of climate change) RCP2.6 S2 
Strict climate change aunt RCP8.5 S3 
Assuming land use changes in 2050 land use S4 
Combination of land use change and climate change land use+ RCP2.6 S5 
Combination of land use change and climate change land use+ RCP8.5 S6 

  
Table 7. Water requirement for different uses of six scenarios (million cubic meters per year)  

S1 S2 S3 S4 S5 S6 Needs 

290.4 310 327 302.8 332.4 349.4 Irrigation 

19.9 19.9 19.9 40.2 40.2 40.2 Drink 

7.2 7.25 7.25 14.8 14.8 14.8 Industry 

3.3 3.5 3.65 6.8 7 7.1 Green Space 

320.9 340.7 357.8 364.7 394.5 411.6 Sum 
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Figure 4. Comparison of the discharge simulated by the WetSpass-M model with the observed discharge of the 

Kordan River 

  
Table 8. Optimal values of model calibration parameters in each sub-model of WetSpass model 

Optimal value Parameter Acceptable range Sub model 

8.5 a 1- 20 Interception 

6.5 α 1- 20 Evapotranspiration 

0.85 Lp 0.3- 3.5 Surface runoff 

0.25 X 0- 1 Surface runoff 

0.13 β 0- 1 Baseflow 

0.15 Ø 0- 1 Recharge 

  

  
Figure 5. Evaporation rate simulated with WetSpass-M model and SSEB algorithm 
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Table 9. Water balance components of Hashtgerd aquifer (MCM)  

S1 S2 S3 S4 S5 S6 Cenarios 

168.9 165.6 161.3 168.9 165.6 161.3 Rain 
320.9 340.7 357.9 364.7 394.5 411.7 Discharge 
98.7 98.7 98.7 98.7 98.7 98.7 Groundwater input 
23.6 23.6 23.6 23.6 23.6 23.6 Groundwater output 

6.6 6.7 6.7 6.5 6.6 6.7 Bargab 
32.3 30.2 27.3 40.7 39.1 36.3 Runoff (caused by rain and irrigation) 

229.8 220.7 207.3 243.3 234.5 220.6 Nutrition (caused by rain and return waters) 
291.3 307.1 320.4 318.1 340.6 354.0 Evapotranspiration (caused by rain and irrigation) 

328.5 319.4 306.0 342.0 333.2 319.4 Sum of input components 

344.5 364.3 381.5 388.3 418.1 435.3 The sum of the output components 

-16.0 -44.9 -75.5 -46.3 -84.9 -115.9 Aquifer balance changes 

  

���6 '�c&1 �
6��
 �
 �Q  &2 '�c ��1 '  ����H�'� &2 d�5  W'�2 F�2 ��� @�	 &$G>� -" ���
!�$! F�2 �� � �2 

.P	� @6 A��n '  ec��
 /!'���1 -" �R���2 /'��2" ���2 F$�U0� &$G>� -" ���
!�$! '  A$� ec��
 �
Q .P	� '  

ec��
 ���.*
 &2 d�5  F6�1 &$G>� �Q�� !� W'�2 ��U�
 &$G>� F6�1 &R0�$ �
� A$� F6�1 �2 &$G>� �Q�� !� -" 

�R���2 �-�Q PN�E � /�s0 UL	 '  A$�  ec��
 ���L^ �
Q .P	� '  &
� � &2 �	'�2 [$�R� �6�$'��	 &R`� �8 �
 . �Q   

  

3 .3 .�$�
� C��#� ���$��1( 

3 .3 .1(HI
�) J� �(����$ .  

&$�8�2 +�
^ )8( '  ��'�E &1 P�Nl�  �^�
 P�� �$'��	/ i$ &
� � �
�8 �
�1 �h	 !��� -" ���
!�$! &2 '�c S	�R
 

65/0 �R
 '  +�	 F6�1 �
 
2�$ � '  +�	 2050 ��U�
 &$G>� d1 �Q�� !� W'�2 � -" �R���2 �/!'���1 �-�Q 

PN�E � /�s0 UL	 MCM 8/229  '�"�2 �
Q � �#�2 &���5�	 -" ���
!�$! MCM 16- 
6��` . �2   

  

3 .3 .2�! �(����$ .  

