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Figure 1. Geographical location of Aspas plain and rain gauge stations
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Figure 4. Cross-correlation for time series SPI 18 (12 steps ahead)

PGRIW��4���	���l3�b
#4��F'#N�#
�6/#��qS���\q�(����#*����A���#
�F'#N���
��# ����UkB?N
!������?#�O���	�
����7���	�����U/C�"����
�U/C��`���	����
��
��	������
��������
�<�$}OC%

S�7�S����S�r��Ss��Sp��Sl��Si��Sf��S9��S8��S7���S�

PGRIW��4���	���l3�b
#4��F'#N���\q�SPI���
�"#4�
,��(�����������	A��6e
���UtB?N
!������L#�O�������
���]��	�
����
��
��
���������	����	�����U/C�"����
���
��
��	������
��������
�<�$}OC%



9��������	
���
���
���������
�  !�	!�"�!���#$%���&'()���*+��

&�� 
�!���


���
�>1 ���3
 ���� �a�� �>:�# �}�,%�=! �':�4U� ��O# �0� �^���� ��&�
����/� ���
� �'- �N��
 ��� �'R
�# �}�,%�=! ��#
� �a% ��&� �I%� ���
�
�'R�W����g3U
���#�SPI����&�K�3&�'/������/�X�8i9SpsZ
��#
��a%�K�)1��'/��	�/����/����
��I%��������'���������'R���!
������/�X�8p�SpsZ����/����
��'-����')�/0�%0�j��0��!�0��'R
�#
�0�����������
�')�/0�%0�
�'��)&�3��'R�W����I�
�~�,!���K�3&��'/
�Ca%�����#�����'+�#��
����&�>1��������#�.-�=�/�'"�W,:��.
�!
�
���C8�C8�Ci�Cl����_!�����2�+����v�!�!�>
��p�
��7�C>#�CD&�C>�
����_!��
����:��
��!�%��')�/0�%0�'R�W����')(%�K��B���'/����!���
�?�3�/�
���!31�'#�/0�����2�+����'��)&�3��'R�W����>
��,W#
�F�:5���
�
�;�/��)4
�'R�W����>��R������K�������3�����;�/
�'"�W,:��I%����
Z������')�/0�%0�j��.
�)/��������3���������_!
�2�+�F�:5���
�
�>��/�9p�
�79�;�/�'#<3-�'#�/0�����>
�~3
�/
�'#�/0�^��=/�D%��B� ��
 �>1��������#����'���
�KX������3
����_!
�')�/0�%0 �j��.
�)/ ����&��
 ��� �'"�W,:��
�~�,!�� �CSPI ����
�$���C[�f]������:��
�3)��%�)/�E%��#��
�>1���3&��'/�����
�XGRIZ

�K������=
�Q/�[7�]������:��

��
����R���&�����>1��#��1�I��(!���#�[f]������:��
�������I:\
����&��
����'"�W,:��
�~�,!���CSPI�����'#�/0�^��=/�D%��B�
��#�������#�E%��#�I�)�:��K�3&��'/�����
�XGRIZ�')�/0�%0�j��.
�)/
����_!��
�
�(R=0.799)�'"�W,:��I%����
�>��/�79�^��=/����>1
�XGRIZ�')�/0�%0�j��.
�)/����&�
�SPI�'#�/0�����I�
�'#�/0
�I%� ���%3+���# �^������&�����{�=T!�I%� �E%��# �>1�K������3G

��
�
��(R=0.860)�>��/�79�^��=/����'"�W,:��I%����
�>1����

K������������'#�/0����_!
�GRI�')�/0�%0�j��.
�)/����&�
�SPI 24�I�
�'#3���+��>Q
��
�'
��W%� �PQ� �?�3�/ �q#�%��
 �0� ��*�� �pr �}�,%�=! �>1 ���� ����#
�a%��#�
�XSPI 24Z���3
�'+�#��
�;�����!����_!��T!�^������&�
�'��/�������I%�����K�&�
��'/����3/��%������_!��T!�����*���7r�>

�
�>#���
����%�G�C')�/0�%0�j��>1��#��1���3)5�[�9]������:��


K����;�/�'#<3-�N��
�;�#��3#����_!��T!���	/�����|
�
�N��
 �I�
 �'"�W,:����A%� ����[�i] ��3��'W:&�
���:T/�
����
�',��)/ �F�/�C ����:��F�:&������&��'
��W%� �PQ���B�
�PQ�������/�>#����_!��
�rz7ri�'"�W,:��v%���I%�� 
�
��#��
��#
�����/ �'R�W��� ��
 ��
65 �I%��
�)
 �C��� ���3
 �rzr� ������')(/
�'
��W%� �PQ���B� �M/�5 ��� ����:�������&��0� �>%
��'
 ��&���

