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Figure 1. The main SPATSIM screen, showing the study area, with the selection windows for
available spatial features and associated attributes.
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Figure 2. Main drought index generation screen showing the various drought index options that
are available.
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Figure 3. Example screen of ‘Help’ facility in SPATSIM.
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Figure 4. Saving drought index information to a summary table (array type attribute).
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Figure 5.  Example TSOFT screen showing graphs of areal monthly rainfall for the selected polygon
and time series of several SPI values for different durations.
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Figure 6. The two options for selecting part of a table within an array attribute for use with the
map rendering system. The left-hand one for the summary of up to 10 years of drought index values
and the right-hand one for run (or spell) details.
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Figure 7. Rendering design page for setting the parameters (colors, data range and maximum/
minimum values).



-:

���	�

��	������	
�	�	���	��	�����%�����	

��$	������	���	�����	������
�	����	����	����	�����
����
�
��	����	 �
����	6!�	��	�����	�
�����	��
���

�	�
��	�	�
�����
�	

��$�	������	���	�$
��

�	�
�	�
�
�����	���	�������	���

�	��	
��
�
��	���	������	������	������
	���	O)���@	����	�
�	���	O/�
���@
�����	&	����
�	
�	
��	����
	�
	���	���	��	���
�
�
��	��	��	��
�	
�����	���	
��	���
�����	�
��

	���
)��	,�?����	���������
�	���������	��	
�	����
���	����	�	������	���	��	��

�	��
�	�
��	��	���
�	


���	�������

Figure 8. Rendered map of southwest Asia showing spatial distribution of the drought index selected
for a particular month.

 



-�

�������	���

���	���
��	��	�������	

�
���	���	�
���
�����	�	���	

�
���	�
�	�����
����	�
����
�	���
�
��	��
��
�����	��	��
�����	���	�������	��

���

�	

	'����	&�
��	&	���$
���	�������	���	���������	���
���
�

�
�	�
������	��	�������	

�
���	���	���
	���������	�
�	�����	��	���	�$
��

�	��������
�
��	��������
���	�����%���������	�
������	 '0&�'�)!�	&��	
��	'0&�'�)	���
�
�
��	����	�
�����
�	����
�

���
����

�	��	����	�4)�	�
�	�4/�	���	�����
��
�
	��	���	��������	
�	���
�����	�
	�4/	���	�
��	����J.
.����������5�.

��
�����.
��.�	&��
�
�
��	�$�����	����
���
�
�	���	�����	

	���	���
�
	�
��	��	������
�
	 ���	���	 �
��	 ��	 ���	 ���
�
��	�������	 0��?���	 ����J..����
��
���
������.���������������
�.


��$�����	 ��	 
�	 �����

5��	 ����	 �������	 ����

�	 �
�	 ����%�$���
�
��	 ���	 ����
���	 ������	 ���
���������
�	��	���	��������	��
	��	��
�
�����	�	�����	�


����	��������	�����	
�	�	�����	����	��
����	���	��	���	��
�	���
�
�	����	���	���
�����	���	������

�	���	 

��$	�����	�
�	
�	���	
��	���

����
���	��	����������	����	���	��	�����	���

�	���	�����
����	�����	�����
�
	��	��
�	���?����	B�������
���	�4/	�
�	�4)�	���	����
����	��	��
�

�

�	��	�������	���	���������
�	��	���	�������%

��$
�����
�
��	��	'0&�'�)	�
�	�
��	�����
�	��	�����
��	�
�	�������
�
�	����	���
���	������	������
4�
��	���	�
��
�����	���	
��	����	���	���������	���
�����	��	����	�$��
�
��	���
���	�
�	��	���	�
�����	
�����	��	
��	���
�
�
���	����	�����

��	����	���	���������	��	�����	���
�
�
��	����

�	�������

��	����
���
�
�	�
�.��	�������	�
�	������	�
�	��	���	�����	
��������
���

���	����	����
��	��	���	OB���@	���
�
�
��	�����
����	�
��	���	�������%

��$	���������
���	�����
�
��	 ��	 �����	 ��	 �
�	 
�������	���
����	 ���������	 ��	 ������	����	 ��	 �$���



�	��������	 ���

��
�
�
���	��	��
	��	
�����	��������	����	

�
�
����	�����	����	���	��
�
��	��	���
��	���
�	��
	����
�
�
��	���	OB���@	�
����	����	���	���	������	�
��

	���	'0&�'�).�,*'	������	�
�	���	�
����	����	�
���
����	����	���
	�������	��

�	)
�������	4����	��	�
	������	��	���	�����	������	
�	���
������	����
���	�4/	����
���	
�	
�	����
���	����	���	����	�
��	����	���	����	���
���	���	���
	�������	��	���
�4/�	�
	��
�	�����	���	�����	�
��	�
��	��	������
���
	�
�	����
��	����
����
��	�
��	����	��	��	����
��	����	���	���
�
��	�
��	��	�	�
�����
�	�����
�
	�
�	���
	�������	
�	�����	���	������	
�	����������

���	���
�
�
	��	�������%���
���
�
	����

��	���	�����

��	�
��
���	���	�����	��	���	'0&�'�)
���������	��	����	����
���	����
�
�	������	������	

	'����	&�
�	�
��	�	��������
�
��	�����

�%
�
�	����%�������

�	�����	��
��	���	��	����	���	���
�
��	�������	�
������	�
�	���	�	����
����	��
�����	�����%���������	����
���
�
��	���	����	�������	���	��	����	��	�
�����
�	�����
�
���	���
�
��
�
�	����

5��
�
�	

	���
��
��	��	���	���
�
�	��
��	��
	������	�	���
�
��	�����

��	��	�����
���
�����	��������
��	���	����	��

�	���	����	�����
����	�
�	��������	�
�	������	����������	���	�������
��
	��	 ���
��	 �$�������	 
��������	 ����������	�
�	�
���5��	��	 �
�����
�	����
���	 �����
�
��	���
��������	���������	������	��	�	������	���
�
�
	��	���
�
�
%�������	�����	���	�������	�
�
���
�
	


���	���
�
�



--

�	����������	���

Alley, W. M. 1984. The Palmer Drought Severity Index: Limitations and assumptions. Journal of Climate and Applied
Meteorology 23: 1100–1109.

 Banerji, S.; Chabra, B. M. 1964. Drought characteristics and estimating probabilities of their occurrences. In Surface
waters symposium. Publication No. 63, 189–192, Belgium. Belgium: WMO/IASH.

 Bates, C. G. 1935. Climatic characteristics of the plains region. In Possibilities of shelterbelt planting in the plains
region, ed. M. Silcox. Washington, D.C. 

Ben-Zvi, A. 1987. Indices of hydrological drought in Israel. Journal of Hydrology 92: 179–191.

Beran, M. A.; Rodier, J. A. 1985. Hydrological aspects of drought. UNESCO-WMO Studies  and Reports in Hydrology
39: 149.

Bonacci, O. 1993. Hydrological identification of drought, hydrological processes 7: 249–262.

Bruwer, J. J. 1990. Drought policy in the Republic of South Africa. In Proceedings of the SARCCUS Workshop on
Drought, June 1989. ISBN 0 949986 24 0.

Byun, H. R.; Wilhite, D. A. 1996. Daily quantification of drought severity and duration, J. Climate 5: 1181–1201.

Byun, H. R.; Wilhite, D. A. 1999. Objective quantification of drought severity and duration.  J. Climate 12: 2747–2756.

Clausen, B.; Pearson, C. P. 1995. Regional frequency analysis of annual maximum streamflow drought. J. of Hydrology
173: 111–130.

Coughlan, M. J. 1987. Monitoring drought in Australia. In Planning for drought: Toward a reduction of societal
vulnerability, ed. D. A. Wilhite and W. E. Easterling, 131–144. Boulder, Colorado: West View Press.

Doesken, Nolan J.; Kleist, J. D.; McKee, T. B. 1983. Use of the Palmer Index and other water supply indexes for drought
monitoring in Colorado. Climo Rpt 83–3. Fort Collins, Colorado: Dept. of Atmos. Sci., CSU. March, 71 pp.

Doesken, Nolan J.; Thomas, B. McKee; Kleist, John. 1991. Development of a surface water supply index for the Western
United States. Climo Report 91–3. Fort Collins, Colorado: Dept. of Atmos. Sci., CSU. November, 80 pp.

Dracup, J. A.; Lee, K. S.; Paulson, E. G. Jr. 1980a. On the definition of droughts. Water Resources Research 16 (2):
297–302.

Dracup, J. A.; Lee, K. S.; Paulson, E. G. Jr. 1980b. On the statistical characteristics of drought events. Water Resources
Research 16 (2): 289–296.

Edwards, D. C.; McKee, T. B. 1997. Characteristics of 20th century drought in the United States at multiple time
scales. Climatology Report Number 97-2. Fort Collins, Colorado: Colorado State University.

Frere, M.; Popov, G. F. 1979. Agro meteorological crop monitoring and forecasting. Plant Production and Protection
Paper 17. Rome: Food and Agriculture Organization.

Gibbs, W. J.; Maher, J.V. 1967. Rainfall deciles as drought indicators. Bureau of Meteorology Bulletin No. 48.
Melbourne, Commonwealth of Australia.

Heddinghaus, T. R. 1991. Monitoring and dissemination of drought conditions at the joint agricultural weather facility.
In Proceedings of the Seminar and Workshop on Drought Management and Planning, ed. D. A. Wilhite, D.
A.Wood, and P.A. Kay, 67–72. Institute of Agriculture and Natural Resources, University of Nebraska-Lincoln.



-=

IH (Institute of Hydrology). 1980. Low flow studies. 4 vols. Wallingford, Oxfordshire, UK.

