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Abstract 
Irregular development of agricultural areas, crops planting with high water need in the Urmia Lake Basin and also low irrigation efficiency have 
caused a significant reduction in the lake surface in recent years, so estimating water consumption in agriculture can be efficient in both accurate 
agriculture management and water resources management. In this context, by using METRIC algorithm and Landsat 8 and MODIS satellite images, 
the actual evapotranspiration have been estimated for a part of the Urmia Lake basin - Hasanlu dam downstream-in the year 2015 and 2016. 
Therefore, by considering the percipitation at Naghadeh station as the representative of percipitation in the study area, the valoum of irrigation water 
used in the agricultural area downstream of Hasanlu Dam was estimated. Then, the valoum of water allocated to this dam and estimation water 
volume was compared to the WaPOR product. The estimated values for Landsat 8 are 468 and 315 mm and for MODIS, 240 and 208 mm for 2015 
and 2016, respectively. The estimated usage of the METRIC algorithm is significantly different from the allocated values and the WaPOR system. 
The estimated values are far higher than the ground statistics and the WaPOR system for nearly all months of the two years. The difference between 
METRIC and ground statistics and WaPOR product in the study area is calculated equal 23 and 26.6 million cubic meters, respectively. 
 
Keywords: Evapotranspiration, Hasanlu Dam, METRIC, Urmia Lake Basin. 
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1380 �4]� �� ���  1
� �� (�� ����� ,���4�

(Fahmadaali et al., 2018) �d0) ���� R>�9 !"� .

 � ,����� ���  �� �D	�  -d�$13961  �* (�� ��<d�

 �����3991  +a�	5 (-* �� 3� ��<d�2661  (-* �� ��<d�

 � �^1607  �<��� .���� {�&<9� �S��
 (-* �� ��<d�

 � '"� ,����� $� B�?D� ��� ,�����('� ��-P  (�����)

 �<��� 3������ +����� ,����� V���4� �* (��64  �:��

��� ����9 )Mahab et al., 2013.(  �* �� � �� +N
 t_�	�

) \d) ��1 ,$���-* ���� +(�� ��) ���� 3�-� (

�� �* ���� �D	� �� V4<�� �� (DQ ���� 3���  	��$ ,��

�� 3���� � (-* 4
$ !"� 3�� 74&� 6� ,$���-* �� 

�^�� �� R�&�� 6� ��)����4�  6� ;��	� 3��$�� T���

�� +3�4
�  3��	Q�>�"� t_�	��� .���) 6��<��   
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Figure 1. Study are 

  

 ���������� ����� !����� "  

���� #!�� ��$�	 %&��&�'(� )��'� �* +�*&� "�

, -��.�� METRIC  

����  \��) +��>�"� 1
� �� ���?<�� ���� 	��$ ,��

���� ��=<�
� ��	)��� ,��  � ������ N�<2�	��  .�)��

����  $� �* 
����=<�
� %�Q[_�   ���?<������ N�<2�	��

�<P45��4@  �	���0Q  �^�� /� 4�) ��� ,��� $�

<��� �� (��45  ,��� � �	�-�� � �	�M* ,��� %��:

 � 0�� (��_� +��<P� %�Q�� ����� +���$�� T��<�

 z�?��� �� ��� (Q4�10  /� 4�) ,4<�Knot �� �* (

 \
�0� ,4<�  �� z�?��� �� %�0��'��)�  ,�4� .(��

a4� $� N
 4� ��>�� �� ,m4�� 3[�� �>���� ,��  ��B<�� ��_

 ��	S	� %#�&'� $� ,����� $� +��B<��4�| �
MODIS 

 ����� �� ,������� � ,Landsat8  ���?<��  .(�� ��)

 ���^)1( ���� $� <�4]P (P�
�� ,�� �� ��)  ��4M�

3� z�� � ��d� � ���$ N�d?� %��@ �-� �� �� 3

� .���  

����"� '(��%&��& /�&' !� 0� ��1 �2���! WaPOR  

������ WaPOR �Q�MS� �, ���� $� ��, $��
�� 

�4]� ��, �$ .)�2 +6��1+ �B0_ �	�,  +%#�&'�

�0� +O����A4��4 �@�� � ;^4� � 4��� �� 5��4 

)Blatchford et al., 2020 .(� ��
1 ���� $� ��>�"� ��, 

�0��A4��4 �@�� �
1 (�� ��) ���?<�� ������ +�
1 

���� d?� %��@ �� ���N ���$  � ��#��10  �� � �$��

d?� %��@�N ��d� 250 \��@ 4<� � ���?<�� �	)�� .

��B� �*�S��$�
4 a[Q� 6� 74&�  3��$�� T��� ��)

��
4
( �� 6� ;��	�  a45 ��&P �� � ������ %��:

�B� (]^ �b> +(�� ��) O���5 ���
�� ��$�  $� (��

���� ��, 10 �0� �$���A4��4 ������ WaPOR  ���?<��

B� �� 3��<� �� ��)�V� ���$  (�� 3� ������
(P� .

