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Knowledge of mean rainfall and its variability of smaller spatial scale are important for the planners
in various sectors including water and agriculture. In the present work, long rainfall data series (1901–
2006) of districts of Maharashtra in monthly and seasonal scales are constructed and then mean rainfall
and coeﬃcient of variability are analyzed to get the spatial pattern and variability. Signiﬁcant long term
changes in monthly rainfall in the district scale are identiﬁed by trend analysis of rainfall time series.
The seasonality index which is the measure of distribution of precipitation throughout the seasonal
cycle is used to classify the diﬀerent rainfall regime. Also long term changes of the seasonality index are
identiﬁed by the trend analysis. The state Maharashtra which is to the northwest of peninsular India
is highly inﬂuenced by the southwest monsoon and the state is facing water scarcity almost every year.
This study will help to ﬁnd out possible reason for the increasing water scarcity in Maharashtra.

1. Introduction
Geographical location of Maharashtra is such that
it is subjected to diﬀerent types of climatic features. Due to the varied topographical climatological features, India Meteorological Department
divided the state into four meteorological subdivisions. The meteorological sub-division Konkan
and Goa is to the extreme west, elongated north–
south along the west coast of India. Due to this
topographical feature, the region receives very high
rainfall during monsoon season. The Vidarbha
region is to the extreme east of the state. The
mean monsoon or annual rainfall of this region is
less than that of Konkan and Goa but more than
the other two sub-divisions. The other two subdivisions, viz., Madhya Maharashtra and Marathwada have almost similar rainfall pattern although
Madhya Maharashtra has a slightly higher mean
monsoon or annual rainfall. The rainfall patterns
have high intraseasonal variability. Also there is

high spatial variability of rainfall over districts
of Maharashtra. It has been reported by many
researchers (Guhathakurta et al. 2011; Sinharay
and Srivastava 2000) about increasing trends of
heavy rainfall events and also of total rainfall over
Madhya Maharashtra and Konkan and Goa. Due
to the increased number of disaster events and its
high impact on the economic and human life, it
is necessary for the district administration to have
district rainfall climatology and information about
temporal variability of rainfall at the district levels
for better disaster management and water resource
management and planning. However, so far there
has been no in-depth study on district rainfall climatology, its variability and the changing pattern
of rainfall using a long period of data. The reason
is the absence of long period district rainfall series.
In the present paper, we have presented monthly
rainfall series of all the 35 districts of Maharashtra
for the period 1901–2006. The mean rainfall pattern and the variability of four seasons and annual

Keywords. Water scarcity; climate change; trends; seasonality index; Maharashtra.
J. Earth Syst. Sci. 122, No. 3, June 2013, pp. 639–649
c Indian Academy of Sciences


639

640

Pulak Guhathakurta and Elizabeth Saji

rainfall for each of the 35 districts of Maharashtra
are presented. This information is very useful to
the agriculture and water sectors of this state. The
study aims to ﬁnd the changing pattern of rainfall over Maharashtra in the district scale which
may have an impact on increasing extreme rainfall
events and ﬂoods over Maharashtra.
The distribution of precipitation throughout the
seasonal cycle is as important as the total annual
amount of monthly or annual precipitation while
evaluating its impact on hydrology, ecology, agriculture or in water use. The seasonal distribution of
precipitation is the result of revolution of the Earth
resulting in the unequal heating of the Earth’s surface over the year and thus resulting in the atmospheric general circulation. The time and duration
of the seasons of high precipitation at a place or
watershed is most important for the planning and
design of agriculture or water management. The
distribution of rainfall through the season or year
plays an important role in recharging the ground
water. It is very important to identify the historical changes in the mean annual precipitation. But
even in the absence of changes in annual total precipitation, changes in the seasonal receipt of precipitation greatly aﬀect partitioning of water into
runoﬀ, evapotranspiration and inﬁltration and thus
ﬂood forecasting, stream discharge and ecosystem
responses (Groisman et al. 2001; Epstein et al.
2002; Rosenberg et al. 2003; Xiao and Moody 2004;
Small et al. 2006). The changing pattern of rainfall is also investigated by computing seasonality
index of rainfall. The relative seasonality of rainfall represents the degree of variability in monthly
rainfall throughout the year (Walter 1967; Walsh
and Lawer 1981; Livada and Asimakopoulos 2005;
Adejuwon 2012). Spatial distribution of precipitation seasonality in the United States was studied
by Finkelstein and Truppi (1991). Markham (1970)
has proposed a quantities technique for measuring
precipitation seasonality based on vector analysis.
The understanding of seasonality pattern of precipitation and also identifying changes in seasonality
index is very useful for agricultural planning.
The seasonality index was computed for all the
35 districts for the period 1901–1950 and 1951–
2000. The changes in the seasonality index are
noticed almost in all the districts of Maharashtra.

