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(Clearness Index)"'  $B� .  

     *$: * ��� =�* ��KT    F7��Q' �* 
       �*$Mb' � $M���( F9#�x' 

              �M  �M *�  }�ML � �*��MB ��-:5�* �� �� )!s�/�     ��-:5M�* �� � 

    �  � *�  �5'*�s�/�  $B ;@�K  .�*       �* )! f�M\��* FL�5M'*� ��-:5

   "' �:EL ���� GH#   +$B� KT        }�ML ��-:5�* �� F  
95/ ��:EL 

  ��*� �*��B � .           ��M�3L }3' 23R }*3'* FL 
#* )! �'* =�* 
?<

      "' *� 3[ �* ��:.�  `E< $�B�3C          =�M'� GHM# FM  �M� $%��E��  

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
91

.1
6.

61
.1

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
20

 ]
 

                             3 / 12

https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.1.8
https://jstnar.iut.ac.ir/article-1-2425-fa.html


 �������	
 ��
�� � ����
�� ���� � ���� �
� � �� ���� � /  
!"#$%&
' /  (�
)' "*+ � ,-' /
.+%� /01/  

v  

 �8f/.(
@;<+7 ,��Y�� � C
-6��  �!
�'7�# �
#  

 c�/

��-:5�*  

 f�\��* GH# �*

 ����)�:'(  

 "����*�^[ t�<

)F[��(  

 "����*�^[ 23R

)F[��(  

 "($/��  d#3:'

F/��#) �:' "?�'( 

 ��'� d#3:'

 F/��#)cº(  

 W�?_*) �$%  Fb9R

=���'��(  

}�L  �/���
  "��  °��"7�EB   "�v  °��"_�B   
��  �/�v  j.C  

�5'*�  �/
�O  "�v  °�n"7�EB   "v�  °��"_�B   �

�  �/��  R�' ���5  J3  

�*��B  �/�v�v  "�
  °
�"7�EB   "�n  °�
"_�B   �v�  s/�s  j.C FE�/  

  

            =�'� GH# F  �$�#� �$�B�3C ;L D �� )*m�' �* *�7 � $%#� 

 "' F:#�L �3B .Rso            GHM# FM  �$�M#� ;ML D �� =6E' �kL*$K 

         "' �� *��Y �S'�L d�*�B �� +":����� D �� �-/��  � =�'� $B�  .

��*� *�7 �I���*$/*  ��(� �$B Rs ����Mb' �* $��9/ Rso  ��9M#�x' " 

  $/3MB �:.�  .Rso                FM7��Q' �* ���\:M#* �M  2�M# �* ��� �MI �� � 

 $B F9#�x' .   
��&/ ��Rs ��*$/*          ��� � ��-:5M�* �� �$MB ���(

       ���M%:' ����b' �  ��/ ��3'Rso         FM7��Q' �* �$MB F9M#�x' �)  ��

      2�# �* ��� )�EI � ��-:5�* )�EI ( $���( F5��b' .�� "��3@  FL

Rs ��*$/*       �* �:.�  +�$B ���(Rso         )*3M%< FM  �3M  �$B F9#�x' 

$B F:C�%B 8�� ��*�.  

           �� � )$B J*�C +�:'3/*���� F.�B )$B h�kL �'* =�* 
?<

g%#*�"       "' ��/ ��3' ��-:5�* �� �:'3/*���� )�39/    $B� )�.(  *�7

��*�  ��*$/* ��I    �$B ���(Rs     �* D�  FL Rso    M#3� "��9M#�x'  d

 FMM7��Q')� ( ��$MMK � $MM/�3 ���*� ;MML $MM@��   ;'�MMB *� �MMI

"'   $/$���( ��K +$/$B .    F  F[3� �   ;6B�O h7*     ����Mb' Rs 

        )�:5M �� ;l� �� �5'*� ��-:5�* ��)   �M'�( ;lM� ( =���M�    �* �M�

  "%x%'Rso    $/�*� �*�_ �$B F9#�x'  .   =�* F  F[3� �     d�*�B �* FL

 ��*� 
9T    g%#*� "-/3-Z � �I" :'*����      �� "��<SR* ��/ ��3' �

 "E/ 
#�                =M�* �� �3M[3' �:'3/*���M� �3M_ 2�ME:K* FM  +$B� 

   g%#*� ":#�� F  ��-:5�*"  
#* �$./  .       �M'* =M�* "M#��  �*� 

 ��*� F�?0   ��IRs��*$/*  X��] �� �$B ���(  J�] "\?:N' ��I

 $MMB)�/� "MM7* v/� (  �$MM< J�MM] �MM  FMML
/� ����MMb' �� Rs 

��*$/*    +�$B ���(  ;6B
O h7*         "M%x%' ` �MH� FML $B ;@�K 

Rso����b' �  "��9#�x' Rso       =M�* �� �$MB 
M9T �kL*$MK ��MI 

   "' )�./ *� ��-:5�* $I�.  ��*� *�7    ��IRs  ��*$M/*       �� �$MB ��M�(

             X��M] �M  `M�bx� =M�* �� �5M'*� ��-:5�*
/�    $/$MB G�xlM�  .

WI          ��-:5�* =�* "%x%' ;C*� )�3  �� 
?< =�%Z)  ;6B�O  hM7* ( 

   )�3  �� *       "' �'�( ;l� �� �I��� �* ����� �*$Q�     �� FML $B� 

 ;6B
 OF  J  
#* �$B ��*� )�./ �3B�I 8�3@.  

