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1- Dai 
2-Wilhite& Glantz 
3- Palmer 
4- Deciles Index (DI) 
5- Gibbs and Maher 
6- Standard Precipitation Index (SPI) 
7- McKee  
8- Simple kriging (SK) 
9- Ordinary kriging (OK) 
10-Rain Fall Anomaly Index(RAI) 
11- Inverse Distance Weighted (IDW) 
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1- Z-Score Index (ZSI) 
2- Percent of Normalprecipitation Index (PNPI) 
3- Effective Drought Index (EDI) 
4- Cokriging 
5-Spline 
6- Mazar and Nawas  
7- China-z Index(CZI) 
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1- Radial Basis Functions (RBF) 
2- Local Polynomial Interpolation (LPI) 
3- Global Polynomial Interpolation (GPI) 
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��� 2� ..*� ��  
  

Q;����&�F
 +�K
 B��  

Q;�� RAI  
���� �%* ��� �� J� �g8 f��X� ��� �� ?��� p�* �> ��� �) ���� �a��� ���'
2�� [8�/�� NE�5 �2 ��/

�� ���>����� p��%� �� �) ���� %>��X� \�%A�� 0$ f�*� �  
�  /�� ����g�* � n>�/)1389؛f� ���1 �0���!<2 �
2010(N5�%� �  :.*� %>� M��E J� [8�/ ?>� d�*�A�  

1-   Jw��
Rp≥  dg��� �� [8�/ ?>�  /�� .�O� ���'
2�� �>4 �� J�*�A�:��/  
4:            RAI =   
  
2-  Jw��
Rp≤  dg��� �� [8�/ ?>�  /�� �D
� ���'
2�� �>5 �� J�*�A�:��/  
5:            RAI =    

 ?������) �) ���� M ����� ?������ j�%#&*� �(10 ��"� �� ���� ���� �� ���&:� |�DS� �) ���� %>��X� ?>%S ��2
) �S��9�g� ?������ j�%#&*� �(10 ���� �� ���&:� |�DS� �) ���� %>��X� ?>%&<� �� ����) �S��9�g� ��2 (  

                                                                        
1- Wanders  
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 ����
 Q;��ZSI  
� &�� ���� ����� �%*�� =S%� ����E M��E J� �) ���� ��2 ����� �%* ����� \�%A�� � ?������ _u*  ��/
���� ?���S �2��?>�1) ��/1  �0���!<2 �2015� (  [8�/Z  g��� ��d 6 �� J�*�A�:��/  

6:              
 �T�9�� �2 p�* �) ���� :i  ����) ���� ?������ :  �����$ p�	 ��..*� �) ���� �%* ����� \�%A�� :  

  
Q;�� PNPI   

���* �� �!> [8�/ ?>�J'
* ?>%S7�8 ��2 N��AS � J>"'S ..*� 0�!� 7> �� �9�* �) ���� p��%� ��  E�� ��2
 ���B� ?��� NU: �> 0�!� 7> �� �9�*%S �> �9�* 7�8 �*�%� ��%� �C�$ �� ���D&*� ���
2 J� ?>� ..*� %Iv�

� � �� 0��%y � p��%� �) ���� %� ��V�� �) ���� W�BXS �� [8�/100 J�  .*���  �0���!<2 � �<�5�)  >$1388.(  
7:              

 �T�9�� �2 p�* �) ���� :i  ��� ?������ J� ���� �%���� �S��E �� [8�/ ?>� ����$ p�	 �� �) ���� ?������ :
��\�g��� .����V � ���� ���* [8�/ ?>� �� ���D&*� . /�� p��%� �) ���� 
>��S�> ���� n�g
� J���� %� �) ��  ">%>m4

 J� � ���8 J� �� ?������ J� .�B� \�%A�� �[8�/ ?>� �� NE�5 k>�&� "�� � ���� M��*�A� %>�* .C1 ���>�
�� 0��� �)��*?>� J� 
2�   E�� [8�/ ��>�"� �� ����� ����g�* � n>�/)  
&B2 p��%�1389.(  

