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The purpose of this study is to investigate drought using meteorological, 

hydrological, and remote sensing indicators in the Gharasou basin located in 

Ardabil province with an area of 495 square kilometers. Therefore, to calculate 

the SPI index was used monthly rainfall values related to 22 rainfall stations 

(1985-2015) and to calculate the SDI index, the monthly discharge values of 14 

hydrometric stations (1985-2015). Then, SPI and SDI indices were compared 

with each other on a time scale of 1, 3, 6, 9, and 12 months, as well as seasonal 

and half a year. To study vegetation drought and calculate NDVI and VCI 

indices, were used MODIS images, with a spatial resolution of 500 meters for 15 

years (2000-2015). The results of the meteorological drought time series in 

Gharasou showed that the drought occurred comprehensively in the years (2001-

2000, 2006-2005, 2008-2007, and 2014-2013).  So that the most affected areas of 

drought were related to the northern and northeastern of the basin (Namin and 

Abarkooh). The results showed that meteorological drought has been more 

persistent in recent years and has been significantly correlated with hydrological 

drought with a delay of 1 to 3 months. NDVI and VCI indices showed that in 

identifying drought periods, these indices are consistent with meteorological 

drought, but are different correlation values. Finally, the comparison of NDVI and 

VCI indices with the SPI index showed that the VCI index with a value of r = 

0.44 has the highest correlation with the SPI index. However, the correlation 

between NDVI and SPI indices is r = 0.38. The results of the VCI index showed 

that in drought conditions, only in the east of the basin and in the areas around 

Sabalan mountain, favorable vegetation conditions are observed, but in other 

areas of the basin, moderate and weak drought has occurred. 
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 '�.F4HI�  P�$ Q(@�� �R)J��
 ����0� :  SPI  HI�  �SDI  '�@ ��6 >��$$S� )H
L��	
!� :IE� ( 

�*�J2	I ����0� A�$���- SPI 

Q����@-SDI 

�.61�V- SPI 

 �.61�V- SDI 

 M��*� A- SPI 

 M��*� A- SDI 

SDI 

Oct-Mar 

SDI 

Apr-Sep 

SDI 

Oct-Mar 

SDI 

Apr-Sep 

SDI 

Oct-Mar 

SDI 

Apr-Sep 

SPI_ Oct-Mar 0/034 0/587 0/290 0/609 0/286 0/534 
SPI_ Apr-Sep -0/027 0/393 0/078 0/386 -0/189 0/111 

Values in bold are different from 0 with a significance level alpha=0.05                                                                                      

 '�.F5HI�  P�$ Q(@�� �R)J��
 ����0� :  SPI  HI�  �SDI �$  ��(X�Y-� )H
L��	
!� :IE� ( 

               �*�J2	I ����0�M��*� A SPI�  M��*� A SDI  

SDI 
Oct-Dec 

SDI 
Jan-Mar 

SDI 
Apr-Jun 

SDI 
Jul-Sep 

SPI_Oct-Dec 0/305 0/178 0/309 0/171 
SPI_Jan-Mar 0/123 0/091 0/547 0/127 
SPI_Apr-Jun -0/099 0/160 0/402 0/421 
SPI_Jul-Sep 0/029 -0/049 -0/134 -0/074 

  

���� D��eP JW� 3 ��� 	� ?>
� Y'
�� ���'F�4.	��- �4
&��> *� ��
����- �4
&��> *�t^P *P  ,
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� 3�
-
  U	�V *'�
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�� 	�*�P B� ,*�L��� JW� . 3���� H����  H��*�2 �!�&E�-

 $.�� 	� H
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� ,*� .	��- �
!�&'� . "���	� X��2���� �
!�&'� 3� M��* 6  	���  .P-value  H
���[� {d� 	�
05/0 a=  $.�� 	�7 �  ��-
�   $.�� 	� .���6  .7 '
��	� �!�&E�- Y  ?>
� 3� M��*  *E�+� �
 SDI3� � -