2. Data and methodology

Table 1. Availability of rainfall data for the construction
and analysis of district rainfall series.
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

District
Ahmednagar
Akola
Amraoti
Aurangabad
Bhandara
Beed
Mumbai city
Buldhana
Chandrapur
Dhulia
Jalgaon
Raigarh
Kolhapur
Nagpur
Nanded
Nasik
Osmanabad
Parbhani
Pune
Ratnagiri
Sangli
Satara
Solapur
Thane
Yeotmal
Wardha
Latur
Gadchiroli
Jalna
Sindhudurg
Nandurbar
Gondia
Hingoli
Washim
Mumbai suburban

Availability
1901–2004
1901–2006
1901–2006
1901–2006
1901–2005
1901–2004
1901–2006
1901–2006
1901–2006
1901–2005
1901–2006
1901–2006
1901–2006
1901–2006
1901–2006
1901–2006
1901–2006
1913–2006
1901–2006
1901–2006
1901–2006
1901–2006
1901–2006
1901–2006
1901–2006
1901–2006
1951–2006
1901–2004
1951–2004
1901–2006
1901–2004
1901–2006
1931–2004
1901–2006
1901–1989

Missing years

1964, 1965
1941
1922

2005

2005
1952, 1967

1989
2005
1916, 1952, 1953,
1967, 1976

Centre of India Meteorological Department, Pune.
Monthly rainfall series of all the 35 districts of
Maharashtra are then computed by arithmetic
mean of the monthly rainfall of the stations under
each district. Table 1 gives the status of availability of monthly rainfall data of each district so computed. Basic statistical properties are computed for
the monthly rainfall time series of 35 districts and
all the 12 months.

2.1 Data construction
Monthly rainfall data of around 335 raingauge stations of the state of Maharashtra for the period
1901–2006 are collected from the National Data

2.2 Least square linear regression
The least square linear regression is used to examine the existence of trend in the time series data
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Table 2. Seasonality index (SI) classes and the associated
diﬀerent rainfall regime.
Seasonality
index (SI)

Rainfall regime
Very equable
Equable but with a deﬁnite wetter season
Rather seasonal with a short drier season
Seasonal
Markedly seasonal with a long drier season
Most rain in 3 months or less
Extreme, almost all rain in 1–2 months

≤ 0.19
0.20–0.39
0.40–0.59
0.60–0.79
0.80–0.99
1.00–1.19
≥ 1.20

and the statistics used for testing the signiﬁcance
is the Student’s t-distribution:

N −2
t=r
1 − r2
where r is the Pearson’s correlation coeﬃcient of
sample size N .
2.3 Seasonality index
Seasonality index helps in identifying the rainfall
regimes based on the monthly distribution of rainfall. In order to deﬁne the seasonal contrasts, the
seasonality index (SI) (Walsh and Lawer 1981;
Kanellopoulou 2002), which is a function of mean
monthly and annual rainfall, is computed using the
following formula:

12 
1  
R 
SI =
Xn − 
12
R n=1 
where Xn is the mean rainfall of month n and
R is the mean annual rainfall. Theoretically, the
SI can vary from zero (if all the months have
equal rainfall) to 1.83 (if all the rainfall occurs
in one month). Table 2 shows the diﬀerent class
limits of SI and representative rainfall regimes
(Kanellopoulou 2002). Though the method uses the
distribution of rainfall for all the 12 months, the
index as table identiﬁes the seasonal pattern when
the value is more than 0.6.
To investigate the changes in rainfall pattern we
have computed the seasonality index of all the 35
districts for the periods 1901–1950 and 1951–2006
and compared the changes between these periods.
3. Results and discussions
3.1 Statistical analysis and spatial variation of
rainfall of the districts of Maharashtra
Figure 1 shows mean rainfall (in mm) for the
districts of Maharashtra for the four seasons.
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During the winter season (January–February), all
the districts of central and western parts of the
state received very low rainfall (even much less
than 10 mm). The districts in the eastern part
received rainfall around 20–30 mm with maximum
value of 35.9 mm in Bhandara district. The maximum rainfall zone has shifted from eastern parts
of the state to south western parts in pre-monsoon
season (March–May) season. The maximum rainfall of 87.0 mm is being received by Kolhapur district. Mean rainfall for the most of the districts
are between 20 and 30 mm during this season.
Both in monsoon and post-monsoon seasons, maximum rainfall is received by Ratnagiri district. The
changing pattern of maximum rainfall zone, i.e.,
initially at the eastern parts, then southern parts
in pre-monsoon and slightly northern movement
in monsoon season and remaining there in postmonsoon is clearly seen by comparing a, b, c and
d of ﬁgure 1. Mean annual rainfall pattern over
the districts of Maharashtra is shown in ﬁgure 2.
In addition to mean rainfall pattern, the knowledge of variability of rainfall is of great use for
hydrological planning and management. Figure 3
shows the spatial distribution of coeﬃcient of variation for the four seasons while ﬁgure 4 is for
annual rainfall. Very less amount of rainfall is being
received during the winter season and the variability is very high in all the districts of Maharashtra.
Maximum variability (420.8%) is over Ahmednagar
and the lowest variability (106.1) is over Nagpur.
Variability decreased as the monsoon set in and
again it increased in the post-monsoon season.
During monsoon season, in spite of very high rainfall, coeﬃcient of variability of monsoon rainfall
is very high in Mumbai (>35%). The mean rainfall pattern over the districts of Maharashtra during four seasons can be physically explained with
weather systems in India. During winter seasons,
country (mostly northern parts) gets rainfall due
to western disturbances and southern parts due
to easterly waves. As a result, eastern parts of
Maharashtra gets some rain whereas western parts
receive negligible amount of rain. During the premonsoon season, most of the parts of the country
along with Maharashtra get rain due to convective
activities and thus mean rainfall are almost similar
in the districts of Maharashtra. During monsoon
season, western parts of Maharashtra get excessive rain due to strong westerlies from Arabian Sea
and the presence of oﬀshore trough whereas eastern
parts of Maharashtra get rain mostly from the Bay
of Bengal branches of monsoon current. The mean
rainfall over Madhya Maharashtra is thus less than
the western and eastern parts. In post-monsoon
season, southern parts of the state get rain from
the westerly waves and northeast monsoon to some
extent.
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Figure 1. Mean rainfall (mm) over the districts of Maharashtra for the four seasons.

3.2 Trends in the monthly, seasonal
and annual rainfall pattern
The study by Guhathakurta and Rajeevan (2008)
has revealed the existence of signiﬁcant changes
in the rainfall pattern over meteorological subdivisions of India for the monsoon months and
seasons. However, the changes in smaller scales
are required to be identiﬁed for better disaster
management and also for climate change studies.
Figure 5 shows the trends in the monthly rainfall
over the districts of Maharashtra. Different levels
of signiﬁcance, i.e., 99%, 95% and 90% obtained
in trend analysis are shown in diﬀerent colours.
There was no signiﬁcant trend in the rainfall in any
districts of Maharashtra for the months of November
and December. No district has reported increasing
trend in rainfall for the months February, March,
April and May (except Latur in May). The significant decreasing trend in rainfall activities starts
from January and extends up to May indicating
a major shift in the rainfall pattern. The time
period or duration of rainfall activities are therefore conﬁned to the monsoon months only, over
Maharashtra region which may have impact in

Figure 2. Mean annual rainfall (mm) over the districts of
Maharashtra.

the agricultural activities for the crops during
non-monsoon months over the region.
Table 3 shows the details of the result of trend
analysis in monthly, seasonal and annual rainfall
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Figure 3. Distribution of coeﬃcient of variation (%) of rainfall over the districts of Maharashtra during the four seasons.

for the districts of Maharashtra. The values shown
in the tables are increase/decrease in rainfall in
mm/year and diﬀerent colours indicate the level of
signiﬁcance. In January, eight districts had shown
signiﬁcant decrease in rainfall. Except Kolhapur,
all these districts are in the north and central parts
of the state. In February, the areas of decreasing
trends had shifted mostly to the northeastern parts
with 15 districts reporting decreasing trends. In
March, only three coastal districts, viz., Mumbai,
Thane, Raigad; in April, six districts and in May,
three districts had shown signiﬁcant decrease in
rainfall. Around middle of the year particularly
from June, monthly rainfall had shown increasing trends in some districts and had reduced
decreasing trends. In June, one district, viz., Latur;
in July, six districts and in September, six districts had shown signiﬁcant decrease in rainfall
activity.
Maximum areas of the state shows increasing
trends in the months of August (23 districts)
and October (13 districts). Five districts in June
and three districts in July had shown signiﬁcant increasing trends. There were no signiﬁcant

