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Droughts are undesirable and highly unwanted form of disasters. It is essential to analyse
the cause of such extreme events and act accordingly to pave the way for a sustainable
future. The present research work conducts a seasonality and trend analysis of rainfall
over the eight districts of Marathwada region. The study is carried out for the last 39
years ranging from 1980 to 2018. The rainfall data pertaining to pre-monsoon season,
monsoon season (Kharif), and annual average have been analysed. The trend has been
estimated using Sen’s slope estimation process along with Mann-Kendal test. It was
determined that the all the eight districts of the region show a negative trend in the annual
rainfall received. Nanded district showed the largest negative trend in the annual rainfall.
Out of eight districts seven districts of the region show a decline in rainfall during the
monsoon season. The district of Nanded showed largest decline in the rainfall received
during monsoon season. The research work presents the discussion on possible causes of
such trends estimated. The research creates a robust foundation of advanced computation

techniques for prediction of droughts.

1. Introduction

Melting of glaciers, frequent droughts, and increase in
regional temperature are some of the climatic changes that are
expected to affect the agricultural scenario of the world [1]. Due
to these adverse climate changes, it has been predicted by the
intergovernmental panel on climate change (IPCC) that these
unfavourable events may lead to scarcity of drinking water and
water resources [2]. As per the panel this scarcity of water
resource might led to drop in per capita freshwater availability.
The effect of this drop would be visible by 2025.

Many researchers in the past have indicated that the change
in climatic conditions will bring both scarcities of precipitation
and increased intensity of precipitation [3-5]. The increased
intensity of precipitation will result in intense flooding, flash
flooding, and higher run-off during the monsoon. As the run-off
will increase the lesser precipitation will percolate. The ground
which is bound to negatively affect the ground water recharge
will subsequently result in falling of water table and lower
volume of water available for anthropometric activities [6].
Prediction of scarcity of water along with prediction of increased
intensity of precipitation indicates that climate change will affect
the precipitation at both local and regional scales.

The research presented in [7] indicated in their research
work that in Asia-Pacific region the agricultural activities are
highly dependent on ground water and monsoon. Thus, depleting
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water table and less precipitation will adversely affect the
cropping system in the region. As the cropping system will be
affected it will lay an effect on yield productivity and the net area
sown under the principal crops in the region [8].

IPCC has also predicted the probability that the global
surface temperature might increase by 5.8°C by the end of year
2021 [2]. Many researchers in the past have worked upon the
sensitivity of the crops to the surface temperature [9,10]. The
study in [11] focused on accessing the probable impact of
temperature rise on the production of wheat in India. They
determined through mathematical modelling that a 10C rise in
temperature is sufficient to drastically reduce the production of
wheat.

Study of rainfall variation in India is of special interest to
researchers for a long time [12]. The research in [13] focused on
studying the variations of climatic parameters in different regions
of India even before the subject of climate change was
prominent. The special interest in studying the rainfall variations
comes from the fact that Indian agriculture is entirely dependent
on rainfall. If the states of Punjab and Haryana is not considered
no state in India has a proper network of canals and channels that
can supply water for irrigation to the farmers. Due to
unavailability of irrigation infrastructure the farmers in India are
dependent on monsoon. If the monsoon performs poorly in any
year, the production of Kharif crops gets affected drastically. It
is due to these monsoon dependent characteristics of Indian
agriculture; it is called ‘Gamble on Rains’.
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The research in [14] focused on determining the rainfall
trend in the North Eastern states of India. They focused on
determining the trend present in the North Eastern states because
these states suffer due to scarce as well as heavy rainfall [15].
The study in [16] concluded that due to inadequacy of the
irrigation system a decreased rainfall results in poor agricultural
production while an increased rainfall always poses a certain
danger of flooding due to Brahmaputra breaking its banks.
Researchers in the past also indicated that monsoon presents a
decreasing trend in the states of Chhattisgarh, Jharkhand, and
Kerala [17]. In recent years, the monsoon in India is weakened
by the El Nino Southern Oscillations (ENSO) especially in the
year 2009, 2015, and 2017 [18]. The ENSO negatively affects
the monsoon over India. This negative effect causes less than
normal rainfall during phases of El Nino.