'  �'�E ��B�� �����>� ����?� �2 /�$'��	 RCP2.6� �2 F6�1 ��
�'�2 !� i$ �	 � F$�U0� �
  � M�N����KL� !� /�	 

���$  ��U�
 {�H� F6�1 &R0�$ � '  &B�R� ��U�
 &$G>� ���K2" F6�1 �
 .
2�$ @6  A��n�2 F6�1 ��
�'�2 � F$�U0� �
  

� �M�N����KL� !��� �2" /!'���1 F$�U0� &R0�$ � ��U�
 PQ� �2 !� ��n /�6 -" ���
!�$! F$�U0� �
 .
$�2 
�n�6 ��K2 

!� �" '  ]5�? -" �R���2 /'��2"  �'�2� &2 ���K2" �
�2   �� �
� �'  d1 ���2 P0� F�2  ���h	 -" ���
!�$! �
 �Q.  

'  A$� �$'��	 &$G>� PL*� &2 al�  �^�
 &2 '�
�
 MCM 7/220 F6�1 � ��U�
 PQ� �2 ��n �
 F$�U0� U�� �6 
2�$ 

&1 ]^�
 �
 �Q  �#�2 &���5�	 '  +�	2050 &2 9/44 - �����
 ]N.
�R
 '  +�	 ���>� .
$���   

  

3 .3 .3�$ �(����$ .  

A$� �$'��	 
����6 �$'��	  � � �2 � �2 �����2 �
Q�� ���>� �@��?� ��U�
 F6�1 &$G>� � F$�U0� PQ� �2 F�2  ���
Q � �2 

�#�2 MCM 5/75-� ��U�
 &$G>� &2 MCM 3/207 '  +�	  F6�1 
6��` .P0�$  



56                                        ������ � 	� 
���
�� ���� ������ ����� ���� �1402 

  

  

  
Figure 6. Distributional maps of Recharge in 2050 for six scenarios (mm/year)  
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Figure 7. Comparison of simulated water balance components in different scenarios (MCM) 
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Figure 8. The rate of conversion of precipitation into its components in different scenarios (percentage)  
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Figure 9. The percentage of precipitation changes and its components in different scenarios in 2050  

  

4 .�F�#� �
�O  

[$�R� ���>� @��?� ���� �
�6  F6�1 S	�R
 W'�2 &�\�	 � F$�U0� S	�R
 /�
  &�\�	 '  �'�  ���
! 30 &5�	 � �2 

.P	� '  A$� �����>�� �
  '  /�6�$'��	RCP2.6  � RCP8.5 &2 ]���� 2/1 � 2/3 &^'  �R��	  ��� �U0�F$ � W'�2 

&2 ]���� 95/1 � 47/4 
E'  F6�1 &R0�$ .P	� A$� &B�R� �2 [$�R� Mehrazar et al. )2018(� Mortazavizadeh 

and Godarzi )2018(� Dubois et al. )2021(� Yifru et al. )2021( � Dau et al. )2021( P�2�h
  '� .  

[$�R� �����>� /�2'�1 A�
! �c �'�  30 &5�	 �1�� !� F$�U0� A�
! ���.*
� �$�2 � F6�1 a���
 P	�. A�
! 

0

20

40

60

80

100

120

140

160

180

S1 S2 S3 S4 S5 S6

Recharge Runoff Evaporation water leaf rain

-40

-30

-20

-10

0

10

20

30

40

S1 S2 S3 S4 S5 S6

Recharge Runoff Evaporation water leaf rain



5
= �
�� #� >� ?.

  8@�
A ;  �-�9� �3
B  � ?.

#�  +�(�� ; +��3� 4?./	 CD 3/�3 
�� �� '������ 3� E�� 3�./F� ...  59 

����.*
 �$�2 � /!'���1 &2 ]���� 105� 41 � P�6 
E'  F$�U0� � a���
 94 
E'  F6�1 &RQ�  P	�. A$� [$�R� 

&2��
 [$�R� Adhikari et al. )2020�( Ghimire et al. )2021 (� Yifru et al. )2021 (.P	�  

'  /�6�$'��	 ����?� )2( � )3( &$G>� PL*� &2 /�$'��	 a^�
 &2 ]���� &2 '�
�
 7/220 � 3/207 �����
 ]N.
�R
 

'  +�	 F6�1 � �#�2 ���K2" U�� &2 ]���� &2 '�
�
 9/44- � 5/75- �����
 ]N.
�R
 '  +�	 ���>� �
 .
$��� A$� 

�����>� �Q�� !� F6�1 ��
�'�2 � F$�U0� �
  � M�N����KL� � �2 .P	� A$� &B�R� �2 [$�R� Dubois et al. )2021( � 

Dau et al. )2021 (@6 ���`�  '� .  