\��@ ���� (�� 4*y ��, �M���� $� �_��4�, ������ 

WaPOR �4�, ���>�"� �B"	� �� 4J�����  %��:

(�� ��) ��D��� ����� ��&'�.  
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Table 1. Basic data used in energy balance algorithm with spatial and temporal separation of data 

Name Data Data Type Temporal resolution Spatial resolution 
MOD11L2 LST ( Land Surface Temperature) Raster Daily 1km 
MCD15A3 LAI (Leaf Area Index) Raster 4 Days 1km 
MOD021KM 36 bands Raster Daily 1km 
MOD13A2 NDVI ( Normalized difference vegetation index) Raster 16 Days 1km 
Landsat8  (OLI) 11 bands Raster 16 Days 30 m 

  
����"� �'� �* +�*&��) *3 43���" 5&6� ��1  

(]^ P4&� 6� ����4� � �B"	� ���$� ���� �� ��, 

�0��A4��4 � O��� � �)��$�� .
; ��d� �0��A4��4 

��=>� T���
�< METRIC ������ �  WaPORM���1  ��$

 .(�� ��)�� 1�	� ���� ��, ����� O����$� � $�
��=<� 

��	)��� 3��$�� � ��B� ���y� 3�<��
3�S �4|  �) ��]�

��4� ���� �i &�� ���R ��� �� �D	�  ��,�� 

 � ��<� $� ��>�"�������, ��
��� ������  ��� b9��) .

�* (�� 4*y �� a$# ����,�� &�� �� i��4��R  ��

�B� (]^ �D	� 
�� ��B� ��
4 ����4�,  4��  ��>�"�

 b9���) (��.   

  

�	� !��1�  

�� 1
� ��>�"�� +�0� �4�A4��4 �@�� ���>�"� �B"	�  ��

��=>� $� ���?<��
�< METRIC ��&� �
4 ��	S	� 

Landsat8 � MODIS ��� �� ��, 1393 +1394 �1395 

�<� $� ���?<�� �� ��� a�5�� .(�� ��) ����4�
UET 

�� (�� �4� ����, ���,�� 4J����� � ��3�� ��=���1  O���

� %�Q[_� �*)
��=<� �� ��B� �M� 3��	Q
��	  ���?<�� �B"	�

$ !"� � ((�� ��)
4 �� 6� �S  +(-*���, 

74&�  3������ 6��< � �� ��)64 �:�� �2 ���
1 (�� 

 �0��'� �D	�  ���).   

  
�'��) '(��%&��& �$�	� ��.�� #!��-,   METRIC  

�� �
�� .�� 1 � ����4� ��J	���0� 3����@�� A4�� � 4+  $�

��=>�
�< METRIC � ����&� $� ���?<�
4 ������� MODIS � 

Landsat8 ��� �� .(�� ��) ���?<�� METRIC �4� +

�0��A4��4 �@�� �� �� 5��*�4, ��&�
4 �������,� ���� �,�� 

��	)��� � $� ���?<�� ���3[ m4��,  !"� �� V���4� �>����

)1(� �0��'� + ��)��45 ��) ��<�� ., �0��4 �4�, 2 4��\�d 

�&�
4 �� �J'> %��: �, �4�), �� 3��$
(P� �&�
4 (

�4� KL� � �0��'�, a�5 ��, ���$ M�� ������ � ���$���� 

� ���� ��) )Allen et al., 2002(.  

)1( λET � Rn –  G –  H   
�� �
1 �"��� λET ��45 ��), �0� 3�]��A4�� � 4 

(W.m
-2

)+ Rn �$ !"� �� R>�9 ;-�-� ��)�1 (W.m
-

2
) +G ��45 ��)
 �$�1 (W.m

-2
) � H ��45 ��), 

 �� V��'� �^ (M� (W.m
-2

) � �	)�� \d)) 2(.  

��3�� ���� %��-�-� \��?� $� R>�9 ;-�-�,  �

^�49 �$ !"� �� 3� �0��'� � \:� �1 (Rn)  ��

y �"��� $� ���?<��
\ (��:  

)2(  �� � 1 � ���� ↓ ��� ↓ ��� ↑ �1 � ����� 
*� +3� ��  Rs���� .���, ��_  ���* +����RL  .���

����, ��_  � �	D� ���RL ^�49 .��� ��_  �	D� ���

� �	)�� ��M�) ��4<����2,  ;�4�4<� 4� %�� /� 4� A�P

� �	)��(+α  � ��0>� ε0 �5�5�	D � !"� �	)��.  

��) ��45
 �$�1 9y �4� ;@������4  �� %��4 

5 � s�9��� � ��B<�� 4l� ��(�+ �
 .��� 4l� �� �* ��) 1

)��9�� $�� ��_ �� �
� ��S ��)  A�MQ� ����� �� 

p� +s�9��P4� +%��4  �^�� %�4���45 (
  � s�9

4�
��� /
��45 (
 =<�� s�9  ����4� (]^.����

��45 ��)
 �$�+1 ��=>�
�<METRIC (0�� + G/Rn  �� ��



���0#� 1.' 20 "#3 � �� 45� 6����$� ��(*) 7+� 8+ ,9:&' �� ����;+< 6< �,=�<*1;  METRIC 

  

 ����12 �  ���	
1 �  ����1401 

177

�4S� �"��� $� ���?<�� )3M�� (�1 � ��$ 

)Bastiaanssen, 2000:(  

)3(  �
��

� �� ∝� 0.003 ∝ �0.0074 ∝$�1 � 0.98'()*+� 

�* +3� ��Ts  ���, n[:� !"� ��-� (K)+α  ��0>�, 

!"� (Broadband Albedo) � NDVI  .)�2 R9�)

5��� (��.  

��B�
4 G/Rn �4�, �� 74� � 6� y %��:
\  4J� ��

� �<P45��) (Allen et al., 2002):  

45� NDVI<0  r4P 6� !"� 3� +�)���  ��)

(G/Rn=0.5).  

45� Ts<4 � α>0.45 +�)��  r4P 74� !"� 3�

� ��)(G/Rn=0.5) .  

