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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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Figure 1. Study are 
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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�
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��	)��� 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�  
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� ��>�"�� +�0� �4�A4��4 �@��
 ���>�"� �B"	�
  ��

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

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

�<� $� ���?<�� �� ��� a�5�� .(�� ��) ����4�
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74&�  3������ 6��< � �� ��)64 �:�� �2 ���
1 (�� 

 �0��'� �D	�  ���).   
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�� .�� 1 � ����4� ��J	���0� 3����@�� A4�� � 4
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��=>�
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 �� �� 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
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2
) +G ��45 ��)

 �$�1 (W.m

-2
) � H ��45 ��), 

 �� V��'� �^ (M� (W.m
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) �
 �	)�� \d)) 2(.  

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

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

y �"��� $� ���?<��
\ (��:  

)2(  �� � 
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�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) .  
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 �
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 ���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��
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��45, 4<� ��� �� s�9
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�� $ %��:
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 �)��  O�� 1
� $� ��� ��>�"� 1
� �� �

���?<�� :(�� ��)  

�
��
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�
��

� 1.80
�� � 273.15�
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.  !"�

* f4�.�� �
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Figure 2. Energy balance at ground level 

  

 
Figure 3. Steps of implementation of METRIC algorithm (2007) (Hamimed et al., 2009) 
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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 
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-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 
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