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across the globe. In this study, Standardized Precipitation Index (SPI) was used in annual
period of time to survey on drought. Also, in order to zonation frequency of drought,
geographic information system (GIS) software and Kriging method used for extracting
dry areas. The zoning maps show most severe drought is in eastern areas of the

drought analysis province.
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Introduction

Drought is not only the world’s costliest natural event,
collectively affecting more people than any other form of
natural hazard (Wilhite, 2000), but it is also one of the
most difficult phenomena to define. For drought
monitoring and  warning, meteorologists and
hydrologists have developed indices, which depend on
hydro- meteorological parameters or rely on
probabilities of drought occurrence (Vogt and Somma,
2000). Drought indices based on one or more variables
are commonly used to identify and monitor drought at
different time scales. During the recent years various
indices have been developed to detect and monitor
drought (Palmer, 1965; McKee et al., 1993; Meyer et al.,
1993). The SPI was developed by McKee et al. (1993,
1995). The SPI was designed to be flexible to location and
suitable for droughts at different hydrological levels. SPI
is based on fitting a probability distribution to

precipitation data, followed by a transformation to a
standard normal distribution. The SPI values are based
on the precipitation for the past several months, with
common scales of 1, 3, 6, 12, 24 and 48 month(s).
Guttman (1998) demonstrated that SPI compares
favorably to the more prominent Palmer Index (Palmer,
1965; Palmer, 1968). SPI has been used for studying
different aspects of droughts, for example, forecasting
(Mishra et al,, 2007), frequency analysis (Mishra et al,,
2009), spatio temporal analysis (Mishra and Singh,
2009; Shahid, 2008; Loukas and Vasiliades, 2004;
Bastini, 2011) and climate impact studies (Mishra and
Singh, 2009; Loukas et al., 2008), monitoring ground
water drought (Shahid and Hazarika, 2010) assessing
drought risk (Shahid and Behrawn, 2008). The aim of
this study is zoning droughts by standardized
precipitation index in Esfahan province.
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Site of study, Data used, SPI and drought classes

Esfahan province is located in Iran. With geographical 30
42° to 34' 30° North and 49' 36° to 55' 32° East. Input
data to this study consists of SPI Annually values for the
period September 1979 to September 2009, for 25
rainfall sites, these sites are identified in Fig. 1, in
Esfahan. In this research, data of climatological stations
of General Administration of Aerology and Regional
Water Authority of Esfahan Province which support
maximum area of the region were selected. These
stations were included statistical period at least for 30
years. After completion, amendment and assimilation,
they transformed to a common time scale. Then the SPI
was used identify dry and wet periods of rainfall. SPI
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could be used to compute monthly rainfall or analysis
total rainfall in each delight intervals (3 to 6-month). In
this research, the annual timeframe and the following
formula were used:

sp1 = P—P
Q

(1)

Where SPI is standard index, P is the normalized amount
of precipitation of the current annual, P is the average of
rainfall in timeframe for each station, and Q is the
standard deviation of each station in timeframe.
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Figure 1. The Esfahan province with identification of the rainfall sites utilized in the study

Discussion and Conclusion

At first, precipitation data were transferred to the Excel
software, and then SPI method was used for evaluation.
SPI diagrams for selected stations in the study area are
shown in figure2. Obtained values were transformed to
GIS and after organizing data base for each station.
Zoning map was based on SPI values for each statistical
year. In this study, Ordinary Kriging of Geostatistics
tools has been used for mapping the spatial extent of

meteorological and droughts(figure3) because it is a
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quick deterministic interpolator that is accurate.
Moreover there is a very diminutive decision to make
regarding model parameter. Furthermore, Geostatistics
is based on the theory of regionalized variables are
increasingly  preferred because it allows the
capitalization =~ of  spatial  correlation  between
neighboring observations to predict attribute values at
not sampled locations (Goovaerts, 2000).
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Figure2. SPI diagrams for selected stations in the study area
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Figure 3. Zoning droughts in the study area for 2007-2008 and 2008-2009

Result and Discussion

In this study, Attempts to zoning drought aim, analyzed
and classified the drought year with SPI method. And the
end used the kriging method to zoning drought in Isfahan
province. The zoning maps show most severe drought is
in eastern areas of the province. In this research, to the
Annual value of SPI, driest year is year 2007-2008.