�� D*��_ � 3��� M�� �� (?5�1 (0�� G ��  Rn 

�4�, 5 � s�9 n�"���� ) �"��� $�3�4� � (, �
4= 

 ���B� n�"�5/0 ��) ���?<�� )Allen et al., 2002.( �� 

��<���* t_�	� ��� M�� �����1 G  A�P \d) ��

� �)�� � ��$�, n[:� �� Ts  �� �
4 M� ��4<����2�)��.  

Allen et al. (2007) � O��
4=, �4�,  ��) �0��'�

��45, 4<� ��� �� s�9
N 2���]	-  3� %#���� �* �4*

�� $ %��:
4 � �)��  O�� 1
� $� ��� ��>�"� 1
� �� �

���?<�� :(�� ��)  

�
��

� 0.05 � 0.18-.�./$0�12 LAI ≥ 0.5 )4(  

�
��

� 1.80�� � 273.15�
��� � 0.084 LAI < 0.5 )5( 

�>���� )5��� (
+���� >�*��4?�� � ���d��
�d �� ��*  �<P�

) %#���� .(��4) � (5 4<����2 (G �$���� 5�4, ��)  ��

���
N *�>40M �
���� ': `�<0���! 2�. ��	 ��4*  � ���

(0��4
56

 �4� ��, s�9 ��, $���-*, �M�
. � +�	��  ���

���� s�9 45�, $ ���B�
��, s4� 5���9  �<��2 ��

�@�� � $� ���?<�� �)�� ��) �@��
1  /��	��� O��

� �)��) �>���� .4� 3�-� ( ���  �*4
56

 ��P� ��
.  !"�

* f4�.�� � 
���) �>���� .5� 3�-� ( ��� �4� �*, 

 .)�2 3��� s�9G ��� �� (0��, ��P� !"�
. 

� 
���94� �� . ���4���*, 4<�
N �4�, s�9 ��, 

�4': t_�	�
 ���� `#�M�� �*, s4�  �<��2 +��

�@�� �@��  ��<9�� 3��BP +��)
� �2 (��_� �:���
1 

+�	<�� ����� ���� 3�d��
 ���4  ���
N  !"��* 4�  $�

s�9 ��, Q��$ �4� �b> +�)��, �0��'� 4
56

 ) �>���� $�5 (

���?<��  .(�� ��)��) ���4  	<0� V��'� ���� 4�, 

���� ��B<�� �, � (*4  �$���� � ��45�'� � !"� 1� T

���
��4q� (���B� �0��'� � !"� N
��	�d+  ����4�

� ��)�"��� . �� ��* �'� (]^ �<P�� �0�
1  t��"� a4�

) �"���6� (�)�� (Allen et al., 2002).  

)6(  7 � 8 9 :; 9 <�� =>?⁄  
*�  +3� ��ρ >�=� ��� [225 kg.m

-1
] +CB��45, 

�
�� ��-P �� �w�1[1004 J.kg-1.°K
-1

]  +dTDKF   7[<9�

���, ���, ��1  t0_ �*) R�-� z�?��� ��2���]	-  

Allen et al. (2007) � ��
 ��>�"� 11/0  � 4<���  �� 4<�

� �<P45 4J� ��) � (rHI ��4q� (���B�
��	�d  4��4� ��

4  ��B<��%�� ]day.m
-1.(�� [ 

 �]���
( ��45 ��) �0��'� $� K2, �0� 3�]��A4��4 

) �>���� T���1�� (
<� �� �� 3� Q�?��� %��:  O���5

 z�?��� .�4*�0��A4��4 �J'>,� ) �"��� $�7(  

\��@ :(�� �0��'� 

)7( ETJKLM � 3600 λET
λ8O

 

�*  3� ��ETinst �0��A4��4 �J'>,� (mm.hr
-1

)+ 

 ��Q3600 �0�
\ ��l $� 3��$�� � (Q�� �� λ  ,��45 3�]�

�0��4 
� ��45, 6b^ ��=	� �� ��) �* 
N *�a45�D  6�

�0��4 � ��) )J.kg
-1 � ( 8w>�=�  6� �����1000 

Kg.m
-3( � �)�� . 

3�M� ��_� �*�3� ��=>� +�)
�< METRIC�0� +�A4��4  ��

�� �J'> ��
(P� �&�
4 � �0��'� �	* ��� v�� >��\ 1
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� ���B�
1 D��@ ��#�� � ������ �$�� �� 4<����2�(  +���� �4���*

�0� (0�� $� ���?<�� �� �b>�A4��4 ���B� +;^4� ET �J'> �, 

D&P � ������ �� �0�
\ � ��)�� .(0 �0��A4��4 ;^4� 

)ET0F(+ ��  (0�� 3��	QET �J'>,� )ETinst(  �� 4�

2�\�d  ��ET  ;^4�)ET0(  �*���� $� ���?<�� ��,�� 

��	)��� �� (�� ) �"��� t��"� +����84�� (
k � ��). 

)8( P��Q � P�R��S
P��

 

 �4��	�
1 ET24 /� 4� mm.day
-1 $� � ) �"���9 (

� �0��'� ��): 

)9( P�$+ � P��Q 9 P��.$+ 

  

�*  3� ��ET0-24 �MS� ���B� �0��A4��4  �� ;^4�

24 �&� $�� (Q��
4 (�� )mm.day
-1.( �� 1�	� ETn   

� /� 4��D 4<�  ) �"��� $�10� �0��'� ( ��45.  