Figure 4. Distribution of coeﬃcient of variation (%) over the
districts of Maharashtra of annual rainfall.

decreasing trends in any district rainfall for the
months of August and October.
These results are reﬂected in the seasonal and
annual rainfall trends (ﬁgure 6). Both in winter and
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Figure 5. Trends in the monthly rainfall over the districts of Maharashtra. There is no signiﬁcant trend in the rainfall in
any districts of Maharashtra for the month of November and December.

pre-monsoon seasons, no district except Latur has
shown increasing trend in rainfall. Fourteen districts in winter and three districts in pre-monsoon
seasons have shown signiﬁcant decreasing trends.
During monsoon season, 10 districts all along the

western coast/western parts of Maharashtra, viz.,
Nandurbar, Dhule, Nasik, Pune, Mumbai, Raigad,
Satara, Kolhapur and Sindhudurg have showed signiﬁcant increase in rainfall while only four districts,
viz., Latur, Bhandara, Osmanabad and Wardha

Changes in rainfall pattern and seasonality index
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Table 3. Increase/decrease in rainfall in mm/year for the districts of Maharashtra.

↑ 90%;

↑ 95%;

↑ 99%;

↓ 90%;

have shown signiﬁcant decreasing trend. In the
post-monsoon season when the rainfall is received
mostly due to northeast monsoon, rainfall for the
districts Osmanabad, Jalna, Hingoli, Nanded and
Latur all from southeastern parts of the state have
shown signiﬁcant increasing trend. Latur district
has shown signiﬁcant increasing trend in rainfall
during winter, pre-monsoon and post-monsoon seasons, but decreasing trend in monsoon season and
as a result annual rainfall of Latur has decreased
signiﬁcantly.
Thus after analysis of district rainfall, it is found
that monsoon rainfall has increased for most of the
districts of Madhya Maharashtra and for only three
districts of Konkan region, while for the two districts each of Marathwada and Vidarbha rainfall
has decreased signiﬁcantly.

↓ 95%;

↓ 99%

3.3 Changes in seasonality index
The seasonality index has been computed for all
the districts of Maharashtra for two diﬀerent periods, viz., the ﬁrst 50-year 1901–1950 and the later
50-year period 1951–2000. This will help to ﬁnd
the changes (if any) in the seasonality index in the
last 100 years. Figure 7 shows the seasonality index
during 1901–1950 and 1951–2000 periods. From
table 2, we can see that the lower seasonality index
value indicates better distribution of monthly rainfall among the months of the year. The maximum
seasonality index value is over Thane, Mumbai,
Raigad and Ratnagiri districts in both the periods 1901–1950 and 1951–2000 and is between 1.2
and 1.3 indicating most of the rain occurred in
the northern parts of west coast of Maharashtra
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Figure 6. Trends in the seasonal and annual rainfall over the districts of Maharashtra.

in one to two months. The spatial distribution of
seasonality index remained almost same in both
the periods. The lower value of seasonality index
was over Sangli and Solapur and was in the
range 0.8–0.9. This indicates that only in these
two districts rainfall was purely seasonal and was

evenly distributed in four months though the mean
monsoon rainfall was less compared to other
districts of Maharashtra. Rainfall of the six
districts, viz., Ahmednagar, Aurangabad, Beed,
Osmanabad, Amraoti and Latur was marked seasonal with rainfall evenly distributed in 3–4 months

Changes in rainfall pattern and seasonality index
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Figure 8. Changes in the SI in the period 1951–2000 from
the period 1901–1950.

Figure 7. Values of the SI of the districts of Maharashtra
during the period (a) 1901–1950 and (b) 1951–2000.
Figure 9. Trends in the SI over districts of Maharashtra.

as SI was in the range 0.9–1.0 in the period 1901–
1950. The less availability of data for the districts Jalna and Latur caused missing SI value
in ﬁgure 7(a). This pattern was almost same
in the next period 1951–2000 with only changes
in Kolhapur district where SI value increased to
be in the range 1.0–1.1 indicating rainfall distribution in three month or less. In the six districts, viz., Nandurbar, Sindhudurg, Chandrapur,
Gadchiroli, Bhandara and Gondia seasonality
index value was between 1.1 and 1.2 indicating that
the most rain occurred in three months or less.
As mentioned above, low value of seasonality
index indicates that the type of rainfall regime with
shorter dry season and high value indicates most of
the rain occurs within few months (2–3 months).
An increasing trend in seasonality index is thus
an indicator of alarming situation for the agriculture. Though ﬁgure 7 highlights that the rainfall

