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ABSTRACT

Drought is mostly the result of a decrease in precipitation in comparison with the mean value and it affects
the quantities of soil moisture and water resources. The standardized precipitation index (SPI) has been
used to monitor the Spatio-temporal variability of dryness and wetness on multiple time scales, which is
based only on long-term monthly rainfall data. In the present study, the spatio temporal variations of the
drought scenario over Akola district have been studied using the standardized precipitation index (SPI) for
the time scales of 3, 6, 12 months. For different time scale drought characterization has been carried out
based on severity, intensity and drought magnitude. Based on analysis drought preparedness and mitigation
strategy can be formulated which will help to render the impact of drought and its hazardous effects.
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Introduction

A comprehensive analysis of the spatial and tempo-
ral extension of droughts help to develop drought-
monitoring signals based on relevant drought indi-
ces (Chiew et al., 1998; Moreira et al., 2006; Rossi
2003; Sivakumar and Wilhite 2002). Nowadays the
most commonly used drought indices are standard-
ized precipitation index (SPI) which only uses long
term rainfall data to provide real-time monitoring of
the intensity and spatial extension of droughts, at
different time scales of 3, 6, 12, and 24 months. The
SPI is a probability-based indicator that depicts the
degree to which the accumulative precipitation of a
specific period departs from the average state. The
SPI is space-independent and has a sound perfor-
mance when representing precipitation anomaly,
(Mckee et al., 1993) compared with other indices and
methods based on physical processes like the

Palmer drought severity index (PDSI). The compari-
son of SPI with other indexes established the
strength of SPI in drought analysis based on six
weighted evaluation performance criteria viz., ro-
bustness, tractability, transparency, sophistication,
extendibility, and dimensionality (Keyantash and
Dracup 2002). Drought evolvement characteristics
has being studied based on Standardized Precipita-
tion Index (SPI) in the Huaihe river basin and found
that the intensity of drought increases while the ar-
eas under drought get decreased (Li et al., 2012). The
spatio-temporal variability of the drought character-
istics over the Bundelkhand region in central India
using the Standardized Precipitation Index (SPI) for
the time scales of 3, 6 and 12 months was studied at
which the drought occurs and also developed rela-
tionship among time scale of SPI, drought duration
and its severity (Thomas et al., 2015). The meteoro-
logical drought characteristics was studied includ-
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ing onset, departure, duration, severity, intensity as
well as inter relationship among the drought dura-
tion, number of drought events, drought severity
and time scale have been developed for Dhasan ba-
sin using SPI index (Kar et al., 2018). The purpose of
this study is to examine the spatio-temporal varia-
tion of drought at different time scales.

Materials and Methods

Description of study area

Akola district situated in Vidarbha region of
Maharashtra state of central India and lies between
latitudes 20°162 and 21°172 N and longitudes
76°382 and 77°382 E with at an altitude of 287 m to
316 m above mean sea level. The total geographical
area of the district is 5417 square km and covers the
parts of Survey of India degree sheets 55 C, 55 D, 55
G, and 55 H. The climate of the district is character-

ized by a hot summer and general dryness through-
out the year except during the south-west monsoon
season. The average minimum temperature is
12.6°C and average maximum temperature is 42.4
°C. The Normal annual rainfall over the district var-
ies from about 740 mm to 860 mm with more than
80 % rainfall occurs in monsoon season (June to Sep-
tember) and a considerable amount of rainfall oc-
curs in December to February months. The soils of
the study area classified mainly medium black soil
and deep black soil. The location of the study area is
shown in Fig. 1.

Data Availability

The rainfall data is obtained from IMD, Pune and
Regional Meteorological Department, Mumbai from
1973-2008 for 35 years.

