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Reducing the effects of drought and optimal management of water resources is 

affected by the forecast of regional planners of areas affected by the risk of 

drought, so the evaluation and study of this phenomenon can be very important. 

Therefore, this study was conducted to Monitor temporal-spatial changes of 

meteorological drought and trend analysis of climatic variables in Khuzestan 

province during the period 2000 to 2020 using the SPEI index and ArcMap, 

XLSTAT, and RStudio software. Two non-parametric methods including Mann-

Kendall and Sen's estimator slope methods were used here to analyze the annual 

trends of data. After calculating the drought, the effect of this phenomenon on the 

water area of Horul Azim and Shadgan wetlands in 2000, 2006, 2015, and 2020 

was investigated. The results showed that there is a direct relationship between 

the changes in the wetlands cover and the problem of drought, and with the 

increase of drought, the water cover of the wetlands decreases and with the 

increase of drought, the area of water in the wetlands increases. The results also 

showed that the analysis of the trend of changes resulting from Sen’s slope for 

precipitation and temperature in the stations varied between -1.87 and 3.38 and 

0.016 and 2.25, respectively. The highest slope of changes with increasing 

rainfall was observed in the western and central regions of the province and the 

slope of negative changes in rainfall has often occurred in the southern regions. 

Also, temperature analysis with this test showed that the temperature in all 

stations with a relatively slow slope in the study period had a positive and 

increasing trend. It is worth mentioning that the existence of increasing and 

decreasing trends indicates the existence of climate change, so it is necessary to 

study this issue and provide solutions to water resources management in times of 

crisis. The increasing and decreasing trend indicates the existence of climatic 

changes and fluctuations; Therefore, investigating this issue and providing 

solutions to manage water resources in times of crisis seems essential. 
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�	�	 ��� ��C
 ���"C�* ;j��D 5�6 .��*  T6�� ��SPEI �	 H'�n V�� ��EW� -'���C ��"&* R  Z|� .�� �	�U���

-C ��[�' ���"C�* ;j��D ��K'* �9 ��- T6�� -�/�SPEI  ��C
  �� ������6 �����V�� ��EW� ArcMap  �	�U���

	��"��X�� .�L -C ��[�' RH9�M  ��'���, ����RJ���* )�'	  ���	 �	 (S��C �-;.�F'	��'  ��V�� ��EW� XLSTAT 
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 �	 - �� �	�U����7C ��
 �;C
 �"L  �	�	 ��� MO��''* 	�� .$��c 1  =�m7�'�"����& ��
 	��' �	�U���  ��

 ����'* ��	.  

F�0G 1: ��*�	� �'��D@E �
1 ���(@A���#� �� ���� 2000 �" 2020  

����� H�8 �'��D@E  I�� &��JG���'  F#� &��JG���'  

1  ��	�CA 38/30  21/48 

2 ����� 34/31  74/48 

3 ���C �����' 55/30  16/49 

4 ���8�C 61/30  22/50 

5 ���&C 71/31  01/48 

6 �"�� 85/31  85/49 

7 R���&'���� 98/31  24/49 

8 '���"- 74/30  69/49 

9 E'��'�� 27/31  60/49 

10 Ud* 	�CA 25/32  43/48 

11 ����� 05/32  83/48 

  

 ��A���PQ��SPEI   

T6��SPEI  �&7� ���L  ��C�"-��& �����1  $�� �	 ����K�� �2010 ��	�C �� -C. T6�� L"� �C  �	� 	��������

C =��U9�L 789�� ��� P��H�� -c�	 �S��C � ��/.�C <�;9 �"n ��� �� �� -/F�' @�>�' � 5�6"n RJ���*  n���'

d�9�r '* �� " �5  T6��Y���' ��C
 E�9"- RH9��M  ����5�6 .��* '* ���C - -C ��>  �	��&��	 '��-� 

���"C�* 5�6 .��*  �*;�8> =��>�7'  �	�U���'* 	��. ���.�"]� SPEI &C��� 8��-  -C���.�"]� SPI D�� ) -��&"�

 ������2010( � � -8��H' MO��'"L  T6��-C ��>  ��� -C -df6-FC�� 1  �98 j�9�` �	�	 ��� D�� ) � ��}

 �����K��2015:(  

1(  ���� = �2�	
45 � �10��

� � �6.75 ∗ 10����� − �7.71 ∗ 10����� + �1.79 ∗ 10���� + 0.49 

.���L  -8��H' V��789�� � <�;9 ��/.�C (PET)  - D��"K* �� S�� ��
  �A -8��H'  D"�� D��9D��  -�	 �A u 

'�����L -����' =�w�� C��WA* -����� ��' i� N M �����
 ��' i� Ti '�����L �'	
 -����' � I T6�� �'�� D��.	 .�M 

