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1388�� � ( �A�  �� #".=� B� 	� �8� C�D- 9��	���
 ���*���� �	�
 �' �� � 	�E0 #'�'�� 6�  �8� F'� 	�

6���A� G;��'�  9B�	�H.= � ��.?�) #��1388 ���� .(I�
 -�� ��"J"; 	�"4� �K
 I' ��	���
 �8� 	� ��<�� �
 �<"EL � #��(Dai, 2011) .I�
 -��� �� �'�GM ���� � 6� N���K
 O��'�P  Q0�� � ���0	�"F 2�,  FH.�

 � 2��?� ��H/.0 �=�
 �� �+�� #���-�R �=) ��� B�PA ����� 	� �-�� �AghaKouchak et al., 2015. Hao 

& Singh, 2015. Zhao & Running, 2010 9���PA �'���� S"-� �� 9�!'� T�L �� .(I�
 -��� �=  	�2�� �= �
 #�� ��� ���"� �"
�(Liu et al., 2015. Wu et al., 2013. Wu et al., 2015) .I�
 -��� �=  �	�� B��   ��

I�
 -��� �=�  ������� �0�.�A� � �H'U�-�	�"= 9��	���
 9�������=�VEL ��� ��
 �(American 

Meteorological Society, 2004. Heim Jr, 2002. Zhang et al., 2015) .I�
 -���  �U�-�	�"= ��=���"; ��
�	�� ��E.
 WD'	 ��  ��"���'� � ��"���	 ��� �'�
X � Y���� �� ��A ��=ZE ��  .#�����'F �	[��� 9 

I�
 -��� �=� 6����� 9 ��\�L � O������ ��'� 6� � 9�'��= ��E.
 6� �� �'�7 Y���� 6� �	 �?K� �'��  �� ��

�4.� � ��.?�) 9	�;1384 .(  

>P� �� � 'F 	�^� I�
 �	���
 �8� �� �-��9� �	���
 O\��?� ��H/.0 �=�
� -�  �=�
 B� YE  �� �"�  .#��
 YE�� �� �	 ��	���
 I4'	 ��� F".=�=�
  	���� � #."� �8� �� B� ��4  _A�� #'�P� 	� � ���� �'�D:� �"-� 

����� ) Dillon and Anderson, 1971` Gotsch and Regev, 1996`Sasmal, 1993( 9�-�4H�
 �� ���� I4'	 .
 B���R �� ��	���
 ���� �	 B� #'�'�� #".=����
 I�
 	�^� �� �/��V� ���� 9�	 F'� �� .#��  ��=��E=�	 �-��

 �
 �	�� ��A� ��������B� �� �H'��"P� ��E=�	 I' 9�	�"�� >
 .#�� �	�"�� >
 �7 ����� �= #'�'�� ���� ����
���P ) #�� 6� T��� 9����D' � ���	� 	�;1395T�= �
 ( �/c� �'�	�
 �'�D:� 9B� T���  6� � �:�c ��A

�
 #�� ��� 	��V� �"^d  ��<�	� �	�� �=�
 ��H/.0 2��?� ���V=�) �	����H.= � e"��� 9B�	1386>
 .( �	�"��
 ���� �:��� 6� �,�� �= �� ���*��� �g
��, 9B� T�= �
 #�� 6� B��?� #"<h� 	� ������� ������ ��E=�	 I'

)English et al., 1990. Salemi et al., 2014�� �A�  � ( �:�c �'�A 	� T��� 6� 	�"4�  � �-��D'�) ��� �=��
 ���	�

 9B�	�H.=1384 `Martin et al., 2009 9B�	�H.= � �������� `1389�� B�=�"� 9��E=�	 F'� 	� .(  � �A	� ��.:�= O	�c
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 ��  9B�	�H.= � �������) ���
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 � ���1390B�����	 �'�D:� �� � (  ��"P� 6� T��� 9	�"��
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 9B���P� � C�V�1382  .(  
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��� � �<-�K�
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�K��	  I"�H  F'� ��

) �*+� � ��<�� 9����	 F".= 	� .��'G; O	�c1398�� #�
 ��"P� ��!-� ������� ���'�	� �� (  ���"�	 �+"�� F'�
�:�c �'�D:� Q0�� �	�"�� >
 2�.0� �
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�� ��� �=�
 � 6� T��� 	� �'�A � �	�
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�� ��� � #�
 ��!-� �� �	�"�� >
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 �� �����'	��� ���".
 96� ���, 25 �c	� �=�
 �� O�� 6� ���� O\��?� �	�"��2 950 �c	� �� 

�""r  ��!-� #�
 ��  #.��	���
� >'�3 � ���, 25 �c	� �� #.� O\��?� 6��� ��.
4  .����
 ��"; �'���
���V� � q����5 )2011������ 2�� �� ���*��� �� (�D'	 �K
�"M 	� �"-����� ��	�� �� O��^� >
�	�"�� 	� s��; �� 

O��""r  >"/�� � ��h�V  #4'DK"?� 6� ���
���; .	� F'� n"V?  ���� �'��� ���*��� �'	��� :��"P����� �� �	�"�� 
9S��
 ��"P����� �� >
�	�"�� � >
B��� �	�"�� ��"P����� .u'��� ��� B��� �<-�K� F'� �
 >
�	�"�� 	� �� �g
��, 

����� B����	 k-�
�� � �'�D:� �'�	�
 T��� 96� �^v� ������. ����!" 	�
 �<-�K� u'���6 )2009( B��� ��� �
 

#��"� 2�.0���= �=�
 6� 	� $���� �� B�D"� 5 � 10 �c	� � �'�D:� #."� 6� �� B�D"� 2 � 3 #E4� ����� �� 

Z'��� 9����
 �� �=�
 B�D"� T��� 6� �^v�  .#��  

#�� �� �H' F'�D� #���� 	�.� �� 	��
 	� ��	���
 �<�4� � >P� ��=�� B��� ��A�� ��=	��� � ��	 �
 �=�
 [���I�
 -��� �= �;� ;	� O�	�4
 Q0�� 9�B��EA G;��'� �	 F'� �� .#�� ��� �VK�� F'� ��	���
 O\��?� �� �
 X�8 �W�	 F'� �� �H' .#�� 	��	�
�� �w�D4� #".=� �� �<"EL �L�8� F'� #'�'�� ��=��E=�	 ��E=�	 �� ���*��� �=

>
�� �	�"�� .�����R��� ��"�� 	� �*/�8� O�<-�K�>
 I"�H  ���	�
 � F'� T�= ��� 9#�� ��:�� O	�c �	�"��
� ���� I4'	 #'�'�� 	� ��E=�	 F'� X�8 � 	�^� ��	�� n"V? �� F'�D� #�� 	� �-�4H�
 � F'� 	� �	 F'� �� .����

k
�� � �0�	� O\��?� #�
 ��!-� ��	 �� �-�4H�
 �H4'	 O��^� �  #�� ��� �<� n"V?  ��	�� 6� ��=
�7 ����� 6�8��� 	�^� #'�P� 	� � ���>
 O��*�� ��= 9�h�, �<-�K� �	���� F'������ .��"� 	��� ���'�	� �	�� �	�"��

