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Evapotranspiration calculations by the FAO Penman-Monteith method require many 

parameters, the lack of some of which makes the calculations difficult. On the other 

hand, it is necessary to use methods that are easier to calculate and are easily 

understood by farmers. One of the indirect methods of estimating reference 

evapotranspiration is the pan evaporation method, which can be considered as a 

suitable index to estimate the evapotranspiration of the reference plant and finally the 

main plant. In this method, in order to calculate the potential evapotranspiration, the 

results of pan evaporation must be multiplied by the pan coefficient. Accurate 

calculations related to the estimation of the pan coefficient are very important because 

it can be used for irrigation planning when there is no lysimeter equipment. In this 

study, by using of daily, hourly meteorological data, and data from class pan A 

evaporation from meteorological stations of Kermanshah province in the long term, 

potential evapotranspiration values of the FAO Penman-Monteith and then pan 

coefficients were calculated. The index coefficients as a measure of estimation methods 

for Cuenca, Allan, Snyder, Modified Snyder, and Orang were used. The results showed 

that the, Orang and modified Snyder method had a higher level of accuracy compared 

to the other methods. The R2 with Orang method for different cities of Islamabad 

Gharb, Qasr-e Shirin, Kermanshah, Sararood, Sonqor, Gilan-e Gharb, Sarpol-e zahab, 

Kangavar were determined as: 0.84, 0.77, 0.72, 0.76, 0.85, 0.79, 0.77, and 0.73, 

respectively. Finally, the values of pan coefficients calculated by all methods in study 

stations in different months were calculated and presented. It is hoped that the results of 

this study will be used by managers and farmers in the region. 
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D'Q#�[< ��8B#��\ ;�K *�����Q����- ���#�� �� '�< 
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=$<�# - ��8! F�"< 
��� I#�8W� =$< �' IV�M�# �: �  '� ;�<�$� *� X� 9��: )  �B ��: ;�<Irmak et al., 
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'�< �[��'�  �N )Allen et al., 1988(.  9��:  ����� �� *i�'� � 
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�  ;�< 9��: *$��E� 	��� 	 	��� �' 	 �L8�' G�� �
���N' 9������ �< *� W��8 _��'�� .
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Ghamarnia and Soultani )2019( G�� ������' � ��-  ����� �#=$< � F�"< ��8$� �� ;�< 	 �L8�' �� �#=$<�' G�� 

�>�? -AB�! - C#8�� *� 
 �� &�#� �  O#UP' *B#G�� ��%���  � '���! � �M`V' �
���N' �D��! � A0� ��- O#UP'��- 

��%�� � ��#�� *� ��%��G�� 9#<�< � �M`V' �
���N' ��-�>�? -24 9����G�� A��< *$��E� 9��: ;�< 
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�pG�� A� b�����<�# 

�1�*�� 
 �B  
 �� &�#� �N��A# 8�! �' ��) &�$#SVR(1 �- ������ �8��� =$< �'�# � F�"< �	�# _`� ;�< �K�� 

A ^N�! �  ��TE� ;0�M �  �  �-�#� � ^N�! &�
� ��-�# �- ����� �� G�� Raghuwanshi and Wallender 

)1998( �  G�� �' 
"� *$<��-� b�����<�# �'�P  .;?��  
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^-�.! W��8Zare abianeh and Smaeili  )2021 �  (�����'� G���-� '�� ;�< 9��:  ������  �'
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F�"< � �#=$<  *�  '  &�� &�8� �� &�8�' � 1� � _�# UT? � *�-�� �*'���� G�� FAO-24 )1997 (�8��A�  �  �JUBS

G���- �Raghuwanshi and Wallender )1998 � (Allen and Pruitt )1991 (�<
�A� .
�8N'  '�  �JUBS  

Samii et al. )2022 (*� ���e� �
� ��'��� ������' LSTM
2  � a�H Y%��� �  ;�< �' �#=$< &'Q#�  ����� � 

*B#�
� �� &� *���1� � ������ � &��B� a�H MLP
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 �B ���]� ��-! � ^#���# �&'Q# 

=$<�# ��H  �JUBS� 
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2 ^#� �<  �RMSE 
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']0 s
- A�' ^-�.! *$��E� 9��: ;�< �#=$< �� 	 �L8�' �' 	 ' ��- *'��� I� 	�(8��' ����N'�- A�' &�8�' �  a� 

	��  30 *0�� *���e�� *�����Q����- Y#P �< ���#�� � D�$��E� ��# ��� ��
N��.  ;�< 9�'�: �� �1� ;��� � 

*$��E� G�� *B- �� 	
N	�(8��' �  �-	�� �  �<�"0�i� ��- *>'�' � *$��E� oU8=� ��-
N W��8 .*� ;�  	
��  A�' �'

^-�.! �� '�< 
	 �L8�' ���  �P'� ���#�� �Q�� *���� ;�K *1i�� &'������ � &'��
� �N .  