)10( P�� � P��Q. T P��.$+

�

0
 

� ��+#�� �"�� ETn  ���� 4� �� A4��4��0� ���B�

 � ����>�n (�� ���$ ���� ,��$�� �����.  

��0��'� ���� ��=>�
�<  \��) (���B���4q� d���	


) %��4  ��B<�� 4��4� ��rHI V��'� ���4  ��) � (

�q��� T���� �� t��"� ��=>� �� ��) �<
METRIC (2007) 

 ��) \d)3 (���� 3�-�  .(�� ��)  

 
Figure 2. Energy balance at ground level 

  

 
Figure 3. Steps of implementation of METRIC algorithm (2007) (Hamimed et al., 2009) 
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�'��)  43�7&6�  

��3�� �����, �� 6� tMQ ;@�������, >�� (]^ �* (���� 

����� /��	� ��&'��$� ��)���� �^�� �� . 1
�  �*��3�� 

�� ��)����4� O���  T��<� ��_�* 4�  $�250 ��D 4<�  ����

(�� D@�)�� � �0��'� �� +(N-9 � a45�3�� �� 6����,+ 

 6� � ��-� �<P45 4J� �� s�9 (��_� � O��� ���B�

�����, 74&�  ��))U (�0� 4�* �� �]	��A4��4 �@�� 

 ��&'�)ET( �� 6� ���B� $� 4_ $� ��&'� V4<��
t 

4l}� O��� (ef) �� � (��
�� )Haley et al., 2007.(  

)11(  U = ET – ef 

(]^ M���1 �� 6� �S ���, P4&� ���� �� 

$���-*,+ $ !"� (�� a$#
4 ���� (-* $���-*, 

���B� �� U �� 6� z�?���)���, 74&�  /� 4� ��)

��D 4<� 64� (��)r4P �� KL� . 1
�  �* 3������ �� 6�

�����, 64 �:�� 74&� � ��) ��B�
4 �� 6� �S ���, 

 �0��'���) (��.  

  

89* 	 :-� 2  

�� %��: ��>�"� �0� �4� +�<P45�A4��4 �@��  �B"	�

���>�"�  ���?<�� ����=>� $�
�< METRIC ��&� �
4 

��	S	� Landsat8 � MODIS ��� �� ��, 1393 +1394 

 �1395 �<� $� ���?<�� �� ��� a�5�� .(�� ��) ����4�
U 

ET �� (�� �4� ����, ���,�� � � 4J������3�� ��=���1 

��O� � %�Q[_� �*)
��=<� �� ��B� �M� 3��	Q
��	  �B"	�

$ !"� 1<P454J� �� �� � ((�� ��) ���?<��
4  +(-*

�� 6� �S ���, 74&�  3������ 6��< � �� ��)64 

�:�� �2 ���
1 (��  �0��'� �D	�  ���).  ���^)2( +

��B�
4 �0��A4��4 �� 6� ����, �0��'�  T��� ��)

��&�
4 Landsat8  ���^ �)3(��B� +
4 ET �� 6� ����, 

��&� $� ��)����4�
4 MODIS � 3�-� �� ��� .

3�M� �*��_ ����-� �+��) ��3�� �0��4  A4��

�� (�� ��	S	� $� ���� Landsat8��B� +
4 #��
  3�-� ��

����  �*�� /��4� �4�, ���,�� 1394 � 1395 4B�
`�0 

 �� 4��4�468  �315 ��D�4< � .(�� ����
1  �� ���B�

��&� $� ���?<��
4 MODIS  4��4�240  �208 ��D 4<� 

�� (�� (�� ����  �*� (DQ
1 � �� 7[<9� 3��� )�� 

��d� (@� %��?� $� ��	S	� ����� � �� $��, #
� ��, 

����, (���� �	0� �.  

  ���^ �� t��"�)3(� +��� a�M� � ��, ���  1394 � 

1395 ��  ��� �^ (-]0
���1395+ ��B�
4 �� 6����, 
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Table 2. Estimated transpiration rate by Landsat satellite and comparison with release statistics of Iran Water 

Resources Management Organization 

Year Date Area 

(ha) ET (mm) ET METRIC 
(MCM) 

Water consumption into  

account efficiency 64% 
(MCM) 

Amount of allocation of Iran  

Water Resources Management  
Organization (MCM) 

2016 

20 Apr 4874.3 198 9.7 15.1 0.3 
22 May 4874.3 166 8.1 12.6 8.2 
23 Jun 4874.3 486 22.8 35.6 8.8 

10 Aug 4874.3 275 13.4 20.9 3.1 
11 Sep 4874.3 264 12.9 20.1 1.1 

2015 
20 May 4874.3 291 14.2 22.2 7.1 
21 Jun 4874.3 237 11.6 18.1 10.1 

7 Jul 4874.3 307 15 23.4 11.1 

8 Aug 4874.3 315 15.4 24  

  

 
Figure 4. Water volume estimated by MODIS images, WaPOR system and Ministry of Energy statistics  

(million cubic meters) 
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Table 3. Estimated evapotranspiration values by MODIS sensor, irrigation volume and comparison of calculated 

values with release statistics of Iran Water Resources Management Organization and WaPOR system 

T
h

e 
d
if

fe
re

n
ce

 b
et

w
ee

n
 t

h
e 

es
ti

m
at

ed
  

ir
ri

g
at

io
n

 r
at

e 
an

d
 t

h
e 

an
n
o
u

n
ce

d
  

al
lo

ca
ti

o
n

 r
at

e 
fr

o
m

 H
as

an
lu

 D
am

 (m
m

) 