'� 	��7 ����� O��^� �
 #�� F>
 p/�8� ��= 2�� �� ���*��� �� �	 �-�4H�
 Z'��� 	� 2��?� �= ���� �	�"��
������������ #:�"=	 �� T�= �� �� �V"*/  �D'	 .#�� ���� 	��� ���'�	� �	�� 9#Eg� �D'	  
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1 Graveline and Mérel 
2 intensive margin 
3 super-extensive margin 
4 extensive margin 
5 Mushtaq and Moghaddasi 
6 Cortignani 
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 9B�	�H.= � ���'��
)1390 � ( ����<��  2��<�  80000  	��H=�� ����?�  B�	�'�  [���  ���  � ��  �h�	�  IP
  
B��4
�  �P���  �� ���F'� .  �HE�  �� ��.0 	�L  �h�	�  ��=�P�  F'�D� I"�� 9  F"�J.= �  �h�	� �� ��8�  

��P�B����=  B��4
�   F"w�� � ��� 	� �	 ��=�� �"�� �� � �� ��D8� B�V-�L �'Gr  �� �0�	� 2�� 	� .���95-1394 
x-��  �� 2,76 O\��?� F  B�"/"� p/�8� �0�	� 	� B���� F'�D�  �
 #�� ��� #�����95  � ��� [	�D� �� B� �c	�

5 �c	� �"V� �� [	�D� >'� Sc�, ��� W	�� .#�� ��\��  F'�D� #��231  � ��� W	�D� ��."/"�  �	�� �L1360 
 � 1394  B�D"� �� ��\�� Z���� ����0,9 ����� �A	� B�D"� �� W	�� � �'�D:� ����3 �"/� ��� �=�
 '��:�  .#��

�������= B�����) B����  9F'�D�1394 .(  

 �H�'� �� �A�  �� 9�h�, �<-�K� 	�T�=  O��^� ��	�� �=�7; F'� �/c� 	� #�
 ��!-� �� �	�"�� >
 �H4'	
�� �-�4H�
 Z'���2�� B��.� k8�� 	�j�� �� ����� 9���� �-�4H�
) B� O�VEL � �-�4H�
 [��� ��=

 k
�� �� (�'�� �/"
 � �'�� 9Z���� 9p"<hSPI  2��?� � 6� �"-�  Y��  �� ���*��� �� o{� .�'��� ���*���
 >
 2�.0� ��=�'	��� 	� �VK�� #�
 ��!-� 9B� �� o; .�� ��
���; �0�	� O\��?� �� �	�"�� >
 �"^�  ��	�� ��

������ #:�"=	 �� � T�= �� �� ��E"-�
 2�� �� ���*��� �� �-�4H�
 Z'��� 	� �	�"����� F""<  #Eg� �D'	 	� .�'
k
�� �� �VK�� 	� ��� 2�.0� ��=�'	��� �'�	�
 ��	�� 	�j�� �� 9#'�P���P� ��= k
�� � 6� T��� �	�

  .�'��� ���*��� �0	D� 2�r��� �0�.�A�  

 �=� ���=4��B� 8��# hH��SPI: W	�� k
�� ) ����	�������SPI1 Z��  ()McKee et al., 1993( F""<  #PA 

�	����= I�
�-�� � ���'�	� O��  �� F'��  B�)McKee et al., 1993(F'� . k
�� ���� �= �VK�� �� $��� 

����	�� #E^��= ��\�LO�� B� �E��?� �����. 	�   ����	�� O����/� 	��� ���� ���� Y'��  �� ��*��� �� W�	 F'�
 O�VEL F""<  �� �<.+  Y'��  Y��  ��-�4H�
 �VK�� I' 	� �/"
 �-���  �� �'�� �/"
 �-�4H�
 �  �'��

�� ��
���; ���)Edwards, 1997`McKee et al., 1993(.   

��E��� MO>�� Z#�. -:LK F'� ��E=�	 �� ���*��� �� 2����	���
 ��= �w�	���� �w�: Z��  �E��?� � ��� 2�.0� � 
�� $��� ������= 6� � �'��= � ��	���
9 �=�
 �"^d  6� �	�"�� �	 �� 2��?� �";��"� ��.��
 	� F'� ����	 ���� 

F".8  ��H/.0 2��?� ��P��"; O	����� Z��  �'� �K��	 � Z��  )Doorenbos & Kassam, 1977m"?�  ( 

��'��� � 	��� �� ����� �'� ��) ���Jensen, 1968. Doorenbos & Kassam, 1977. Meyer et al., 1993 :(  

)1(  ���� = �[��	
���
]

��
�
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 �K��	1  �	��B��  �� O	�c ) #��� D"� �'�Rao et al., 1988 :(  

)2(  ������ = �(1 − ��
(1 −
�


��
��������)
) 

)3(  ���� = �(1 − ��
(1 −
�


��
����)
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1 Standardized Precipitation Index 
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 B� 	� �
�� �g
��, 2��?� ��"-�  	� Z'��� B��� ��   9����� 	��V� 2��?� �<��� 	� Z'��� ��   9���s 
�/,�� ��8�� �� �"-�� ��	 �/,�� 	�PR �� ��	 �	�� �
 ��	1��"� �.� 92��"� ��	 S�: ���"� �/,�� 93  �/,�� �

��	 S�: ���'�;4 9��� _'�h ��
�� ��H/.0 #E4� �� ��  ��� 	� �/,�� ��	 s �' S��0 �=�
  F'� �
 2��?�
 �	�.� �'��� �� _'�h33 ) ���PA 	���	��
 B�����FAO) #�� ��� W	�D� (Doorenbos & Kassam, 1997 9(

�� �g
��, 6� �	�"�� ��"��	��  � ��"���  � �	�"�� ��  Z'��� 	� �	�"�� 6� 	��V�h  �E4� �=�
 	��V� D"�
 Z'��� 	� �	�"�� >
 �7 ����� �<-�K� F'� 	� .#4= (I' ���4� �' ��HR�
) ��	 �	�� S
 	� 6� T���
 9O\��?� ��	 p/�8� S,��� 	� �'�� �/"
 � �'�� 9Z���� 9p"<h �-�4H�
 �'	��� 	�PR 	� �-�4H�


���� .�� 2�.0���
 O	��� �� �8� F'� 	� ���*��� �	�� ��=Y.A �w�: � ��	� >
 2�.0� �� �<��� ��H/.0 � �	��
C��  �� ���*��� �� �	�"�� 	�D:�Excel .�'��� �E��?�  