  

 8� �8�'��� 2� 3�
4 5�)64 ��?�4 �
#  

    3q�� F��./ ���n) �(         FMH *� " �:�! 8�<�# �:'*��� �* ���\:#* � 

    
#* �$B Fq*�* *� ��� .         c��:5M-/! 2$M' �* 2$' =�* 
b�bK ��

)n ( �$B `:.' 
#*  .   " �g� X�*�]a � b F      � *�  X����
�/� 

 ���/�
#* �$B F�@3� . n  ��*$M/* F/*��� " �:�! 8�<�#   ��M�(

       � ��/ ��3' ��-:5�* �� �$BN        FM/*��� " �M:�! 8�<�M# �kL*$K 

"' ��-:5�* )�EI �� �$B F9#�x' $%B� .  

]�[                                    s

a

R n
FAO : a b( )

R N
− = +56  

��I  /�'�# � �3��(") ��(  +(H-S)         ;_*$MK ��M'� �* ���\:M#* �M    

) (Tmin �kL*$K ��'� �)Tmax ( "%�'�*�� D �� �)(Ra ;L D �� 

   $/��L ���!�  *� �$�B�3C .     "M �g� X��M]kr      FMH *� =M�* �� 

     "?K�M# `R�%' �*� ��/�           "?K�M# �M�Y `R�M%' �*�M  � �n/� 

"'  $B� )�
(.  

]v[                             /s
r max min

a

R
H S : k (T T )

R
− = −

0 5  

    )*��6EI � ;I� )� (   ��*� �* ���\:#* �        " �M:�! 8�<�M# ��Iv� 

              ��*� d5M  FM0 *� �M�� "HC��Y FH *� h?:N' i�b/ �* ��-:5�*

 FMMH *� �$MMB�MM' " $MM/�*� FMMq*�* *� $MMB�  . 2$MM' �* ;MMI�  2$MM'

 
M#* �$B `:.' c��:5-/! .  "M �g� X�*�M] a + b + c  �d �� 

 2$' =�* F   X����   � *�  �n/�  +�s/�  +�n/�O   � �v/� "'    $%MB� .  

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
91

.1
6.

61
.1

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
20

 ]
 

                             4 / 12

https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.1.8
https://jstnar.iut.ac.ir/article-1-2425-fa.html


2� 3�
4 5�)64 �&7��� �8�'��� 
�  �9	' �7 ($
:;!7 �
# �	-� …  

�  

   

29'/.,W\  ($7$ ���!  �&7��� �
# Rs(�78&7 �?�J (
@;<+7 �$ (8'  A?� �
#)iE7( �7?�' �)� ( ?<�7� �)A (�W��� (8' ($7$ >�7?� 

4
	!
W� ?+$
=�� Rso 
� ($
:;!7 �7 �E$
��) / (�� 8'
�.  

  

  
29'd.3+
)&   Rs�78&7 �
#(  Z+?j  
)�7 �7 8�� (8' �?�Jd//) iE7 29' ((�78&7 ��
;�� C
�
! 3+
)& �  �?�J  (8')� 29' ( �$

 ?<�7� (
@;<+7) 
!  �
#/11^H/1]T(  

  

]�[                s

a

R n n n
Bahel : a b( ) c( ) d( )

R N N N
= + + +

1 2 3  

     �� �MI � �3Ex')��(  +(M-H)           � ;_*$MK ��M'� �* ���\:M#* �M  

       ���!�  *� �$�B�3C ;L D �� �kL*$K$/�3E/ .   "M �g� X��]

a     FH *� =�* �� ��/� "'   $B�  .  FH *�s    j���E:5�# ��I�HC �T* 

"' "k%C *� ;L D �� =�EN� ��  $%L)��(  )! �� �Rs mod D �� 

"' �$B G�xl� ;L $B� .  

]n[                    / /
s max min aM H : R a(T T ) R− = −

0 69 0 91  

]s[                                          s
s mod

R /
R

/

−
=

2 4999

0 8023
  

 )*��6EI � 2$/�/!)s( + (Annandale)�3��(��I 2$' rS@* � O

 F  "/�'�#             FMq*�* *� �M�� FMH *� ���� GH# �* f�\��* �:'*��� F?�#�

��L . X��]krs 2$' " �g� X��] )�EI H-S"'  $B� .  

]�[                s rs

/
max min a

AnnandaleR k ( / Alt)

(T T ) R

−
= + × × ×

− ×

5

0 5

1 2 7 10
  

  

 8� ���!7� �&��!?J� �
#  

F   "?L �3R 2$'   �I        � jM� =�M  "-:59EI ,�#*�  "/3�#�(� �

      ��*$M/* "M#�%B*3I �:'*��� $%Z ��       � �$MB ��M�(Rs    =�$M%Z �� 

} 

*h7 J 

h7* J 
RSO 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
91

.1
6.

61
.1

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
20

 ]
 

                             5 / 12

https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.1.8
https://jstnar.iut.ac.ir/article-1-2425-fa.html


 �������	
 ��
�� � ����
�� ���� � ���� �
� � �� ���� � /  
!"#$%&
' /  (�
)' "*+ � ,-' /
.+%� /01/  

n  

      �$B Fq*�* ��C FbH%' j� �� ��-:5�* $/* .       c�� ,�M#* =M�* �M 

     2$' =�* �� ��L c�-%I F  
#*          
M&[ +$M�$[ FbH%' j� �� �I

 ̀ �_� =�EN�   ��Rs  $/��( "g%#*� + .     +`�bx� =�* �� *�7   *$M: *Rs 

 2$' ,�#*�           X�*�M] �* ���\:#* �  �$B ���9'�/ "/3�#�(� ��I

  Fq*�* d#3� �$B F�@3� $���( F9#�x' �&/! )�($%I� . �*�  op#

  2$' )��L "g%#*�    ��*� "M �g� ��I          �� FM  ��-:5M�* �MI ��MI

  $/$B W�5b� 
E5_ . ��*� �* "E�/ ��*$/* ��I ��(�   FM/*��� �$MB 

 ��*� ;'�B �I� �'� �  +;_*$MK   �M'� �       �M:�! 8�<�M# +�k0*$MK " 