  
  Q;��Z ���8  

���� J!
>� }%: ?>� ���� .���S J* ��S 0�*%�4 
>��S �� �) ���� ��2 =>%y � ��� ��&*� \�%A�� �?������ � 

�
���� ��9�R�� J�*�A� �2���� .��/ dg��� �� ���D&*� �� �) ���� ��2  �� ��� ��&*��� � ��/  .>�C�

 [8�/Z  dg��� �� �
�R8 �� J�*�A���/ �"�*) �0���!<2 � ��41389hM�$�&*� � p� 
�2 �1977.(  
8:              

  ..*� ��9�R =>%yp� 1 1 JX�	7�8 .��y� � 
� �9�*  ��[8�/ f�*�%�7�8 ��2  �*�
/��2 �9�*
�� 0��� 2�. 

 

 p� 11JX�	 :7�8 .��y� � 
� �*�%� �9�*[8�/ f7�8 ��2 �*�
/��2 �9�* 
 [8�/PNPI   

( E��)  
 [8�/  [8�/RAI 7�8 .��y� �9�* 

PNPI>80  25/0-< <25/0+ 3/0-<RAI<3/0+ 7�8 0� � �9�* 
70< PNPI<80  52/0-< <25/0-  2/1-<RAI<3/0 - 7�8 �9�* W>6�  
55≤ PNPI<70  84/0-< <52/0-  5/0-<RAI<2/1 - 7�8 @*�&� �9�* 
40≤ PNPI<55  28/1-< <84/0-  3-<RAI<1/2- 7�8  > / �9�* 

PNPI<40  <28/1 -  RAI<3- 7�8  > / ���8 �9�* 

  
  
  

                                                                        
2- Jain 
1- Kendall and Stuart 
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Z*��T  

��A+ h������ 9:; B�� ������K� �&��  
7�8 .��y� %y�5 n�XAS �� J� %>��X� f�*� %� �9�* � � �$ .*�[8�/ �JX�	 p� 1 � ���m� ��2 � 
�

[8�/7�8 ��2  [8�/ �� %>��X� J� ��� 0��� k>�&� . / ?���S �*�
/��2 �9�*ZSI  �CZI ���&B>� ���<S �� -
�� n�g
� W2 %� ���>%XS �  ��� � %�> !> ��  ��� 
R \6&8� �2 ..B�� J��) ?>� a��� ���'
2�� [8�/ �9�  
/��

[8�/ J* f�*�%� ���m�� 7�8 �9�* ���&B>� %&��� ��p�* �� �2 ��21363 �1364 �1366 �1368 �1369 �
1371 �1372 �1373 �1377 �1379 �1384 �1386  �1389..*� ���� ��  N!/2 7�8 .��y�  f�*�%� �� �9�*

[8�/ ��2ZSI�RAI  �CZI  �����&B>��� 0��� J�9�g� ���� ��2. 2�  
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 N!/27�8 .��y� : [8�/ f�*�%� �9�* ��2ZSI�RAI  �CZI ���&B>� ��J�9�g� ���� ��2  

  
 p��%�  E�� [8�/ f�*�%� ��� 0��� k>�&� ?�
w<27�8 �9�* p�* �� ��21363 �1364 �1368 �1369� 

1377� 1379 �1380 �1384� 1386  �1389  N!/) .*� ���� ��3.(  
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 N!/3: �y�7�8 .� [8�/ f�*�%� �9�*PNPI ���&B>� ��J�9�g� ���� ��2 
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?���- �X�E	�� B��
= Q;��9:; B�� �&�� 
J� k>�&� ���&B>� ���<S �� J� ��� 0��� � �$ .*�[8�/ �J�9�g� ���� ��27�8 ��2  ��&B�<2 =>%y �9�*

 p� 1 . ����%�> !> �� �>L�� ���B�2 ) ��&B�<2 ?���S =>�%y k>�&�R2 ([8�/ ��%�7�8 ��2  �*�
/��2 �9�*
�� 0��� ���$ ���&B>� �� J��<� 0��
� J� ��. 2�  

  

 p� 12) ��&B�<2 ?���S =>�%y k>�&� :R2[8�/ ��%� (7�8 ��2 ���$ ���&B>� �� �*�
/��2 �9�*  