'  /�$'��	 /�2'�1 �A�
! &2 d�5  F$�U0� -" �6/ ��R���2 &$G>� &2 @?' MCM 243 F$�U0� �&R0�$ �
� �2 F$�U0� 

��U�
 �PQ� �2 '  d1 �#�2 &�\�	 MCM 3/46- �
Q .P	� A$� &B�R� �Q�� !� F$�U0� /�2'�1 /�6 ���.*
 � �$�2 � 

/!'���1 � F6�1 a��
 � �2 .P	� [$�R� ��2��
 S	�� Adhikari et al. )2020(� Ghimire et al. )2021 (� 

Lamichhane and Shakya )2020( '  A$� |�T` W'�U� �
Q P	�.  

'  /�6�$'��	 �L�1�� [�8 � FQ &$G>� PL*� &2 /�$'��	 '��n /�2'�1) (A�
! F6�1 &R0�$ � &2 ]���� &2 '�
�
 

5/234 � 6/220 �����
 ]N.
�R
 '  +�	 �
�	' � �#�2 ���K2" U�� &2 ]���� &2 '�
�
 9/84- � 9/115- �����
 

]N.
�R
 '  +�	 ���>� 
6��` . ��� '  /�6�$'��	 �L�1�� ���>� @��?� � /�2'�1 A�
! '�
�
 F$�U0� PQ� �2 F�2 �� 

�
Q �
� &$G>� &2 &h	�� ���>� �@��?� F6�1 � &2 &h	�� ���>� �/�2'�1 F$�U0� &RQ�  .P	� A$� &B�R� �2 [$�R�  

Tsarouchi and Buytaert )2018(� Ghimire et al. )2021(� Yifru et al. )2021(� Nair et al. )2021 (� 

Yang et al. )2019( @6 ���`� . '�   

'  /�$'��	 �a^�
 M�N����KL� 49 �
E'  &$G>� -" ���
!�$! 31 �
E'  -����' 18 
E'  � -���2 �  
E'  !� W'�2 �' 

&2  �` |�TR �̀ � �  
��. A$� �6
E'  '  /�6�$'��	 ��$  ���>� � �1 � '  /�$'��	 �L�1�� @��?� � /�2'�1 �2��2 2/59� 18� 

2/21 � 6/1 
E'  �
Q .P	� '  &�6 �6�$'��	 @�	 M�N����KL� F$�U0� � @�	 &$G>� � -���2 F6�1 &R0�$ �P	� �
� @�	 

-����' '  /�6�$'��	 ����?� F6�1 � '  /�$'��	 /�2'�1 F$�U0� &RQ�  .P	� M�N����KL� F�2 A$�� � -���2 @1 A$�� @�	  

!� W'�2 �' &2  �` |�TR �̀ � �  .P	� A$� &B�R� &2��
 [$�R� Nannawo et al. )2021( � Yenehu et al. )2021 (.P	�  

&2 '�c��1 '  ����H�'� &2 d�5  W'�2 F�2 ��� @�	 &$G>� -" ���
!�$! F�2 �� � �2 .P	� @6 A��n '  ec��
 

/!'���1 -" �R���2 /'��2" � '  ��*
 &��` �' �� �1 �U�� {�H� -" &��` �' ���2 F$�U0� &$G>� -" ���
!�$! �
Q 

P	� &1 &2��
 [$�R� Mahmudi et al. )2020 (� Babaei and Ketabchi )2020 (�
 Q�2.
  

  

5 .���1!�K�0  

'  �'�E g�?� �����>� @��?� � /�2'�1 �A�
! &�\�	 MCM 115 !� ���`{ ���K2" &R	�1 �
Q � '  z�� 20 +�	 

d1 ���`{ ���K2" D�T
 
6��` .
Q '  A$� �'�E A�
Y� D'�T
 -" &��1 /�6!��� �-�Q PN�E /!'���1 �2 d.�
 

&^��
 
6��` 
Q. �G5  �����8 �
  �Q &2 '�u�
 /�����^ !� '�G��X�/ >���� �?��@ � /�2'�1 �A�
! ���N5�h
 '  |�T` 