��*$/* ��(�    � �$B Rs ��*$/* ��(� �$B )  2�M# F#���sO���� (

         2$M' X�*�M] =��M:&  )���! 
#� F  
&[      �� "M �g� ��MI

  F'�/� SPSS          ���\:#* �  2$' �I X�*�] =��:&  � $/$B ���\:#* 

     2$M' ��M&Z �*�M  "MHC )3�#�(� �* FAO-56+H-S  + M-H 

�Annandale  )3�#�(�  2$M' �*�  "HC��Y  Bahel FM     
M#�

$'! .     ��*� �* FL �3B 
_� ":5��           "g%M#*� FM?K�' �� FML "��I

2$'    �I)     2�M# F# ;'�B���sO���� (       �� 
M#* �$MB ���\:M#*

2$MM' )3MM'�! 
E5MM_  WMMI �MM  �MM&/! F5MM��b' � �MMI)2�MM# ��MMI  

����O���s ( $./ ���\:#* .      2$M' �$MB "g%M#*� X�*�]   ��MI

 �� "/3�#�(� 2�$[
� )�./ 
#* �$B ��*.  

  

�9	' ����-� �	-� �
#  

  2$' "9l< F69B  ��I   F0 $%:5I "��9#�x'    $/���_ i�9��*   )�M�' 

�����   "[��C � �I       F69B d#3� *� "6�m�� W:5�# j� ��I  �*

��( �*  WMI �  "-EI FL �I     $M%��E/ =�M�Q� +$%:5MI ;lM:'�  �� 

   2$' 
��&/"' $/*3�    ����� )��' d9��' =�/*3_   � �I "[��C   �MI

*�  $��E/ h.L ) � .(F19B 9l<" <3%l'" �* ��F �MI"�     c�M/ FM  

��F �����+ \N' "  [��C � " 1.� �;      � �I �� � 
#* �$B  M�F 

�{ ��        �-MB�*��� �lM%< $M%Z ) )��M/ (         c�ME� �M  FM0 ��*� �3M[�

)��/ �I� ��F $Q � d9��' '"$%B�  .�*$Q� )��/�I� � M�F ����� 

� *�  �*$Q� ^:'��I�� ;b:5' #�W:5 ��3' ��/ '"$B�  F0 �� * M�= 

bx��` ^:'��I�� ;b:5'  )�MEI ^:'� �MI�� ?_*� ME"  M'"   $%MB� .   FM  

           FM/*��� �$�MB�3C ;ML D �M� �:'*��M� ��3'! �3�%'+ �*  F69MB 

)��:pMM#�� $MM%Z FMM�� (Multi Layer Preceptron (MLP)) �MM  

   �MHC ��.M:/* o� ���(��� W:��3-7*(Back Propagation)  A �M� � 

 /�� ~�x'     5L! 
/*�  $B ���\:#* )3 .  o� ���(��� W:��3-7*    ��.M:/*

        "M' �MHC rS@* ���(��� )3/�_ �  "%:9'   $MB� .       �M  ��� =M�* ��

   )�� F<3Eg' �* ���\:#* "' ��Y! ��3'! +F�7�* "���l� ��I  ���M(. 

      �I �*�  2$' "[��C =��Q� �* o� j�      �� �$B Fq*�* ��I3-7* �* 

             � 2$M' "M[��C =�M  8��\� �* ;@�K ��HC +��3'! F<3Eg'

               �� F69MB ;MC*� FM  
.(�  �  � �$B F9#�x' ���:/* ��3' ����b'

   )�� ����b' o6< 
&[    "' G�xl� �I   �3MB.  MK*�R"    ��3M'! � 

 9l< F19B" $%'���/ ��*�  ��I   ����� ��*$/* �$B ���( � WI    =�M%Z

   "[��C �:'*���/*��*$  �$B ���( "' $B�  .��*���I �����  ;'�MB 

�'�� ;_*$K   ��'� +�kL*$K � 
<�#  �:�!"  ��*$M/*  ��M�(    �$MB  �

WI           F9M#�x' �kL*$K "%�'�*�� D �� � �kL*$K " �:�! 8�<�# =�%Z

  �$B
#* . WMI            +`M�bx� =M�* �� "M[��C ��*� =�M%Z    ;ML D �M�

�$�MMB�3C"MM'  $MMB�   dMM#3� FMML  �:'3/*���MM�(Pyranometer) 

��*$MM/* ��MM�( �$MMB 
MM#*.   �*mMM�* c�MM/ �* �MM]�K `MM�bx� �� 

Neurosolution    $B ���\:#* Wg%� FN5/ .     ;ML D �� =�EN� 
&[

    F69B �* ���\:#* �  �$�B�3C     F69B +"<3%l' "9l< ��I     �M  "��I

����� $/$B y�x7 h?:N' ��I:  

�.              FM/*��� �kL*$MK � ;_*$MK ��'� ����� �:'*��� �� �  F69B 
(ANN 1)  


. F69B            8�<�# � �kL*$K � ;_*$K ��'� ����� �:'*��� F# �  

 F/*��� " �:�!(ANN 2)  