 S�� �� �	�U��������9"D ��C
 789 -8��H'�� 	E� <�;9"K* 	�/' �C �A"� �"����&��
 '���* '* ) ���C��J ��� � 

��FR�*� 1397.(  

2(  �� = �� − ����    

�	  -FC�� �� �	�U��� �C �	 V��2� Mj�U9 C�L 789 � S��C�� ;J�� <�;9 �*  -8��H''* 		�� .���A�� *" -  D�� LK�'

	�/'"� U�'* .��9 �	* Rd� �	�	* Di 	�c� -���	 ����CSPEI  �� ��9"B  $���O��&�.�K*  -���'���,
  �	�U���

                                                      
1 Vicente-Serrano et al 

Archive of SID.ir

Archive of SID.ir



  

  

  

  

78   -------------------  �� ��	
���� �
���  ����13 ����� �40� �	 1403  

 
'* �� .��C
 .��9* �	�	 ��  -��/'�q� ��
 ��'�*�  BC�9;��9* ��9"B  $���O��&�.��5F(x)  -C =��d �"�  -8��H'

'* 	��:  

3(  �� � = [1 + � "
 − #�

$
]�& 

P $���O� "5 ���/' ;'�L D D��:  

4(  � = 1 − �� �  
For P ≤ 0.5,  

5(  ( = )−2 ln �,� 

6(  -��� = ( − ./0.120.323
&04120432304525For P> 0.5,  

7(  ( = )−2 ln�1 − ,� 
8(  -��� = −�( − 67 + 6&( + 6�(�

1 + 8&( + 8�(� + 8�(�� 
�	 �"��� C0 =2.51� C1 =0.80� C2 =0.01� d1 =1.43� d2= 0.18 � d3= 0.001 D�� ) �����K�� � ��}2015( . $��c

2 5�6 rR�7' =�/8> .��*   T6�� q��� �CSPEI  ���� ��'* ��	.  

 
F�0G 2:  PQ�� R�@�� ��2��SPEI  �S���4�
� �+ T�)1993(1 

;j��D 5�6 .��* ���"- SPEI 

.���9* 	�O 2 C ����� 

.���9* ��"� C�L 5/1 �9 99/1 

.���9* n���' C�L 1 �9 49/1 

.���9* U6�r 99/0 �9 99/0 - 

5�6 .��*  n���' C�L 1 - �9 49/1 - 

5�6 .��*  ��"� C�L 5/1 - �9 99/1 - 

5�6 .��*  	�O 2 - ��� � 

  

S#�,W �
1 ��"�B 08��  

S�� ��
 UR�7'* ���C D�c*  �����	�	 ��
 ��
  ��'�*  .	��	 	�c��� ]�' �9"L S�� ��
 RH9�M �� ����
 ��'�* 

 ��'�A��'���,��"5� L' ���$ � ��Y  L�'* ���C� ."L ��'�A �� RH9 D�c�M �	�	 ��*"  -�W�� �� -C'* 	��  �� -

��9"B d�6* ,���
 ��* ���� �	 ."L  ���+,-C ��[�' RH9�M  �����	�	 ��
 �������* �� ��'�A ��
 	�"��� 

	�� �	�U���"� j�9 -C -'�	� �	 -�`  -�6�	�, �A'* 	��:  

  

  

                                                      
1 Mckee 
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S#�,W /� -F�0?+ 

��'�A ��C $��� L'
 ���C* W	�m9* ;9 � �	�C��L  �	 ������
 ��
 ��'�*  �	�U���'* 	��� �	 ."L  ��'�A

W	�m9*  �	�C�	�	 ��  T7�' ���� V�w �C'* 	�� .�	 =��d 	�c� ����� �	�	 �� W	�m9* ) D�� �	�CEw"E
 � 

����*� 1387( . ��'�A L'��C g\��;' $���
 �	�	 ��*" ' �	�U���* 	�� ��9 -"B ������ $�'��l �"�� �"L  �C ��'�A

��
 -89� ' M�w ��* �� ��'�A Pf6�C ���
 ��&8��* ,������ ��9 -C"B .�'��* ��C
 �	�	 � ����� 	���� �L"��C��C .

 �	�U��� �C ���C� �	�	�	 �	�C $�'�� 
��'A 
����'���, �� -C ����� ����&"� 
��C �'	 � S��C 
�� P�;' ����&"� ����w

*���C .�"	�� *���C 
��'A ���	 $�> �	  �C �C��C Y�9�9 -C �'	 
��C *���� � *�.�  �"	�/' - 	�	 ���� ��

67/0–  �44/1- �9 -C S��C 
��C ��'���, �	 L"� �"	�/' L��X�� .	�C Y�933/2  �1/6 ���� - 	�C  L"� ����	

�	�	 - D�� I�j�' *' L"��C��C .������ *.�'�� B"��9 �� L' ��'�A �� ���9 �	�	 ���� *���C 
��C $���  �	�U��� ��

 ��'�A L"� �	 .	����C� Pf�6� C�L �� "5 �� =�����' �C V��9 =�����' Z, �� �A -8��H' ��� � ��'���,S  

GC�F'  -FC��9 -C D�	'* A"� )L' 1945l �$��� 1970:(  

9(  - = 9 9 :;<� = −  >�
?