&m�'� ��' 1�6'�/ '��!�	/ �2 A$� >������ !� d�L? ���>� /��5� �P�1 ��N5�h
 @1 /'��2" � ... ��B�� � '  ]5�? /�6�$'��	 

C�RK
 �R$�$

 �	'�2 . �Q   

  

6 .P��'
 HQ���  

6�� &��� z'�N� a0��
 S	�� ��$���
�*  �^� . '�
�  



60                                        ������ � 	� 
���
�� ���� ������ ����� ���� �1402 

7 .H����  
Abdollahi, K., Bashir, I., Verbeiren, B., Harouna, M.R., Griensven, A.V., Husmans, M., & 

Batelaan, O. (2017). A distributed monthly water balance model: formulation and 

application on Black Volta Basin. Environ. Earth Sci. J., 76, 198. 1-18. 

Adhikari, R.K., Mohanasundaram, S., & Shrestha, S. (2020). Impacts of land-use changes on 

the groundwater recharge in the Ho Chi Minh City, Vietnam. Environmental Research. DOI: 

10.1016/j.envres.2020.109440. 

Aggarwal, S., Gary, V., Gupta, B., Nikman, R., & Thakur, P. (2012). Climate and land use 

change scenarios to study impact on hydrological regime. International archives of the 

photog rammetry, remote sencing and spatial information sciences, vol B8. 

Aslam, M., Salem, A., Singh, V., & Arshad, M. (2021). Estimation of spatial and temporal 

groundwater balance components in Khadir Canal Sub-Division, Chaj Doab, Pakistan. 

Hydrology, 8(4), 178. 

Andaryani, S., Nourani, V., Pradhan, B., et al. (2022). Spatiotemporal evaluation of future 

groundwater recharge in arid and semi-arid regions under climate change scenarios. 

Hydrological Sciences Journal 67, 6. https://doi.org/10.1080/02626667.2022.2050732 

Arsanjani, J.J., Helbich, M., Kainz, W., & Darvishi Boloorani, A. (2013). Integration of 

Logistic Regression, Markov Chain and Cellular Automata Models to Simulate Urban 

Expansion, International Journal of Applied Earth Observation and Geoinformation,  21, 

265-275. https://doi.org/10.1016/j.jag.2011.12.014 

Babaei M., & Ketabchi, H. (2020). Estimation of groundwater recharge rate using a distributed 

model (Case study of Rafsanjan Aquifer, Kerman Province). Iranian Journal of Soil and 

Water Research, 51(6), 1457-68 (In Persian) 

Bahri, M., et al. (2013). Evaluation of the effects of climate change and land use on 

hydrological reactions of watersheds (Case study: Eskandari watershed, Isfahan province). 

Master Thesis, Faculty of Natural Resources, Yazd University. (In Persian) 

Bashirian, F., Rahimi, D., Mohadi, S., & Zakarinejad, R. (2020). Simulating the runoff, 

evaporation, reabsorption and underground water feeding of Lake Urmia in wet and dry 

periods. Iranian Water Research Journal, 14(2- Serial 38),85-95. (In Persian) 

Batelaan, O., & De Smedt, F. (2001). WetSpass: a flexible, GIS based, distributed recharge 

methodology for regional groundwater modeling. Impact of Human Activity on 

Groundwater Dynamics (Proceedings of a symposium held during the Sixth IAHS Scientific 

Assembly at Maastricht, The Netherlands, July 2001). IAHS, 269, 11-18. 

Boumaiza, L., Walter, J., Chesnaux, R., et al. (2022). Groundwater recharge over the past 100 years: 

Regional spatiotemporal assessment and climate change impact over the Saguenay-Lac-Saint-

Jean region, Canada. Hydrological processes, 36, 3. https://doi.org/10.1002/hyp.14526 

Birhanu, A., Masih, I., van der Zaag, P., Nyseen, J., & CAI, X. (2019). Impacts of land-use and 

land cover changes on the hydrology of the Gumara catchment, Ethiopia. Phys. Chem. Earth, 

112, 165-174. https://doi.org/10.1016/j.pce.2019.01.006 

Chimdessa, K., Quraishi, S., Kebede, A., & Alamirew, A. (2019). Effect of Land-use Land 

Cover and Climate Change on River Flow and Soil Loss in Didessa River Basin, South West 

Blue Nile, Ethiopia. Hydrology, 6, 2. https://doi.org/10.3390/hydrology6010002 

Dau, Q.V., Momblanch, A., & Adeloye, A.J. (2021). Adaptation by Himalayan water resource 

system under a sustainable socioeconomic pathway in a high-emission context. Journal of 

Hydrologic Engineering, 26 (3), 2021 Article number 04021003. 

https://doi.org/10.1061/(ASCE)HE.1943-5584.0002064   

Dubois, E., Larocque, M., Gagné, S., & Braun, M. (2021). Climate Change Impacts on 

Groundwater Recharge in Cold and Humid Climates: Controlling Processes and Thresholds. 