��.@� ����)�> G=� -���4�# !+��
� �# `=
:�.��U� 5V,�  �� ���*���2�� �= ������� 	'D �� �	�"4� 	� I4'	 �
) �	�� ��A� �0	D� #'�'�� O�<-�K�Salassi et al., 2013. Olarinde et al., 2008. Umoh, 2008. Maleka, 1993 .(
 F'� ���
 ��E"-�
 ��8� #/0 �� ���2�� �= )Mainuddin et al., 2007 #:�"=	 9(������ 	'D) #Eg� �h�'	 �PMP (

 �<�� ���� ��� �� �� ��E"-�
 2�� 9�h�, �<-�K� 	� .#�� - #:�"=	 �� ���*��� �� T�=������ 	'D:�' Z4� � �E^� � #
 SH� .#:�� 	��� ���'�	� �	�� �-�4H�
 Z'��� 	� ��	���
 O\��?� ��H/.0 �� �	�"�� >
 ���� �H4'	 	�^� �

 2�� ��=�"� � T�= Y�� �� O	�c F.P� � �����) #�� �'� 9�	�;1394:(  

)4(  �	� ! = (1 + #)$%
� & & '()%�)% − *+)%,)% +  1

2 .)%,)%/ 01
2

%

�

)
  

 2�� F'� 	�j=(1,2,3,…,n)  �t=(1,2,3,…,s)  _" �  ��B��� ���=� 2�� � O\��?��� �=�����.  �+�'� 	�j 
B��� ���=�  9���	��rR 9O	X 9�A 9C��� S��� �0�	� #"-�<: [���A�� !��:�:�/0 O	X 9� 9�"��- � �+��' 9��t 
B��� ���=� 2�� S��� �
 B��� ��=94-1389  .#��()  2��?� #."�j 9C�Cj  �� 	��H= �= �"-�  �	����4, ��'D=

 2��?�j 9C�Xj  2��?� #�
 �'� mK�j � C�T  	� T�= Y��  .#�� �"r�� ��'D= �� ����� �
 T�= ���	� mK�
 �-��<�4�� ���?� 9Y���� �� ������ B�D"� �A�  �� 9 .���  

)5(  & 3),) ≤ �5
)

 

)6(  & 6)%
)

,) + !̅% ≥ � 

)7(  & (%
)

!̅% = 9 

)8(  & 5)
)

,) ≤ 0 

                                                      
1 initial growth 
2 crop development 
3 mid-growth season 
4 late growth season 
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)9(  !̅% ≥ 0 
)10(  ,) ≤ ,)∗ + < 

 �-��<� 	�5 9TR  C�.� � �=��
 9O\� F"��� 96� 	��V� 9	�
 ���"� 9F"�� S��� Y���� $���� 	� ���A�� S

�� �'�"."�  .����3)  ���	�
 ��: _'��h >=���P� �=  �-��<� .#�� O\��?� �"-�  	�6  #-�, 	� ���	� #'���?�

S �� B��� �	 B� 	� �
 �
 �=�6)%  9 2��?� k-�
�� ���!̅%  � F"!��"� �� T��?��T  ��'D= �� �����) T�= ���	�
 �-��<� .#�� (�"r��7  [�.+�O�:��?��  [��� 2�.�,� $��� �� 9B��� B�� �� o; �	 �*��B� �= ������ �"��� � .��


 �
(%  9����"; [��� 2�.�,�9  B� �""r  �� �
 #�� �����	�;�� B��   ��.?�) �� F".8  �	 #�
 O��*�� ��=�!-�
 9���.
�  �1380F.P� � ����� ` 9�	�;1394 �K��	 .(8�� B��� �	 �0�	� 6���  9 � �=�5)  � ���� �0�	� 6��� 

 �-��<�9  �10 � |���� O�0}L� � 	��� .#�� F"!��"� �� T��?�� B��� �*���"M |��Z���	 � ��: B�=�"� �0�	�  �
���P��= 	�  2��95-1394  �� ���*����� � �������; n'�L �� W�	 ���.���"� ���
�� �/,����R �Y.A � �	��

�� .�'��� S
 �VK�� �<-�K��	�� ���<  144 �������; �� B��	���
 T�= Y.A�	�� ���� ���= B� ~��8��� .�'���  

��$# hH�� � LK `�b� 5��:���V� G�Y��� �����P� �� �<-�K� F'� 	� �� ���*��� �w�	�
 �"^�  ��	�� 	�j��
�7 �������P� F""<  �� �	�"�� >
 ��= k
�� �� �� ���*��� �� ��	���
 6� �	�»6� T��� �w�	�
 « �» #E4�

�:��� 6� �� ���	� « .�� ��
���;k
�� :��� 6� �� 2��?� ��H/.0 #E4� �� 6� T��� �w�	�
 k
�� � �
 B��� 	��H= �= 	� _<H� ��� _4, �� �:��� 6� �� k-�
�� ��� #E4� �� Y��� 	� D"� �:��� 6� �� ���	� #E4�

��� �E��?� ����	�� F�:�� �j� 	��7 ����� F'� F""<  � ��	�� 	�j�� �� F"�J.= .��� 	� �VK�� 	� 2�r��� �� �=
�	�� �L 2�r��� �0�.�A� k
�� �� �-�4H�
 ��= 	�
 ���"� S
 >"4V  �� k
�� F'� �
 �'��� ���*��� �0	D�

F"�� S
 �� (�*� _4, ��)�� #��� �'	��� �= 	� (	��H= _4, ��) #�
�'� ��= .�'� 

  

��+�,5�
 l�*�. 

��	�� ��!-� �0�	� �	�"�� #�� 9F'�D� B��� �� F'� #"<��� �	�� �
 _"
�  �0�	� u'�	 ��� �VK�� �� �.0 S��� 

9C��� 9�A O	X �:�/09�� O	X ����9�� 9	��rR �� �A�� � �"��- 9�+��'��� .���� �� ��"� S"-� ��� �\�� F'� O\��?� 

� �� �A�  �-�4H�
 [��� �� 	� 9�VK�� �� �j� ����	 �
 9O����/� 	� 6�8��� O\��?� 	�
G� ���� #�
 	� F'� 

�VK�� 6�/K� �=��8�  ����� 	� .#�� _A�� ���� �-�4H�
 [��� B��� 	� �	�"�� >
 ��	�� �G- .����� 	�j��  F�:�'
2�� ��	�� � �VK�� 	� �-�4H�
 [��� ��=^d "�  k
�� �� �VK�� 6� B�D"� �� �-�4H�
 O�VELSPI  ���*���

 .�'����� 	�j��  k
�� �	����SPI���� �� 92�� �L F'�D� �������= ��!�4'� ��= ��=1364  � 1394  ���*���
) SH� .�'���1 k
�� O��""r  (SPI 2�� �L 	� �	�� B��� p/�8� ��=�� �j,}� .�=� [��� �
 ����

�-�4H�
  �w�	� � #�� ���� u'�	 ���� �VK�� 	���	 S, �= _���� ��� 	�j��  ���� �<"EL �}� F'� �� �/��V�
�� 	�.� �� �	��h.��	  
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 XE�1 : hH�� �����Y. ���@�4SPI 

 k
�� �� �A�  ��SPI2�� 9 ~��8��� �'�� �/"
 � �'�� 9Z���� 9p"<h �-�4H�
 [��� ��=� �"B�D  �""r 
�	�� F'� 	� �?K� 6� >+, p"<h �-�4H�
 	� 6� >+, O��""r  �c	� .�'��� �E��?� 2���� 2�� �� #E4� �=

 �����25/19 Z���� �-�4H�
 	� 96/31 	� 94H�
�-�  ����� �'��44  2��<� �'�� �/"
 �-�4H�
 	� �3/51 
 �	�.� 2��A 	� .#�� ��� �	���� �c	�1 �������P� Z���� 	��V� �� |���� �	��� O�0}L� � � �=�� ��= ��:	 	�


.#�� ��� ���� B��� F'�D� #�� �	�"�� �HE� 	� _8��� �0�	� O\��?� �"-�  	�  

G�=P1:  G�B �� ��)�a� ��@� �*aO� �� �=,VR�# �m@b�� �# s@#�� ��> ���q��95 -1394 

(=?��) ���$4 �#K e=OR  �#K @P  �4�� ��n5�  �=OYF  �P@R  �+@�� ��n5�  ��4@,  ��#@)  

 !	> �,7 daB(103 h)  25  2  2/3  1  4/1  8/4  3  170/0  

 �+�b� LK(103 m3) 7  5/5  11  6/12  5/12  2/11  13  9/8  

 5���4(� 4) ��>  14  5/11  13  42  73  35  16  30  

(e�R@��>) �����4 �@>  5/187  145  193  275  300  120  118  300  

(e�R@��>) �� "+ �@>  6/84  82  123  160  220  113  62  210  

_��(���)) M>  4/1  1  8/0  3/2  6/1  5/2  4/0  5/1  

��	?(���)) M>  2/1  6/0  3/0  9/1  3/0  5/0  1  7/0  

 ��J�� ��E���(e�R@��>) 4300 3700  10500  38000  54600  50000  10500  1700  

�#K MO. �# ���R !�B�"? C,�^  05/1 05/1 25/1 8/0 05/1 25/1 7/0 14/1 

G
d���:�' : n"V?  ��=  

��H/.0 �-��<� �� ���*��� ��- �-��<�) 6�3 	� �	�"�� >
 9(4  [��� S"-� �� �	�"�� 6� TG, �� � �-�4H�
 ��'	���
�� 6� >+, �=�
 � �-�4H�
 S,��� ����	�PR �	�� ��	 �� O	�c B�4H' 2�.0� � �'��� u'��� Sc�, �� ��!-� 

������ ����� 9#�
���P� �� ���*��� �c	� � ���	� I4'	 9���= �	�� S"/?  	��� #:��.  �	�.� 2��A2  #�
 ��!-�
�� �� n"*/  2�� �� Sc�, O��""r  �c	� �-�.0� �^� �� T�= 24  ��	���
 O\��?� �"/
 	� �	�"�� >
 �'	���

�� O	�c �� B��� #
���H' .�=�B�.= 	�L  2��A 	� �
2 �� �j,}�>
 2�.0� �� 9���� �	�� �L 	� �	�"��
 B�D"� �� �
 #�� �"��- �� |���� #�
 �'� mK� �'�D:� F'���"� 9p"<h �-�4H�
17,968  ��:�' �'�D:� �c	�

=�
 F'���"� � #���:�/0 O	X  �� |���� #�
 �'� mK� � B�D"� �� �
 #�� ��2,518  ��:�' �=�
 �c	�
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�� B�"� F'� �
.#���:�/0 O	X �� #E4� �"��- �� �	�"�� >
 2�.0� �	�� �"��- �� ��}0 �'	��� F'� 	� .#�� � �	�
 ��

���� O	X �'� mK� � #�� ��:�' �'�D:� ��� �A � ��� C��� #�
 �'� mK� 9�� �+��' � �A�� 9	��rR�=�
 '��:� 
 9��� C��� #�
 �'� mK� 9Z���� �-�4H�
 �	�� 	� �	�"�� >
 �'	��� 	� .#���� �A � ���-�"�  B�D"� �� _" �  ��

0,84 98  �29,6 ���� O	X #�
 �'� mK� � #�� ��:�' �'�D:� �c	��:�/0 O	X 9�A�� 9	��rR �� D"� �+��' � ��
 B�D"� ��3,6 91,3 93,2 94,1  �0,13  #�
 �'� mK� ��
�� F'��.
 �'	��� F'� 	� .#�� ��:�' �=�
 �c	�

 	� .#�� �+��' �� |����	���'�  �	�� 	� �	�"�� >
H�
4-� �� �"��- #�
 �'� mK� 9�'�� 	�"4� �245  	��H=
�� �'�; �	�� �� #E4� �
 ��	48 B��� �'�D:� �c	� ���� B��� F"J.= u'��� .�=� � �	�"�� >
 2�.0� �� �
 �=�

��P� k-�
�� ���	� 9�VK�� 	� #�
 ��!-� �}c� B�D"� �� p"<h �-�4H�
 [��� �� B��D.= B�	����22,7  �c	�
�� �=�
�	�� �L 	� � ���' �� O\��?� ��H/.0 �=�
 S"-� �� �'�� �/"
 � �'�� 9Z���� �-�4H�
 ��=

 _" � 23,3 923,9  �24,3 �� �=�
 �c	� #�
 ��!-� �}c� C�0 � �7 ����� F'� 2�.0� C�0 O	�c 	� �
 ���'
 _" �  �� B��	���
 k-�
�� ���	�21,7 935,7 949,7  �58 �� �=�
 �c	��� �A�  S��� 	�"4� �
 #:�' � ����

�� B�"� �	 �7 ����� F'� �� ���*��� O	��h.��
 �� /
	�LF'� u'��� �  �	�"�� >
 2�.0� �
 #�� B� �� �
�, �8�
 ������� Y:��� �
 ��'�.� 6�8��� �	 � \��?� #�
 ��!-� B��	���
 �
 #�� ���� Q0�� �-�4H�
 Z'��� 	�

.����� ����� Z'��� F'� 	� ���.
 I4'	 � \��   

G�=P2: ���E
) 5���#K �> 5�
@,�OB �� !	> 5@6)� �����Y. -(=;��  

 ���H �)�"E	H

=,=�  

 �)�"E	H

=,=� 
 �)�"E	H

�B@�� 
 �)�"E	H

_��^ 
�,�
 G�B @,��OB/G@b�� 

25345 25296 25213 25131  25002 �#K e=OR 
2188 2161 2115 2070 2000 �#K @P 
3011 3038 3084 3129 3200 �4�� ��n5� 
979 982 987 992 1000 �=OYF 