CsA ���� ��-
�  �!�&E�- r�- 3��'� "�4� .J�� ���  

 
 '�.F6HI�  P�$ Q(@�� �R)J��
 ����0� :  SPI  HI�  �SDI ��R)J�� ��  >�
) �6(�6H
L��	
!� :IE� ( 

��E)� SDI_ 
Nov 

SDI_ 
Dec 

SDI_ 
Jan 

SDI_ 
Feb 

SDI_ 
Mar 

SDI_ 
Apr 

SDI_ 
May 

SDI_ 
Jun 

SDI_ 
Jul 

SDI_ 
Aug 

SDI_ 
Sep 

SPI_Oct 0/549 0/361 0/219 0/209 0/240 0/359 0/203 0/155 0/041 0/113 -0/034 
SPI-Nov 0/150 0/431 0/309 0/226 0/259 0/113 0/142 0/350 0/426 0/394 0/142 
SPI-Dec -0/031 0/213 0/272 0/263 0/286 0/157 0/213 0/237 0/155 0/107 -0/145 
SPI-Jan 0/101 0/025 0/029 0/062 0/175 0/293 0/191 0/046 0/012 -0/017 0/245 
SPI-Feb -0/240 -0/351 -0/278 -0/143 0/013 0/070 -0/021 -0/188 -0/168 -0/235 0/026 
SPI-Mar -0/084 -0/051 -0/026 -0/084 0/080 0/339 0/195 -0/035 -0/125 -0/171 0/048 
SPI-Apr -0/199 -0/223 -0/215 -0/280 -0/270 -0/160 0/342 0/251 -0/123 -0/105 -0/177 
SPI-May -0/223 -0/008 0/022 -0/144 -0/103 -0/078 0/023 0/442 0/578 0/566 0/379 
SPI-Jun -0/041 -0/071 -0/145 -0/259 -0/084 0/168 0/273 0/338 0/201 0/134 0/273 
SPI-Jul -0/050 0/139 0/127 0/049 -0/085 0/052 0/083 0/016 -0/180 -0/044 0/516 
SPI-Aug -0/141 -0/240 -0/171 -0/217 -0/056 -0/128 0/126 0/062 -0/085 -0/155 -0/187 
SPI-Sep 0/239 0/170 0/061 0/140 -0/001 0/016 -0/153 -0/104 0/012 0/083 0/047 

Values in bold are different from 0 with a significance level alpha=0.05                                                                                                              

 ����0�

                               �*�J2	I

A�$��� SPI ���@�Q� SDI V��.61 SPI�.61�V � SDI 

SDI 
Oct-Dec 

SDI 
Jan-Mar 

SDI 
Apr-Jun 

SDI 
Jul-Sep 

SDI 
Oct-Dec 

SDI 
Jan-Mar 

SDI 
Apr-Jun 

SDI 
Jul-Sep 

SPI_Oct-Dec 0/250 0/115 -0/049 0/327 0/275 0/213 0/239 0/203 
SPI_Jan-Mar -0/123 0/198 0/512 -0/185 -0/137 -0/022 0/094 -0/167 
SPI_Apr-Jun -0/176 -0/106 0/022 0/149 -0/205 -0/105 0/257 0/508 
SPI_Jul-Sep -0/212 -0/078 -0/289 0/143 -0/110 -0/276 -0/360 0/126 
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 '�.F7 ����0� :P-Value HI�  P�$ Q(@�� �R)J��
 >��$  SPI  HI�  �SDI ��R)J�� ��  >�
) �6(�6H
L��	
!� :IE� ( 

