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Lack of water resources in Mazandaran province and the volume of effluent produced 

in different sectors,  has caused that in order to reduce the withdrawal of surface and 

groundwater resources in the province, the  use and management of unconventional 

water resources, much attention is paid. The purpose of the present  study is to evaluate 

the application of unconventional water use scenarios on the amount of runoff 

and  sediment in six stations (including Kordakhil, Garmroud, Varand, Vastan, 

Parvijabad and Aliabad stations) in  the Tejn watershed during the years 2000 to 2017 

using the SWAT model. Recalibration and validation of the  model using data from 

2003 to 2012 and 2013 to 2017 and then to evaluate the scenarios of allocating 30% 

of  the available wastewater for agriculture (scenario one), allocating 30% of 

unconventional water to feed  aquifers in the conditions of applying scenario one 

(scenario two) and a 20% reduction in the extraction of  underground water sources for 

irrigation and the use of unconventional water sources as alternative sources  to meet 

environmental needs (scenario three).    Evaluating the efficiency of the model using R2 

and NSE  coefficients shows the proper performance of the model in simulating these 

two parameters. The results  indicate that the application of scenario one did not affect 

the amount of runoff and sediment in the basin, but  with the application of scenario 

two, the amount of runoff and sediment decreased by 13.4% and 9.1%,  respectively. 

Applying Scenario three should be 10 to 20% of the annual discharge for the second six 

months  and 30 to 40% of the average annual discharge for the first six months of the 

year in order to meet the  environmental needs. The results obtained from the present 

research show that the use of non-conventional  water, in addition to solving the water 

shortage, also reduces the problems caused by the flow of runoff and  the settling of 

sediments.  
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	0#) ��
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�� �;���! ) ��=�!Basaltpour and Hosseinzadeh, 2016.(  

�	
�  /#� +�� ��SWAT )!  &�	���
�^'�� )! )� 
�#� ������ � {��! )
'��L �� yc�O� )?!�� �� �	=  )5��"� ��=

���U� �
�^'D )MUSLE (� )$
�<�� �	= )Rostamian et al., 2009.(  

  

 
Figure 1. A: Location of the study area in the country and Mazandaran province, B: Location of hydrometric 

stations, dams and point pollutants in the study basin, C: Soil map of Tajan catchment, D: Land use map of 

Tajan catchment 
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2 .3 .����� ��� ����  
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�� � N#
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�� �!�'��� ���! )
A�� K'� ��  .���= �^�"� +�� )! �;'�'�� ��1	'���
 �0�"5�?� )6?�� �� >��";��� ��1�"0 ��'n 

���
'�1	� ��'�';� 15 Gx  !��� �� �O��#�� =�� �� �� &���! ���� +	R^ �� �1� )! �� &�	�� Gx ��#�� �� �� ��= &���! �1� 

�3#'K N
�  .�= );^�� �b� ����c�  K'� �! 15 ��  !��� �� �O�� �1� <?
� )! �� &�	�� �1�  ���� ���C;
� &��! )� >��";���

0�"5�?� )@	A� �� ��	=� ��! ���U�� ���
'�1	 ^�"� +�� )!� �=.   

  

2 .4. ��'���+
,� � ��'��� -./��0� 1/(���  

)! N<O � �L�
�� �N#
�-A /#5��� �	b�� ��� �� �L�
  ��/^�SWAT-CUP  k;'�	�5� �SUFI-2 �= ���C;
� 

)2015 Abbaspour,.(   K'� ��)"5�?�{�� N#
�-A F#
<0 ��L�� ���! � OAT
7 N^�� ���e ���C;
���	� . K'� ��

 V' +�� ���U� ��! �1 �� {��� N!�\ )#6! � ���� �##X0 F����  �� F��� N#
�-A �>�1  !�0 �! �##X0 &� �\� � �����

� TS��� ���PQ
 .  K##"0 �!t-stat  �p-value  �;����3 ���W��#\Z0 )U�� ���	#
��� )5��"� K'� �� �;����3 �1