A
ll

o
ca

ti
o
n

 s
ta

ti
st

ic
s 

fr
o

m
  

H
as

an
lu

 D
am

  
(M

C
M

) 

W
at

er
 v

o
lu

m
e 

co
n

su
m

p
ti

o
n
 b

y
  
 

W
aP

O
R

 w
it

h
 e

ff
ic

ie
n
cy

 o
f 

6
4

%
  (

M
C

M
) 

P
la

n
t 

w
at

er
 n

ee
d

 b
as

ed
 o

n
  

P
en

m
an

-M
o
n
ti

th
 m

et
h
o

d
 (m

m
) 

W
at

er
 v

o
lu

m
e 

co
n

su
m

p
ti

o
n
 b

y
 M

E
T

R
IC

  

al
g

o
ri

th
m

 w
it

h
 e

ff
ic

ie
n
cy

 o
f 

6
4

%
 (M

C
M

) 

Zone 3 Zone 2 Zone 1 
P

re
ci

p
it

at
io

n
 a

t 
N

aq
ad

eh
 s

ta
ti

o
n
  (

m
m

) 

D
at

e 

Y
ea

r 

E
T

 v
o
lu

m
e 

(M
C

M
) 

E
T

 (
m

m
) 

A
re

a 
(h

a)
 

E
T

 v
o
lu

m
e 

(M
C

M
) 

E
T

 (
m

m
) 

A
re

a 
(h

a)
 

E
T

 v
o
lu

m
e 

(M
C

M
) 

E
T

 (
m

m
) 

A
re

a 
(h

a)
 

-9 5.1 -0.89* 128.9 4.58 0.02 64 81.5 2.63 90 4870.7 0.28 73 743.6 36 20 Apr 

2
0
1
6
 34.68 9.4 1.9 184.52 11.38 0.06 90 81.5 6.48 151 4870.7 0.74 118 743.6 18 22 May 

405 8.6 5 214.9 31.66 0.26 325 81.5 17.67 363 4870.7 2.33 313 743.6 0.2 23 Jun 
217 4.6 6.7 224.69 16.97 0.17 208 81.5 9.21 189 4870.7 1.49 200 743.6 0 10 Aug 

221 2 3.65 189.34 14.59 0.15 182 81.5 7.89 162 4870.7 1.30 175 743.6 0 11 Sep 

192 4.2 *-0.07 190.75 15.15 0.1 167 81.5 8.43 215 4870.7 1.17 199 743.6 42 20 May 

2
0
1
5
 133.46 10 5.1 249.926 17.6 0.1 123 81.5 9.98 210 4870.7 1.19 195 743.6 5.1 21 Jun 

114.97 11 5.4 241.329 17.55 0.09 134 81.5 9.98 233 4870.7 1.16 184 743.6 28 7 Jul 

177.95 10.8 7.35 226.208 20.94 0.14 172 81.5 11.69 240 4870.7 1.57 211 743.6 0 8 Aug 
192.9 8.6 3.6 158.276 19.59 0.13 157 81.5 10.96 226 4870.7 1.45 196 743.6 1 25 Aug 

-45 7 - - 4.41 0 0 81.5 2.53 52 4870.7 0.29 39 743.6  May 

2
0
1
4
 

-35 9 - - 7.02 0 0 81.5 4.19 86 4870.7 0.30 41 743.6  Jun 

-32 9 - - 7.18 0 0 81.5 4.43 91 4870.7 0.16 22 743.6  Jul 
-18 10 - - 8.98 0 0 81.5 5.65 116 4870.7 0.10 13 743.6  Aug 

* B#-/#(5C/ #*���  :1$ #/ �  D��� �<8�  6< 8
��.  

  

 
Figure 5. Distribution diagram of irrigation water volume calculated by METRIC algorithm, WaPOR system and 

release statistics of water resources management organization (million cubic meters) in 2015 and 2016 
  

  

  



�	!�" �#$�% &'() *�+,�% �,-&  #./*�� 

  

 ����12 �  ���	
1 � ���� 1401 

182

  

  

2 ����;&"    

7�� � a�S�� $�
1 M�� +��>�"��1 74&� 6�  �� ��)

�2�
1 (�� ���� � �D	�  �� $���-*,  $� ���?<�� �� 3�

����,�� .S	� (�� ���$� ��� ��>�"� 1
� $� .�2 .

Javadian et al. (2019)  A4�� � 4��0� ��]^ ��&'� ��]�

GLEAM +MOD16 +ECMWF � WaPOR  ��� �� ��

2010  �<
��=>� ��SEBAL  (]^ ������ ���
�� ���  ��

B� ,$���-* 7��&� 1�M�� ��>�"� 1
� U
�<� .���4* ��
�

 �* ��� 3� $� *� ��� ��,�� ���
\ � � ��B�
4 �0��4 

$� \:�  ECMWF *��� .�� 4� �<� $�
U �0��A4��4 

��=>�
�< SEBAL ��� �� �* (��,�� � +a45
1  ����

�<� � ��) KdQ4�
U SEBAL ��B�
4 .�� 4�, �� (0�� �� 

ECMWF � 3�-��	��. �B�
�� �<�
U �0��A4��4 MOD16 

��=>� �
�< SEBAL ��� � 3�-� ��&'� ��� MOD16  ��

��� 4u*�  � ��.�� 4� ��B� +i�B�
4 ET 9 ���D �* 4�  $�

��=>�
�< SEBAL � ����4��	*. �B�
�� �<�
U �0��A4��4 

GLEAM ��=>� ��
�< SEBAL  ��� ��2010 ���  ��� 3�-�

��� 4u*� �� �*�� 7[<9� 
$��, ��1 �
1 # ��
� �
�� ���) 