=@>0&

?�&

>@&
 

�	 �"L  -FC��N �� =�����' 	��;9
 � x j  �x k 9�9 -C�Y C V�� ������� �	�	 ��
 jV�  �kV� ��
  BC�9 .D��sgn  �C

 -FC�� �� �	�U���10 ;9��L '* 		��:  

10(  
:;<A = −  >B = +1   CDEA = −  >B > 0 
:;<A = −  >B = 0   CDEA = −  >B = 0 
:;<A = −  >B = −1   CDEA = −  >B < 0 

�	 �;C V��
 ���"Z��  -FC�� ��11 -8��H' '* 		��:  

11(  

For   n>10 
KLE�:�
= <�< − 1��2< + 5� − ∑ N�N − 1��2N + 5�O�@&

18  
For   n<10 

KLE�:� = <�< − 1��2< + 5�
18  

�	 �"L  -FC��n  �m  	��;9 P�;'-.�8�	 ��*"  �	 - D���A ��  MJ��O"5 ���K9 �	�	
  .	��	 	�c�t C����� �����W* 

�	�	 ��
  S��� �C"��&K 	 V�� �	 .D�� -.�8�	 �	"�� ���'A Z  �� �	�U��� �C"K*  nC��� ��12 -CD�	 '* A"�:  

12(  

For s>0  R = S�&
)TUV�S� 

For s=0  R = 0 
For s<0  R = S0&

)TUV�S�  

�C j�W ����� ��'�A -�'�	 �	 ~�W�- 9��d �	 �Ud* MC�J $�8J '* ���C ���	 -
 � ���"� ���C  -FC��)13:(  
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13(  |X| <  XY/� 

�	 �"��� α �;' `F�* ���	
 ��C - D��
  � ��� -�W�� �[��	 ��'�AZα ���'A ��9"B  `F� �	 	�������� $�'��

��	��;'
 α � �	�C -�'�	 �	 -C �[� - D��"L  ���'�A2/α �	�U��� '* 		��9��d�	 .* -  ���'AZ  ���� ���C D8h'

�	�	 	�;d ��
 U�' =��d �	 �* .�E� ���� �	�C* ' -�W�� �[��	* 	�� )L' 1945 l�$��� 1962.(  

S#�,W ��Y /A  

�"L ��'A ��'�A
 ��'A =�;.�F' q��� �C L� n��9
 =��d n��9 -�W��9�M1 )1950-C ( ����w"5  S��

��'���,��"5 ��C
 ���C* H9R�M ��
 ��
 ��'�*  .�� �	�	 -;��9���/' ��Y  �� �	�U��� �C �������� 
 -N��� ���

 n��99�M )1950 (� L� )1968 -FC�� �C (14 	��A�C '* 		��:  

14(  [ = \]8^L< � _ −  ^�
�_ − `�  

�	 �"���� β :��	��A�C ��Y  � ���� n6xi �����' ���/' :` 	�/' .D�� V�"�  D8h'β �����EW� ���� ����	"�*  �

	�/'"� U�'* ��� ���� �A*  ���� ��'* ��	.  

 PQ�� ��A���NDVI   

_"�� - T6�� L"� D�� ���, *���C T6�� L"�9  �	+ L�C $�'�� �"	�/' -�'�	1� -1 *' r"�;9 		��.  �"	�/'

 rR�7'NDVI  ���, ����"��� .D�� rR�7' 
�� 05/0 – 1/0 5�9 *���� G>��' �1/0 -5/0  *���� G>��'

*.��;'� �5/0 -1 *�e � ]���' *���� G>��' 
��CA �@@�>�' y�6 �  
���	 �" � NDVI   *' *U�' ����C . y�6

 �� ��� �"	�/' 
���	05/0 � *' �Ud $�O �"	�/' 
���	 �C����C )*�>�W  �*"�j�  �1391 L"� �� ���+, L"� �	 .(

@\�9 `F� ���,/*j��� 
�C�� =����Q9 *���C ��[�' -C T6�� .�� �	�U��� ���	�� � ]�[;.���� 
��  

�?Z 0?%1  PQ��SPEI 

S�� ��
 ���	 "C��* -w���' �
  ��$�' ��
 �"j�* ��'A �
 '* ����C 	�/' -"�  V�R;' ��/� q��� �C �� $���'