��*���i9z9�>1��#��1�I��(!���#�[f]������:��
�������I:\�K�)#���'/

K����SPI 24����_!��T!�'
��W%��PQ��?�3�/�0��!�q#�%��
�0�
��� ����_! �I%����
 �':�4U� �M/�5��)\������+���3!�'/��%� # ���
��%���D=#�'R
�C>�&���^������&����3	
��'
��W%��PQ���B����
�PQ���B�������#�C�����\�0��j���&���
�
���(!�
���	,!�MY/�CM/�35

K�3&�'/����&���&��I%��')�/0�%0�j�


$��%�
1. Alizade, A. 2006. Principles of applied hydrology. 

Publication University of Reza emam. 808 p. (In 
Persian).

2. Amirahmadi, A. Maghsodi, A & Ahmadi, T. 
2012. Survey Quaternary glacial Effects and its 
impact on the formation of civilization and important 
urban settlements in Aspas plain. Journal of Urban 
and Regional Studies and Research. 3(10): 65-75. (In 
Persian).

3. Bakhtiare Enayat, B. Malekian, A. and Salajegheh, 
A. 2016. Time and Lag Correlation Analysis between 
Climate Drought and Hydrological Drought in 
Hashtgerd Plain. Iranian Journal of Soil and Water 
Research, 46 (4): 609-616. (In Persian).

4. Calow, R. Robins, N. Macdonald, A. and Nicol, 
A. 1999. Planning for groundwater drought in Africa. 
In: Proceedings of the International Conference on 
Integrated Drought Management: Lessons for Sub-
Saharan Africa. IHP-V, Technical Documents in 
Hydrology, 35: 255–270.

5. Chamanpira, G. Zahtabian, G. Ahmadi, H. 
and Malekian, A. 2014. Check of effect of drought 
on groundwater resources in order to manage the 
operation, Case Study: plain, Aleshtar, Journal of 
watershed management, 6(1): 10-20. (In Persian).

6. Choubin, B. Khalighi-Sigaroodi, S. Malekian, A. 
��#	 ��¢�+	 £�	 �
W��	 ;�������	 ������	 ����������+	 =����V
layer perceptron network and adaptive neuro-fuzzy 
inference system for forecasting precipitation based 
on large-scale climate signals. Hydrological Sciences 
Journal, 61(6): 1001-1009.

7. Ekrami, M. Ekhtesasi, M.R. and Malekinezhad, 
H. 2013. The Effects and Consequences of Climatic 
Drought on Time Delay and the Change in Water 
Discharge of springs and Qanats (YazdArdakan Plain). 
Iranian-Water Resources Research, 9 (2): 19-26. (In 
Persian).

Z�	'����	=����#�=+	}�	�

¤�	X�����=���	��	���=����	
drought indices and determine the best index in the Salt 
Lake basin, journal of range and desert research, 4, 2. 
(In Persian).

9. Hamidyanpor, M. 2005. Analysis of drought 



97�������	
���
���
���������
�  !�	!�"�!���#$%���&'()���*+��

periods Mashhad plain and Value of impact on water 
resources. Thesis for master's degree. Shahid Beheshti 
University in Tehran. (In Persian).

10. Hosseinzadeh, M.M. and Nohegar, A. 2012. 
Studying the Effect of Drought on Water Resources 
over Two Decades and Occurrences of the Sinking 
Phenomenon in Minab Plain. Environmental Sciences, 
9 (1): 75-98.

11. Khan, M.A. and Gadiwala, M.S. 2013. A Study 
of Drought over Sindh (Pakistan) Using Standardized 
Precipitation Index (SPI) 1951 to 2010. Pakistan 
Journal of Meteorology, 9(18): 15-22. 

12. Khan, S. Gabriel, H.F. and Rana, T. 2008. Standard 
precipitation index to track drought and assess impact of 
rainfall on watertables in irrigation areas. Irrigation and 
Drainage Systems, 22(2): 159-177.

13. Khorani, A. and M. Khajeh. 2014. An 
Investigation on the coincidence between trend of 
drought and groundwater levels decline (A Case Study: 
Plain of Darab). The Journal of Spatial Planning, 18 
(2): 57-80. (In Persian).

