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ANN1 ** ** **
ANN2 **  * **
ANN3   * *** 
ANN4   * * * 
ANN5 **    * 
ANN6     * **
ANN7   *   * 
ANN8   * *   
ANN9     * * 
ANN10   *       
PMteu ** *  *
PMtnu **   **
PMten,l ** *  *
PMten,r ** *  *

PMtu **   *
PMte,l ** *  
PMte,r ** *  
PMtn,l **   *
PMtn,r **   *
PMt,l **   
PMt,r **   

HS **   
T **  * *

B-C **  * *
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ANN1 35/0 04/0- 15/0 95/0 
ANN2 35/0 04/0- 15/0 95/0 
ANN3 42/0 04/0- 18/0 93/0 
ANN4 64/0 06/0 27/0 83/0 
ANN5 65/0 09/0- 28/0 82/0 
ANN6 64/0 09/0 27/0 83/0 
ANN7 84/0 11/0- 36/0 70/0 
ANN8 67/0 09/0 28/0 81/0 
ANN9 07/1 09/0 46/0 a51/0 

ANN10 88/0 06/0- 37/0 67/0 
PMteu  51/0 28/0 22/0 93/0 
PMtnu  15/0 02/0 06/0 99/0 
PMten,l 32/0 03/0 14/0 96/0 
PMten,r  40/0 23/0 17/0 96/0 

PMtu 55/0 30/0 24/0 92/0 
PMte,l 61/0 31/0 27/0 89/0 
PMte,r  71/0 48/0 31/0 91/0 
PMtn,l 39/0 10/0 17/0 94/0 
PMtn,r 56/0 35/0 24/0 93/0 
PMt,l 68/0 37/0 29/0 87/0 
PMt,r 84/0 60/0 37/0 88/0 

HS 07/1 55/0 67/0 88/0 
T 79/0 33/0- 34/0 93/0 

B-C 55/1 26/1- 46/0 74/0 
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ANN1 27/0 07/0- 07/0 99/0  24/0 05/0- 06/0 98/0 
ANN2 30/0 08/0- 08/0 98/0  24/0 06/0- 07/0 98/0 
ANN3 31/0 08/0- 08/0 98/0  30/0 02/0 08/0 97/0 
ANN4 64/0 01/0 17/0 91/0  52/0 03/0 14/0 91/0 
ANN5 55/0 07/0 15/0 93/0  56/0 16/0- 15/0 91/0 
ANN6 62/0 22/0- 17/0 93/0  55/0 14/0 15/0 91/0 
ANN7 89/0 01/0 24/0 88/0  65/0 10/0- 18/0 86/0 
ANN8 81/0 17/0- 22/0 86/0  69/0 09/0- 19/0 69/0 
ANN9 15/1 10/0- 31/0 71/0  25/1 48/0 34/0 59/0 
ANN10 08/1 22/0- 29/0 74/0  82/0 23/0- 22/0 79/0 
PMteu  34/0 19/0 10/0 99/0  39/0 24/0 10/0 98/0 
PMtnu  27/0 19/0- 08/0 99/0  34/0 22/0- 09/0 99/0 
PMten,l 54/0 07/0 15/0 93/0  54/0 06/0 15/0 91/0 
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PMtn,l 60/0 11/0- 17/0 92/0  61/0 23/0- 16/0 91/0 
PMtn,r 60/0 06/0 17/0 92/0  58/0 14/0- 16/0 90/0 
PMt,l 62/0 08/0 17/0 91/0  61/0 02/0 16/0 88/0 
PMt,r 68/0 25/0 19/0 90/0  63/0 10/0 17/0 88/0 

HS 72/0 34/0 20/0 92/0  60/0 03/0- 16/0 86/0 
T 37/2 11/2- 67/0 89/0  03/2 85/1- 55/0 88/0 

B-C 30/2 77/1- 65/0 89/0  25/2 87/1- 61/0 87/0 
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���"5-��� �%,
��   �� ��� �!�I	 F,�4 �� D�+�� �
� L!5�� .��/) �
+�� �
*+%,(  
�4
�) Y�+�� �� ��%) $�!5� ��� �	 �+(
& ��  

���  RMSEMBE  RER2  ����  
ANN2 35/0)2(  02/0-)2(  16/0)2(  95/0)2(  2  
PMtnu  17/0)1(  00/0)1(  07/0)1(  99/0)1(  1 

B-C 06/1)4(  32/0-)4(  47/0)4( 80/0)4(  4  
HS 51/1)5(  21/1-)5(  67/0)5( 91/0)3(  5  
T 53/0)3(  26/0)3(  24/0)3( 95/0)2(  3  

�4
�) Y�+�� �� Z�
� �
� ��� �	 �+(
& ��  
ANN4 63/0) 2( 06/0) 1( 29/0) 2( 84/0) 3( 2 
PMteu 40/0) 1( 07/0) 2( 18/0) 1( 94/0) 1( 1 
HS 51/1)3(  21/1-)3(  67/0)3( 91/0)2(  3 