,�� C��* '* ���"�� -C $���' ��/� D��8� .	E�"5 �9"L �&�� Md� - V�R;' ��/�"�* 	��	 V���  q���S�� ��
 

���	 "C�*  .D��S�� ��
 UR�7'*  -8��H' D�c���	 "C�* 	��	 	�c�. �	 �"L ���+, C ���L S�� ��
  rR�7'

-C ��[�' -��, ��C
  T6��SPEI Z, ��� ��"C�* �F6
 -��, ��C
  �� �	�U��� �CS�� ���	 "C�*  q�K;' -Rd�W

���)*2IDW( �	�U��� 	��"�. S�� IDW � �C"L  - D�� ������ ~�W?s9�� �,"�� �EW� �C �[� 	��'"�  DW�&'

 ���'* "�C�. C -C���* 	"��� �,"�� ,�-���  ��/� �	������ ���
C ��������"L  -C �� D��8�	E�"5 �9"L  ��/�

D��	�C	��	 ���.  L"��C��C��C
 �79�L  �$���' ��/�-���� ��
 �C P��>�"� C D���'����
  -C D8&��A ��*"  -

����C -���	 �����	 ���J �9��	 -Rd�W �	. ���	 "C�* � �	"L ���� � -C"L 9�9�Y ' 	��A�C*  	��  �[� 	��' �	��H' -

�89"M  -C�9�'"&* �C $�R� ��
 ]� ������ '* 	����K' =�m7�' .* �"L �9�'"Z ���	 � D�� L���
  �O�������� ���
 

D�� )	���J �����K�� � 
1394 .(MO��' -C �� V���� S��-df6 =��d  MK� �	2 .D�� ��� �	�	 ����  

                                                      
1 Thiel 
2 Inverse Distance Weighted 
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B4� 2: ���5#�& ��+ B[���  

\�% � ]'�@8  

�	  L"����+, ��C ���C�
 ���"C�* ;j��D 5�6 .��* V��J�  -8��H' -C5�6 .��*  T6�� q��� �CSPEI ��� ."L 

 T6��"5 RH9 �	 ��EC��M 5�6 .��*  ��8' �C
 �	�	 ��
  �	 �'	 � S��C��
 ��
 ��'� =��U�'* '* ���C �� .

Rd� P����* �"L  T6��'* ���9 ���C � - 	���"L  v�m�6� $�8�	 -C T6��"5 	�w S���
  -C��"	�� �����C*  �

� q��� �C �����C �9 D�� �'	"L S��� �� ;j��D 5�6 .��*  -C D8&� � ��'� $�> �	 �� rR�7' G>��'"�K"�� 

��� 	��'"C�*  ���J��	 �� Z, .P�O  �fd� ��	�	 ��
  $��� � =�,�U* �	�	 ���  ���	��'A
 21  -.��-C ����w 

��'A ���	
 ��C y���'
 11 �"����& ���,���5 C �	�L  M�"����& ��
  .�� -�W�� �[��	 �����/'�q� ��
 ��'�* 

UR�7'* ��C
 SPEI  �)� 1 �9 48 ��' (	�c� 	��	. ���A�� *" - P�� �,"� ���"C�* 5�6 .��* �������* 	�C� D�c 

���� �	�	 Q9��=�� 5�6 .��* �	 "5 ��'� ���C* 21 �� -.��SPEI  �	���	 -��' 	�� �	�U���"��� ."�  �������+,

-R�c�� Z"��1 ����K�� � �1999� V��2 ����K�� � �2018 C��� '* ��� -X���  ���C P��* ;j��D ��}�.���"5 

����� ���* ���C�  T6�� ��SPEI )12  �948 ���C P�� -X���  � (-��'*  ����5�6 .��* �����
 ���C�  ��

SPEI )1 �9 6  �	�U��� (-��''* 		�� )* 5'3 ����K�� �1993� V�� ����K�� �� 2018 .(  

Z,  ��-K�A �	�	 �� -C =��d �9 -����'�- ��� T6��SPEI  �	���	  -��'�	 H'�n V�� ��EW� -'���C ��"&*RStudio  

��C
  V��9�"����& ��
 ���,���5 >* ��'A ���	
 	��' ���C* )2000 -2020 (-8��H' �  rR�7' =�/8>

                                                      
1 Hayes 
2 Azam 
3 Mckee 
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5�6 .��*  	�� T7�'"� .����	"D 	�/' q��� �C"� -C D�	��'A  -8��H' ��SPEI  12  � -��'GC�F' $��c 

 �����2 ��C
  V��9�"����& �� ;j��D 5�6 .��*  ;9��L .��  

  

�
���#�81  PQ��SPEI  

MK� 3  ��	���;j��D 5�6 .��* >* ���C 
 ��C �� -;.�F' 	��'
  ��"5  ���"����& ��
  	��'���C*  ����

'* ��	 .���C* ��' ��
  	�	 ���� ���C � ���&'�C���-� 5�6 .��* )qf 5�6 .��* 	�O �C S��� ��� �� 2 - (