SPI- based Meteorological Drought Evaluation

The drought characteristics are generally evaluated

Fig. 1. Location of study area
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based on drought indices developed for various
types of droughts. Among the several proposed in-
dices, SPI has found a widespread application
(McKee et al., 1993; Wilhite et al., 2000). The SPI has
advantages of statistical consistency and ability to
describe both short-term and long-term drought
impacts through the different time scales. Also, due
to its intrinsic probabilistic nature, the SPI is best
suited for drought risk analysis (Guttman, 1999).
The SPI is able to take into account different time
scales at which drought occurs and, due to its stan-
dardization, is particularly suited to compare
drought conditions among regions with different
climatic conditions and different time periods
(Bonaccorso et al., 2003). McKee et al., (1993) as-
sumed the aggregated precipitation to be gamma
distributed and used a maximum likelihood
method to estimate the parameters of the distribu-
tion. The computation of the SPI involves, (a) calcu-
lation of mean of the normalized precipitation of the
lognormal (ln) rainfall series; (b) fitting a two-pa-
rameter gamma probability density function to a
given frequency distribution of the precipitation
and computation of shape and scale parameters b
and a, for each time scale of shape and scale param-
eters b and a, for each time scale of interest (1, 3, 6
and 12 months) respectively, as given by the follow-
ing equations 1 to 11.

.. (1)

.. (2)

.. (3)

Where,
U is the constant given by

.. (4)

The resulting distribution parameters which have
been estimated by the maximum likelihood ap-
proach are then used to find the cumulative prob-
ability of an observed precipitation event for the
given month and time scale, for a particular station.
The cumulative probability as given by gamma dis-
tribution is

.. (5)

x
 =



U = loge(X) – loge(X in)

Letting            , this equation becomes the incomplete
gamma function

                                        .. (6)

Since the gamma function is undefined for x = 0
and a precipitation distribution may contain zero,
the cumulative probability becomes

H (x) = q + (1 – q)G(x) .. (7)
Where,
‘q’ is the probability of a zero.

However, the three parameter gamma distribu-
tion is considered to produce more robust values of
SPI. If m is the number of zeros in a precipitation
time series, states that q can be estimated by m/N
and used tables of incomplete gamma function to
determine cumulative probability H(x). The cumu-
lative probability is then transformed to the stan-
dard normal random variable Z with mean zero and
variance one, which is the value of the SPI. The Z or
SPI values are more easily obtained
computationally using an approximation provided
by Abramowitz and Stegun, (1972) that converts cu-
mulative probability to the standard normal ran-
dom variable Z.

.. (8)

For 0 < H(x)  0.5

.. (9)

For 0.5 < H(x)  1.0
Here,

.. (10)

For 0 < H(x)  5.0

.. (11)

For 0.5 < H(x)  1.0
c0 = 2.515517, c1 = 0.802853 and c2 = 0.010328, d1 =
1.432788, d2 = 0.189269 and d3 = 0.001308.

Classification of SPI

A drought event occurs during the period when SPI
is continuously negative and reaches an intensity of
-1.0 or less and ends when the SPI become positive.
The frequency, duration and intensity of drought

–x
t = 
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can be calculated with SPI. The positive sum of the
SPI for all the months within a drought event is
termed as drought magnitude. The division of the
drought magnitude by its duration results in
drought intensity. The drought severity has been
evaluated using the classification of Hayes et al.,
(1999) given in Table 1.

Table 1. Standard Range of SPI values and their classifi-
cation

S. No. SPI range Classification

1  2.0 Extremely wet
2 1.5 to 1.99 Very wet
3 1.0 to 1.49 Moderately wet
4 0.0 to 0.99 Mild wet
5 0.0 to -0.99 Mild Drought
6 -1.0 to -1.49 Moderate Drought
7 -1.5 to -1.99 Severe Drought
8  -2.0 Extreme Drought

A 3-month SPI has been used as a short-term or
seasonal drought index, 6-month SPI for intermedi-
ate-term drought index, 12-month as long-term
drought index.

The SPI for a month/year in the period of record
is dependent upon the timescale. The SPI can be
used for all stations having more than 30 year rain-
fall data (Hayes et al., 1999).

Results and Discussion

SPI-Based Evaluation of Drought Characteristics

The meteorological and hydrological drought char-
acteristics have been evaluated based on the Stan-
dardized Precipitation Index (SPI). The 1-month and
3-month SPI indicates the soil moisture deficit, 6-
month SPI indicates the surface water deficit and 12-
month SPI indicates the groundwater deficit. In this
study, the 1- month and 3-month SPI is used as a
seasonal drought index to represent short-term
drought, the 6-month SPI is used for intermediate-
term drought, and the 12-month SPI is used for
long-term drought. As the monsoon season is prin-
cipally three months (July, August, and September),
the 1-month and 3-month SPI is considered to reflect
the deficit and surplus in the soil moisture availabil-
ity. The temporal variation of the 1-month and 3-
month SPI is depicted in Fig. 2 and 3.

