
     
)  :  

 
12*  

  

1-   
2-      

  
 :15/9/92            :23/1/93  

 
    

      .
         .   

       
     SPI    

            
 - .    

        
 42      40    2  

   .  
        

  
    -SPI.  

  

1-     
        .

      

                                                                                                                                               
 *           :           Email: mohammad.khajeh91@gmail.com  



      ______________________     ... 

58 

  

          

 )Panda Et al., 2008: 141( .    85 

         

       )GonzalezDugo Et al., 

2010: 529(.     

      

   36/0    .

 45            

 66       

  )2007: 104(  

 1            

-2     

         

    

      3 )2005: 503    (     

  SPI    

 .       )

  (       

  SPI      

 ) (  .  

   4  )2006: 257(       

          )

  (       

                                                                                                                                               
1. Orissa 
2. Mann-Kendall 
3. Vicente-Serrano & Lopez-Moreno 
4. Peters 



-   ____________________  2 1393 

59 

             

   .   

 1 )2008: 159 (  )SPI( 

       - 

 .  SPI 

      

    .  

  )1391 :77     (

            

       

126/0-   05/0      

     

 )1390 (  »  

 «       

       

  )1389 :105(      

  SPI    

           

       .  

 ) 1384 :15 (        

          

             

        

                                                                                                                                               
1. Khan, Gabriel & Rana 



      ______________________     ... 

60 

  

             

           

       .  

) 1382 :131 ( »   

«     

            

         

       

25     

  ) 1382 :115 (     

              

          

      

       

       

   ...        

    )    ( .    

            

    .       

     

         

       .   

          

-     GSI Mann-Kendall Toolkit       

        

    



-   ____________________  2 1393 

61 

2-    
2-1-    

    680    3528  44 28  13 54 

44 54   1110            . 

  

    ) 1( .   

    49 ) (9 - 

 ( )   . 22        

275       2767   ) .(   

  

  
 1       



      ______________________     ... 

62 

  

2-2-    
    42     

    1372     1389      . 

      1370 - 1371 

1389 - 1390     ) SPI(1  . 

   SPI 

 )Hayes Et al., 1998: 430(.       

     .         

     

              

)Edwars & Mckee, 1997(. SPI    

 .              

SPI   1 -      SPI   

) 2( .    DIP2       

    .  

  

 1    SPI   

  

 2>  

 99/1  5/1  

 49/11  

 99/0 99/0-  

  1- 49/1 -  

   5/1 - 99/1-  

   2-<  

)Source: Hayes Et al., 1998: 430(  

                                                                                                                                               
1. Standardized Precipitation Index (SPI) 
2. Drought Indices Package 



-   ____________________  2 1393 

63 

-   .

-    

   .       

 .    -       

    .      

 . -         

     .

          

       

      

.     

    )Connor, Farhat &Vanderford, 2012: 1( .

  -  
  

1       = +  

 

2        =

+1 > 0

0 = 0

1 < 0

  

 

3      ( ) = ( 1)(2 + 5) ( 1)(2 + 5)  
  

4  =

( )
> 0

0 = 0

( )
< 0

  



      ______________________     ... 

64 

  

  n      )    i

j   q  )       

   p   -  .

         

   . 05/0   ||< 96/1    

      

      

  GSI Mann-Kendall Toolkit 1    .

      

 MAROS  )Aziz Et al., 2003; Afcee, 2004( .

 -  -    - 

 )Aziz Et al., 2003(     

 S :    )-S(  )+S( 

   

 : S     

         

  .  

  .   

  :      » «)  

  (  »« )   (    

      .   

  

  

                                                                                                                                               
1 .   

http://www.gsi-net.com/en/software/free-software/gsi-mann-kendall-toolkit.html 



-   ____________________  2 1393 

65 

2  - 

 S  )CF(    

S > 0  CF > 95%  

S > 0  95%  CF   90%  

S > 0  CF < 90%  

S   0  CF < 90% and COV  1  

S   0  CF < 90% and COV < 1  

S < 0  95%  CF   90%  

S < 0  CF > 95%  

)Source: Ibid(  

  

  GSI Mann-Kendall Toolkit   Excel       

       .      

SAMPLING DATA         )Mon Well 

1,…,7(        

              

   .   

  

3-      
3-1-  ( )      

        

 .     

   )3 (        

  ) 2( 

SPI       

    

  



      ______________________     ... 

66 

  

3      

     

   1 975/0 ** 966/0 ** 

  975/0 ** 1 972/0 ** 

  966/0 ** 972/0 ** 1 

**. 01/0 

  

  
 2 SPI     1371- 1389  

  

  
 3  SPI    1370 - 1389  



-   ____________________  2 1393 

67 

 

    1370- 1371 1371- 1372  1374- 1375   .

         

1386- 1387 1378- 1379       .   

  

  
4  -   

  

   ) 1371- 1389 (06/1 

-99- 9/90         

 .       

  

3 -2 -         
  Mann-kendal toolkit      

    .  