�0� z�MS��� TBP ��A4��4 ��� ��#��
d ��9  ��
�d
4= 

�B� .�����
�� �<�
U �0��A4��4 �2
��=  ����WaPOR  ��

��=>�
�< SEBAL ��� �3�- � i�B� �* ����-��	 �-B� �� ��, 

�0� 7[<9��4 ��=>� A4�� �
�< SEBAL  ������ �WaPOR 

B_�	� ��	)��  �� �*4���* �-B�, ���� 4�� ��� 
� 

��
��� �����+� �� 3��	Q P4�� ;��4� ��) ���. )���5 �� 

4=
�  (*4) �*�d
 ���-� 1���	]� �4�,  �q������ ��*��
 

 .��* (]^40 �:��, $���-* 6� 74&�, ���  �� 

������ ���
��  ���  +(�� ��4* 4-<	��� ��*b� �	� ��
1 

���>�"� �B"	� V���4� ����( �� �d0)���, -d�$+  z��

6� z�� � (-* ���� M� ��1 ��_ ����( ��m�>���
N 

�B� �B"	��� ��) (��. � ��
1 �4� O���5, 4�
N  $�

���>�"� t_�	� ��3�� $���-* 6� 74&�,  �� �^�� ��

&���R (�� ��) ����4� 6� .��� ��>�"� 1
� ��  ��&'�

�0��A4��4  WaPOR d?� 4J� $� ���N ��d�  4J� $� �� �

$��
; ��d� �=>� $�, 4<]�,  �� (0��4=
� %#�&'�

(�� �����94� )Yekom Consulting engineering, 2016( .

��>�"� ��  ������ ���
�� �
4�� ���  �� 4=
� ,� ��4� ��

�?>}�  +3����� �S  %�4��p� \��) 6� 3[�� kD<�� ,��

�4d�2 $�4��0�  �@�� A4��4��0� +�� ,�� (��_� %�4��p� �

O�� �� s�9  �0	� N� ,�� SEBAL  �METRIC  �

���  �0	� �� ,��TSEB  �STSEB ��  0�*4� ��� ��4M�

SEBAL-TSEB  ��$ 1�M�� A4��4��0�  .�)�� 1�	�  U
�<�

 1
�.��w2  �� �Q��� N
 �� ;@�� ,4<M��
# 4
��B� ��

�� ���>�"� ���   1�� $� �* �) ��
�B� ���M� %��: 4
��

���  O�� U
�<� ��METRIC T��<� ,�"9 �:�� �� +

19 �:��+���$�� V��B� �� .�� 4� �� �� ����M� 1
 4
��B�

�$���� ,4�5 ) ��� 3�-� ��)Bagheri Haroni, 2011.( 

 4��  ��>�"� ���<�
U ��B�
4 $���-* 7��&�, 

�� (�� ��B� �� ����
4 &���R ����  3��$�� T��� ��)

��
4
(  ;��	�� 6�
3�4  ������ �WaPOR ��� �� ��, 

1394 � 1395 �B�
�� ��4� � �� � 3�-� ���  �*

.�� 4�
1 ��3�� �� 6� �S ���, 74&�  a�M� �� ��)

��� ��, ��4����� 4�i�� ��=>� ��
�< METRIC  �

�* 4�
1  ������ �� i��4� 3�WaPOR � �)�� ��� �� .

1395 .�� 4�
1 ��B� 7[<9�
4 �� �S ���,  ��)����4�

��=>� T���
�< METRIC  ������ ��WaPOR  ���� �

�� 3��$��
4
(  � 1q�m ��� �� i��4� 6� ;��	��� /��4� 

 ���B� ��66/26  �06/23 ��D�3�  /�d�4<�� �* 4�
1 

��� ��� �� i��4� +7[<9�
\  ���B� �� �47/5  �52/0 

��D�3� � /�d�4<� �)�� .�� 1�	�  ��� ��2015 

���[,+ .�� 4�
1 � %��?��1 ��B�
4 �� �S ���, 

��=>� T��� ��)����4�
�< METRIC  ������ ��WaPOR 

�� 3��$�� ���� �
4
(  40��<L� ��� �� 6� ;��	��� /��4� 



���0#� 1.' 20 "#3 � �� 45� 6����$� ��(*) 7+� 8+ ,9:&' �� ����;+< 6< �,=�<*1;  METRIC 

  

 ����12 �  ���	
1 �  ����1401 

183

 ���B� ��16  �11 ��D�3�  � /�d�4<��* 4�
1  ��� ��

q�m��  ���B� ��11/12  �55/6 ��D�3�  A�?�� /�d�4<�

�� �� .(�� ���<P� �1393+ ��B�
4 �� �S ���, 

 7[<9� �� ��)����4��* 4�, � ��� �� �� (0��
+4= 

��. �� �S  $����, O���5 � %��$� ��)��4 (��.   