regime was mostly similar in the periods 1901–
1950 and 1951–2000, to identify the changes in the
seasonality index, we have computed the diﬀerences in the seasonality index (ﬁgure 8) between
the periods 1901–1950 and 1951–2000. The seasonality index has been increased in all the districts
except Satara, Osmanabad, Nanded, Wardha and
Bhandara. In order to ﬁnd out whether these
changes are signiﬁcant or not, we have further carried out the trends in seasonality index series SI k .
The seasonality index SI k (Walsh and Lawer 1981;
Pryor and Schoof 2008) time series for each of the
districts for each year k has been calculated using
the formula:

12 
1  
Rk 
SIk =
Xnk − 
Rk n=1 
12
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where xnk is the rainfall of month n of the year
k and Rk is the total annual rainfall for the year
k. The mean of seasonality index of a speciﬁc
period calculated from the above equation may differ slightly with the seasonality index calculated
from the mean rainfall of the period using the formula stated earlier according to Walsh and Lawer
(1981) and Pryor and Schoof (2008).
Trend analysis has been done on the SI for each
of the districts. Figure 9 shows the trends in the
seasonility index over the districts of Maharashtra.
Table 4. Changes in the seasonality index (SI) values in
100 years and the SI values in the period 1901–1950 and
1951–2000.

Signiﬁcant increasing trends are seen in Mumbai,
Pune, Buldhana and Amraoti districts. SI has also
showed increasing trend for the districts of Thane,
Nandurbar, Dhule, Jalgaon, Nasik, Ahmednagar,
Solapur, Satara, Sangli, Kohlapur, Ratnagiri,
Sindhudurg, Akola, Washim, Yeotmal, Nanded
and Gadchiroli. Signiﬁcant decreasing trend is
good as it indicates that increase in even distribution in the monthly scale are being noticed in Jalna
and Latur (signiﬁcant) while the districts, Raigad,
Aurangabad, Beed, Osmanabad, Parbhani,
Hingoli, Wardha, Nagpur, Bhandara, Gondia and
Chandrapur have shown decreasing trend.
Table 3 summarized the values of the seasonality index increase/decrease in 100 years obtained
by linear trend analysis of seasonality index time
series and also displays the values of the seasonality
index of 35 districts and for the periods 1901–1950
and 1951–2000 calculated by the formula mentioned in the mythology from the mean monthly
rainfall (table 4).
4. Conclusions

↑ signiﬁcant;

↑ not signiﬁcant;

↓ signiﬁcant;

↓ not signiﬁcant

We have analyzed the rainfall data of more than
100 years over Maharashtra, a large state in western India which plays a signiﬁcant role in the
industrial and agricultural contribution in the overall growth of the country. The analysis includes
variability of rainfall, trends in rainfall pattern
and changes in spatial and temporal patterns of
seasonality index. The impact of climate changes
on temporal and spatial patterns over smaller
spatial scales is clearly noticed in this analysis. Signiﬁcant decreasing trends in monthly rainfall are being observed in many areas (districts)
from the month of January (eight districts) to
May (three districts) with maximum decrease in
February (15 districts). Not a single district of
Maharashtra reported increasing trends in rainfall
from the month January to May (except Latur).
These changing patterns are very crucial from the
agricultural or hydrological point of view. In spite
of increasing trends in monsoon rainfall in many
areas, the decreasing trends in the ﬁrst ﬁve months
of the year have resulted in increase in heating, and
may have an eﬀect in the shortage of soil moisture,
ground water and lowering the ground water level.
Out of 12 months, the month of August has proved
to be very good for the state of Maharashtra as
most of the districts have shown increasing trend in
August rainfall. The other good month is October.
Analysis of seasonality index helps to have an idea
about the distribution of the rainfall among the
months and separate the states in diﬀerent rainfall
regimes. In coastal areas, SI is greater than 1.2 indicating the extreme rainfall regime where almost all
the rain occurs in one to two months. Eastern parts
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and western parts (other than coastal regions) have
SI in between 1 and 1.2 indicating a rainfall regime
where most rain occurs in three months or less.
The central parts of the state has seasonal rainfall
regime having four months of rainy season indicating good for agriculture. The most warning situation for the agriculture and water sectors is the
increasing trends in the seasonality index in most
of the districts. Spatial analysis of both the trends
in monthly total rainfall and trends in seasonality
index will help the planners of all sectors depending
on rainfall in identifying the zones in Maharashtra
for better management and planning.
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