1328 1338 1356 1393 1400 �P@R�64�+ 
4478 4524 4602 4679 4800 �+@�� ��n5� 
2994 2995 2996 2998 3000 ��4@, 

246 234 215 196 166  ��#@)  

3/24 -  9/23 -  3/23 -  7/22 -  0  
 �����Y. =;�� 7� =�# h)�H�4 =�K��

�> G����5���#K  

 G
d���:�' :n"V?  ��= 

 �	�.� 2��A3 �c	� ������ ����� � I4'	 O��""r  ��=�'	��� 	� �	 ���� B��� �	�"�� >
 p/�8� �'	��� 	� .�=�
 	��V� �� ����	� I4'	 p"<h �-�4H�
 	� �	�"�� >
15  B�D"� 6� >+, �=�
 �� � #�� ��:�' �=�
 �c	�

�� �=�
 ����	� I4'	 B� 	��V� �'�� �-�4H�
 �	�� 	� �	�"�� >
 �'	��� 	� � ���'36,7 �� �=�
 �c	�-

������ ����� .���' D"� ��>= B��� �� �=�
 ����	� I4'	 �=�
 �� �� � ���'5,47 -  	�	���'�  �	�� 	� �	�"�� >

 �� p"<h �-�4H�
14,4 - �� �'�� �/"
 �-�4H�
 	� �c	������� ����� � I4'	 	��V� �G- .��	 >
 �� ��

�� �=�
 D"� B� 	��V� 96� >+, �=�
 �� � ����� >"V�4� �K��	 �	�"�� �' .���'��  	�E0� �'�! �	�"�� >
 2�.0� 9
�� �	���
 ���	� �=�
 � 	�E0 �� �'  ��H/.0 �=�
 _A���� �=�
 D"� ����	� I4'	 9���	� �=�
 �� .���-
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 �� #�� �'�� �/"
 �-�4H�
 �	�� 	� �	�"�� >
 �'	��� �� |���� I4'	 �=�
 F'���"� � ���'36,7  �c	�
O\��?� ��H/.0 �=�
 F'���"� 9B� S"-� �
 �=�
  .#�� �'	��� F'� 	�0	�"F 2�, ����	� 9#��"� F'� 9

 � � 	��'�; �-� ��.
 ��R�=O�E^�� �   [��� B��� 	� �	�"�� >
 �R��� .#��� �=��
 ���.= �� ��	���
 ����
�� � ��H/.0 �=�
 S"-� �� ��� #�� _A�� � C�\ ���� 6� >+, �=�
 S"-� �� �-�4H�
 ���	� �=�
 B� 2�E��

 9B��	���
 2�.0��"#�� �= ��".�  �'�
 #��"� � ��	���
 O\��?� �."� �"j� S.H� �'�� 	�j��  B��EA
.#�� C�\ B��	���
 O	�4
  

G�=P3: 5���#K �> 5�
@,��OB �� ��7�# � 5=�K�� j",� �����Y. =;��  

=,=� ���H �)�"E	H  =,=� �)�"E	H �B@�� �)�"E	H _��^ �)�"E	H !��^� 

7/36 - 7/33 - 9/29 - 15 - j",�5=�K�� 
4/14 - 4/12 - 9/8 - 5/5 - ���4�# ��7�#5� 

G
d���:�' :n"V?  ��=  

 	�j�� �� ����� 	���	�� k
�� �� �-�4H�
 Z'��� 	� ��E=�	 F'� �w�	�
��P� ��= k
�� � ��	���
 6� �	�
 �	�.� 2��A 	� �
 ���!��.= .#�� ��'��� ���*��� �0	D� 2�r��� �0�.�A�4 �� ��=��� >
 �'	��� 2�.0� �� ���

I�
 O�VEL [��� Z'��� 	� �	�"�� C��� O\��?� ���� �:��� 6� �� ���	� #E4� � 6� T��� �'�	�
 ,�-��
���� O	X ,��� �A ,����:�/0 O	X ,�A�� ,�� ��:�' �'�D:� �+��' � 	��rR O\��?� ���� � ��:�' �=�
 �"��- � ��

.#��  

G�=P4: hH����$# 5�
LK 5�� 5���#K �> 5�
@,��OB �� C��O� �m@b�� 5��# 57���	>  
   �
@,��OB   

�
 hH��  �m@b��  �)�"E	H

=,=� ���H  

 �)�"E	H

=,=� 
 �)�"E	H

�B@�� 
 �)�"E	H

_��^ 
�,�
 G�B 

58/0 59/0 6/0 607/0 614/0 6� T��� �w�	�
  
�#K e=OR 

739 749 762 771 780 �:��� 6� �� ���	� #E4�  
637/0 646/0 657/0 665/0 673/0 6� T��� �w�	�
  

�#K @P 
701 711 723 731 740 �:��� 6� �� ���	� #E4�  
674/0 735/0 806/0 860/0 915/0 6� T��� �w�	�
  

�4�� ��n5� 
698 761 838 891 948 �:��� 6� �� ���	� #E4�  
63/3 47/3 28/3 14/3 3 6� T��� �w�	�
  

�=OYF 
1054 1007 951 912 870 �:��� 6� �� ���	� #E4�  

14/4 2/4 3/4 3/4 4/4 6� T��� �w�	�
  
�P@R�64�+ 

2234 2265 2304 2330 2358 �:��� 6� �� ���	� #E4�  
36/3 67/3 04/4 3/4 6/4 6� T��� �w�	�
  

�+@�� ��n5� 
3027 3303 3637 3866 4111 �:��� 6� �� ���	� #E4�  
049/1 985/0 907/0 854/0 797/0 6� T��� �w�	�
  

��4@, 
923 867 798 751 701 �:��� 6� �� ���	� #E4�  
153/0 16/0 168/0 147/0 18/0 6� T��� �w�	�
  

��#@)  
367 383 403 416 431 �:��� 6� �� ���	� #E4�  

G
d���:�' :n"V?  ��=  

  



  
  
  
  

206   -------------------  ��� 	�
�� 
����� �� ��������� ������ � � ��! �"�# � �#�$%   �&� �"'(� �1400  

 
 �	�.� 2��A5 �	�� �L 	� �	�"�� >
 2�.0� O��^�I�
 ��= �� �-���� B��� �0	D� 2�r��� k
�� 2�.0� .�=�

 �=�
 Q0�� �	�"�� >
N��� �� �0	D� 2�r��� k
���� ���� �� ,�H'	�L19,22  �� �'�; 2�� 	�18,96  �L 	�
I�
 �	���� �'�� �/"
 �-�� B�D"� ��� �'��� �=��
 	�
 ���"� ��h�V  �=�
 _A�� �	�"�� >
 ��R�= .��	