�.             � FM/*��� �kL*$K � ;_*$K ��'� ����� �:'*��� F# �  F69B 

"%�'�*�� D ��(ANN 3)   

v.               " �M:�! 8�<�M# � ;_*$MK ��M'� ����� �:'*��� �� �  F69B 

�kL*$K F/*���(ANN 4)   

�.      �! 8�<�# �:'*��� �� �  F69B        8�<�M# �kL*$MK � F/*��� " �:

 F/*��� " �:�!(ANN5)  

F69MMB ��3MM'! �3MM�%' FMM   �* "MME�/ "<3%lMM' "9lMM< ��MMI

��*� ��*$/* F/*��� ��I  ��3M'! F?K�' �� �$B ���( (Train) 

     2�# F# ;'�B FL���sO����       ��*� �M-�� "ME�/ � �3     ��MI

��*$/* F/*���  )3M'�! F?K�' �� �$B ���((Validation)    FML

 ;'�MMMB 2�MMM# FMMM#����O����$/$MMMB ���\:MMM#* +�3MMM  .  

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
91

.1
6.

61
.1

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
20

 ]
 

                             6 / 12

https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.1.8
https://jstnar.iut.ac.ir/article-1-2425-fa.html


2� 3�
4 5�)64 �&7��� �8�'��� 
�  �9	' �7 ($
:;!7 �
# �	-� …  

s  

 �8fd. ���!7� ��?�4 Ck$
�� Z+7?j  (
@;<+7 �$ (8' �7?�' �A?� �?<�7� �
#  

2$' �I M-H*  Annandale*  H-S*  FAO-56*  Bahel*  

 a ksr  kr b a d c b a 

 ��-:5�*�5'*�  ��/�  ��/�  ��/�  ��/�  
�/�  �s/�  ��/�O  
s/�  

/�  

 ��-:5�*�*��B  �
/�  �n/�  �n/�  vv/�  ��/�  vs/�  ��/�O  ��/�  
n/�  

 ��-:5�*}�L  �v/�  ��/�  �n/�  ��/�  
�/�  �n/�  ��/�O  n�/�  
n/�  
∗ :'2$ �I X�*�] �  FbH%' �$B "g%#*� �*  

  

lW� � Q+
;&  
2$' 
_�  ���M'! �* ���\:#* �  �I   ��MICorrelation Factor) (R +

Root Mean Square Error  (RMSE)  +Mean Absolute Bias 

Error   (MABE)� Mean Bias Error  (MBE)   $MB F5M��b' .

2$' F5��b' 
&[  ���'! +WI �  �IR�  RMSE d#3:' F.�� FL 

 $%:5MMMI �*��3MMMC�  
MMM�37�* �* +��*� c�MMM/ �MMMHC ���MMMg' .

���'! ��IRMSE  � MABE"' ;E< �-�$6� F �.' ��9��b�   $%%L

       )�'� �� � 2$' 
�#�5K 
5� �*�  �    ���3L ��I  �� ��ML 8$'

$/�*� .    �*$b' FZ �IRMSE   � MABE       
M_� 2$M' +$B�  �:EL 

     ��*� ;L D �� ���!�  �� �����  .      FM  i3 �' ��I�*�3E/ W#� � 

 2$' ��6?E<                �* ��*$MQ� FML $MB �N.M' ��-:5M�* �MI �� �I

  ����b'Rs     2$' d#3� �$B ��� =�EN�          ����Mb' �M  F5M��b' �� �I

   "' 8��\:' ���5  "Q_*�  $%B�  .*�      +�'* =�* "#��  �Rs  =�EN� 

     2$' d#3� �$B ���FAO-56    ; �b' �� Rs ��*$/*      �� �$B ���(

    $/$B W#� ��-:5�* F# �I .          FM�K�/ �� �� ���M<��Y w��M:/ =M�*

 �$B DN�   $/*)  ��  ;6B�  �$B �N.'  $/* :(     
E5M_ �� "M6�

               
EM# +=���M� �� ��M-�� � "/3�M#�(� dMC �Z 
E# �� 

* )�./ FL "/3�#�(� dC 
#*���*$/* �� �HC �3[� �  ���(Rs 

    $/�*� ��C ��� )! �� .    ��*� �* �*$[ �I�HC =�*    "��I��� ��I

      FM7��Q' �* ���\:M#* �  FL $%:5I)� (   $/$MB ��MK � "��M#�%B .

��*�    ��IRs ��*$/*             FM7��Q' �* �$MB ��K � �$B ���()� (  �M&%�

 ��*� ;'�B   "' "��I      �* D�  FL �3BRa  "' "��9#�x'    $%MB� .   FM  

3MM%<   FMML ��*� �3MM[� ���� �5MM'*� ��-:5MM�* �� 2�MMk' )*Rs 

��*$/*          ��� )! �� �$MB ��M�(
�         ��� �� AM �'�:' �M  2�>�M-'

"'   "7�K�� $B�     2$' FLFAO-56      �* �:EL *� )! ��    �M  2�>�-'

  ��� �� A �'�:'            �3M[� ���� o6<�M  �M� � 
#* ��� =�EN� 

   FL ��*�Rs ��*$/*      ��� )! �� �$B ���(�   ' �M  2�>�M-'  AM �'�:

 ��� �� "'    �� $B�  "7�K    2$' FLFAO-56    *� )! 
�    �M  2�>�-'

    ��� �� A �'�:'  
#* ��� =�EN� .  )�./ �'* =�*     
M#* )! �$%I�

     �$B 
9T ����b' FLRs            23M9_ ;M �_ ���$Mx' �� �MI��� =�* �� 

"E/        �I��� =�* �� � $%B� ))�EI       ;6MB �� FL �3R�   �N.M' 

"' $B�  (��*$/*  ���(Rs �HC �  
#* ��3  �*�EI.  