�	 $�� 2018  �	�"����& ��
  ���C ������������'  ����&C ����8�CR���&'����� '���"�- Ud* 	�CA  � 	�C ����� �

 ���9�"����& ��
 � ���	�CA"��  �E'��'�� � �	"L  .������� ���J qfL��X�� $�� ��
 2008� 2009 �2011 �

2018� 2017 YRe� �"����& �� ���	
  qf5�6 .��* ��"� )5/1  �999/1��� .��	�C ("_ V��9 �"����& ��  �	MmW 

���&'� � ����C  $��2018  ��-C ����w 5�6 .��* ��"� ��	�	 ���� . ��"	 P�> ��$�� ��
 2008 �2009 �2011 �

2013 �2016 �2017 �2020  YRe��"����& �� �	 "5 "� ��  ��' �� $�mW �	 �"L ����	 �	 ;j��D 5�6 .��* 

 .�����	 ���J n���'�X���L ���C*  ����.���9*  �	��' ��
  	�	 ���� ���C � ���&'� -$�� ��
 2005 � 2014 

������ ���8�C � ���&C ;j��D .���9* C S���) 	�O��  ��2	�	 v�m�6� 	�6 -C �� (� � .�� L"� �C ��fw�	  MmW

 ���C � ���&'�$�� ��
 2002� 2004 �2005 �2006  �2014  YRe��"����& ��
 ;j� �	 -;.�F' 	��'�D .���9* 

��"�  .�����	 ���J���C* Q9��=�� ;j��D 5�6 .��*  �	�"����& ��
 ���C 	��'*  qf 	�	 ����.���9* 

� �	 n���'"L $�mW  ���&'�)� ���C -C ��C�' ($�� ��
 2002 �2003 �2004 �2005 �2006 � 2014  - 	�C

V��9 �"����& �� �	  qf.���9* �����	 ���J n���'.  

���C* ��' ��
 $�mW ���&C�9 � �,�"E ������ �"L 	�C - �	 $�� ��
 2010� 2008� 2015� 2017� 2018 � 2020 

�"����& ��
 ���	�CA ������ ���C ������' ����8�C ����&C �"��� R���&'����� '���"�- E'��'�� � Ud* 	�CA �	 qf 

5�6 .��* ��"� � $�� 2017 �"����& ��
 R���&'���� � E'��'�� ���	
 ;j��D 5�6 .��* 	�O ��	�C. 

�X���L 6�C* ��' ��
 MmW ���&C�9 � �,�"E $�� ��
 2002 �9 2005� 2006� 2010� 2013  �2014 ;j��D 

.���9* ��"�  �2000 � 2004 �"����& ��
 '���"-� Ud* 	�CA� �"�� � R���&'���� .���9* 	�O �� -C��9 �	���� .

��"� ��' �� �	 qf .���9* �n���' 5�6 .��* n���' � 	E�"5 -C $�'�� ���J 	��	.  

������>Q9 ��	��� �	 -��=�� SPEI � �����' MC�JD��  ������6 ����� �	) $�� -�	2000  �92010 V��9 (

�"����& �� ;j� �	�D .���9* C����  V�	 -�	 -C D8&����J 	��	 .'fe* ) ����K�� �1398� (�E  �	���C* ��
  	�6

 T6�� �CSPEI C ������6 ����� �	��� ��	��� 5�6 =�� �h��O .��*  �	$�� ��
 2008  �92016  n���' �C

19/1- , I�J� -C�-���  .D��*��U� � -C -c�9 �C D��"-K� �A �� ���C $�8�	 -C 	�6 ���+, �	* 5�6 .��*  �

�, �C �A ��89��"�� ��	�C ��8e�	��� ���"_ 5�6 .��* ��C
  ��"5 � ��"����& ��  �9 	�C ���� S��E� �[� 	��' ���C �

�/' ����C"-& C���� C�L ���"_ �"����& ��  .	�������	��� ) ����K�� �1399A�C ("�� 5�6 .��*  �� -�	 ���  �	

-j�O�	  �-6������ O��c � ����*  �CT6�� ��
SPI   �SPEI ��� 	��'"C�* ��� - ��	�	���J"_ �A �� ���� ����	 

�EW�"� 5�6 .��*  �	-�	 ��
 6��� )1385  �91395 -C D8&� (-�	 ��
  .D�� M8J���C*  �� ��	���"5  ��
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�E'��'�� Ud* 	�CA 9�9 -C ����� ��Y 64� 68� 67� 66� 65� 39/66� 63� 67� 62 �64  �68  �� �d�	��' ��
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�	28 �
1 8��, � - 8�4��  PQ��SPEI  