14. McKee Thomas, B. Doesken Nolan, J. and 
Kleist, J. 1993. The relationship of drought frequency 
and duration to time scales. Proceedings of the 8th 
Conference on Applied Climatology, 17 (22): 179-183.

15. Mendicino, G. Senatore, A. and Versace, P. 
2008. A groundwater resource index (GRI) for drought 
monitoring and forecasting in a Mediterranean climate. 
Journal of Hydrology, 357(3-4): 282-302.

16. Mohamadi, H. Shamsipur, E. 2003. Impact of 
recent drought on groundwater resources in the north 
of Hamadan. Geographical Research, 45: 130-115. (In 
Persian).

17. Morid, S. Moghaddasi, M. Arshad, S. and Omid, 
M. 2005. Drought Index Package (Version2). Tarbiat 
Modarres University.

18. Nico, W. Van Lanen, A.J. and Loon, A.F. 2010. 
Indicators for drought characterization on a global 
scale. Wageningen, Netherlands, Water and Global 
Change, 24: 80-93.

19. Panda, D.K. Mishra, A. Jena. S.K. James. B.K. 
��#	 ��=��+	 X�	 �

¤�	 }��	 ��������	 ��	 #������	 ��#	
anthropogenic effects on groundwater levels in Orissa, 
India. Journal of Hydrology, 343: 140–153.

20. Scheidleder, A. Grath, J. Winkler, G. Sta¨rk, 
U. Koreimann, C. Gmeiner, C. Nixon, S. Casillas, J. 
Gravesen, P. Leonard, J. and Elvira, M. 1999. Ground 
water quality and quantity in Europe. European 
Environment Agency.

21. Seif, M. Mohammadzade, H. and Mosaedi, A. 
2012. Assess the impact of drought on groundwater 
resources in Fasa aquifer using Standardized 
Precipitation Index, a measure of electrical conductivity 
of groundwater resources. Journal of Water Resources, 
5: 45-59.

22. Shahid, S. and M. K. Hazarika. 2010. Groundwater 
Drought in the Northwestern District of Bangladesh. 
Water Resource Management, 24(10): 1989-2006. 

23. Shakiba, E., Mirbagheri, B & Kheyri, A. 2010. 
Drought and its effect on groundwater resources in 
East of  Kermansha province using SPI index, Journal 
of Geographic Society of Iran, New period, 8 (25): 
124-105. (In Persian).

24. Tate, E.L. and Gustard, A. 2000. Drought 
#���������	 �	 ��#���������	 ������������	 <�������	
Netherlands, 23-48.

25. Wilhite, D.A. and Glantz, M.H. 1985. 
Understanding the drought phenomenon: The role of 
#����������	�����	�������������+	W
	&Q*�	WWWVW�



�8l�������	
����
���
���������
�

��������������	���

 !�	!�"�!���#$%���&'()���*+��

�������	
����
���
���������
�

Iran-Watershed Management
Science & Engineering

Vol. 10, No. 34, Fall 2016

 !�	!�"�!���#$%���&'()���*+��

4
Iran-Watershed Management
Science & Engineering Vol. 10, No. 34, Fall 2016

Abstract

Lag-Time and Effect of Meteorological Drought on the Groundwater Level
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Drought is an atmospheric phenomenon that can effect on various parts of the environment. Groundwater 
resources is the drought-affected sectors which less are considerate than other sectors. Aspas Plain in Fars 
��������	��	������	�����	����	�	����������	��#������	��	�����#�����	�������	<�+	���	����	��	=�����=���	��	
this plain is important. In this research, we use a cross-correlation function (CCF) for investigating long-
and short-term drought on groundwater resources. For this purpose, the standardized precipitation index 
(SPI) Monthly (one, three, six, nine, 12, 18, 24 and 48 months) in the period (1985-2010) was calculated, 
also groundwater resources index (GRI) of the plain during the statistical period (2002-2010) were obtained 
from 61 wells in the plain. Cross-correlation function showed that short-term drought with delay and long-
term drought simultaneously have been effected on ground water resource. Most relationship is between 
groundwater and SPI 24, which linear regression results showed that almost 80 percent of the average 
variance water table of Aspas Plain affected by changes in rainfall (SPI 24) and nearly 20 percent of it is 
��������#	��	�����	���=��							

Keywords: Cross correlation function, Meteorological drought, Water table, Standardized precipitation 
index, Groundwater resources
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