�+�� �� ��%) $�!5� � Z�
� �
� ��� �	 �+(
& ���4
�) Y
ANN7 75/0) 2( 09/0-)2( 34/ 0) 2( 77/0) 2( 2  
PMtu  42/0) 1( 07/0) 1( 19/0) 1( 93/0) 1( 1 

��� = F�0 �	 �+(
& �� �!4 ��
?+� 
�� �
�
PMt,l  47/0) 1(  08/0) 2(  21/0) 1(  91/0)1(  1  
PMt,r  54/0) 3(  26/0) 3(  24/0) 2(  91/0) 1(  3 

ANN10 83/0) 4(  01/0) 1(  38/0) 3(  71/0) 2(  4  
HS 53/0)2(  26/0)3(  24/0)2( 91/0)1(  2  

��� �+(
& ���4
�) Y�+�� �� �
� $9�� �
�
HS 51/1)10(  2/1-)10(  67/0)10( 91/0) 6(  10  

PMten,l 23/0) 1( 00/0) 1(  10/0) 1( 98/0) 1( 1 
PMten,r 32/0) 3( 17/0) 6( 14/0) 3( 97/0) 2( 3 
PMte,l 46/0) 5( 07/0) 3( 20/0) 5( 92/0) 5( 5 
PMte,r 53/0) 7( 23/0) 8( 23/0) 7( 91/0) 6( 7 
PMtn,l 28/0) 2( 01/0) 2( 13/0) 2( 97/0) 2( 2 
PMtn,r 37/0) 4( 20/0) 7( 17/0) 4( 96/0) 3( 4 
PMt,l 47/0) 6( 08/0) 4( 21/0) 6( 91/0) 6( 6 
PMt,r 54/0) 8( 26/0) 9( 24/0) 8( 91/0) 6( 8 
ANN8 71/0) 9( 12/0) 5( 32/0) 9( 80/0) 7( 9 
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���" 6-��� �%,
��   NOP �I�) � Q�R .��/ �� ��� �!�I	 F,�4 �� D�+�� �
�) ����� �
*+%,(  
�4
�) Y�+�� �� ��%) $�!5� ��� �	 �+(
& ��  

���  RMSEMBE  RER2  ����  
ANN2 35/0)2( 08/0-)1( 12/0)2( 97/0)2( 2 
PMtnu  19/0)1( 12/0-)2( 07/0)1( 995/0)1( 1 

B-C 59/1)4( 03/1-)4( 54/0)4( 91/0)4( 4 
HS 59/0)3( 32/0-)3( 20/0)3( 94/0)3( 3 
T 86/1) 5( 46/1-)5( 64/0) 5( 94/0) 3( 5 

�4
�) Y�+�� �� Z�
� �
� ��� �	 �+(
& ��  
ANN4 59/0)2( 04/0)1( 20/0)2( 90/0)3( 2 
PMteu 33/0)1( 17/0)2( 11/0)1( 98/0)1( 1 
HS 59/0)2( 32/0-)3( 20/0)2( 94/0)2( 3 

�4
�) Y�+�� �� ��%) $�!5� � Z�
� �
� ��� �	 �+(
& ��
ANN7 64/0) 2( 09/0)2( 22/0) 2( 89/0) 2( 2  
PMtu  31/0) 1( 05/0) 1( 10/0) 1(  97/0) 1( 1 

��� = F�0 �	 �+(
& �� �!4 ��
?+� 
�� �
�
PMt,l  42/0)1( 06/0) 1( 14/0) 1( 94/0) 1( 1  
PMt,r  53/0) 2( 25/0) 3( 18/0) 2( 94/0) 1( 2 

ANN10 77/0) 4( 24/0-)2( 85/0) 4( 85/0) 2( 4  
HS 59/0) 3( 32/0-)4( 20/0) 3( 94/0) 1( 3  

�4
�) Y�+�� �� �
� $9�� �
� ��� �+(
& ��
HS 59/0)7( 32/0)9( 20/0)7( 94/0)4( 8  

PMten,l 32/0) 1( 00/0) 1( 11/0) 1( 97/0) 1( 1 
PMten,r 45/0) 5( 26/0) 8( 15/0) 4( 96/0) 2( 5 
PMte,l 43/0) 4( 16/0) 5( 15/0) 5( 95/0) 3( 6 
PMte,r 64/0) 8( 42/0)10( 22/0) 8( 95/0) 3( 9 
PMtn,l 37/0) 2( 11/0-) 4( 13/0) 2( 96/0) 2( 3 
PMtn,r 37/0) 2( 10/0) 3( 13/0 )2( 96/0) 2( 2 
PMt,l 42/0) 3( 06/0) 2( 14/0) 3( 94/0) 4( 4 
PMt,r 53/0) 6( 25/0) 7( 18/0) 6( 94/0) 4( 7  
ANN8 66/0) 9( 17/0-) 6( 23/0) 9( 88/0) 5( 10 
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���" 7-��� �%,
��   NOP �
�%� .��/ �� ��� �!�I	 F,�4 �� D�+�� �
�)]
��	 �
*+%,(  