V���� =�;.�F' �	����K�� � �A) ��//H' �"�� n��9 -�W��1 �2020-��, � �"��� ��[�' -C (  T6�� 
��C

5�6  *.��SPEI 12 ���' -��'*  �8'��	 ��' -C L"� -C E�� -;.�F' L"� - �� �	�	 ���J �[� �' ����&"� �� 
��C

=��d -�/� .	�C -��, 
�� ��C
  T6��5�6 .��* ��C
 ����� ������6 �	 MK� )4 .D�� ��� �	�	 ���� (_"��� 

���� '* ��	  -�	 YRe� G>��' ����� ;j��D 	E�"5 -C $�'�� C����"L �d�	 �� -C 	�6 v�m�6� �	�	 D�� .

$�� ��
 2000 �2001 �2003 �2006 �2007 �2009 �2011 �2012 �2014 �2016� 2019  �2020 �/9"g�8 M 

����� ;j� �	�D 	E�"5  - ����	 ���J $�'�� -C���� ����	 
  S��C ��� =������� �'	
 -����' D8&� -C '�����L 

���	 =�' � �	"L $�� �� '* ���C .-C=��8w*���C ���"	  -�\��5�6 .��*  ����'* ��	 14/57  �� �d�	���C ��'�* 

 -;.�F' 	��'�����  ������6�	 ;j��D 	E�"5 -C $�'�� ���J D��	 .���"_ -��, ��C
  T6��5�6 .��*   ����

'* ��	  $�� -2004 C����"L `F�� C�'�� ;j� =�/8> -C�D .���9* ��"� &C ���� ��"� D��. �C �"L  	�c� 

� ������� �	��H' ���9"�� � �	"L ;j� �	 $���D 	E�"5 	��	 ���J $�'�� -C� .�O�	* - ' -�/������L  -�\�� S��C

 ����'* ��	 � �������"�� ���	
 '�����L  S��C446  �9591 '�R* ��' '* ���C .�X���L D�&J ��
 .���*  �����

-C �"�+ �����
 ���"�5�� $�W�	 	�w S��� �C S�� �
 C��  ��2 ���	
 ;j��D .���9* ��"� '* ����C .��C"L-

 $�O -C  -Rd�W"5 ) $��2005 (Rw�]e�  ����� G>��' �h�- �	 ;j��D .���9*  ���J n���'-�W�� �X�� .D���L 

�7C .���*  M'��������� ��
 ���"�5��  � S���7C ��
  ��$�W�	 ;j� ���D .���9* ��"� 	E� -C"5  -C

 <�� $�'���	�	  ���  ���� - D��'* ��	 ;j��D 5�6 .��* '* ����9  �	�� RJ��]  �� �-/F�' �
� �� �	 

��'� �	��H'*  ��	 b�- �"L �� �	 -R%&'"�  =�;.�F'-R�c�� ��H8�* ) ����K�� �1394 �(	��O
 O ����
 

)1393 �(�����	� ) ����K�� �2010 �(|�����* ) ����K�� �2015 �(UFm'* �	��  �Ci�H* )1395 �(.* � ����K�� 

)2016(� V��  �����K��  )2018  �( �A) ����K�� �2020� (�E ���C 	��'* -�W�����J .D�� 

 �	 C�L $�� ��
 ���C 	��'* ;j��D 5�6 .��*   �	$�� ��
 2010  �2017 C����"L  =�� � `F�5�6 .��*  

D�� �	�	 v�m�6� 	�6 -C ��� -C ��>
 - �/9"g�8 ;j� �	 ������6 ����� M�D 5�6 .��*  ��"�  -���	 ���J

 $�� .D��2008  �2015 ���* ;j� �	 ����� ���D � � $�'���] 	"�� ;j� �	�D 5�6 .��*  ��"�  - 	��	 ���J

 $�� �	2008 �7C ��
 J��* .��� �* ;j� �	�D 5�6 .��* ��"� �� �"� �7C �� 	E�"5  $�� �	 � $�'�� -C

2015 �7C ��
 J��* ;j� �	�D 	E�"5 �� � $�'�� -C"� �7C �� ���	
 ;j��D 5�6 .��*  ��"�  .D�����"_ 

�"L  �C ���+,"-�W� ��
 ��'�*  ����K�� �1398   �	�U��� �C��  T6��5�6 .��* PNPI 	��' �/'"-& ���J DW�� 

 .D��	 	�c� ���+, L"� �C ���A -;.�F' L"� L�C *���7�� -@�����	�� 'f�� �* )1396> (* $�� ��
 1361  �9