4� 	�
 ���"� ��h�V  �=�
 k
�� O��""r  B�D"� �R��� .��� �=��
 ��.
 �	�"�� >
 2�.0� C�0 #-�, �� #E
��<� p/�8� ��=�'	��� 	� 2�r��� .#4"� 	��  

  

G�=P5: ���V� G�Y��� hH�� �# �)�"E	H �,��� �� 5���#K �> �U�  

 ���H �)�"E	H

=,=�  

 �)�"E	H

=,=� 

 �)�"E	H

�B@�� 

 �)�"E	H

_��^ 
�,�
 G�B !��^� 

96/18 19 06/19 13/19 22/19 
 /� 4) ���V� G�Y��� hH��

(���E
 
G
d���:�' :n"V?  ��=  

  

����45��R  

 	� ��	���
 �8�B��'� �8� F'��.P� �� �H' B���0 ��I�
 �/.A �� ���<�� O}H�� �� 	��
 ������� ��=-

 ��!-� �� �-�4H�
 [��� B��� 	� �	�"�� >
 �^� �h�, �<-�K� 	� 9�	 F'� �� .#�� ���� �A��� 6� ��E.
 � �-��
 .#:�� 	��� ���'�	� �	�� F'�D� #�� �VK�� �0�	� #�
�� 	�j��  	�PR 9�-�4H�
 [��� B��� 	� �	�"�� >
 S"/? 

 B�D"� �� 6� T��� �=�
 �'	���19 932 944  �51 	� �c	� ������ 2�� I' _-�� u'��� .�� 2�.0� I4'	 �D'	
B��� 	� �
 ��� B��� n"V? �� �	 6� �=�
 � �-�4H�
 �
 �'�= #'���?� B�D"� � B��?� O�� �� ��4� 9�=�

>".�  ��?� 96�>
 �
 ��� B��� u'��� F"�J.= .#�� O��*�� #�
 ��!-� � �	�"�� ��E=�	 F""<  ���� ��"� -

�
 ��!-� �	�"�� �"j�  ��.
 ��� ��"� � � \�� ����	� O�E^ 9��.
 #�
 I4'	 �� B�=�"� #.� �� �	 �VK�� #
�� �+��A �"��- � ��� �A 9��� C��� �� |���� _" �  �� D"� #�
 ��!-� 	� O��""r  F'��.
 � F'���"� .��


�� �+��' � �"��- O\��?�#��"� F'� 2�.0� >P� O�H� �� �H' .���� �'�D:� �= �� C��� 2��?� #�
�'� mK�
��:�' �4'�V� .#�� B��?� � �-�4H�
 Z'��� 	� ���E=�	 2��?� I' B���0 �<-�K� �� �h�, n"V?  ��=

) B�	�H.= � �	�
D"=�;1395( �� B��� mK� �'�D:� �� �+�� 9B��	���
 ���	� �=�
 F.h 9�	�"�� >
 �
 �=�
 mK� �=�
 � �"��- � ��� �A 9��� C��� #�
�'��A�� #�
�'��� �+��' � ���	��rR 9�!��: � ��<�� .����

) B�	�H.=1397 �� �"� �	�"�� >
 �
 ���"�	 �+"�� F'� �� D"� (5  B��	���
 k-�
�� ��� �=�
 �� �+�� �c	�
��o.� u'��� F"�J.= � ����) B�	�H.= � ��'�-�1392 �	 B��	���
 k-�
 ��� �	�"�� >
 �
 ��� B��� D"� (

 �=�
�� .�=�>= B��� �	�� 	� �	�"�� >
 ��E=�	 2�.0� �������� ����� � ����	� I4'	 9�-�4H�
 ��= ��
�� O	�c >= B���  �M"K
��� �=�
 � ���	� �=�
 B� 2�E�� �� � O\��?� ��H/.0 �=�
 B� S"-� �
 ����'

��P� .#�� B�	����  



  

  

  

  

207   --------------------------------------  ��+�, -� ���.�/�/$  /0% 1�%2
3� 4� �#�('5� ��...  

 

��P� �� �A�  �� D"� 6� T��� �	�k
����= » �w�	�
6� T��� « �»�:��� 6� �� ���	� #E4� « ����
 B��� 	� �	�"�� >
 2�.0� .#�� ��:�' �'�D:� �+��' � ���	��rR O\��?� ���� � �=�
 ��� C��� �"j� � \��?�
 F'� �	 F'� �� .#�� ���� N��� O��""r  ��	�� 	�
 ���"� 2�r��� #"<h� Z'��� F'� 	� �
 ��� B��� �-�4H�
 [���

� 9��E=�	�.� �	�� F'�D� #�� ��	���
 �8� 	� 2�r��� �� �E"��:�c S"-� �� �	�"�� >
 .���� B��EA � �'�A
B� S"-� ��) B� #."� �'�D:� C�0 � �	�"�� 6� �=�
 2�.0� �	�"�� >
 ��:�' �=�
 �	�"�� 6� ������ B�.= �� �


�� �-�4H�
 [��� B��� 	� _���� ���E=�	 (#�� ��� F'������ .������ ��P��";>
 ��E=�	 �
 ���� �� �	�"��
S��� ��!-� I' B���0 .��"� 	��� 	�
	���� 	� ��'�'�� W�	 I' B���0 �� �-�4H�
 [��� B��� 	� 2�E�  

  

Z#�O�  

) .�� _"E, 9����� .q��c 9B�"/"/
 .�/0�.?� 9��<��1397 (��'�'# P�"�� �!-� � 6� T��� 	�� 
�  �� #�
"�  >
 ��E=�	 ��
��"	�� �	�� �<-�K�)��� �HE� :"	�� �D�'F( 9B��'� 6� Y���� O�V"V?  .14)5 :(1-14 .  

) .���, 9�-	��./0 �*+� .�/0�.?� 9��<��1398 .(#��"� O��^� ��	��  #�� 	� ��	���
 	��'�; �<��  �� 6� Y���� T��� �=�
 ��=
B�����
 B���� ������'� ��H=� � �	�"�� �'��� . .B13)2 :(551-540  

�'9�/��D 0�/� .'-��� , 9��V��
F44, ."F 0 9�������P-��E4, B��+� ."��9 ��c�� 9#�� IE� .�7"�) .1384�	�� .(� oH0  C��	� S.<-�
 	�+ � ��'� 	� ���'Z ��  ���L	� 	� �
��� �/,�� ��'�� .�/+� C�/0 �	���
� �'9B�� 36)4 :(1023-1011  

9�������� ,F"4 .w���� �E 'D�9 ���P .�	�;� 9��7� ���P .$	�� ���^�9 �.?� �/0) .1389 .(�	��� 
��� O�*c 
"*� � .
� ��'� 	� 
���'Z ��  ��� .�/+� �=�7; 6� 	� �	���
�9 24)2 :(109 -99  

�������9 :F'���.?� .�9 ,�".� ."9� ����P) .1390^d  .("� ��	���: ��"P� #�
 ��!-� ��'D� �� �	�"�� >
 �=�  Z'��� 	� ��	���

 .$	�: B���� �	�� :6� B��?����'� ���P�� Y���� 96� 4)10 :(74-63  

�� C��. )1386D
�� .( 	��� � O�0}L� O	��� ��PA ��	���
. 