-05/0    

)4 (      ) 

         )



      ______________________     ... 

68 

  

       .

  37  

      

   35

 .     

      

  

 4  -42   

 
  

 -

s(    
    

  

-

s(    
  

1 44/0  587 > 9/99 %  22 63/0  489 > 9/99 %  

2 42/0  618 > 9/99 %  23 59/0  587 > 9/99 %  

3 31/0  431 > 9/99 %  24 45/0  551 > 9/99 %  

4 22/0  563 > 9/99 %  25 48/0  568 > 9/99 %  

5 15/0  483 > 9/99 %  26 56/0  503 > 9/99 %  

6 35/0  429 > 9/99 %  27 18/0  497 > 9/99 %  

7 55/0  389 > 9/99 %  28 25/0  405 > 9/99 %  

8 28/0  553 > 9/99 %  29 34/0  568 > 9/99 %  

9 27/0  453 > 9/99 %  30 55/0  575 > 9/99 %  

10 23/0  555 > 9/99 %  31 57/0  447 > 9/99 %  

11 37/0  630 > 9/99 %  32 35/0  505 > 9/99 %  

12 53/0  591 > 9/99 %  33 12/0  240 > 9/99 %  

13 54/0  605 > 9/99 %  34 43/0  610 > 9/99 %  

14 54/0  619 > 9/99 %  35 16/0  20 4/59 %  

15 28/0  542 > 9/99 %  36 2/0  525 > 9/99 %  

16 55/0  613 > 9/99 %  37 05/0  141-  1/96 %  

17 14/0  585 > 9/99 %  38 27/0  504 > 9/99 %  

18 19/0  524 > 9/99 %  39 28/0  495 > 9/99 %  

19 41/0  622 > 9/99 %  40 15/0  493 > 9/99 %  

20 36/0  310 > 9/99 %  41 08/0  536 > 9/99 %  

21 42/0  543 > 9/99 %  42 12/0  585 > 9/99 %  

  



-   ____________________  2 1393 

69 

  

  

  



      ______________________     ... 

70 

  

  

  

  

 5  42  1371- 1389  

  



-   ____________________  2 1393 

71 

  ) 

42  (      42 

     )6 .(

    .

       18 35/84   

72/6-   18 37/24   

 35/1 )5( .

 1372 1388     

 7/82  .      

- -  3/79 

95/80   4/12  

)6(.        

)3 (       ) 1385   (

           

   .   

  

  
 6    

  

0
20
40
60
80
100
120
140
160
180
200

1035

1040

1045

1050

1055

1060

1065

1070

1075

1080
).(

 Linear (  (

13

72-73 74-7575-7676-7777-7878-7979-8080-8181-8282-8383-84 84- 85-8686-8787-8888-89 89-9073-74



      ______________________     ... 

72 

  

 5    )  

 

  

  

  
     

35/84  72/6-  37/24  35/1  

  

 6  1372 1388 )   

          

1372  360  21  29  1500  

1388  405  4  6  2740  

 (%)  4/12  95/80-  3/79-  7/82  

  

  ) 6( : 

      

      

        

.  

              

 .    : 

1-     

 2-     

       

  42    ) 

1371- 1390 ( ) 1371- 1390 (   

Spss     

      .    



-   ____________________  2 1393 

73 

       

.   

         

        

 .    )

7(   )

569/0- 543/0-  227/0- (     

) 297/0 (   

.       

         

       

  

 7  

8  7   6   5   4   3   2   1        

133/0  **241/0  **225/0  **297/0  *163/0 016/0  **227/0 -  **543/0 -  **569/0 -  

  

051/0  00/0  001/0  00/0  016/0  817/0  001/0  000/0  000/0  
  

* 5/0   
** 01/0    

  

          

 )     

  

   (  .    

)  5     (SPI   )3(        



      ______________________     ... 

74 

  

 -)  4(       

  .    

 1386- 1387 1378- 1379       

     )1370- 1371

1371- 1372  1374- 1375( .  

  

4-     
         SPI   

   -          

     .         

           

   -    

        

             

35/1   .          - 

05/0  42   40      

  1   1     

 .  

                

         

 .     . 

 ) 1391 :166(         

             

  7/82   .    

 -          - 



-   ____________________  2 1393 

75 

  3/79 95/80  .     

              

  .           

        3/17/1   

3/18            

 .               

        .          

                 

 .   

    42      

            

         

             

                   

        .    

            

       .  

          )1382( )    

   

 )2007( )            

  )1389( )  

(    

           

            

                  

    .         



      ______________________     ... 

76 

  

         

 .  

  

5-    
                 

       1384.  

      »        

         SPI« -  

  825105- 1241389. 

  »    

 )  (  : «     

     1390.  

  »   « 

  46131- 1431382. 

   »     «   

45 25- 391376. 

     »      

«  262 161- 1721391.  

     :  1370. 

        »       

  «      45 115 - 1301382. 

        »     

        «   

51577- 841391.  