Climate, 10, 6. https://doi.org/10.3390/cli10010006 



5
= �
�� #� >� ?.

  8@�
A ;  �-�9� �3
B  � ?.

#�  +�(�� ; +��3� 4?./	 CD 3/�3 
�� �� '������ 3� E�� 3�./F� ...  61 

Ghimire, U., Shrestha, S., Neupane, S., et al. (2021). Climate and land-use change impacts on 

spatiotemporal variations in groundwater recharge: A case study of the Bangkok Area, Thailand. 

Science of the Total Environment, 792. https://doi.org/10.1016/j.scitotenv.2021.148370  

Guptha, G.C., Swain, S., Al-Ansari, N., Taloor, A.K., & Dayal, D. (2021). Evaluation of an 

urban drainage system and its resilience using remote sensing and GIS. Remote Sens Appl 

Soc Environ, 23, 100601. https://doi.org/10.1016/j.rsase.2021.100601  

Islam, K., Rahman, M.F., & Jashimuddin, M. (2018). Modeling land-use change using cellular 

automata and artificial neural network: The case of chunati wildlife sanctuary, Bangladesh. 

Ecol. Indic.,  88, 439-453. DOI:10.1016/j.ecolind.2018.01.047 

Lamichhane, S., & Shakya, N.M. (2020). Shallow aquifer groundwater dynamics due to land-

use/cover change in highly urbanized basin: The case of Kathmandu Valley. Journal of 

Hydrology. https://doi.org/10.1016/j.ejrh.2020.100707  

Mahmoudi, Z., Bahremand, A., Abdollahi, K.h., Sadoddin, A., & Kouhestani, Sh. (2020). 

Investigation of temporal and spatial variations of water balance and separated hydrographs 

of the Arazkouse Watershed through groundwater recharge modeling using WetSpass model. 

Journal of Water and Soil Conservation, 27(1). DOI: 10.22069/jwsc.2020.17733.3330 

Liaqat, M.U., Mohamed, M.M., et al. (2021). Impact of land use/land cover changes on 

groundwater resources in Al Ain region of the United Arab Emirates using remote sensing 

and GIS techniques. Groundwater for Sustainable Development, 14, 100587. 

https://doi.org/10.1016/j.gsd.2021.  

Mango, L., Melesse, A., McClain, M., Gann, D., & Setegn, S. (2011). Landuse and climate 

change impacts on hydroligy of upper Mara river basin, Kenya: Result of modeling study to 

suport better ressource management. Hydrology and earth system sciences, 15, 2245-2258. 

Marhaento, H., Booij, M.J., & Hoekstra, A.J. (2018). Hydrological response to future land-use 

change and climate change in a tropical catchment. Hydrol. Sci. J.,  63, 1368-1385. 

https://doi.org/10. 1080/02626667.2018.1511054 

Mehrazar, A., Massah Bavani, A., Mashal, M., & Rahimikhoob, H. (2018). Assessment of 

climate change impacts on agriculture of the Hashtgerd Plain with emphasis of AR5 models 

uncertainty. Irrigation Sciences and Engineering, 41(3), 45-59. 

Mortazavizadeh, F. S., & Godarzi, M. (2018). Evaluation of climate change impacts on surface 

runoff and groundwater using HadGEM2 climatological model (case study: Hashtgerd). 

Journal of Water and Soil, 32(2), 433-446. https://doi.org/ 10.22067/JSW.V32I2.67160   

Nannawo, A.S., Lohani, T.K., & Eshete, A.A. (2021). Exemplifying the effects using WetSpass 

model depicting the landscape modifications on long-term surface and subsurface 

hydrological water balance in Bilate Basin, Ethiopia. Advances in Civil Engineering. 