Kim, T.-W.; Valdes, J. B.; Aparicio, J. 2002. Frequency and spatial chracteristics of droughts in the Conchos river
basin, Mexico. Water International 27(3): 420–430.

Kogan, F. N. 1995. Droughts of the late 1980s in the United States as derived from NOAA polar-orbiting satellite
data. Bulletin of the American Meteorological Society 76(5):  655–668.

McKee, T. B.; Doesken, N. J.; Kleist, J. 1993. The relationship of drought frequency and duration to time scales.
Proceedings, 8th Conference on Applied Climatology, pp. 179–184. January 17–22, Anaheim, California.

McMahon, T. A.; Arenas, A.D. 1982. Methods of computation of low streamflow. Paris, UNESCO  Studies and reports
in hydrology 36, 107 pp.

Palmer, W. C. 1965. Meteorological drought. Research Paper No. 45. Washington, D.C.: U.S. Department of Commerce
Weather Bureau. 

Palmer, W. C. 1968. Keeping track of crop moisture conditions, nationwide: The new crop moisture index. Weatherwise
21: 156–161.

Petrassovits, I. 1990. General review on drought strategies. In Transactions of the 14th Congress on Irrigation and
Drainage. Rio de Janeiro, Vol. 1-C. International Commission on Irrigation and Drainage (ICID), 1–12.

du Pisani, A. L. 1990. Drought detection, monitoring and early warning: Proceedings SARCCUS Workshop on Drought,
June 1989. ISBN 0 949986 24 0, 6–11.

Ramdas, D. A. 1950. Rainfall and agriculture. Ind. J. Met and Geophys 1(4): 262–274.

Rao, Ramana; B.V.; Sastri, A. S. R. A. S.; Rama Krishna, Y. S. 1981. An integrated scheme of drought classification
as applicable to Indian arid region. IDOJARAS 85: 317–22.

Rossi, G.; Benedini, M.; Tsakiris, G.; Giakoumakis, S. 1992. On regional drought estimation and analysis. Water
Resources Management 6: 249–277.

Sastri, A.S.R.A.S. 1993. Agricultural drought management strategies to alleviate impacts: examples from the arid and
sub humid regions of the Indian subcontinent. In Drought assessment, management, and planning: Theory and
case studies, ed. D.A. Wilhite, 65–86. Dordrecht: Kluwer Academic Publishers.

Sen, Z. 1980. Regional drought and flood frequency analysis: Theoretical consideration. J. of Hydrology 46: 265–279.

Shafer, B. A.; Dezman, L. E. 1982. Development of a Surface Water Supply Index (SWSI) to assess the severity of
drought conditions in snowpack runoff areas. In Proceedings of the Western Snow Conference, 164–175. Fort
Collins, Colorado: Colorado State University.

Smakhtin, V. U.  2001. Low-flow hydrology: A review. Journal of Hydrology 240: 147–186.

Smith, D. I.; Hutchinson, M. F.; McArthur, R. J. 1993. Australian climatic and agricultural drought: Payments and
policy. Drought Network News 5(3): 11–12.

Takeuchi, K. 1974. Regional water exchange for drought alleviation. Hydrology Paper 70. Colorado: Colorado State
University.

Tallaksen, L. M.; Madsen, H.; Clausen, B. 1997. On the definition and modelling of streamflow drought duration and
deficit volume. Hydrological Sciences J. 42(1): 15–33.



-7

Tate, E. L.; Meigh, J. R.; Prudhomme,  C.;  McCartney, M. P. 2000. Drought assessment in Southern Africa using
river flow data. DFID report 00/4. London, UK.

Willeke, G.; Hosking, J. R. M.; Wallis, J. R.; Guttman, N.B. 1994. The national drought atlas. Institute for Water
Resources Report 94-NDS-4. U.S. Army Corps of Engineers.

WMO (World Meteorological Organization). 1974. International glossary of hydrology. Geneva.

Yevjevich, V. 1967. An objective approach to definitions and investigations of continental hydrologic droughts. Hydrol.
Papers 23. Fort Collins, Colorado, USA: Colorado State University.

Zelenhasic, E.; Salvai, A. 1987. A method of streamflow drought analysis. Water Resources Research 23 (1): 156–168.



Review, Automated
Estimation and
Analyses of Drought
Indices in South Asia

V. U. Smakhtin and D. A. Hughes

WORKING PAPER 83

I n t e r n a t i o n a l
Water  Management
I n s t i t u t eISBN: 92-9090-578-6

Drought Series. Paper 1

SM

IWMI is a Future Harvest Center
supported by the CGIAR

Postal Address
P O Box 2075
Colombo
Sri Lanka

Location
127, Sunil Mawatha
Pelawatta
Battaramulla
Sri Lanka

Telephone
+94-11 2787404

Fax
+94-11 2786854

E-mail
iwmi@cgiar.org

Website
http://www.iwmi.org

I n t e r n a t i o n a l
Water  Management
I n s t i t u t e