�� TS��  �� );^�� d�	O d�"5�?� )! )U	0 �! �@�A )"5�?� �� .�	=43 �! �;����3 �	
� � ������ �!� �!�'��� ��

 K#! K'� �� )� �= ���C;
�24 )! �;����3 N<O � �L�
�� .���= �'�
��= `�-A ��1�;����3 &�	��  �! /#� +�� �L�


���� �� ���C;
� +�
 �	
� � ������ �!� ��1  ��12003  �02012  �2013  �02017 ���� .N^�� d�	O  ����� ��1

+�
  ��12000  �02003 #�)! / ��� �	b�� &���8  +��)! ���  N#"?e ��� �!�'��� ���! ��'� �	
 �� .���= );^��

�U��G  ��1�	;��^ �� +�� ��1p-factor  �r-factor  .�= ���C;
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2 .5 .��� �
�����  

��!� ���'!��  +��SWAT {��  �C
;S� ��1)! ��� �� �@ )� ���'[ �@ � K##"0'[ D� - �
0
�#n k�� ��  K'�0&� �1 

�� ) �=�!Alizadeh, 2014.(  

  

)Donigian, 2000; Moriasi et al., 2007 (Table 1. NSE and R2 coefficient ranges  
Assessment's result Nash-Sutcliffe coefficient (NSE) The coefficient of determination (R2) 

Very well 1 ≤ < NSE 0.75    R2≤ 0.85 
Well 0.75 ≤ < NSE 0.65 0.80 ≤ < R2 0.70  
Satisfactory 0.65 ≤ < NSE 0.50   0.80≤ < R2 0.60 
Unacceptable 0.50 ≤ NSE  0.60 ≤ R2 
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�� �	'���
 :T#RS0 30 ��O�� �� ��1 >��";��� F��= �� ��1 �<?
 � ��-3 )#CR0 ���� ���! )'WX0 

&�	S!� �1 �� Y'��= +�B�� V' �	'���
.  

)
 �	'���
 :D1�� 20 ��O�� N=���! ��  !��� �� ��#���'� ���! ���#!� � ���C;
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3 .45
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3 .1 .��'���+
,� � ��'��� -./��0� 1/(���  
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� &� �� ���A ������ �;����3 N#
�-A10  ��1�;����3 ����� �;����3CN2  �ALPHA_BF )! D#! [#0�0 K'�0 

 ��1�;����3 � N#
�-APLAPS � GWQMN k�  K#! �� ��'� �	
 �� .����� &��� �� N#
�-A K'�014  ����� �;����3

��1�;����3 HRU_SLP � C_FACTOT ����� K'�0a�! N#
�-A � k1 �K#�j EROS_EPO � SOL_K k� K'�0 

N#
�-A �� �� )#$= ���
 �	
� ���� r�R;G� �	G )!   �� FO�A H'�;� .��� �	;��^ �� `�
��! �1�;����3 K'� N#
�-A /#5���p-

value � t-stat �� ) +��U3D1�23 �! )"5�?� K'� H'�;� .N
� ��= )l��� ( d�	O ��1  Y
	0 KL0 /'�!� )@	A �� );^��

Rajaei et al. )2014 � (Wang and Melles )2006A �� (+�B= )@	 !�w� �#)� �0	
  �;����3 )�CN2  ��)! &�	�� 

`�-A )#$= �� +�� �;����3 K'�0 .���� N6!�?� ����	! ���� �^�"� ������ ���
  

  

3 .2 ..57 � ��'��� ��'�  
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)! �'��6� `�
��! N
� D#3 �� ���'� N#"?e ��� ����� ������ �;����3 ���� ��#!  .N
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B� +�� )
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� �;����3 r	RG �� .N
� ���� )l��� �5	$e

N<O � �L�
�� )
A�� �� �'��6� �L�
 ) ���!R
2���! �� ( 79/0-62/0 ) ���! �NSE ���! �� (74/0-58/0  N
� )!