The analysis of the 1-month SPI indicates the

Fig. 2. 1-month SPI for Akola District of Maharashtra

highest drought intensity (-1.54) with the maximum
occurrence of extreme drought event (SPI>-2) only
in 1 occasion followed by 8 severe drought event
from 1973 to 2008. However, the total number of
drought events considering different classes as one
is 22. Most of the rainfall occurred in August and
September but in the years 1995 for September,
there is a substantial decrease in rainfall which re-
sulting in acute soil moisture deficit.

The analysis of the 3-month SPI indicates the
highest drought intensity (-1.46). Increase in moder-
ate drought events indicates rainfall deficit which
resulting in inadequate soil moisture that causes a
decrease in crop production. Table 2 shows the clas-
sification of different drought event at different time
scales. In July 1991 and from October 2002 to Janu-
ary 2004 there is soil moisture deficit in the region
which results in a decrease in crop yield. From the
table 2, it is cleared that drought events increase
with an increase in time scales.

With the increase in time scale (eg., 6-month SPI),
it is observed that there is a further increase in
drought duration and severity. Agricultural
drought occurred due to deficiency of soil moisture
for a longer period resulting in water stress like situ-
ation and thus affecting the entire region. 6-month
SPI uses to indicate the agricultural drought. Fig. 4.
show the 6-month SPI for Akola district of
Maharashtra.

Fig. 3. 3-month SPI for Akola District of Maharashtra
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Table 2. Drought characteristics based on different time scale

Time Scale Extreme Severe Moderate Total Drought
Drought  Drought Drought Intensity

1-Month 1 8 13 22 -1.54
3-Month 10 11 42 63 -1.46
6-Month 17 17 29 63 -1.66
12-Month 16 17 33 66 -1.69

Fig. 4. 6-month SPI for Akola District of Maharashtra

Drought intensity (-1.66) has increased with in-
crease in time scale. The occurrence of extreme
drought event has been increased (17) followed by
severe drought event (17). Thus, indicating drought-
like situation and inadequate water resource to
meet the agricultural demand. From the figure
above it is visible that the magnitude and intensity
of drought increases. For July 1991 to October 1992
and from October 2002 to January 2004 intense ag-
ricultural drought occurred in that region and is re-
sponsible for the complete failure of the crop. Such
event occurred successively in that region but its
magnitude is not as much extreme which will fail
crops. 12-month SPI is used for assessment of Hy-
drological drought dealing with groundwater stor-
age. Fig. 5. shows the 12-month SPI for Akola dis-
trict of Maharashtra.

Fig. 5. 12-month SPI for Akola District of Maharashtra

in duration and severity. Total drought events have
been increased to 66 events with an increased inten-
sity of -1.66. Thus indicating very less groundwater
recharges and demonstrates that an increase in du-
ration leads to an increase in severity. With the in-
crease in time scale drought duration also increases
which results in a decrease in runoff from the river
due to inadequate recharge from groundwater.
From the above figure, it is visible that there is dec-
rement of groundwater availability in most of the
period and it is extreme from October 2002 to Janu-
ary 2004.

Conclusion

The monsoon pattern in India is varied every year
and under such circumstances, spatiotemporal
variations of the drought analysis can help increase
understanding of drought signature and character-
istics, including severity, duration, aerial extent,
progression, and withdrawal, which can encourage
the development of a mechanism to address
drought-related issues effectively. The SPI analysis
indicates that drought predominantly occurs with
different magnitude and intensity. Hence it is im-
portant to have an area-specific solution to deals
under such condition. Based on assessment it is evi-
denced that the region is under extreme drought
condition from 1991 to October 1992 and from Octo-
ber 2002 to January 2004. During these periods the
region is affected not only by agricultural drought
but also by hydrological drought and under such
condition different mitigation strategy is developed
to render the effect of drought. Based on SPI analy-
sis drought effects to groundwater storage can also
be accessed and based on that different scientific
methods can be adopted to enhance groundwater
recharge in that region. In present scenario climate
change further escalating drought-like situation and
making the poorer section of the society more vul-
nerable hence there should be a proper channel like
early warning system based on real-time monitor-

It is interesting to note that the number of Mod-
erate drought events has increased substantially in-
dicated least groundwater storage with the increase
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ing to cope under such situation.
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