[8�/  RAI ZSI  CZI  PNPI  
RAI  1  88/0  87/0  99/0  

ZSI  88/0  1  99/0  89/0  
CZI  87/0  99/0  1  86/0  

PNPI  99/0  89/0  86/0  1  
  

7�8 M / d�*�A� ��  �� [8�/ �� �9�* �a��� ���'
2�� ��2ZSI �CZI  �PNPI0�<2 �  a�� .<BV �� J� ��	
J
C4 ��s
� J�  / 0��� n�XAS7�8 M / � 
� a�� �9�*0��� ��2  l
�'>%� ����* l
�'>%� :J�<1 �� ����>

 M�1�� �� J�E�: _!� ��9�<��1  �S5/ 
��S �0��� � ����J�<1  
R ���> a�� �� . � >�%) J�*�A� ��� ��
p��%� �l
�'>%��� � l
�'>%� ���� ���*7�8 M / %>��X� d�*�A� �� %�� ?>� J&�9� h�%>m4 ��'�� �&B>�� �2  �9�*

�� ��'��p��%� J� ���� %�>� � �%>m4 ���� ���*�<� �2  /��)0�> �<5 �0���!<2 � ��41392(�S ��%� . ��&*��4 z�E
7�8 M / %�{&� ���!� ��%)�>��� ��9�*���� �� J� �9 � ?>%&C� �  >�%) W�*%S �27�8 M / J�L�* ��2  �9�*

 �� X� 0��� L�� f�*� %�  / ���� a��%�R2  ��g8 0��� W� �RSS [8�/ ��%� ��� 0��� k>�&� . >�%) [#��-
 �a��� ���'
2�� ��2ZSI �CZI 8�/ ��%� � ��%� p � [PNPI �� p � ?>%&C� �>�<� p �) p� 1 . /��3 (

p � M�U#��7�8 M / ��%)�>��� ��2 ) N!/ � �9�*4��%)�>��� p � ?>%&C� ( [8�/ �� 7>%2 ��%� �� ��2
7�8 �� 0��� �� �9�*. 2� 

  

 p� 13p � M�U#�� :7�8 M / ��%)�>��� ��2 �9�*  
   p �  

[8�/  
��%�  �>�<�  ?�*�)  �g8  

R2  
RSS  C0+C  C0  R2  RSS  C0+C  C0  R2  RSS  C0+C  C0  R2  RSS  C0+C  C0  

RAI 5/0  4/0  1  0  4/0  5/0  1  0  06/0  8/0  4/1  7/0  1/0  2/1  1  6/0  

ZSI 5/0  06/0  3/0  0  4/0  07/0  4/0  0  4/0  05/0  3/0  0  1/0  1/0  4/0  2/0  

CZI  6/0  05/0  3/0  0  4/0  05/0  3/0  0  6/0  04/0  3/0  1/0  1/0  1/0  4/0  2/0  

PNPI  3/0  8/0  174  28  4/0  7/0  123  1/0  2/0  9/0  131  53  3/0  2/0  122  30  

  
a�� %>�* d�*�A� ��  �� J���� ��0��� ��2  ..:%) ��%V �*�%� ���� �C�$ �>���� ���>��� ��2����� f�*� %� ���>

 0��� k>�&�[8�/ ��%� ��� ��2RAI  �ZSI  �CZI  [8�/ ��%� � ���* l
�'>%� a��PNPI ��/ 
��S a�� ��
=*�
�a�� ?>%S�2 a�� %>�* ?�� ��0��� ��2[8�/ �� 7>%2 ��%� ���>�� ���D&*� ���� ��2 p� 1 . /��4 
 %>��X�RMSE  �MAE a�� �� 7> %2 ��%�0��� ��2�� 0��� ���>. 2�  
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 p� 14%>��X� :RMSE  �MAE  a�� �� 7> %2 ��%�0��� ��2���>  
7�8 [8�/ �9�*  

  
0��� a�����>  

RAI  ZSI  CZI  PNPI  

RMSE  MAE  RMSE  MAE  RMSE  MAE  RMSE  MAE  

 ���* l
�'>%�(SK)  588/2  259/2  556/0  472/0  562/0  496/0  310/8  425/6  
 �9�<�� l
�'>%�(OK)  807/2  479/2  682/0  583/0  665/0  588/0  631/7  770/5  