The Marathwada region of Maharashtra is a drought prone
area [19]. Latur and Osmanabad districts of the region are some
of the worst affected regions of the country [14,20]. In 2016,
numerous full capacity trains only with water wagons were
ferried to Latur to meet the water scarcity of the district [10]. The
year of 2016 was not the first time a Latur district from
Marathwada region, has suffered from severe water shortages in.
Latur has faced droughts in 1980s as well in 1990 [21]. However,
the event of scarcity of water in April 2016 was an extreme event.
The time of the study is selected from 1980 because the region
has shown more susceptibility for getting affected by the drought
since then. The research work thus, tries to determine and
evaluate the trend present in the rainfall received by the districts
of Marathwada region through a time-series analysis for the years
1980-2018.

2. Research Method

The region selected for the study is Marathwada as shown in
Figure 1. The Marathwada region is a group of districts located
in south western region of state of Maharashtra. The region is
comprised of districts namely Beed, Latur, Parbhani, Hingoli,
Jalna, Aurangabad, Osmananbad, and Nanded. The region lies
near to the northern ranges of western Ghant. The location of the
study region has been shown in the map. The region was earlier
known for its sugarcane and cotton production. However, the
region has started to witness increased frequency of below

normal rainfall during monsoon which has reduced the sugarcane
cultivation in the region. Further, the area becomes area of
interest for the study because the district of Latur recently faced
one of the worst water crises in history of Independent India [20].

3. Data

The present study is based on data recorded at 8 stations in
the Marathwada region. The period of the data is from 1980 to
2018 (Last 39 years). The data was procured from the India
Meteorological Department (IMD). The rainfall data used in this
research work was recorded in the stations in the form of direct
observation and was subjected to standard normal homogeneity
test for homogenization. The data contained no missing values.
The trend in the rainfall in the selected districts was estimated on
an annual, pre-monsoon, and Kharif season (main sowing season
in India that begins in June. The season begins with advent of
South West Monsoon making a landfall at Kerala). The pre
monsoon months were selected as March, April, and May. The
Kharif season was selected as June-July-August, and September.

4. Analysis

For the study seasonality index (SI), standard deviation
(SD), coefficient of variance (CV), Sen Slope and Mann-Kendall
test were utilized. The seasonality index helps in determination
of contrast in the rainfall regime. This process is done by
utilization of rainfall monthly distribution data. In other words,
the seasonality index helps in identification of monthly rainfall
variability [22]. The seasonality is a function of mean of monthly
rainfall and mean annual rainfall. The seasonality index is
computed as:

1
SI:X 12

Xy — 24| (1)

12
where, X, is the rainfall calculated for the nth month. A is the
total annual rainfall. Theoretical variations in the seasonality
index can be from 0 to 1.83. If all the months in a year records
equal rainfall, than the ST becomes zero. If all the rainfall occurs
in one month than the SI becomes 1.83 [23]. The SI also suggests
changes in rainfall pattern [24]. The rainfall regimes associated
with the different values of the seasonality index has been shown
in the table 1.
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Figure 1: Study Area: Marathwada region
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Table 1: Rainfall regimes and associated SI (Walsh & Lawer, 1981)

Regimes Seasonality Index (SI)
Very Equable Less than or equals 0.19
Equable, but with a definite 0.20-0.39
wetter season
Ra}ther Seasonal with short 0.40-0.59
drier season
Seasonal 0.60-0.79
M'arked Seasonal with long 0.80-0.99
drier season
Mostly rain in 3 months or 1.00-1.19
less
Extreme, almost rain in 1 to 3 | Greater than or equals
months 1.20