  

2 .1�� � �&���  

L8�' �� '
8�' � 	 � 	 '  �' ��� �' *'��� ����N'�- ��-1369  �<1399 )30 (�#H' ��� �(8��'	 ��- �	������

X`�'  �����R� I!�����-f �A��#N�TP &`#����R  �1�� ����(�� � ��'���� ���#?'�tK D�T=�� *>'�' 	
N  ��
K � 

)1(�  *� �K�� 	�#� *'��� F�"< � �#=$< �� �1���>�? G�- AB�!- 8��#) *i�'� �' C1.
N *$��E� (  

 *i�'�1(  ��� = 0.408∆
�� − �� + � 900� + 273 ��
�� − ���
∆ + �
1 + 0.34���  

  

) *i�'� � 1(�  ETo �K�� F�"<� �#=$<(mm/day)� Rn ^��< ) �-�#� ^N�! ui� �  v0�HMJm
-2

/d(� T 

 n��8�'�- ���   w�L<�' � 2  ui� �' ��8�A#��)ms
-1(� es-ea  w�L<�' �  ��=� ���?  �$B�2  ��8�kpa)(� Δ  9#N

 ��=� ���? ��E��kpa/c)(� γ 9��:  �8��%�(kpa/c)� G   IH'  *� ���� ��N x�H)MJm
-2

/d( 9��: �'
1� �b� .

) *i�'� �' 	 �L8�' �� ;�<2.
N *$��E� (  

 *i�'�2(  ��� = � × � �� 

) *i�'� � 2(� Epan =$<#) 9�M�� ;�< �' �mm/day� *� (#&� �1� n��8� ������� ��� 	��  � �#=$< *'��� �� 

 � ;�'Kp �:��� ;�< 9.
N�� 

  
Table 1. Geographical characteristics of stations in Kermanshah province  

Row Station Longitude Latitude Altitude (m) Station type 
1 Kermanshah 47°  1' 34°  32' 1318.6 Synoptic 

2 Islamabad Gharb 46°  5' 34°  15' 1379.7 Synoptic 
3 Sarpol-e-Zahab 45°  9' 34°  5' 545 Synoptic 

4 Kangavar 47°  99' 34°  5' 545 Synoptic 

5 Sonqor 47°  66' 34°  85' 1700 Climatology 
6 Qasr-e Shirin 45°  6' 34°  46' 357.6 Climatology 

7 Gilan-e Gharb 45°  60' 34°  15' 816.3 Climatology 

8 Sarrood 47°  18' 34°  2' 1361.7 Synoptic 
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2 .1 .1�� ��� ���� ���� � %��  

 A�' �  ^-�.! .
N 	 �L8�' ;�< 9��: *$��E� ;�K ��� n�'�� �'  

) *i�'�3     :�J#�� (  

� = 0.475 − 
2.4 × 10#$ × %� + 
5.16 × 10#' × �(� − 
1.8 × 10#' × )� − 
1.6 × 10#* ×�(� − 
1.01 × 10#+ × )�� − 
8 × 10#, × �(� × %� − 
1 × 10#- × �(� × )�  

) *i�'�4 :D��! A0� (  

� = 0.108 − 
3.31 × 10#$ × %� + .0.0422 × /0
)�1 + 
0.1434 × /0
�(� − 
6.31 ×10#$� × 2/0
)�3� × /0
�(��  
) *i�'�5:�
���N' (  

� = 0.482 − 
3.76 × 10#$ × %� + .0.024 × /0
)�1 + 
0.0045 × �(�   

*i�'� )6 (c`V' �
���N' 	
N:     

� = 0.5321 − 
3 × 10#$ × %� + .0.0249 × /0
)�1 + 
0.0025 × �(� 

*i�'� )7:d��' (      

� = 0.51206 − 
3.21 × 10#$ × %� + 
0.0288945 × �(� + 0.031885 × 
/0
)� − 
1.07 × 10#$ ×�( × /0
)��   
n�'�� A�' �  *� Kp  �;�< 9��:U  �� ;S�� (Kmd

-1
)

� RH  �$� ;��%�)Percent(� F  �' �(��Q$� *UV�?