 ��� �	 �+(
& ���4
�) Y�+�� �� ��%) $�!5�
���  RMSEMBE  RER2  ����  

ANN2 24/0) 1( 03/0-) 1( 06/0) 1(  98/0) 2(  1 
PMtnu  32/0) 2( 24/0-) 2( 09/0) 2( 99/0) 1( 2 

B-C 37/2) 4( 93/1-) 3( 65/0) 4( 84/0) 4( 4 
HS 53/0) 3( 24/0) 2( 15/0) 3( 80/0) 5( 3 
T 37/2) 4( 11/2-) 5( 65/0) 4( 86/0)3( 5 

�4
�) Y�+�� �� Z�
� �
� ��� �	 �+(
& ��  
ANN4 53/0) 2( 02/0-) 1( 14/0) 2( 92/0) 2( 2 
PMteu 28/0) 1( 21/0) 2( 08/0) 1( 94/0) 1( 1 
HS 53/0)2( 24/0)3( 15/0) 3( 80/0)3( 3 

�4
�) Y�+�� �� ��%) $�!5� � Z�
� �
� ��� �	 �+(
& ��
ANN7 75/0) 2( 05/0) 1( 20/0) 2( 84/0) 2( 2  
PMtu  35/0) 1( 15/0-) 2( 10/0) 1( 92/0) 1( 1 

��� = F�0 �	 �+(
& �� �!4 ��
?+� 
�� �
�
PMt,l  86/0) 2( 14/0)1( 24/0)2( 83/0)2( 1 
PMt,r  87/0) 3( 16/0)2( 24/0)2( 83/0)2( 2 

ANN10 02/1) 4( 31/0-) 4( 27/0)3( 84/0)1( 4 
HS 53/0)1( 24/0)3( 15/0) 1( 80/0)4( 3 

�4
�) Y�+�� �� �
� $9�� �
� ��� �+(
& ��
HS 53/0)1( 24/0)7( 15/0) 1( 80/0)6( 3  

PMten,l 68/0) 2( 11/0) 3( 19/0) 2( 87/0) 1( 1 
PMten,r 69/0) 3( 14/0) 5( 19/0) 2( 87/0) 1( 2 
PMte,l 75/0) 5( 22/0) 6( 20/0) 3( 84/0) 4( 8 
PMte,r 76/0) 6( 25/0) 8( 21/0) 4( 84/0) 4( 9 
PMtn,l 73/0) 4( 14/0- ) 5( 20/0) 3( 85/0) 3( 4 
PMtn,r 73/0) 4( 12/0- ) 4( 20/0) 3( 85/0) 3( 5 
PMt,l 75/0) 5( 03/0-) 2( 21/0) 4( 83/0) 5( 6 
PMt,r 75/0) 5( 01/0- ) 1( 21/0) 4( 83/0) 5( 7 
ANN8  93/0) 7( 35/0-)10( 25/0) 5( 80/0) 6( 10 
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Abstract

Reference evapotranspiration (ETo) is an important agrometeorological parameter for climatological and 
hydrological studies, as well as for irrigation planning and management.The FAO-56 Penman-Monteith 
combination equation (FAO-56 PM) has been recommended by the Food and Agriculture Organization of the 
United Nations (FAO) as the standard equation for estimating reference evapotranspiration (ETO). This method 
considers many parameters related to the evapotranspiration process; net radiation (Rn), air temperature (T), 
vapor pressure deficit (VPD), and wind speed (U). This paper examines the potential of FAO-56 PM equation in 
estimating the ETO under difference conditions from limited weather data. For this study, full weather data sets 
were collected from nine difference weather stations from Iran. FAO-56 reduced-set PM ETO estimates were in 
closest agreement with FAO-56 full set PM ETO estimates at the most of locations. The difference between 
FAO-56 full set PM ETO estimates and FAO-56 PM reduced-set ETO estimates generally increases by increasing 
the number of estimated weather parameters. Overall results indicate that FAO-56 reduced-set PM approaches 
mostly provided better results compared to Turc equation, adjusted Hargreaves equation and artificial neural 
networks. This fact strongly supports using the FAO-56 PM equation even in the absence of the complete 
weather data set. The minimum and maximum air temperature data and local default wind speed value are the 

minimum data requirements necessary to successfully use the FAO-56 PM equation under humid and arid and 
semi-arid conditions  and the minimum and maximum air temperature data daily and wind speed data daily are 
the minimum data requirements under extremely arid conditions. 

 
Keywords: Air temperature, Estimation, Evapotranspiration, Weather data, Wind speed 
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