Along with the identification of rainfall regime, SI indicates
towards soil and vegetation characteristics along with
hydrological stress in the region. Rainfall trend analysis can be
performed by using different available parametric and non-
parametric methods [25]. These analyses are in general meant to
analyse the trend present in long term dataset. However, these
techniques are also used to determine trend in short-term data
series [26]. These short-term data series can be truncated to ten
data points. The restriction associated with the use of parametric
test in the trend determination is that the data points in the time
series should follow a distribution. Non-parametric tests do not
pose such restrictions and are minimally affected by any outliers
present in the dataset. In the present work the trend present in the
rainfall data was analysed using Mann-Kendal test and the Sen-
slope estimates. The slope estimates were determined using Sen-
slope estimation process. The Mann-Kendall tests are widely
utilized for determination of trends which are monotonous in
nature in the non-cyclic data sets [27]. The wide popularity in
determining the trend present in the rainfall data using Mann-
Kendall test is due to because Mann-Kendal test does not require
a particular distribution. Another important characteristic of
Mann-Kendal test is that it is least sensitive towards in
homogeneity present in the time series [28]. The time series is
thus assumed to obey the following model.

xi = f(ti) +et @)

where, f(t)is the monotonic decreasing or increasing function of
time; the residual is represented by et. It is also assumed further
that the variance of the distribution is constant in time. Further, it
is also assumed that the autocorrelation in the data set is zero
[29].

The estimate of slope which is denoted by Q is
calculated by the following process [30].

Firstly, the slope between all pairs of data values is
determined. The procedure for the same is as follows.

Xj

Q; = ;E“ fori=1,2,3, ... k 3)

where, x; and x,, are the data values at time j and k (j>k).

In time series that contains n values the N would be
determined using
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N =n(n-1)/2 @)
Where, N is the no of iterations and T is total observations.

The N values are arranged in ascending order before the
application of T in the equation presented below. Estimator of
Sen’s slope is representative of the median of these N values of

Qi
The Q is thus given by,

If N is odd, Q = Tn+1y2 5)
If N is even, Q = % (T + Tni22)

Normal distribution is applied for determination of two-
sided confidence interval related to the estimation of the slope.
In the dataset of the time series the downward or the decreasing
trend is indicated by the negative value of Q, while an upward or
increasing trend is determined by positive value of Q. The Mann-
Kendal test null hypothesis assures that the data series had
normal distribution. A significance level of 0.001 has been used
for the testing-module. These characteristics correlate to the fact
that a probability of 0.01% exists for the randomness in the time
series data. Similarly, if the significance level is kept as 0.05 then
it is assumed that there exists a 5% of probability that the values
of the time series are from random distribution. The Mann-
Kendall test statistics S is determined using the formula [31].

S=Xk=1 Xjks1 Sgn(x; — xi) (6)

lifxj—x, >0
Oifx]-—xk=0 (7)
—1lifxj—x, <0

sgn(xj - xk) =

The number of data points in the time series under
consideration is denoted by n and xy, X; are the rainfall sum in
the year j and k respectively. Here, the j™ value is greater than the
k™ value. The present work fixes the significance level as 0.05
for the test. Since the number of data points would be greater
than10 the distribution of S was approximated using a normal
distribution. The estimation of trend line was done using linear
regression method [32]. In this research work slopes that are of
significant nature at significance level of 5% has been marked
with*. Slopes that are not of significant nature are not marked
with any sign in the result tables.

5. Results

The results of the present study are as follows:
5.1. Seasonality Index

The results of the seasonality index (SI) have been presented
in the table 2. The SI reveals that Beed, Latur and Osmanabad
face frequent long drier season (SI ranging between 0.8 - 0.99,
are marked by red colour cells). In these districts the long drier
season occurred for 11, 13 and 9 times respectively in 39 years.
Parbhani, Hingoli, Jalna, Aurangabad, and Nanded also face long
drier season but in these districts the occurrence of long drier
season is less as compared to the rest of three districts. The
district of Nanded faced least number of long drier seasons in last
39 years. The SI in the Nanded district for most of the years is
greater than 1 which indicates that the district receives rains in
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almost three months or less. The district of Latur faced two
consecutive long drier seasons in last 39 years. The first occurred  years from 1987 to 1992 and from 2002 to 2006.
from 1985 to 1987 and the second occurred from 2013 to 2015.