�� C��) .1394 .(B����� ������=� B���� �D�'F  
9�	�
D"=�; �.	X�� 9�,�Ec ��.?�. )1392�"E� .(���� ��
�� B��	���
 �� #��"� �=�
 Y���� 6� 	� 9$���� ���'� #'�'�� 6� � 

9�	�"�� 3)2 :(74 -59  
9�	�
D"=�; �.	X�� 9�,�Ec �.��.? 9	�;�.,� �.��.? Y'�� 9F'��� .F"4, )1395���'�	� .( O��^� >
 �	�"�� � �=�
 k"�8  6� �� �"-�  

�8� ��	���
 B���� �D�'9F ���'� �=�7; 6� 	� �	���
�9 6)2 :(185-173  
) .�"<� 9����D' .�� �� 9���	� 	�; ���P 1395 .( C�j� ��	�� �<-�K� :6� Y���� �R	�{H' #'�'�� 	� ������� ��=	�D�� �V�

#."� B��'� 6�M D'��� ��= �h�, 	� �	�"�� 6� �	�G� 9B��'� ��	���
 �<��  � ������ O�V"V?  �/+� .47)3 :(556-545  
��V=�� ���"u ,,F"4���+8� .� C�V�9 ���P��.?6��P� .9 :���,�) .1386�� >
 .("	�� �	�
 ��V 	� ��' �	���
 6� T����9 -��"F 
�.='� 	������ >
 �� ���.6��P� ����=�� .B��P  .  

o.�) .���, 9	�{��V=� .�"., 9��.?� .S"0�.�� 9��'�-�1392 .( �� 6� Y���� �� 	��'�; ���*��� �����	 	� _���� �0�	� ��!-� 6�8���
�"
d  >
 �� B��"{� B����P� ��	�� �<-�K� �	�"�� 9�<��  � ��	���
 ������ ��=�7; �./0 ����/�: .21)84 :(53-78 

,�Ec��.?� 9�. ��K/��9 M.�h��} �'�E�'9 �	���. ��.
� �9 A.��� )1385F""<  .( ��=��E=�	 _���� >
 �	�"�� T�=�� �g
��, ���� 

Y:��� �0�.�A� .�/+� ������ �	���
� � 9�<��  14)56( :202-167 

,}:�9 ��/0�.?	���� .�9 ,F"4	��� .� 
 9B����� m-�c ."� �9o��) .1387� . ("#. 	�G�� �P� 6�� 6�� �!-� $��� ��� D�	� :
�	�� �<-�K�� � �P�"	�����=�7; ����/�: . �=� ������� �'B�� .13)38:( 242 -217  



  
  
  
  

208   -------------------  ��� 	�
�� 
����� �� ��������� ������ � � ��! �"�# � �#�$%   �&� �"'(� �1400  

 
��
'���9 0$�E���P� .�9  	�." ���� .; 9����	�	�
B�.") .1390	�!-� ���	�
 .('>� SEBAL .8  	�"F q�<  � �"8E  �<��� � ��P��	� 6� 

��	���
 	� #�� F'�D� � �4'�V� u'��� B� �� ������= 9��."4'\ �'��� ��"	�� � �H=�� �'B�� .5)2 :(175-165  
�.?��9 ,F"4 .4.��9	�; �E
� �/0) .1384�	�� .(� -�4H�
 O��^�� � 6� Y���� �� �='���"�� #�� �=�  �� ���*��� �� B��.=

/? "S �=� 	���� r�� ��R"��  �GIS .����/�: :��rA"��' ����"9F 2)3 :(85-77  
�.?��9 =�����.
�  .�9 A���) .1380������ 2�� ���	�
 .( 	'D� 	 �� C�� 'I4 )GF-MOTAD�	�� 	� (� G;'W� 	���:� ��'F �� ��� 
O	X B�	�
 B���� 9$	�: ����/�: ������ �	���
� � 9�<��  9)33:(233-205  

9��.?� �".,. �������9 :F'��) .1388 .(���	�
 ������ 	'D� :�=��R� 	� < ""F ��!-� P�"�� #�
 	� B����P� #����� �� 
d "� �� 

���?�'# � .6�/+� V? "O�V ������ 9��	���
 1)3 :(45-25  
9��.?� ���'. /<��E<�� .:�9 F"4,. 9���� �/0. )1389�	�� .(� �"B�D O	�P� B��	���
 	� �� �	�
"�� �	���:��= ��'�'# 6� 

��	���
 	� B����P� 	�'F #�� B���� $	�: .V? "O�V � �<��  ��	���
 �'9B�� 2)4 :(511-501  
�����9 ,_"E��	�; F.P� .�9 c�"*) .1394�	� .('��� 	 	�^�'H4� �������� �"#. S��, �=� U���� � 	�'� � #�� #0�	� �8�"��� .

V? "O�V �	���
 ������� .7)27:( 148-129 

���+8��9 ���P� �.?. 9B���P� B7"�) .1382 .(�V�'�4 Y���  -� "� 6� ���� C��� ����4�� 	� �P�� .�/+� C�/0 � B��: �	���
� � Y���� 
EL"<�9 9)3 :(41 -27  

AghaKouchak, A., Farahmand, A., Melton, F., Teixeira, J., Anderson, M., Wardlow, B.D. and Hain, C. 2015. Remote 
sensing of drought: Progress, challenges and opportunities. Reviews of Geophysics, 53(2): 452-480. 
American Meteorological Society, 2004. Statement on Meteorological Drought. Bulletin of the American Mathematical 
Society(85): 771-773. 
Benli, B. and Kodal, S. 2003. A non-linear model for farm optimization with adequate and limited water supplies: application 
to the South-east Anatolian Project (GAP) Region. Agricultural water management, 62(3): 187-203. 
Cortignani, R. and Severini, S. 2009. Modeling farm-level adoption of deficit irrigation using Positive Mathematical 
Programming. Agricultural water management, 96(12): 1785-1791. 
Dai, A. 2011. Drought under global warming: a review. Wiley Interdisciplinary Reviews: Climate Change, 2(1): 45-65. 
David, M. 2007. Water for food, water for life: a comprehensive assessment of water management in agriculture. London: 
Earthscan, and Colombo: International Water Management Institute. 
Doorenbos, J. and Kassam, A. 1979. Yield response to water. Irrigation and drainage paper, 33: 257. 
Doorenbos 9J. and Kassam 9A. H. 1977. Yield response to water 9Irrigation and Drainage9 Paper 33 9Food and Agricultural 

Organization of the United Nations 9Rome 9Italy 939. 
Edwards, D.C. 1997. Characteristics of 20th century drought in the United States at multiple time scales: AIR FORCE INST 

OF TECH WRIGHT-PATTERSON AFB OH. 