��3�� $����� 6�, � %��$� T��� ��)��4  a�M� ��

��� ��,  ���1395 ��� �� (0�� ��,  ��� �� 4��	<�1394 

�� ��� �^
(-]0 ���  .��*
�<P� � .(��
1 �>� �   �* (��

��=>�
�< METRIC �
1 � �� �� %��?�����4 � 3�-� +��� 

�� ���0Q ��3�� 74&� 6� �� (]^ ��)���, � ������4 

1395 ��. � $�����4 1394  .(�� $� )�� 7[<9� 1
�

O�� � ��4<����2 �� %��?�  $� a��*4� �* (�� ?D<�� ,��

 .����� �*4M� 3� ,�� 4� �� �<
��=>� 1
��p� �����%�4 

�� 74&����, �$���� ��)�54, O���5 �� � ��)  �� (��)

��P� ��<�� ��� �� 4�
- -��* KL� �  .(���� 1�	� 

p� ������%�4 �� �S ���, �� (�� ��=>� T��� ����
�< 

METRIC+ ������ WaPOR O���5���B� �  ���� T��� ��)

� %��$���4 �� ���,�� 1394 � 1395  ���-�
�d
4= 

� �)��  1q�m ��� �� �]	� �2016 �)����4 1395 7[<9� +(

\��@ ]^�� � ���3�� �� �S ���, � ����-���)� �� .
1 

��=>� ���
�<METRIC �� �S  ���B� +���, � ���.  $�70 

 �:��.�� 4� $����� ���� $�, ������ � WaPOR  ����4�

(�� ��4* .�<d� M]� �* �
�� �� 1
� \�D'� �� 3� ����) �4* 

1
� (�� �* `#�M< � 3���� 6� P4&� 1
� t_�	� $� 4
��B� 

�����-� �
�� .�� 4� �)��+ �*�4� 3�$���-* `#�M�� ��^ $� 

4
��B� R�&�� �<P�
 1dM� (�� $� ���,�� $�S�4�| ��� 

,�4� ,����� ���?<�� ��4* �	)�� �* `���Q�@ �� 1
� 4
��B� 

�����-� ��'> ��-� (�� .K2 �� 1<P454J��� 1
� +�<d� 

�<
��=>� METRIC ,4�4� ���'� (0�� �� ��&'� 

WaPOR �� 1�M�� 4
��B� 6� P4&� �d0) ,����� 

-d�$ �<)�� (��.  

<���� =7���  

��� .����� ��^� 3�5�	�
�� T��� ;P�	� r���� ���5  

  

=*���   
1. Allen, R., Tasumi, M., Trezza, R., Waters, R., 

& Bastiaanssen, W. (2002). SEBAL (Surface 
Energy Balance Algorithms for Land). 
Advance Training and Users Manual–Idaho 
Implementation, version, 1, 97. 

2. Allen, R. G., Tasumi, M., & Trezza, R. (2007). 
Satellite-based energy balance for mapping 
evapotranspiration with internalized calibration 
(METRIC)—Model. Journal of irrigation and 
drainage engineering, 133(4), 380-394. 

3. Bagheri Haroni, MH. (2011). Evaluating 
remote sensing to estimate water balance in 
regional scale harvest ground water 
Emphasizing the net purification of 
groundwater (case study: Urmia Lake basin), 
M.Sc. thesis, TMU university.[Persian]  

4. Bastiaanssen, W. G. M. (2000). SEBAL-based 
sensible and latent heat fluxes in the irrigated 
Gediz Basin, Turkey. Journal of hydrology, 
229(1), 87-100. 

5. Blatchford, M.L., Mannaerts, C.M., Zeng, Y., 
Nouri, H., & Karimi, P. (2020). Influence of 
Spatial Resolution on Remote Sensing-Based 
Irrigation Performance Assessment Using 
WaPOR Data. Remote Sens, 12, 2949. 

6. Burt, C.M., Clemmens, A.J., Strelkoff, T.S., 
Solomon, K.H., Bliesner, R.D., Hardy, L.A., 
Howell, T.A., Eisenhauer, D.E. (1997). 
Irrigation performance measures: efficiency 
and uniformity. J. Irrig. Drain. Eng. ASCE, 
123 (6), 423-442. 

7. Castaño, S., Sanz, D., & Gómez-Alday, J. J. 
(2010). Methodology for quantifying 
groundwater abstractions for agriculture via 
remote sensing and GIS. Water resources 
management, 24(4), 795-814 

8. Chavez, J.L., & Mkhwanazi, M.M. (2013). 
Mapping evapotranspiration with the remote 
sensing ET algorithms METRIC and SEBAL 
under advective and non-advective conditions: 
accuracy determination with weighing 
Lysimeters. Civil and Environmental 
Engineering Department Colorado State 
University Fort Collins, Pp: 67-72. 

9. Faci, J.M., Bensaci, A., Saltni, A., & Playán, 
E., (2000). A case study for irrigation 
modernisation. I. Characterisation of the 
district and analysis of water delivery records. 
Agric. Water Manage, 42, 315-334. 

 

 
 



�	!�" �#$�% &'() *�+,�% �,-&  #./*�� 

  

 ����12 �  ���	
1 � ���� 1401 

184

  

10. Fahmadaali, J., Barani, G. A., Qaderi, K., & 
Hessari, B. (2018). Analysis of the effects of 
water management strategies and climate 
change on the environmental and agricultural 
sustainability of Urmia Lake Basin, 
Iran. Water, 10(2), 160.  (in Persian) 

11. FAO. (2012). Aquastat: FAO’s information 
source. FAO. 
www.fao.org/nr/water/aquastat/water_use 
(accessed 9 Nov. 2012). 

12. Frenken, K., Kiersch, B., & Land, F. A. O. 
(2011). Monitoring agricultural water use at 
country level. Food Agric Organ United Nations. 

13. Haley, M. B., Dukes, M. D., & Miller, G. L. 
(2007). Residential irrigation water use in 
Central Florida. Journal of Irrigation and 
Drainage Engineering, 133(5), 427-434. 

14. Wagle, P., Gowda, P.H., (2019). Editorial for 
the Special Issue “Remote Sensing of 
Evapotranspiration (ET)”. Multidisciplinary 
Digital Publishing Institute. 