Table 2: Seasonality Index for the last 39 years for Districts of Marathwada Region

Further, the district of Latur faced long drier season in alternate

Year Beed Parbhani Hingoli Latur Jalna Aurangabad Osmanabad Nanded
1980 1.21 1.07 1.3 1.19 1.25 1.24 1.25 1.24
1981 1.15 1.03 1.02 1.24 1.16
1982 1.05 1.06 1.05
1983 1.17 1.04 1.19 1.15 1.24 1.12 1.17
1984 1.11 1.04 1.11 1.07 1.24 1.1 1.11 1.09
1985 1.09 1.09 1.07 1.1 1.15 1.05 1.03
1986 1.1 1.28 1.14 1.15 1.22 1.11 1.07
1987 1.18 1.12 1.22 o [ 103
1988 1.26 1.24 1.27 1.05 1.09 1.19 1.16
1989 1.14 1.39 1.2 1.11 1.09 1.2 1.08 1.22
1990 1.06 1.03
1991 1.27 1.33 1.09 1.25
1992 1.14 133 1.15 1.01 1.13
1993 1 1.04 1.15 1.01 1 1.05
1994 1.16 1.05 1.01 1.02 1.11
1996 1.17 1.08 1.14 1.1 1.12 1.1 1.16
1997 0.75 1.13 0.71 1.12 0.76 0.78
1998 1.1 1.31 1.04 1.07 1.12 1.08
1999 1.05 1.2 1.14 1.07 1.09 1 1.13
2000 1.2 1.17 1.37 1.13 1.09 1.12 1.11 1.2
2001 1.2 1.23 1.23 1.14 1.12 1.13 1.17 1.2
1 1.26 1.13 1.17 1 1.25
1.13 1.25 1.17 1.04 1.01 1.18
1.13 1.07 1.04 wl 2 TN
1.31 1.12 1.12 1.2 1.16 1.11
1.21 1.17 1.2 1.11 1 1.19
1.26 1.11 1.22 1.15 1.23
1.13 1.22 1.24 1.14 1.22
1.02 1.24 1.05
1.05 1.01 1.07
1.15 1.26
1.13 1.15
1.01 1.01
0.79 1.08
. 1.05
2016 1.12 1.27 1.12 1.07 1.05 1.2 1.09 1.09
2017 1.14 1.2 1.15 1.1 1.2 1.15 1.1 1.1
2018 1.18 1.11 1.33 1.05 1.15 1.23 1.19
5.2 Rainfall Trend ?urangaba 680.22 156.01 _1.787 -0.70
The trend in the annual rainfall for the various district of 73772
Marathwada regions has been shown in the Table 3. Osmanabad 4 193.05 0.021 0.00
Table 3: Annual Rainfall Trend Analysis for the last 39 Years (1980-2018) Nanded 985.91 311.88 -5.60* -1.65

Standard Sen’s Mann
s Mean e Slope Kendall
District (mm) Deviatio (mmiyear | (mmiyear
n (mm) ) )
Beed 745.33 187.45 -1.962 -0.75
Parbhani 872.20 246.12 -6.090 -1.62
Hingoli 903.80 250.53 -4.771 -1.28
Latur 814.83 210.11 -0.460 -0.12
Jalna 747.47 167.87 -1.703 -0.53

WWww.astesj.com

*Statistically significant at 5%, Significance tested using MK Test.

The mean rainfall in the Beed district was observed as
745.33 mm from 1980 to 2018. The annual rainfall in Beed
district years shows a negative trend for the last 39 in the annual
rainfall. The Sen’s slope determined for the annual rainfall
received by the district in the last 39 years is -1.962 mm/Year.
The mean rainfall in the Parbhani district was observed as 872.20
mm from 1980 to 2018. The annual rainfall of Parbhani for the
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last 39 years shows a negative trend. The Sen’s slope determined
for the annual rainfall received by the district in the last 39 years
is -6.090 mm/Year. The mean rainfall in the country’s one of
most severely and frequently drought affected district Latur was
observed as 814.83 mm from 1980 to 2018. The annual rainfall
trend in Latur district shows a negative trend for the last 39 years.
The Sen’s slope determined for the annual rainfall received by
the district in the last 39 years is -4.771 mm/Year. The mean
rainfall in the Nanded district was observed as 985.91 mm from
1980 to 2018. Out of the 8 selected districts. Nanded received
highest mean annual rainfall during the last 39 years. The annual
rainfall in Nanded district for the last 39 years shows a negative
trend. The Sen’s slope determined for the annual rainfall received
by the district in the last 39 years is -5.60 mm/Year which was
statistically significant negative trend.