       ����b' =�  DK�� 8��\� "#��  �*� Rs       � �$MB 
M9T Rs 

               �� ��� �MI �� " �M:�! 8�<�M# �$MB 
9T ����b' +�$B F9#�x'

  ; �b'Rs ��*$/*           $/$B W�#�� ��-:5�* �I �� �$B ���() ;6MBv(. 

     ��I�*�3E/ D��E/ �* o�Rs           �MI �� " �M:�! 8�<�M# �M *�  �� 

    ��I��� FL $B �$I�.' ��-:5�*      " �:�! 8�<�# FL $/�*� �3[� "

     �* �:EL �&/! ���   "7* v    "7�MK�� 
#* 
<�#     FMLRs    )�MEI �� 

   =�  �I�����   �� 
�       ��� �� A �'�:' �  2�>�-'"'       �M  � $MB� 

       "M?< FML $/�*� �3[� "��I��� o6<    WMY��    "M7* �
   
<�M# 

  +" �:�!Rs   =�  �   �� �       ��� �� A �'�:' �  2�>�-' "M'   $MB�  .  �M 

 * "��#�%B            $MQ  � ;9_ ��I��� ����b' �  �&/! F5��b' � �I��� =�

 WI �          "/�M'� y�Mx7 �* �&/! "#��  =�%Z)   2�M# �* ���(   ��9:MB* +

  ��*� =�* )�3            ��*� =M�* � $MB �N.M' �I��� )!�� �I     mM�/ �MI

 $/$���( ��K .  ��*� =�* �*$Q�          �*��MB ��-:5M�* �� ��9:B* ��I��� 

  ���)� $@�� (     }�L ��-:5�* �� +n
   ��� )� $@��  (  WMI �   =�M%Z

    �5'*� ��-:5�* �����   ��� )� $@��  (   f3Eg' �*n��*� 2�#    ��MI

     "' )�./ � �3  ���\:#* ��3'  ��*$/* $I�  ���(      �5M'*� ��-:5�* �� �I  

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
91

.1
6.

61
.1

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
20

 ]
 

                             7 / 12

https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.1.8
https://jstnar.iut.ac.ir/article-1-2425-fa.html


 �������	
 ��
�� � ����
�� ���� � ���� �
� � �� ���� � /  
!"#$%&
' /  (�
)' "*+ � ,-' /
.+%� /01/  

�  

  
 29'0. �<+
=� Rs(�78&7   
� (8' �?�J Rs (8' �	!
W�)��� �$ ��?�?;� ?�  �K
@�(  �R
�  8� �7 ($
:;!7 
�TU7 �$ (
@;<+  A?� �
#)iE7( �

 �7?�')� ( ?<�7� �)A ( 
! �$  �
#/11^H/1]T ($7$ 3+
)& � 
#� m�*�� ) c� %�?Y c�/��/*�� c� � �!?J� c� �&�� 

�� 8'
�(  

  

  

 29'n. 3+
)& Rs(�78&7   (8' �?�J)��� �$ ��?�?;� ?�  �K
@�( (�78&7 ��
;�� C
�
! 2�
=� �$ (
@;<+7 �$ (8' �?�J  �
#)iE7 ( ��7?�'

 ?<�7�)� ( A?� �)A ( 
! �$  �
#/11^H/1]T  

  

       =���� 
_� �* �-�� ��-:5�* �� F  
95/    
#* ��3  �*��3C�  ��� .

    ��*� =�* ��K �* $Q    2$' 
_� +�I  ��I          ��-:5M�* �MI �� hM?:N' 

      $/$B F5��b' �-�$6� �  ��� ��)  2�$[�(.  2$' w��:/   ��I    F:5 *� 

   *$/* " �:�! 8�<�# F ��       ��*� rS@* �* o� +�$B ���(   �I) ��K

��*� ��9:B* ��I ($/$B �:&  ���-E.Z 3x/ F .  

          FM�� �*$Q� D�*m�* �  FL �*� )�./ �]�K `�bx� w��:/    ��MI

    "E/ �39&  F69B 
_� )�&%�           ":K F�� F# F  )! D�*m�* �  � $ ��

   "' DI�L F69B 
_�        F�� �*$Q� 
?< =�EI F  � $ ��    )�&%� ��I

F69B $B F:��( ��/ �� F�� j� +F�� $%Z )��:p#��  .*� �% � �  =

   =:B*� t��� � {� \N' F"      )��M/ J3M?H' �*$MQ�      FM�� �� �MI

  ��( =��Q� "\N'�$ .*� � * �   )��/ �*$Q� ��0 = �MI� �  M�   )�M&%� F

  � *� �  +�  +��  +��  +
�  +
�  +��   � v�  ��( t�� �$ . *�M �   �MI 

          �MHC �*$Mb' F19MB ��3M'! �* $Q  +
7�K�    ��( 
M9T )! M�$ .

�:E0�     �*$Q� F  i3 �' �HC =��� �� )��/ � �3M  )�&%� F . *�M � 

Q���  &  �*$b' =�    �# $%/�' W:%'3' X��] F%� �I�:'*��� �� �(����� 

 Q# ��� �* F19B"$B ���\:#* �HC �  .   W:%'3M' X��M]s/� � 

 $��3E-�MMM# ~�MMMx' AMMM *3� =�MMM  �*(Sigmoid)  
MMM/*�/�� �

)35L!(Tangent Axon)  �� +   =��M:&  )35ML! 
/*�/�� ~�x' A

   �*� Fq*�* *� J*3[ .     *$: * �� �I�*�6� �*$Q�����     +$MB y�x7 ��  

          �*$b' FL $B �$I�.' �HC � "Q# �  "7�RMSE    �* $Q  ���� 

"' "_�  
 �T �*�6� $/�'.  