1393 )1982-2014 T6�� �� (SPI -C ��[�' ���C* Q9��=�� ��'�*  - ��K'*  �F65�6 .��*  ������6 ����� �	

 .��	��� �	�U������"_ �"L -;.�F' ���� 	�	 ��C
  ������ V��9=�� 5�6 .��* ��"� f' �"]   �	$�� ��
 1984 �

1985 �1989 �1994 �2000  �2008 �2009  �2012 -C D�	 ��'A D��� .�O�	* -  �	 L"� ���+,$�� ��
 

2000 �2009  �2012 ;j��D 	E�"5  $�� � D��	 $�'�� -C2009  qf �	5�6 .��*  -;.�F' -C D8&� ���
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B4� 4: J"����� 8��,�-8�4��  PQ��SPEI 12 �@A,#Q S�@A� �� �
��S  

��"�B  08��T	Q $�A� 

&C���
 � �C ��//H' ��"L  �����C��'�A ��
 � � $��� L'�Y -C L��	�� DRw*  �	�C q���	 �	 � =�8��H'

�	�	 ��
 RJ���* RC�J�D &C��� \�C*" ��C
 /' �� �	 -8��H'�q� ��'�* ��K' �* ��� � 	��	 �� ���7.	"_  �A-C ����w 

Y���' �9"L ��C T6��
 RH9�M 5�6 .��* -C �"�+ RH9�M ��
 ��K'*  -�6���'* 	�� )j��%*  �����K�� �1386 .(

�	  L"����+, ��  $��� L' ��'�A� ��Y L� >* ���	 2000 �9 2020 	�� �	�U���"���� ."_  �'	 � S��C ��'�A

��C
  ��"5  ���"����& ��  $��c �	3 Q9 ���=�� ��K'*  MK� �	 �A5 .D�� ��� -N���  

 
 F�0G3: F�0?+ /� S#�,W ,� ���(@A� �% ��� � =��% �8��, B���" /A Y�� � 

����� H�8 �'��D@E  
/� F�0?+ - =��% 

Z value  

��Y /A -=��% 

valueβ  

/� F�0?+ ��� 

Z value  

��Y /A- ��� 

 valueβ  

1  ��	�CA 116/0 -  26/1 - 432/0 063/0 

2 ����� 0  212/0 368/0 027/0 

3 ���C �����' 537/0  044/0 126/0 254/2 

4 ���8�C 011/0  104/0 011/0 104/0 

5 ���&C 197/0  375/3 505/0 072/0 

6 �"�� 0  668/0 - 389/0 042/0 

7 R���&'���� 084/0  795/1 421/0 044/0 

8 '���"- 084/0 -  87/1 - 547/0 072/0 

9 E'��'�� 547/0  074/0 547/0 074/0 

10 Ud* 	�CA 021/0 -  331/0 - 242/0 029/0 

11 ����� 011/0  589/0 39/0 056/0 
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L� ��'�A �	 S��C -C �'	 � -C ��'� � -�&C�� 
����Q�' ����w *' -�W�� �[��	 M/�&' ��Q�' 5" ����w .	��  _"���

-��, *' ���� 
��C  Y�9�9 -C �'	 � S��C 
��C L� ��'�A �� Md�O =����Q9 Y�� - ��	87/1-  �938/3  �016/0 

 �925/2 ��' �	 S��C *�"�EW� ���� �C =����Q9 Y�� L"����C .	�C ��Q�' �	��H' �	 ����� E�' � @�e G>

�������  �	 *U�' =����Q9 Y�� � ��"	�� BJ�� ����� � ����R���&' �-"���O �S�� ��E"�� ����	��A D�	 
��

������� �	 *C��c G>��' ) ��"���K�� � L"��A .D�� �	�	 b� -"��'� � ���'�6 ���	�CA 
��1396 *���C *> E�� (

5�6 ���� .� ��'�A �C *.��-C ��	��� ���C P������� P�����S��C ��� M�.	 5�6 *�"�EW� ���� ��  �	 *.��

����&"� ����C .D�� �	�C �9�"�� ������6 *C��c G>��' ����&"� ���9 � D8h' ���� 
���	 5��,���� 
��  
��

*Ud � -"��'� ���	�CA  -C ��C�' n6 Y�� L"��� .��	�C *�����C �	 *U�' ���� 
���	 	�CA) �����' ���C044/0 (� 

C����"L ��Y �	 �"����& ��
 ���&C )375/3(� R���&'���� )795/1(� '���"- )87/1- (� ��	�CA )26/1- (D�� - 

T7�' '* �� ;j��D �����C* �	 �"����& ���&C � R���&'���� -C 9�9�Y 375/3 � 795/1 '�R* ��' �	 �� $�� 

�EW�"� �����C* � �	 �"����& ��
 '���"- � ��	�CA -C 9�9�Y 87/1�26/1 '�R* ��' �	 $�� ��� �����C* 	�c� 	��	. 