The pre-monsoon season holds special importance in the
Marathwada region known for its water intensive crops such as
sugarcane [33]. Industries in and around the Marathwada region
are also known to use water intensively. These industries include
the sugar mills and the cotton dying industries. Real-estate
activities are also on the rise in the region [34]. Traditional
construction approach adopted in the region requires excessive
use of water for curing of concrete and the wall plaster. The
demand for the sugarcane increases in summer season due to
fresh juice stalls and sugar mills boost their production to stock
the sugar for the upcoming festive seasons [35].

Farmers use excessive water in the fields during pre-
monsoon season in order to increase the brix content of the crop
and inter nodal gap in sugarcane [4]. Farmers in the region
typically use drenching method of irrigation which also accounts
for loss of precious water reserves [36]. Such anthropogenic
activities require intense water and may pose a certain threat to
the water availability in this already drought susceptible region
of the Maharashtra state. From table 4, it is evident that Pre-
monsoon rainfall trend is positive for all the 8 districts under
consideration. The districts of Jalna and Aurangabad show a
positive trend in the pre-monsoon rainfall, but the trend
determined is minuscule. Largest positive trend in the pre-
monsoon rainfall was observed for the Osmanabad district. The
increasing positive trend is beneficial for the water intensive
crops sown in the district.

Table 4: Pre-monsoon Rainfall Trend Analysis of last 39 Years (1980-2018)

o Mean Star}dqrd Sen’s Mann

District (mm) Deviation Slope Kendall
(mm) (mm/yr) | (mm/yr)

Beed 31.86 29.81 0.295 0.69
Parbhani 27.67 28.30 0.192 0.77
Hingoli 22.02 24.33 0.108 0.31
Latur 43.82 33.28 0.393 0.95
Jalna 20.76 24.23 0.017 0.08
Aurangabad | 16.55 23.58 0.049 0.55
Osmanabad | 36.92 29.72 0.485 1.63
Nanded 29.82 31.34 0.254 1.27

However, the positive trend determined for the pre-monsoon
rainfall in the districts was not statistically significant.

The monsoon season is the time to sow the Kharif crops.
Kharif crops are known to be water intensive. Farmers in the
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region have a strong affinity for the sowing water intensive crops
in the region. Scarcity of water in the germination and early
development stage results in osmotic stress [37]. Such stress
exploits the growth of the crop. Farmers are known to sow crops
like cotton and groundnut in the early monsoon season. Water
intensive crops like sugarcane are sown in the middle of the
monsoon season so that the crop can be harvested by March to
May [38]. Therefore, good monsoon is essential for the
Marathwada region from agricultural perspective. Table 5
depicts that the highest mean rainfall in the monsoon season was
received by Nanded district. The district of Aurangabad and
Osmanabad received mean rainfall of 557.71 mm and 571.12
mm, respectively. Latur which is one of the drought susceptible
districts of the country received a mean rainfall of 656.82 mm in
the monsoon season. Sen’s slope estimate shows the negative
trend in the rainfall received by the districts during monsoon.

The district of Beed shows a negative trend of -0.956
mm/Year. The district of Parbhani shows a negative trend of -
2.809 mm/Year. The district of Nanded shows the highest
negative trend of -3.996 mm/Year followed by the district of
Hingoli which shows a negative trend of -3.154 mm/Year. Only
the district of Latur shows a positive trend of 0.458 mm/Year for
the rainfall received in monsoon season. The negative trend in
seven out of eight districts of region is bad from the perspective
of sugarcane producers of the region. Figure 2 shows the trend
obtained for the rainfall received by the districts in the monsoon
season.