-   ____________________  2 1393 

77 

    »     

    «  -    

  1323- 37 1390.  

 Afcee, "Monitoring and Remediation Optimization Software: User’s 

Guide", HQ Air Force Center for Engineering and the Environment, 

2004. 

 Aziz, J.J. Et al., "MAROS: A Decision Support System for Optimizing 

Monitoring Plans", Ground Water, No. 41(3), Pp. 355- 367, 2003. 

 Azizi, G., "Relation of Recent Droughts and Groundwater Resources in 

the Qazvin Plain", Journal of Geographical Research, No. 46, Pp. 143- 

131, 2003. [In Persian] 

 Connor, J.A., S.K. Farhat & M. Vanderford, "GSI Mann-Kendall Toolkit 

for Constituent Trend Analysis", Version 1, GSI Environmental Inc., 16 

P., 2012. 

 Edwards,  D.C.  & T.B.  Mckee,  "Characteristics  of  20th Century Drought 

in the United State at Multiple Time Scales", Climatology Report Number 

97-2, Colorado Etate University, Fort Collins, Colorado, 1997. 
 Fallah, S.A. Et al., "Investigating the Stability of Groundwater Resources 

of Darab Plain in Fars", Journal of Water Research in Agriculture, No. 2, 

Pp. 172- 161, 2012. [In Persian] 

 Ghayour, H.A., "Magnitude and the Scope and Frequency of Droughts in 

Iran", Geographical Research, No. 45, Pp. 29- 32, 1998. [In Persian] 

 Gonzalez  Dugo,  V.,  J.L.  Durand  &  F.  Gastal,  "Water  Deficit  and  

Nitrogen Nutrition of Crops: A Review". Agronomy for Sustainable 

Development, No. 30, Pp. 529- 54, 2010. 



      ______________________     ... 

78 

  

 Hamidianpour, M., Analysis of Drought Periods in Mashhad Plain and 

the Effects on Water Resources, MSc Thesis, University of Shahid 

Beheshti, 2005. [In Persian] 

 Hayes, M.J. Et al., "Monitoring the 1996 Drought Using the Standardized 

Precipitation Index", Bulletin of the American Meteorological Society, 80 

P., 1998. 

 Kardavani, P., Geo-hydrology, Tehran: Tehran University Press, 1991. 

[In Persian]  

 Khan, S., H.F. Gabriel & T. Rana, "Standard Precipitation Index to Track 

Drought and Assess Impact of Rainfall on Water Tables in Irrigation 

Areas", Irrig Drainage Syst, No 22, Pp. 159- 177, 2008. 
 Mohammadi, H. & A.A. Shamsipour, "The Impact of Recent Droughts in 

the Decline of Groundwater Resources in Northern Plains of Hamadan", 

Journal of Geographical Research, No. 45, Pp. 130- 115, 2003. [In 

Persian] 

 Mohammadi, M., H.R. Moradi & M. Vafakhah, "Spatial Distribution and 

the Relationship between Groundwater and Meteorological Drought in 

the Plains of Arak", Natural Geographic Quarterly, Issue 15, Pp. 77- 84, 

2011. [In Persian] 

 Naderian-far, M. Et al., "Evaluation of Changes in Groundwater Level 

Fluctuations under Different Climatic Conditions in the Catchment of 

Neyshabur", Journal of Irrigation and Water Engineering, Vol. 1, No. 3, 

Pp. 23- 37, 2010. [In Persian] 

 Panda, D.K. Et al., "The Influence of Drought and Anthropogenic Effects 

on Groundwater Levels in Orissa, India", Journal of Hydrology, 343, Pp. 

140- 153, 2007. 



-   ____________________  2 1393 

79 

 Peters, E. Et al., "Propagation and Spatial Distribution of Drought in a 

Groundwater Catchment", Journal of Hydrology, 321, Pp. 257- 275, 

2006. 

 Seif, M., H. Mohammadzadeh & A. Mosaedi, "Assessing the Impact of 

Drought on Groundwater Resources Decline (Case Study: FASA 

Aquifer)" in 15th Symposium of Geological Society of Iran, Tarbiat 

Modares University, 2011. [In Persian] 

 Shahid, Sh. & M.K. Hazarika, "Groundwater drought in the northwestern 

district of Bangladesh", Water Resource Manage, Doi: 10.1007/s11269-

009-9534-y, 2009. 

 Shakiba, A., B. Mirbagheri & A. kheiri, "Drought and its Impact on 

Groundwater Resources in the East Province of Kermanshah Using SPI", 

Research Journal of Iran Geographic Society, Vol. 5, No. 25, Pp. 124- 

105, 2010. [In Persian]  

 Vicente-Serrano, S.M. & J.I. Lopez-Moreno, "Hydrological Response to 

Different Time Scales of Climatological Drought: an evaluation of the 

Standardized Precipitation Index in a Mountainous Mediterranean basin", 

Hydrology and Earth System Sciences, No. 9, Pp. 523- 53, 2005. 

 

 