Z,  �� �A ���'A Z ��'�A L' $��� -8��H' 	��"�� � �	 `F� �>����� 5 �d�	 ��C
 ���C* �;'* ��	
 �	�U��� 

�� .��� ��J GRF' ���'A Z -8��H'��� �� ���/'  Z 	�������� $�'����� �	 `F� 5 �d�	 - 96/1 '* ���C� C���� 

�� �"L ���/' ���C ~�W �Ud 	� '* 	�� � ~�W "5 �,"-�W� '* 		�� -C �"L �;'* - ���� MC�J *�c�9 	�c� 	��	. 

�	 e�� �"L �=��d ~�W �Ud �,"-�W� '* 	�� � ~�W "5 	� '* �	�� "�;* ���� �� �[� ��'A
 �;'* ��	 ��D& 

)@��"1 �2020.( �C -c�9 -C ���"_ ��'�A $��� ��C
 S��C �	 $��c 3 C���� �"����& �� ���	
 ���� D8h' � ���9 

�"����& ��
 ���	�CA '���"�- �"�� � Ud* 	�CA  �	��H' �������� ��
 �"��� '���"�- ��c�JA
�  ����'�6 ���	�CA

�7C ��*"  ��������� ��
  � �����$�W�	 ���	
 U�' ����* �����C �	*� �"����& � � �����"�� ���	 �Ud ���/' �C
 

�����C ���/'* ���C	��' ���	 $�> �	 DC�?* D�� YRe� ��  �� .�"����& �� ���	
 U�' � D8h' ����* D��� � �'��t 

"5  �	���C 
 ���C	��'* �>� `F� �	���� 5  �d�	�;'* ��	 .	�8�  

                                                      
1 yacoub 

    

Archive of SID.ir

Archive of SID.ir



  

  

  

  

89  ----------------------------  ���  !���	 "��#� - "�$�� %&' (�)� )�*��+,� -�� �. !/� 0"���,	1...  
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 ��Y Q9��=�� �'	 �C ��'�A L� ���� '* ��	 G>��' C��c* ����� ���	
 �h��O 

Q9��=�� �EW�"�* D�� .���"_ ���� �'	 ��C
 �� �	 ��'�A ���"_ �C��'* -���	 � ��C
 '��9* �"����& �� ���� �EW�"�* 

�� ���� 	�	� �C �"L =��U9 - �	 RH9�M ��Y L� �"����& �����' � ���8�C BJ�� �	 @��c C����"L ��Y Q9��=�� 

�� -C 	�6 v�m�6� ��	�	. .�O�	* - ��'�A $��� ��C
 �"L �	 �"����& ���"L S��� �� ���� 	�	 � �h��O 

Q9��=�� �� �	 G>��' D�	 ���	��A �	 @�e ����� � E'��'�� � '���"- �	 <�� ����� ������6 	�C .MC�J
��A	�" 

D�� ���"_ Q9��=�� �'	 �C ��'�A L' $��� �	 `F� �>����� 5 �d�	 ��	��;' 	�8� . ]�RJ� =����Q9 � *���c �"�'��

 L"� �	 .�� ����6 �'	 �"�EW� � S��C ��� Y8� 	�6 -C�� -C �'� L"� � D�� I�J� $�O�	 ���	 G>��' �h� �	

���+, �����
	�"� 
��  '��9�K�� -R�c�����1�2011  ��A � ����K�� �2018� �&��U.A2 ����K�� � �2021� ��"�' - 

�	��8.A3� 2022 � ��"�9 �� ]�' I�j�' L"���	��� .5�6 =��?� .��* -C D�� LK�'/�&' =��d�]  �� 	�6��K�A 

.�9 ��� ����') 	����=�� ����� =\�mH'
 .�9 ��� ��=�� '�	 =\�mH'* � ("� �"-K� �����?�
 -C �A =��d

e�� /�&'�] ���C (S��'A `F� ���  � ���A =�c��' �������� �'A�	 ��� ����')  �����K�� � ����W� )

1388 .(.�&K�6* -C � ��'� $�> �	��� �� 	�6 =��?� -�&�A =��d"�� '* � - 	���"L  Y8� D�� LK�' �'�

	��"�� � $�O �� �	 .	�� �A �?� L�W��"L 8> ��>�7'�;* �9?�� �\�>* �� �"�
 ��
 8>��;* O -�=�  -C ��&��

��&C �A*  ' 	��	*� .	����"L �,"�� -C ���C� �	 -5�6 =��d .��* J�R��* ' <�U9�*-C Z|� � ��W���9 $�8�	"� 

.�&K�6 �A* ��
 �����
 � ��}�.���"K* 	�	 ����6 b�. ��C��C"L ���C* 5�6 I���� .��*���A � ��* ;j� ���D 

5�6 I���� .��* H' �C �A �?� ��n�"D& ' ��&�� �* ����9 �'"��� -'���C �6� D�c �	 �� ��
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