Table 5: Kharif Rainfall Trend Analysis of last 39 Years (1980-2018)

o Mean Staqde}rd Sen’s Mann

District (mm) Deviation Slope Kendall

(mm) (mm/yr) | (mm/yr)
Beed 609.66 179.318 -0.956 -0.34
Parbhani 744.89 229.24 -2.809 -0.77
Hingoli 792.54 227.45 -3.154 -0.90
Latur 656.82 191.40 0.458 0.19
Jalna 620.59 152.30 -1.385 -0.60
Aurangabad | 557.71 131.31 -1.669 -0.68
Osmanabad | 571.12 167.68 -0.266 -0.05
Nanded 836.07 274.27 -3.996 -1.23

From the analysis of annual and monsoon rainfall received
by the districts it is evident that the scarcity of the rainfall in the
region is on the rise. Seven districts of region showed a negative
trend in the annual rainfall received while seven out of eight
districts of the region showed a negative trend in the rainfall
received in the monsoon season.

6. Discussion

The Thar Desert and adjoining areas of central and northern
subcontinents heat up during the summers. This creates a void.
To fill up the void the air from the Indian ocean rush into the
mainland. The air is laden with moisture picked up from the
ocean surface. The Himalayas regulates the air-flow and prevent
its influx into the central Asia. As the wind rises, precipitation
occurs and India receives rainfall [39]. This rainfall season is also
known as the Southwest (SW) monsoon. Marathwada region of
Mabharashtra state receives the SW monsoon. The period of SW
monsoon starts from June and
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Figure 2: Monsoon rainfall trend from 1980 to 2018 for districts of Marathwada

ends in early to mid of October. The SW monsoon is considered
as the principal rainy season in India. Nearly, the whole country
receives rainfall during this period. The Southwest monsoon
accounts for nearly 75% of rainfall in the country and thus
agrarian activities are dependent on it [40].

The SW monsoon is important from India’s agricultural
perspective. India does not possess any significant irrigation
network. Only the states of Punjab and Haryana have proper
irrigation infrastructure in place [41,42] Agriculture of rest of the
country either survives on monsoon or depends upon the ground
water source [43]. It is due to this high dependency on the
monsoon, Indian agriculture is often referred as gamble on rains
[44].

The characteristics of Indian agriculture is such that the
farmers’ despite being heavily dependent on rains sow water
intensive crops on large scale in the Kharif season (monsoon).
Such crops are Paddy and sugarcane. Paddy is prominently
grown in the central and eastern regions of India such as
Chhattisgarh and West Bengal while Sugarcane is a prominent
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Kharif crop of Maharashtra which belongs to western region of
India. These crops are sensitive to climate change as it causes rise
in temperature, and water scarcity [6]. These effects along with
ENSO bring in uncertainty over the amount of rainfall [45]. Thus,
climate change poses a certain threat to the Indian agriculture.

From the analysis, it is evident that amount of rainfall in the
districts of Marathwada is decreasing. Declining trend was
determined for the annual rainfall in all the districts. Farmers in
the region are known to produce sugarcane. The sugarcane
demands for extensive irrigation for increased brix content, grass
weight, and larger node to node distance. With the decreasing
rainfall in the region, the farmers are facing a loss in the
production. The average productivity of sugarcane crop in the
Marathwada region is 50 tonnes per acre while the average
productivity of the crop in the state of Maharashtra is 80 tonnes
per acre [46]. Thus, it can be concluded that decline in the rainfall
in monsoon season (Kharif) is projecting its effect on the
productivity of the crop in the region. Absence of irrigation
infrastructure in the region results in utilization of ground water
by the farmers for the irrigation purposes. This activity further
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adds up to the woes of the farmers itself. With decline in rainfall
the percolation of water during the rainy season also declines
which restricts the recharge of the water table [47].

Utilization of ground water in such cases only degrades the
water table. Farmers who are not sowing sugarcane are also
facing the effects of decreased rainfall. In recent years farmers of
the Latur district had to re-sow their crops because of the long
drier season [48].