Nair, S.C., & Mirajkar, A. (2021). Land use-land cover anomalies and groundwater pattern with 

climate change for Western Vidarbha: a case study. Arabian Journal of Geosciences 14, 

Article number: 452 (2021). https://doi.org/10.1007/s12517-021-06823-y 

Noszczky, T. (2019). A review of approaches to land use changes modeling. Hum. Ecol. Risk 

Assess, 25, 1377-1405. [CrossRef] 

Orozco, I., Martínez, A., & Ortega, V. (2020). Assessment of the Water, Environmental, 

Economic and Social Vulnerability of aWatershed to the Potential Effects of Climate Change 

and Land Use Change. Journal water. https://www.mdpi.com/2073-4441/12/6/1682. 

Purandara, B. K., Venkatesh, B., Jose, M. K., & Chandramohan, T. (2018). Change of Land 

Use/Land Cover on Groundwater Recharge in Malaprabha Catchment, Belagavi, Karnataka, 

India. Part of the Water Science and Technology Library book series (WSTL, volume 76). 

Rasaei, A.H., Sharafati, A., & Kardan Moghaddam, H. (2020). Analysis of Groundwater 

Uncertainty in Climate Change (Case study: Hashtgerd Plain) Journal of Ecohydrology, 7 

(3), 815-827. (In Persian). 



62                                        ������ � 	� 
���
�� ���� ������ ����� ���� �1402 

Regional Water Company of Tehran. (2011). Geology, semi-detailed studies of Hashtgerd Plain. 

Iran Water Resources Management Company, Ministry of Energy. (In Persian) 

Regional Water Company of Tehran. (2013). Updating water resources studies report of Namak 

Lake basin. Iran Water Resources Management Company, Ministry of Energy. (In Persian) 

RIWEM (Research Institute Water Engineering Management). (2021). Study for identification 

of uncertainties and errors in estimation of water balance components and providing the 

appropriate solutions. Research Institute Water Engineering Management, Tarbiat Modares 

University, Regional Water Company of Alborz. (In Persian) 

Sundara Kumar, K., Udaya Bhaskar, P., & Padmakumari, K. (2016). Application of Markov 

chain and cellular automatamodel for prediction of urban transitions, International 

conference on Electrical Electronics and Optimization Techniques (ICEEOT-2016), IEEE-

Explore, 4007-4012. 

Swain, S., Mishra, S.K., & Pandey, A. (2020a) Assessment of meteorological droughts over 

Hoshangabad district, India. In: IOP conference series: earth and environmental science, IOP 

Publishing, 491(1), 012012. https://doi. Org/ 10. 1088/ 1755- 1315/ 491/1/ 012012 

Swain, S., Sharma, I., Mishra, S.K., Pandey, A., Amrit, K., & Nikam, V. (2020b). A framework 

for managing irrigation water requirements under climatic uncertainties over Beed district, 

Maharashtra, India. In: World environmental and water resources congress 2020b: water 

resources planning, management, irrigation, and drainage, VA: ASCE, Reston, pp 1-8. 

https:// doi. Org/10. 1061/ 9780784482 957. 001 

Tamm, O., Maasikamäe, S., Padari, A., & Tamm, T. (2018). Modelling the effects of land use 

and climate change on the water resources in the eastern Baltic Sea region using the SWAT 

model. Catena, 167, 78-89. https://doi.org/10.1016/j.catena.2018.04.029Get rights and 

content Highlights. 

Tsarouchi, G., & Buytaert, W. (2018). Land-use change may exacerbate climate change impacts 

on water resources in the Ganges basin. Hydrol. Earth Syst. Sci., 22, 1411-1435, 2018. 

https://doi.org/10.5194/hess-22-1411-2018 

Yang, W., Long, D., & Bai, P. (2019). Impacts of future land cover and climate changes on 

runoff in the mostly afforested river basin in North China. Journal of Hydrology, 570, 201-

219. https://doi.org/10.1016/j.jhydrol.2018.12.055   

Yenehun, A., Dessie, M., et al. (2022). Spatial and temporal simulation of groundwater recharge 

and cross-validation with point estimations in olcanic aquifers with variable topography. 

Journal of Hydrology: Regional Studies 42 (2022) 101142. 

Yifru, B.A., Chung, M., Kim, M., & Chang, S.W. (2021). Assessing the Effect of Land/Use 

Land Cover and Climate Change on Water Yield and Groundwater Recharge in East African 

Rift Valley using Integrated Model. Journal of Hydrology, 37. 

https://doi.org/10.1016/j.ejrh.2021.100926 
 