 }�L ��-:5�* ��)j.C W�?_*( F69B 2$' +ANN 5 F.�� �  

    ��HC ���g' d#3:'(RMSE)   � *�  ��/
 >�-'   A �'�:' �  2�

   ��� ��  �R   � *�  ��/�         " �M:�! 8�<�M# ����� ��MI�:'*��� �  

 2$MM' )! �* $MMQ  � FMM/*��� " �MM:�! 8�<�MM# �kL*$MMK � FMM/*���  

FAO-56 �$MMB "g%MM#*� X�*�MM] �MM  ) �MM RMSE �MM *�  �
/
   

h7* } J 

J h7* }  

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
91

.1
6.

61
.1

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
20

 ]
 

                             8 / 12

https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.1.8
https://jstnar.iut.ac.ir/article-1-2425-fa.html


2� 3�
4 5�)64 �&7��� �8�'��� 
�  �9	' �7 ($
:;!7 �
# �	-� …  

�  

 �8f0. 8� $?9�)�  �
#   8� � ��?�4  �
#  ($7$ 
� �	-� �9	'  (
@;<+7 �$ (8' op\7 �
# #A?� � �7?�' �?<�7� �
  

  ��-:5�* }�L ��-:5�* �*��B ��-:5�* �5'*� 

�HC MBE MABE RMSE MBE MABE RMSE MBE MABE RMSE 

2$' �I Mj m-2day-1 
R   

Mj m-2day-1 
R          

Mj m-2day-1 
R  

Anandel  nn/�  nv/
 ��/� ��/� 
�/
  �s/� ��/� ��/� 

/�O  �
/v ��/� ��/� 

Anandel 
*  �v/�  
�/
 ��/� ��/� ��/
  n�/
 ��/� ��/� ��/�  sv/� sv/v  ��/� 

Bahel  n�/s  ��/� s�/� ��/� v�/�  �v/� sn/�� ��/� �v/�  ��/� �s/v �v/� 

Bahel *  ��/�O  ��/� ��/v �s/� �
/�  ss/
 vv/� ��/� s�/�  �s/
 ��/
 �s/� 

H-S  ��/�  s�/� ��/
 �n/� vn/�  ��/
 s
/
 ��/� 
�/�O  
�/
  s�/
 ��/� 

H-S 
*  �v/�O  �
/� �
/
 ��/� ��/�  s�/� ns/
 ��/� ��/�  �n/
 ��/
 ��/� 

M-H  ��/
  ��/
 �s/� ��/� v�/
  ��/
 s�/� ��/� vn/�O  ��/� ��/v ��/� 

M-H *  �/�  
s/
 ��/� ��/� v�/�  
�/
 �v/� ��/� v�/�  sv/� sv/v �
/� 

ANN 1  �s/s  n�/s �
/� ��/� 
�/�
  �
/�� �s/�� ��/� nv/�  v�/� ��/v ��/� 

ANN 2  ��/�O  �v/
 �
/� ��/� s�/�  �v/� ��/
 ��/� �v/�  
n/� s�/v ��/� 

ANN 3  �s/�  �s/� �s/v ��/� �n/�  ��/
 ��/� ��/� ��/�  n
/� �n/v n�/� 

ANN 4  

/�  ��/
 

/� ��/� �s/�  
�/
 s�/
 �
/� �n/�  ��/
 ��/
 �
/� 

ANN 5  
v/�  v�/
 �
/�  ��/� ��/�  ��/
 ��/
 �
/� ��/�  �
/
 n
/�  �v/� 

Anandel  �
/�  ��/� ��/� ��/� 
n/�  n
/
 v�/� ��/� n�/�  ��/v 
s/v n�/� 

Anandel *  ��/�  v�/� ��/
 ��/� ��/�  ��/� ��/� ��/� ��/�  ��/� ��/
 �n/� 

∗:�I 2$'  X�*�] �  �$B "g%#*� FbH%' �*  

  

   ��� �� AM �'�:' �  2�>�-' �R  �M *�  ��/�(   *� w��M:/ =��M:&  

   $/�*� Fq*�*)  ;1B�( .          FML 
M#* ����] F:6/ =�* �La F'*�* ��

   WI � "%�'�*�� D ��         +"��9M#�x' �kL*$MK " �M:�! 8�<�# =�%Z

         "' 2�# �* ��� � ��-:5�* "����*�^[ t�< �* "Q ��     $%MB� )� .(

          �� +"��9M#�x' �kL*$K " �:�! 8�<�# � "%�'�*�� D �� =�*� �% 

  �< ��TU� A_*�            ��3M' ��-:5M�* �� *� 2�# �* ��� � "����*�^[ t

"' )�./ ��/ $%I�.  