��E)� 
SDI_ 
Nov 

SDI_ 
Dec 

SDI_ 
Jan 

SDI_ 
Feb 

SDI_ 
Mar 

SDI_ 
Apr 

SDI_ 
May 

SDI_ 
Jun 

SDI_ 
Jul 

SDI_ 
Aug 

SDI_ 
Sep 

SPI_Oct 0/001 0/039 0/220 0/243 0/178 0/040 0/258 0/388 0/822 0/529 0/852 
SPI-Nov 0/404 0/012 0/080 0/206 0/145 0/530 0/430 0/046 0/013 0/023 0/432 
SPI-Dec 0/864 0/235 0/126 0/140 0/107 0/383 0/235 0/184 0/388 0/552 0/420 
SPI-Jan 0/575 0/891 0/873 0/734 0/330 0/098 0/287 0/801 0/945 0/926 0/170 
SPI-Feb 0/178 0/045 0/118 0/426 0/942 0/699 0/910 0/295 0/349 0/189 0/885 
SPI-Mar 0/642 0/776 0/887 0/640 0/658 0/054 0/278 0/845 0/487 0/341 0/792 
SPI-Apr 0/267 0/213 0/230 0/114 0/129 0/373 0/051 0/160 0/495 0/560 0/324 
SPI-May 0/212 0/966 0/902 0/425 0/568 0/665 0/900 0/010 0/000 0/001 0/030 
SPI-Jun 0/821 0/696 0/421 0/146 0/644 0/350 0/124 0/054 0/261 0/457 0/124 
SPI-Jul 0/781 0/442 0/481 0/785 0/639 0/774 0/647 0/932 0/316 0/807 0/002 
SPI-Aug 0/435 0/179 0/343 0/225 0/759 0/479 0/484 0/730 0/638 0/388 0/299 
SPI-Sep 0/180 0/343 0/734 0/438 0/997 0/929 0/394 0/565 0/947 0/645 0/795 

Values in bold are different from 0 with a significance level alpha=0.05                                                                           
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1 Zeng et al. 
2 Jialing River Basin 
3 Gumus and Algin 
4 Seyhan− Ceyhan River Basins 
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P-Value  SPI- NDVI 
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P-Value  SPI- NDVI 

 �R)J��
 _��C

�Q(@� )r( 

0/73 0/07  <(I��$S 0/71 -0/08 ��R	7S 

0/94 0/01 P��6 0/85 -0/04 ��$S�0$ 

0/39 0/19 >.+? \�$�� 0/02 0/46*
 P�`@ 

0/81 0/05 A
 ��$S 0/13 0/33 A�$��� 
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0/81 0/05 ab��cS 0/08 0/38 ��
 

0/51 -0/15 A�$���_Q���$ ��+@ 0/85 -0/04 >�d��(B .@ 

0/03 0/43*
 �6�(I ��	�  0/44 -0/17 e1$ [7 

0/64 -0/10 f���6 0/92 0/02  g� ��$S 

 **Correlation is significant at the 0.01 level (2-tailed). 
* Correlation is significant at the 0.05 level (2-tailed). 
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0/46 0/17 ��$S <(I 0/71 -0/08 ��R	7S 

0/77 0/06 P��6 0/94 -0/01 ��$S�0$ 

0/29 0/24 \�$�� >.+? 0/02 0/49* P�`@ 

0/68 0/09 ��$S A
 0/15 0/38 A�$��� 

0/92 0/02 Q����@ 0/74 -0/07 A M��*� 

0/91 0/02 �(?�$� 0/90 0/02 P���@  

0/78 0/06 ab��cS 0/07 0/39 ��
 

0/54 -0/14 A�$���_Q���$ ��+@ 0/89 -0/03 >�d��(B .@ 

0/03 0/46* �6�(I ��	�  0/50 -0/15  [7e1$ 

0/62 -0/11 f���6 0/89 0/03 ��$S g�  

 **Correlation is significant at the 0.01 level (2-tailed). 
* Correlation is significant at the 0.05 level (2-tailed). 

0/50 -0/15 �(`6 

0/675 0/097 <(h
��@ 
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