 .���D1�23 &��� ) ����� ��'�Nikkho Amiri et al., 2020; Fereidoon et al., 2019; Jimeno-Sáez et al., 
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2018; Mahzari et al., 2016(  +�� �!�'��� ���! �� ��!��� �'��6� �	G d�"5�?� �� /#�SWAT  �� K'� Y
	0

)! ['�@F�= .������ N
� ) ��12) � (3N<O � �L�
�� )
A�� �� �� �� +�� �!�'��� H'�;� (  �L�
�� &��� .��1�  

  
Table 2. List of criteria for evaluating the performance of the model in the calibration and validation stage of 

runoff and monthly sediment flow (values in parentheses indicate the results of the validation stage)  
NSE R2 r-factor p-factor Station / Benchmark 

0.63 (0.52) 0.73 (0.81) 0.54 (0.91) 0.32 (0.28) Runoff Kordakhil 

 Station 0.72 (0.62) 0.72 (0.67) 1.34 (0.76) 0.52 (0.45) Sediment 

0.60 (0.55) 0.71 (0.68) 0.52 (1.21) 0.38 (0.38) Runoff Garmroud 
 Station 0.74 (0.70) 0.73 (0.69) 0.94 (0.66) 0.55 (0.38) Sediment 

0.58 (0.56) 0.77 (0.73) 0.80 (1.08) 0.47 (0.33) Runoff Varand  

station 0.69 (0.66) 0.79 (0.84) 0.44 (0.88) 0.48 (0.39) Sediment 
0.72 (0.62) 0.87 (0.68) 0.72 (0.83) 0.32 (0.47) Runoff Vastan 

 Station 0.67 (0.63) 0.68 (0.63) 0.76 (1.29) 0.59 (0.64) Sediment 

0.66 (0.54) 0.83 (0.70) 0.88 (1.12) 0.46 (0.40) Runoff Parvijabad 
 station 0.61 (0.58) 0.62 (0.77) 1.14 (0.73) 0.60 (0.45) Sediment 

0.67 (0.54) 0.81 (0.74) 0.39 (0.78) 0.45 (0.37) Runoff Aliabad  

Station 0.56 (0.54) 0.68 (0.74) 0.81 (0.88) 0.69 (0.67) Sediment 

  

 
Figure 2. Results of SWAT model runoff calibration and validation in the studied stations 
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Figure 3. Results of calibration and validation of SWAT model sediment discharge in the studied stations 
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� ��=

k� �!c#
�#w Y'��= �� d��##X0  ��	! �0)! )�	� ��� i$?�� k1�! �	
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�  ����
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Figure 4. Average monthly runoff and sediment discharge simulated by applying scenario 2 in the studied basin 
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Figure 5. Average monthly runoff and sediment discharge simulated by applying scenario 3 in the studied basin 
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Figure 6. Environmental needs of Tajan River in the months of the year 
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Table 3. The effect of applying management scenarios on runoff and sediment parameters in the studied stations 
Scenario 3 Scenario 2 Scenario 1 

Station Row 
Sediment Runoff Sediment Runoff Sediment Runoff 

-6 -7 -6 -7 -2 -4 Kordakhil 1 
-11 -6 -11 -6 -1 -3 Garmroud 2 
-12 -8 -12 -8 -1 -2 Varand 3 
-8 -7 -8 -7 -1 -2 Vastan 4 

-11 -10 -11 -10 -0.5 -2 Parvijabad 5 
-7 -12 -7 -12 -0.5 -1 Aliabad 6 

-8.8 -8.1 -8.8 -8.1 -1 -2.33 Average 7 
Positive values indicate the increase in components and negative values indicating the reduction in component in percent. 
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