 �*��B ��-:5�* ��)FE�/ W�?_* j.C( 2$' +ANN 5  F.M�� �  

     � *�  ��HC ���g' d#3:'��/�       ��� �� A �'�:' �  2�>�-' �

R   � *�  ��/�         8�<�# �kL*$K � F/*��� " �:�! 8�<�# ����� �  

Fq*�* *� Fg�:/ =��:&  +" �:�!�*�  .F69B 2$' �* $Q  9l<" 2$' +

FAO-56 �$MMB "g%MM#*� X�*�MM] �MM  ) �MM RMSE*�  �MM  ns/
 

       ��� �� AM �'�:' �  2�>�-'  �R  �M *�  ��/� (  2$M' =��M:&    �MI

  $/�3 )  ;1Bn( .    �5'*� ��-:5�* ��)    J3MR�' ���5M  W�?_* (  mM�/

 2$'ANN 5  8�<�M# �kL*$K � F/*��� " �:�! 
<�# ����� �  

F/*��� " �:�! �   RMSE � *� ��/
   ��� �� AM �'�:' �  2�>�-'

  �R   � *�  �n/�   
B*� *� 
_� =��:.�   . 2$' +F69B 2$' �* $Q 

FAO-56       �$B �$B "g%#*� X�*�] �  )  � RMSE    �M *�  ��/
 

       ��� �� AM �'�:' �  2�>�-'  �R  �M *�  ��/� (  2$M' =��M:&    �MI

  $/�3 )   ;1MBs( .         2$M' �$MB ;M@�K w��M:/ ,�M#*�      �M  ��MI

          �$�MB�3C ;ML D �� =�EN� 
&[ "��'� ����� ��I�:'*���

F          "ME/ �*��3MC�  " 3C ��6?E< �* F/*��� 8�3@  $%MB�  .  =M�*  

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
91

.1
6.

61
.1

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
20

 ]
 

                             9 / 12

https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.1.8
https://jstnar.iut.ac.ir/article-1-2425-fa.html


 �������	
 ��
�� � ����
�� ���� � ���� �
� � �� ���� � /  
!"#$%&
' /  (�
)' "*+ � ,-' /
.+%� /01/  

��  

  
 29'T.  8� $?9�)� �<+
=�  �
#)iE7 ANN 5 ( �)�(H-S 7?j 
� +��!7� Z�� (8' ) A( FAO-56 �$ 5�)64 Rs)  �$ ��?�?;� ?�  �K
@�

��� (A?B (
@;<+7 �$  

  

  
 29'U.  8� $?9�)� �<+
=�  �
#)iE7 ANN 5 ( �)�(H-S 7?j 
� +��!7� Z�� (8' ) A( FAO-56 �$ 5�)64 Rs)  �$ ��?�?;� ?�  �K
@�

��� (' (
@;<+7 �$��7?  

  

    

 29'q.  8� $?9�)� �<+
=�  �
#)iE7 ANN 5 ( �)�(H-S 7?j 
� +��!7� Z�� (8' ) A( FAO-56 �$ 5�)64 Rs)   �K
@� �$ ��?�?;� ?�

��� (?<�7� (
@;<+7 �$  

  

        )*��6EI � u%B� `�bx� w��:/ �  w��:/)�� (  "M' 
b �H'  $M%L .

WI                � �3M�� W�M� 8�Mb�bx� w��M:/ �M  �]�K `�bx� w��:/ =�%Z

  )*��1EI)

 (              F19MB 2$M' �� FM0 8��M\� =M�* �  
#* F �.'

9l<"   ���� �:'*��� )�.�* � �'� �         8�<�M# �M  ��SM< �k0*$MK 

" �:�!
#* �$B �$/�g%( " �:�! 8�<�# �kL*$K � F/*��� .  

���;& ?�J�  
    �MM  "<3%lMM' "9lMM< F69MMB 2$MM' +�30�MM' w��MM:/ ,�MM#*� 

����� �I�             " �M:�! 8�<�M# �kL*$MK � FM/*��� " �M:�! 8�<�# 

    * F# �I �� F/*����     F  �5'*� � �*��B +}�L ��-:5    F.�� �  X����

     �M *�  �MHC ���Mg' dM#3:'��/
 +��/� � ��/
  M-' �MM  2�>�

h7* J } 

h7* J } 

h7* J } 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
91

.1
6.

61
.1

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
20

 ]
 

                            10 / 12

https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.1.8
https://jstnar.iut.ac.ir/article-1-2425-fa.html


2� 3�
4 5�)64 �&7��� �8�'��� 
�  �9	' �7 ($
:;!7 �
# �	-� …  

��  

 ��� �� AMM �'�:'2$MM' =��MM:&   ;MM0 D �MM� ���!�MM  
MM&[ �MMI

$�B�3C� $/�3   .      3q�� 2$' )! �* $Q )  F��./�n (   ;L D �� FL

       "' =�EN� " �:�! 8�<�# �:'*��� ,�#*�  *� �$�B�3C    �* +$M/�

       �3M  �*��3MC�  �� ���!�  
_� =��:.�  .    �MI �� FM# * M���-:5 +

2$' �I� �3��(��I O   � 2$/�/! +"/�'�#�3Ex'O �� �MI  WMI   =�M%Z

2$'  ��I   F69B               F69MB 2$M' ��%k:M#* FM  "<3%lM' "9l< ��I

)ANN 5 (2$' FL ��I    FM  
95/ ��:EL 
_� �* $%:5I "��'� 

2$'  $%/�' "��IANN 5 � 3q�� �n   8�<�M# �:'*��M� ,�#*�  FL 

        "M' =�MEN� *� �$�B�3C ;L D �� " �:�!    $M/�*��3C�  +$M%/� .

WI  2$' =�%Z  ��I   "��'�         ��M6?E< J3R�' W�?_* �� �$B ���9'�/ 

=����  $/�*� ��� .      2$M' �* ���\:M#* *�M7      "��M'� ��MI) 2$M'  �MI� 

�3��(��MMIO�3MMEx' � 2$MM/�/! +"/�'�MM#O 2$MM' � �� �MMI ��MMI   

F69B        "��'� ����� ��I�:'*��� �  "<3%l' "9l< ��I (  
M&[

    F  �$�B�3C ;L D �� =�EN�    F/*��� 8�3@ "E/ F�@3� $/3B .