References

Batisani, N., 2011, the Spatio-Temporal-Severity Dynamics of
Drought in Botswana, Journal of Environmental Protection, 2(6):
803-816.

Guttman, N.B, 1998. Comparing the palmer drought index and
the standardized precipitation index. Journal of the American
Water Resources Association 34,113-121.

Goovaerts, P., 2000, Geostatistical approaches for incorporating
elevation into the spatial interpolation of Rainfall, Journal of
Hydrology, 228 (1): 113-129.

Loukas, A, and Vasiliades, L. 2004. Probabilistic analysis of
drought spatiotemporal characteristics in Thessaly region,
Greece, Natural Hazards and Earth System Sciences 4: 719-731

Loukas, A, Vasiliades, L., and Tzabiras, ], 2008, Climate change
effects on drought severity. Adv. Geosci, 17: 23-29.



111 Safari Shad et al./ Int. J. Adv. Biol. Biomed. Res., 2017; 5(3), 108-111

McKee, T.B, Doesken, NJ, Kleist, ], 1993. The relationship of
drought frequency and duration to time scales. In: Proceedings of
the Eighth Conference on Applied Climatology. American
Meteorological Society, Boston: 179-184.

Meyer, SJ.,, Hubbard, K.G. Wilhite, D.A., 1993, ‘A crop-specific
drought index for corn: I. Model development and validation’,
Agronomy J. 86, 388-395.

McKee, T.B, Doesken, N.J,, Kleist, ], 1995. Drought monitoring
with multiple time scales. In: Proceedings of the Nineth
Conference on Applied Climatology. American Meteorological
Society, Boston, 233-236.

Mishra, AK, Desai, V.R, Singh, V.P. 2007, Drought forecasting
using a hybrid stochastic and neural network model. Journal of
Hydrologic Engineering. 12 (6): 626-638.

Mishra, AK, Singh, V.P,, 2009, Analysis of drought severity-area-
frequency curves using a general circulation model and scenario
uncertainty. Journal of Geophysical Research. 114: 18

Mishra, AXK, Singh, V.P, Desai, V.R, 2009, Drought
characterization: a probabilistic approach. Stochastic
Environmental Research and Risk Assessment. 23(1): 41-55.

Palmer, W.C,, 1965. Meteorological drought. Research paper no.
45, US Weather Bureau (NOAA Library and Information Services
Division, Washington, DC20852).

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

Shahid. S,, 2008. Spatial and temporal characteristics of droughts
in the western part of Bangladesh. Hydrological Processes. 22,
2235-2247.

Shahid. S., Behrawan, H,, 2008, Drought risk assessment in the
western part of Bangladesh. Natural Hazards, 46: 391-413.

Shahid. S, Hazarika, M. K, 2010, Groundwater Drought in the
Northwestern Districts of Bangladesh, Water Resource
Management, 24: 1989-2006.

Vogt, ].V, Somma, F., 2000. Drought and Drought Mitigation in
Europe. Kluwer, Dordrecht.

Wilhite, D.A, 2000. Drought as a natural hazard: Concepts and
definitions. In: Wilhite, D.A. (Ed.), Drought: A Global Assessment,
Hazards Disaster Ser., vol. 1. Routledge, New York, 3-18.

How to cite this manuscript: Mahtab Safari Shad, Mohammad Dashti Marvili, Pezhman Allahbakhshian Farsani. Zoning
droughts by standardized precipitation index in Esfahan province (IRAN). International Journal of Advanced Biological and

Biomedical Research 5(3), 2017, 108-111.