�� ;�< ;B� *�  �� *� �8�K  ��)m.(  

*� &�8���N �- �'�� &�8�' I� ����N'�- 	�(8��' *'��� D�S`%' �' 	 �L8�' �� n�'�� A�' 
N *$��E� *��'
K ��%

) �(8�$B- 9��: 
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Table 2. Comparison of different methods for estimating evaporation coefficient with different statistical criteria 

Station Model RMSE MAD MBE r 

Islamabad Gharb 

Cuenca (1989) 8.78 0.16 -0.16 0.92 
Allen and Pruitt (1991) 10.0 0.18 -0.18 0.87 
Snyder (1992) 10.2 0.18 -0.18 0.91 
Modified Snyder 9.2 0.16 -0.16 0.92 
Orang (1998) 6.0 0.1 -0.1 0.92 

Qasr-e Shirin 

Cuenca (1989) 3.1 0.1 -0.1 0.88 
Allen and Pruitt (1991) 3.7 0.12 -0.11 0.86 
Snyder (1992) 3.9 0.12 -0.12 0.88 
Modified Snyder 3.4 0.1 -0.1 0.88 
Orang (1998) 2.1 0.06 -0.03 0.88 

Gilan-e Gharb 

Cuenca (1989) 3.61 0.12 -0.12 0.89 
Allen and Pruitt (1991) 4.1 0.14 -0.14 0.88 
Snyder (1992) 4.4 0.14 -0.14 0.89 
Modified Snyder 4.0 0.13 -0.13 0.89 
Orang (1998) 2.35 0.08 -0.06 0.89 

Station Model RMSE MAD MBE r 

Sarrood 

Cuenca (1989) 6.67 0.15 -0.15 0.88 
Allen and Pruitt (1991) 7.9 0.18 -0.18 0.87 
Snyder (1992) 8.0 0.18 -0.18 0.87 
Modified Snyder 7.6 0.17 -0.17 0.87 
Orang (1998) 4.8 0.11 -0.1 0.87 

Kermanshah 

Cuenca (1989) 5.3 0.12 -0.11 0.83 
Allen and Pruitt (1991) 6.35 0.14 -0.14 0.85 
Snyder (1992) 6.54 0.15 -0.14 0.85 
Modified Snyder 6.15 0.14 -0.13 0.85 
Orang (1998) 3.8 0.08 -0.06 0.85 

Kangavar 

Cuenca (1989) 4.12 0.07 -0.06 0.85 
Allen and Pruitt (1991) 2.6 0.09 -0.08 0.86 
Snyder (1992) 5.5 0.09 -0.09 0.85 
Modified Snyder 4.4 0.07 -0.06 0.86 
Orang (1998) 5.4 0.04 0.0 0.84 

Sonqor 

Cuenca (1989) 0.9 0.02 6.8 0.92 
Allen and Pruitt (1991) 0.95 0.04 -0.02 0.91 
Snyder (1992) 1.3 0.04 -0.03 0.92 
Modified Snyder 1.0 0.04 -0.01 0.92 
Orang (1998) 0.65 0.05 0.05 0.92 

Sarpol-e-Zahab 

Cuenca (1989) 11.0 0.15 -0.14 0.88 
Allen and Pruitt (1991) 11.3 0.15 -0.15 0.86 
Snyder (1992) 12.3 0.17 -0.16 0.88 
Modified Snyder 10.0 0.14 -0.13 0.88 
Orang (1998) 6.5 0.09 -0.06 0.88 
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Figure 1. Correlation coefficients between Kc estimated by the FAO Penman - Monteith and Cuenca, Allen 

and Pruitt, Snyder, modified Snyder and Orang at the studied stations 
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Continued figure 1. Correlation coefficients between Kc estimated by the FAO Penman - Monteith and 

Cuenca, Allen and Pruitt, Snyder, modified Snyder and Orang at the studied stations 
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Continued figure 1. Correlation coefficients between Kc estimated by the FAO Penman - Monteith and 

Cuenca, Allen and Pruitt, Snyder, modified Snyder and Orang at the studied stations 
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Continued figure 1. Correlation coefficients between Kc estimated by the FAO Penman - Monteith and 

Cuenca, Allen and Pruitt, Snyder, modified Snyder and Orang at the studied stations 
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Continued figure 1. Correlation coefficients between Kc estimated by the FAO Penman - Monteith and 

Cuenca, Allen and Pruitt, Snyder, modified Snyder and Orang at the studied stations 
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Table 3. The values of the pan coefficient calculated in the study stations in different months 
Station Model  Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar 

Islamabad Gharb 

Cuenca 0.77 0.72 0.64 0.61 0.6 0.47 0.7 0.8 - - - - 
Allen  0.76 0.73 0.67 0.65 0.65 0.63 0.7 0.78 - - - - 
Snyder 0.78 0.74 0.67 0.65 0.64 0.66 0.72 0.8 - - - - 
Modified Snyder 0.72 0.7 0.66 0.65 0.65 0.66 0.7 0.7 - - - - 
Orang  0.66 0.64 0.6 0.58 0.58 0.59 0.63 0.68 - - - - 