   * F# �I �� F69B ��-:5�        ��MI�:'*��� �  F�� $%Z )��:p#�� ��I

            jM� �M  " �:�! 8�<�# �kL*$K � F/*��� " �:�! 8�<�# �����

      W:%'3' X��] � )�&%� F��s/�       )35ML! 
/*�/�� ~�x' A �� � 

 �*$Q� ���$/�*� Fq*�* *� w��:/ =��:&  )�&%� F�� �� )��/ .  

  

@!
r!%��7  

    "#�%B*3I )�'��# �* F?�#� =�$    ��*� FL �3.L ;L     ��3M' ��MI

         +$M/�*� �*�_ F7�b' =�* =�\7e' ���:C* �� *� `�bx� =�* �� ���\:#*

-#�p# 
��&/m"' ;E< F  �6.� � ��* $�!.   

  

($
:;!7 $��� ��
��  

�. /�H?#" , +. �  c . $��' . ���v .   $�MB�3C D �M� ���!�  F5��b'�   �(��MI ��� �* ���\:M#* �M  ��3O  /�'�M#" F19MB �   �MI� 9lM< " 

'<3%l" .����.0 D/*� F?g'� �� :n�Oss. 


. } +"E�E@ .��sv .)*��* �*�  �$�B�3C �>�/* . j�m�� F?g'�: s�O���. 

3. c +}�&%'  .���� .F69B "/�9' "<3%l' �3I � "9l< ��I . $?[�+��9L��'* ��-./*� 8*��.:/* . 

4. Allen, R. G. 1996. Assessing integrity of weather data for reference evapotranspiration estimation. J. Irrig. and Drain. 

Eng. ASCE, 122: 97-106. 

5. Allen, R. G., L. S. Pereira, D. Raes and M. Smith. 1998. Crop evapotranspiration: Guidelines for Computing Crop 

Water Requirments. FAO Irrigation and Drainage Paper No. 56, FAO, Rome, 41-51. 

6. Angstrom, A. 1924. Solar and terrestrial radiation. Quart . J.Roy. Met. 50: 121-125. 

7. Annandale, J. G., N. Z. Jovanic, N. Benade and R. G. Allen. 2002. Software for missing data error analysis of 

Penman-Monteith reference evapotranspiration. Irrig. Sci. 21: 57-67. 

8. Bahel, V., R. Srinivasan and H. Bakhsh. 1986. Solar radiation for Dhahran. Saudi Arabia Solar Energy 11: 985-989. 

9. Bristow, K. and G. Campbell. 1984. On the relationship between incoming solar radiation and daily maximum and 

minimum temperature. Agric. Forest Meteorol. 31: 60-6. 

10. Daneshyar, M. 1978. Solar radiation statistics for Iran. Sol. Energy 21: 345-349. 

11. Hargreaves, G. H. and Z. A. Samani. 1982. Estimating potential evapotranspiration. J. Irrig. and Drain. Eng. ASCE 

108: 223-230. 

12. Hargreaves, G. H. 1994. Simplified coefficients for estimating monthly solar radiation in North America and 

Europe. Departmental Paper, Dept. of Biol. And Irrig. Engrg., Utah State University, Logan, Utah. 

13. Mahmood, R. and K. G. Hubbard. 2002. Effect of time of temperature observation and estimation of daily solar 

radiation for the Northern Great Plains, USA. Agron. J. 94: 723-33.  

14. Meinel, A. B. and M. P. Meinel. 1977. Applied solar Energy. Addison Wesley Pub. Inc., New York. 

15. Paltridge, G.W. and D. Proctor. 1976. Monthly mean solar radiation statistics for  Australia. Sol. Energy 18: 235-43. 

16. Prescott, J. A. 1940. Evaporation from a water surface in relation to solar radiation. Transe Roy Soc. Aus. 64: 114-48. 

17. Redy, K. S. and M. Ranjan. 2003. Solar resource estimation using artificial neural networks and comparison with 

other correlation models. Energy Conver. and Manage. 44: 2519-2530. 

18. Rensheng, C., E. Kang, Y. Jianping, Lu. Shihua and Z. Wenzhi. 2003. Validation of five global radiation models 

with measured daily data in China. Energy Conver. and Manage. 45: 1759-1769.  

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
91

.1
6.

61
.1

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
20

 ]
 

                            11 / 12

https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.1.8
https://jstnar.iut.ac.ir/article-1-2425-fa.html


 �������	
 ��
�� � ����
�� ���� � ���� �
� � �� ���� � /  
!"#$%&
' /  (�
)' "*+ � ,-' /
.+%� /01/  

�
  

19. Sabbagh, J., A.A.A.M Aayugh and E.M.A. El Salam. 1971. Estimation of the total solar radiation from 

meteorological data. Sol. Energy 19: 349-357. 

20. Sabziparvar, A. A. 2007. A simple formula for estimating global solar radiation in central ariddeserts of Iran. 

Renewable Energy 48: 116-125. 

21. Supit, I. and R.R. Van Kappel. 1998. A simple method to estimate global radiation. Solar Energy 63: 140-147. 

22. Tymvios, F. S., C. P Jacovides, S. C. Michaelides and C. Scouteli. 2005. Comparative study of Angstrom and 

artificial neural network methodologies in estimating global solar radiation. Sol. Energy 78:  

752-762. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
91

.1
6.

61
.1

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
20

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            12 / 12

https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.1.8
https://jstnar.iut.ac.ir/article-1-2425-fa.html
http://www.tcpdf.org