 ����/ 
��SRBF–CRS)(  210/3  729/2  686/0  571/0  677/0  581/0  281/7  433/5  
 ����/ 
��SRBF–SWT)(  100/3  652/2  679/0  565/0  673/0  582/0  243/7  333/5  

) J�E�: _!�1
IDW(  936/2  532/2  654/0  549/0  654/0  572/0  547/8  758/6  

) J�E�: _!�2
IDW(  277/3  741/2  698/0  588/0  689/0  593/0  851/7  147/6  

) J�E�: _!�3
IDW(  626/3  986/2  743/0  629/0  725/0  636/0  563/7  635/5  

) J�E�: _!�4
IDW(  842/3  142/3  779/0  658/0  755/0  665/0  587/7  435/5  

) J�E�: _!�5
IDW(  954/3  220/3  806/0  675/0  777/0  683/0  734/7  428/5  

J�<1  
R) ��� ��1
GPI(  299/3  738/2  927/0  738/0  916/0  760/0  302/9  654/7  

J�<1  
R) ��� ��2
GPI(  932/9  867/6  763/0  558/0  807/0  615/0  763/19  880/11  

  
7�8 ?>%S > / J!
>� J� J1�S �� �9�* J� %>��X� n�	 [8�/ �� � �$ .*�7�8 ��2  p�* �� �9�*1384  ��

J
C4 d�X�  �.*� ����p�*�� �*�
/��2 �9�B!�8 � 
�1384 =*�
� J� J1�S ��0��� a�� ?>%S  7>%2 ��%� ���>
[8�/ ��7�8 ��2 *%S �9�*[8�/ f�*�%� . / W� ��2RAI  �ZSI   �CZI 7�8  ��<S ��  > / ���8 �9�*

.<BV [8�/ f�*�%� � .*� ���� �� Jy�5 ��2PNPI J� Jy�5 n	�
� %O�� �� i#� "1 J� Jy�5 �p�</ �� �>�2
7�8 �%�IxS .AS 7�8 �.*� J&:%) ��%V @*�&� �9�* N!/) .*� ���� �� W>6� �9�*4.(  
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z9�  ;  

    
j  �  

 N!/4J�X�  :J
C4 ��27�8 M / � 
� 7�8 [8�/ f�*� %� �9�* a�� � �9�*0��� ��2 p�* �� ���>1384  [8�/ :z9�)RAI  a�� �SK :; �
 [8�/ZSI  a�� �SK [8�/ :j �CZI  a�� �SK  [8�/ :� � PNPIa�� �SWT RBF–(  

  
����T A i� B��L  

 ���$%� ��s
� J� n�XAS ?>� ��7�8 M / 7�8 [8�/ ��CR �� 0�� ���� 0�&*� �� �9�* �9�*RAI �ZSI �CZI  �
PNPI  / ���D&*�. 0��� _u* a�� �� ���> M�1�� �� J�E�: _!� ��9�<�� l
�'>%� ����* l
�'>%� ��21  �S5 �

0��� � ����/ 
��SJ�<1  
R ���> f�*�%� .>�C� �� . / ��'�� ���C1 ��RMSE  �MAE =*�
� ?>%S a��
0���J
C4 .C1 ���>7�8 � 
� ���* ./� �� �9�* - [8�/ ��� 0��� k>�&� ?�
w<2 . / ;�#&�� �!�RAI  J���S

 [8�/ �� �%&���PNPI ) ���g�* � n>�/ k>�&� �� J� .*� J&/��1389W2 (  f�*�%� ��� 0��� k>�&� .���� ����8
[8�/ �� 7>%2 ��%� ���* l
�'>%� a�� ����>��� ��2������2 �RAI �ZSI  �CZI  ��%� ����/ 
��S a�� �

 [8�/PNPI  ?>%&<� 0��� ���� ��RMSE  �MAE  =*�
� 0��
� J�a�� %>�* ?�� �� a�� ?>%S0��� ��2 ���>
�� 0��� ?>� � � / ;�#&��J
C4 .C1 =*�
� a�� 7> [8�/ %2 ��%� 
V�� ��  2�7�8 � 
�  ���� ��1� �9�*