Qasr-e Shirin 

Cuenca 0.73 0.64 0.59 0.5 0.6 0.6 0.67 0.72 0.76 0.8 0.8 0.71 
Allen  0.73 0.67 0.62 0.61 0.63 0.64 0.7 0.74 0.75 0.78 0.78 0.73 
Snyder 0.74 0.67 0.63 0.64 0.63 0.64 0.7 0.74 0.77 0.81 0.81 0.73 
Modified Snyder 0.7 0.66 0.64 0.65 0.64 0.65 0.68 0.7 0.72 0.74 0.74 0.7 
Orang  0.64 0.59 0.57 0.58 0.57 0.58 0.61 0.64 0.66 0.7 0.68 0.64 

Gilan-e Gharb 

Cuenca 0.72 0.64 0.58 0.58 0.58 0.59 0.67 0.71 0.77 0.78 0.77 0.72 
Allen  0.73 0.67 0.6 0.6 0.6 0.62 0.7 0.73 0.76 0.76 0.76 0.73 
Snyder 0.74 0.67 0.6 0.62 0.61 0.63 0.7 0.73 0.78 0.79 0.78 0.73 
Modified Snyder 0.7 0.66 0.63 0.63 0.63 0.64 0.68 0.7 0.72 0.73 0.72 0.7 
Orang  0.63 0.6 0.56 0.56 0.56 0.57 0.61 0.63 0.66 0.67 0.66 0.63 

Sarrood 
Cuenca 0.73 0.67 0.6 0.6 0.6 0.6 0.65 0.73 - - - - 
Allen  0.74 0.7 0.64 0.64 0.63 0.63 0.68 0.74 - - - - 
Snyder 0.75 0.7 0.64 0.64 0.63 0.64 0.68 0.75 - - - - 

Sarrood 
Modified Snyder 0.7 0.68 0.65 0.64 0.64 0.64 0.67 0.7 - - - - 
Orang  0.64 0.61 0.58 0.58 0.58 0.58 0.6 0.64 - - - - 

Kermanshah 

Cuenca 0.76 0.71 0.61 0.6 0.59 0.6 0.65 0.75 - - - - 
Allen  0.76 0.73 0.65 0.63 0.62 0.63 0.68 0.75 - - - - 
Snyder 0.77 0.73 0.64 0.63 0.62 0.63 0.68 0.77 - - - - 
Modified Snyder 0.72 0.7 0.65 0.64 0.64 0.64 0.67 0.72 - - - - 
Orang  0.66 0.63 0.58 0.57 0.57 0.58 0.6 0.65 - - - - 

Kangavar 

Cuenca 0.78 0.75 0.67 0.64 0.63 0.64 0.7 0.79 - - - - 
Allen  0.77 0.75 0.7 0.68 0.67 0.68 0.7 0.77 - - - - 
Snyder 0.8 0.77 0.7 0.67 0.66 0.72 0.72 0.8 - - - - 
Modified Snyder 0.73 0.7 0.7 0.67 0.66 0.69 0.69 0.74 - - - - 
Orang  0.67 0.65 0.6 0.6 0.59 0.63 0.63 0.7 - - - - 

 



+�68�� 6 -�9�� �2:��; "�<�= ,�) >?)�� ������� ,:@ ��?7�A� ��0� �8� )�9��C� +���. :D�27" #������4(   759 

Continued table 3. The values of the pan coefficient calculated in the study stations in different months 
Station Model  Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar 

Sonqor 

Cuenca 0.74 0.72 0.72 0.62 0.62 0.61 0.68 0.72 - - - - 
Allen  0.73 0.73 0.73 0.66 0.66 0.64 0.7 0.73 - - - - 
Snyder 0.74 0.74 0.74 0.66 0.65 0.64 0.7 0.74 - - - - 
Modified Snyder 0.7 0.70 0.7 0.65 0.65 0.65 0.68 0.7 - - - - 
Orang  0.64 0.63 0.63 0.59 0.59 0.58 0.61 0.64 - - - - 

Sarpol-e-Zahab 

Cuenca 0.77 0.7 0.62 0.61 0.62 0.64 0.7 0.77 0.85 0.86 0.85 0.8 
Allen  0.76 0.71 0.66 0.64 0.65 0.68 0.71 0.76 0.8 0.8 0.8 0.78 
Snyder 0.79 0.72 0.66 0.64 0.65 0.67 0.71 0.79 0.85 0.86 0.85 0.82 
Modified Snyder 0.73 0.69 0.66 0.65 0.65 0.66 0.68 0.73 0.76 0.77 0.76 0.74 
Orang  0.67 0.63 0.59 0.58 0.58 0.6 0.62 0.67 0.7 0.71 0.7 0.68 
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