English, M. and Raja, S.N. 1996. Perspectives on deficit irrigation. Agricultural water management, 32(1): 1-14. 
English, M.J., Musick, J.T., and Murty, V.V.N. 1990. Deficit irrigation. In: Management of farm irrigation systems 
(Hoffman, G.J., Howell, T.A., and Solomon, K.H., Editors). ASAE Monograph no. 9. Amer. Soc. Agri. Engin. Pub. 1020p. 
Graveline, N. and Mérel, P. 2012. How do farmers adapt to water scarcity? Intensive Margin Adjustments in Beauces’ 
agriculture. Paper presented at the EcoProd Seminar of INRA, Montpellier. 
Hao, Z. and Singh, V.P. 2015. Drought characterization from a multivariate perspective: A review. Journal of Hydrology, 
527: 668-678. 
Heim Jr, R.R. 2002. A review of twentieth-century drought indices used in the United States. Bulletin of the American 
Meteorological Society, 83(8): 1149-1165. 
Jensen, M.E. 1968. Water consumption by agricultural plants (Chapter 1). 
Liu, X., Zhu, X., Pan, Y., Zhao, A. and Li, Y. 2015. Spatiotemporal changes of cold surges in Inner Mongolia between 1960 
and 2012. Journal of Geographical Sciences, 25(3): 259-273. 
Mainuddin, M., Kirby, M. and Qureshi, M.E. 2007. Integrated hydrologic–economic modelling for analyzing water 
acquisition strategies in the Murray River Basin. Agricultural water management, 93(3): 123-135. 
Maleka, P. 1993. Gwembe Valley as a case study. Agricultural Economics, 9: 15-35. 
McKee, T.B., Doesken, N.J. and Kleist, J. 1993. The relationship of drought frequency and duration to time scales. Paper 
presented at the Proceedings of the 8th Conference on Applied Climatology. 
Meyer, S.J., Hubbard, K.G. and Wilhite, D.A. 1993. A crop-specific drought index for corn: I. Model development and 
validation. Agronomy Journal, 85(2): 388-395. 
Mushtaq, Sh. Moghaddasi, M. 2011. Evaluating the potentials of deficit irrigation as an adaptive response to climate change 
and environmental demand. Environmental Science and Policy, Australia College of Agriculture 14(2):1139-1150 



  

  

  

  

209   --------------------------------------  ��+�, -� ���.�/�/$  /0% 1�%2
3� 4� �#�('5� ��...  

 
Olarinde, L., Manyong, V. and Okoruwa, V. 2008. Analysing optimum and alternative farm plans for risk averse grain crop 
farmers in Kaduna state, northern Nigeria. 
Rao, N., Sarma, P. and Chander, S. 1988. A simple dated water-production function for use in irrigated agriculture. 
Agricultural water management, 13(1): 25-32. 
Salassi, M.E., Deliberto, M.A. and Guidry, K.M. 2013. Economically optimal crop sequences using risk-adjusted network 
flows: Modeling cotton crop rotations in the southeastern United States. Agricultural Systems, 118: 33-40. 
St Martin, S., Xie, F.-t., Zhang, H.-j., Zhang, W. and Song, X.-j. 2009. Epistasis for quantitative traits in crosses between 
soybean lines from China and the United States. Crop science, 49(1): 20-28. 
Umoh, G.S. 2008. Programming risks in wetlands farming: evidence from nigerian floodplains. Journal of Human Ecology, 
24(2): 85-92. 
Wu, J., Zhou, L., Liu, M., Zhang, J., Leng, S. and Diao, C. 2013. Establishing and assessing the Integrated Surface Drought 
Index (ISDI) for agricultural drought monitoring in mid-eastern China. International Journal of Applied Earth Observation 
and Geoinformation, 23: 397-410. 
Wu, J., Zhou, L., Mo, X., Zhou, H., Zhang, J. and Jia, R. 2015. Drought monitoring and analysis in China based on the 
Integrated Surface Drought Index (ISDI). International Journal of Applied Earth Observation and Geoinformation, 41: 23-33. 
Zhang, R., Gao, H., Zhu, W., Hu, W. and Ye, R. 2015. Calculation of permissible load capacity and establishment of total 
amount control in the Wujin River Catchment—a tributary of Taihu Lake, China. Environmental Science and Pollution 
Research, 22(15): 11493-11503. 
Zhao, M. and Running, S.W. 2010. Drought-induced reduction in global terrestrial net primary production from 2000 through 
2009. Science, 329(5994): 940-943.  



 
 
 

1  ------------ ---------------------- - - -------------------  Journal of Natural Environmental Hazards, Vol.10, Issue 27, Spring 2021 

 
 

Research Article 
 

Analysis of the effects of drought risk management using water 
productivity indicators 

 

Mahdi Akbari1, Hamed Najafi Alamdarlo2*, Seyed Habibollah Mosavi3 
1. MSc of Agricultural Economic Department, Tarbiat Modares University, Iran 

2*. Assistant Professor of Agricultural Economic Department, Tarbiat Modares University, Iran 
3. Associated Professor of Agricultural Economic Department, Tarbiat Modares University, Iran 

 
Received: 04-03-2020 Final Revised: 30-06-2020 Accepted: 03-10-2020 

 
 

Abstract  
In recent years, with droughts and declining irrigation water, efficient use of water and water management has 
become inevitable. For this purpose, in this study, the risk effects of irrigation strategy in Qazvin plain in the 
2015-2016 were analyzed. Initially, the percentage change in water quantity was calculated during the drought 
period. Then, using water-yield functions, deficit irrigation was applied to plants in four scenarios of 19, 32, 44 
and 51% corresponding to the periods of weak, medium, severe and very severe droughts. Then, using the TM-
PMP model, the risk effects of drought were investigated on the cropping pattern and water consumption 
productivity. The results showed that deficit irrigation increased the area under crops of wheat, barley and beans. 
This management strategy drastically reduces gross income by 24 percent in very severe drought conditions. 
Income risk is reduced by applying a deficit irrigation scenario during drought periods. Gross margin also 
decreases non-linearly as income risk. Water use efficiency decreased for wheat, barley, corn, tomato, maize and 
bean crops, and increased for beet and alfalfa crops. Therefore, if the irrigation strategy is implemented, the rate 
of income reduction in drought conditions will be 24%, but otherwise the income reduction will reach 58 
percentages.  
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