15. Hamimed, A., Khaldi, A., Mederbal, K., & 
Seddini, A. (2009, May). Estimation of daily 
actual evapotranspiration in Algerian semiarid 
environment with satellite ASTER. In Remote 
Sensing for a Changing Europe: Proceedings of 
the 28th Symposium of the European Association 
of Remote Sensing Laboratories, Istanbul, 
Turkey, 2-5 June 2008 (p. 448). IOS Press. 

16. http://www.fao.org/in-action/remote-sensing-
for-water-productivity/WaPOR/en/#/home, 
Acssess date, (2021) 

17. Javadian, M., Behrangi, A., Gholizadeh, M., & 
Tajrishy, M. (2019). METRIC and WaPOR 
estimates of evapotranspiration over the Lake 
Urmia Basin: comparative analysis and 
composite assessment. Water, 11(8), 1647. (In 
Persian). 

18. Javadian, M., Kordi, F., & Tajrishy, M. (2019). 
Evaluation and comparison of estimation 
methods for actual evapotranspiration in the 
Urmia Lake Basin. Iranian journal of 
Ecohydrology, 6(1), 125-136 (In Persian). 

19. Lian, J., & Huang, M. (2016). Comparison of 
three remote sensing based models to estimate 
evapotranspiration in an oasis-desert region. 
Agricultural Water Management, 165, 153-162. 

20. Liaqat, U.W., & Choi, M. (2015). Surface 
energy fluxes in the Northeast Asia ecosystem: 
SEBS and METRIC models using Landsat 
satellite images. Agricultural and Forest 
Meteorology, 214, 60-79. 

21. Mahab Quds Consulting Engineering. (2013). 
Upgrading the comprehensive water plan of 
the countryin Aras basins (Talesh, Talab 

Anzali), Great Sefidrud , between Sefidrud and 
Haraz (Haraz-Gareh su), (Gorganrud-Gareh 
su), Atrak, Urmia, Agricultural Studies Of 
Lake Urmia catchment area. (in Persian) 

22. Mu, Q., Heinsch, F. A., Zhao, M., & Running, 
S.W. (2007). Development of a global 
evapotranspiration algorithm based on MODIS 
and global meteorology data. Remote sensing 
of Environment, 111(4), 519-536. 

23. Mu, Q., Zhao, M., & Running, S. W. (2011). 
Improvements to a MODIS global terrestrial 
evapotranspiration algorithm. Remote sensing 
of environment, 115(8), 1781-1800. 

24. Nishida, K., Nemani, R. R., Running, S. W., & 
Glassy, J. M. (2003). An operational remote 
sensing algorithm of land surface 
evaporation. Journal of Geophysical Research: 
Atmospheres (1984-2012), 108(D9). 

25. OECD. (2010). Sustainable management of 
water resources in agricul-ture. OECD 
Publ.www.oecd.org (accessed 9 May 2014). 

26. Oki, T., & Kanae, S. (2006). Global 
hydrological cycles and world water 
resources. Science, 313(5790), 1068-1072. 

27. Olgarenko, V.I., Olgarenko, G.V., & 
Olgarenko, IV. A. (2018) method of integral 
efficiency evaluation of water use on irrigation 
systems. International Multidisciplinary 
Scientific GeoConference: SGEM. 18(3.1):3-9. 

28. Parris, K. (2010). Sustainable management of 
water resources in agriculture. OECD 
Publishing. 

29. Pôças, I., Paoç, T., Cunha, M., Andrade, J., 
Silvestre, J., Sousa, A., Santos, F., & Pereira, 
L. (2014). Satellite-based evapotranspiration of 
a super-intensive olive orchard: Application of 
METRIC algorithm. Biosystem engineering, 
Pp: 1-13. 

30. Tang, R., Li, Z.-L., & Tang, B. (2010). An 
application of the T s–VI triangle method with 
enhanced edges determination for 
evapotranspiration estimation from MODIS data 
in arid and semi-arid regions: Implementation 
and validation. Remote Sensing of Environment, 
114, 540-551. 

31. Tasumi, M. (2019). Estimating 
evapotranspiration using METRIC model and 
Landsat data for better understandings of 
regional hydrology in the western Urmia Lake 
Basin. Agricultural Water Management, 
20(226), 105805. 

32. Wasti, S. (2020). Estimation of land surface 
Evapotranspiration in Nepal using Landsat 
based METRIC model. arXiv preprint 
arXiv:2007.13922. 



���0#� 1.' 20 "#3 � �� 45� 6����$� ��(*) 7+� 8+ ,9:&' �� ����;+< 6< �,=�<*1;  METRIC 

  

 ����12 �  ���	
1 �  ����1401 

185

33. Wetherald, R. T., & Manabe, S. (1988). Cloud 

feedback processes in a general circulation 

model. Journal of Atmospheric Sciences, 45(8), 

1397-1416. 

34. Yanfei, M. Shaomin, L., Lisheng, S., Ziwei, 

X., Yaling, L., Tongren, X., & Zhongli, Z. 

(2018). Estimation of daily evapotranspiration 

and irrigation water efficiency at a Landsat-like 

scale for an arid irrigation area using multi-

source remote sensing data. Remote Sensing of 

Environment, 216, 715-734. 

35. Yekom Consulting engineering. (2016). 

Implementation of 40 percent reduction in 

agricultural water consumption in the Zarrine-

Rud and Simin-e Hidro rivers basin (case 

study: Saeen ghalee and miandoab). (Persian]

  