�<� ��� 7> �� ��:%E 0��S0��� aJ<2 ��%� ���>[8�/ �) 0���!<2 � ����� k>�&� �� J� ��%� ���D&*� �21391 (
[8�/ �� NE�5 k>�&� ��� ��	 J� .���� ����#<2���&B>� %O�� �� J� ��� 0��� �2 p�* ��  �� �21377 7�8  �9�*

�� 0$ .�� J� .*� J&:�> M / �*�
/��2p�* �� �<��V� @>�%/ %��{S  ���S8� ��2 �� J�9�g� ?>� �� . /�� %�
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a�� %>�* J� .�B� �%&<� \�%A�� ����� l
�'>%� a��  / [#�� �%�)�g8 ��2����� �*�%�0��� ��2  ���>
��J�<1  
R a�� �  /��0��� ��%� =*�
� a�� ;�#&�� �%>� ��� 0��� �� �g8 ?>%&��� ���C1 ��  N���� J� ���>

� @>�%/ � %�{&� Q�� �J�<1 �� �D�&#�JXg
 a�� N�9� ?�<2 J� ���� ���S�� 0$ %� %Iv� ��2%&����4 %�>� � ��
�<� �� JXg
� 7> �� =*�
�7�8 Q�y�� .�<2� J� J1�S �� ..:%) %s� �� %�>� n	�
� ��%� 0��S J� �9�*  �� �3>�

p�*7�8 [8�/ ;�#&�� ����� �� %�8� ��2  ?�
w<2 � JXg
� �<��V� @>�%/ J� J1�S �� =*�
� �9�* ;�#&��
n�V�J
C4 a�� ?>%Sa�� 0��� �� � 
��� ��1�� ��2��� � 5 �S  ���S  � ;$ 
��
� .>%> � �A� �� ��<� ����

7�8�� ������ . /�� �9�* 
  

e ��
  
1( ) J<	�: ��&*�� � �y� ��<�2�%�� hp�<� ���� ���1393a�� �8%� ���>��� .(J
C4 �� ���$ ?��� ��2 M / � 
�

7�8  J�9�g�) �9�* �W'
4 p�* �;$ � �����$ �* 
C� ��2�34 �<�� J��
�U: �(0�%>� �"�%� � ;%t p�</ n	�
� �����
 ���</17.[E �30-43. 

2( 0�> �<5�6t ��%C9�V �6: h <A� �JX��* h?BA� ���4) f���1392a�� Q���� �%���� .(0��� ��2 i>�4 ��s
� J� ���>
7�8 �>�r: N��AS � &*� :����� J�9�g�) �9�* ���</ �W2���> p�* �J�*�S � ��:�%{1 �(��y� 0�*�%8 0�30 .[E �57-

70 .  
3( ) �y� <5� ������ h�y� �<5 ���DE h���%C� ����CDE� ����81395 .(�5�%	 W&B�* i>�4 7�8 �9�* %� f�*� 

[8�/ JR��u!> y�5�� d">%�$ � 
>�� ��� �J>%�� ���� ;$ � ��8)���� � 0�
: ������� � 
��
� ����	�(  ���</75 .[E �
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Abstract 
Drought is known as one of the environmental phenomena, and in fact an integral part of climate change that can 
occur in any geographic area (Mofidipoor et al., 2012). This phenomenon reveals its effects slowly and 
gradually, and its effects remain for long time and this is the feature that distinct it from other phenomena such 
as floods (Dai, 2010). Many indices have been offered to study drought such as Palmer index (Palmer, 1965), 
deciles method (Gibbs and Maher, 1967) and Standardized Precipitation Index (McKee et al., 1993). In general, 
the main objective of this study was to investigate the drought status in Sari-Neka plain using four indices 
including Rainfall Anomaly Index (RAI), Z-Score (Z), China Z-Index (CZI) and Percent of Normal precipitation 
Index (PNPI), as well as choosing the most suitable method among different interpolation methods and 
providing an appropriate model for drought zoning in the study area. 
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