It is being observed that along with annual rainfall the
monsoon rainfall is also depicting a negative trend. The trends
are huge for districts like Hingoli, Parbhani, and Nanded. Latur
and Osmanabad are the districts that are already receiving less
amount of rainfall. In such cases, when the amount of rainfall
received is declining the farmers should shift from the sugarcane
crop to less water intensive crops. Agriculture activity of such
crops is an anthropogenic activity that is adding to water crisis of
the region. The seasonality index indicates that Latur frequently
faces long drier seasons.

The inferior quality of soil in the Udgir, Ausa and Ahmedpur
taluka of the Latur district becomes hard during the long drier
seasons which along with steep terrain of the region restrict the
percolation of water during the rainy season thus further
restricting the ground water recharge. Agriculture is not the only
anthropogenic activity that are creating water crisis in the region.
Jhum style or the shifting style of agriculture is also prominent in
the region. Illegal encroachment of forest land is common in the
region. The land is cleared by burning the vegetation present [1].
The burning of vegetation leads compressed temperature
difference between the land and the Indian Ocean [49]. This
reduction in the temperature between land and sea restricts the
draft of air from the ocean that further decreases the rainfall
amount. Sugarcane crop not sold to the sugar mills is crushed
down in makeshift factories to produce Jaggery and country
liquor.

The bagasse is used as a bio-fuel for production of heat
needed for making jaggery and liquor. The burning of such bio-
fuels is a prominent activity in the region [50]. Although bagasse
is low in sulphur content but burning it on a large scale releases
ample amount of sulphur dioxide, greenhouse gases and nitrogen
oxides into the atmosphere [51]. These emissions further reduce
the difference between land and ocean temperature and thus acts
as a weakening force for the monsoon system. The warming of
Indian Ocean is also leading to rainfall woes in India. The
warming of Indian Ocean is leading to decrease the difference
between ocean and land temperature. This further reduces the
rainfall received by the region. Warming of Indian ocean also
results in the occurrence of extreme events [52].

The extreme rainfall event in the districts of Latur and
Nanded has been credited to the warming of Indian Ocean [53].
Occurrence of such extreme rainfall events in the backdrop of
reducing monsoon might lead to sequence of catastrophic events
such as loss of livestock, poverty, and agrarian crisis.

7. Conclusion and Future Scope

Drought is an extreme event which has exponentially grown
in numbers affecting countless lives and resources’ availability.
The prominent challenge is experienced by Suryaputra countries
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falling under International Solar Alliance like India, Brazil,
Australia and South Africa. This creates an alarming issue for a
necessity of studies that can assist in eradicating such treacherous
events. The region of Marathwada has been a pivotal region
prone to such events. All the districts of the Marathwada region
of the Maharashtra state are witness a decline in the annual
rainfall. The decline in the annual rainfall was largest for the
Nanded and Parbhani district. The decline of the annual rainfall
in the Nanded district was found to be statistically significant.
Out of eight districts seven districts of the region have witnessed
a decline in the monsoon rainfall over the last 39 years.

The seasonality index calculated indicates that Latur, Beed,
and Osmanabad are the drier districts of the region which
receives rainfall in more than 3 months. The negative rainfall
trend observed might pose a threat to the highly monsoon
dependent agriculture of the region. The farmers of the region
therefore should migrate from sowing water intensive crops to
less water intensive crops such as Sorghum and pearl millet.
Sugarcane can also be replaced with less water intensive
mandarin which is a less water intensive cash crop. In cases
where the farmers are not able to shift to other crops irrigation
management system such as irrigation through drip irrigation and
rain pipes should be implemented. If negative trend in the rainfall
is not effectively managed through change and control of
anthropogenic activities the region of Marathwada might enter
advanced phases of agrarian crisis which might also lead to the
collapse of the agriculture system of the districts comprising it.

The study presented rainfall and seasonality trends which
portrayed the topographical and climatic conditions of the
districts of Marathwada region. Based on the analysed dataset of
39 years, it can very well be inferred that a spatial time-series
analysis yields fruitful information regarding the aspects,
characteristics and trend analysis which acts as dominant
prerequisites for advanced computation techniques to be
deployed for analysis and prediction of droughts in the upcoming
years.
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