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Abstract 

The frequencies of extreme climatic events such as floods and droughts have increased over the last few decades. Climatic 

variability manifests itself through variations in different parameters such as precipitation and temperatures that lead to impacts on 

water resources, land quality, agricultural output and quality of life. This study is carried out to analyze the effect of change in 

rainfall pattern and its potential risk on water resources in the state of Maharashtra, India. The Marathwada and Vidarbha regions 

face acute water scarcity and are highly prone to occurrence of drought events due to their topographical conditions and high socio-
economic dependence on variability of climate. In order to understand the associated risk due to rainfall variability, the analysis of 

change in long term rainfall pattern and drought pattern is carried out for these two regions of Maharashtra. Results show that there 

is a decrease in precipitation trend in both these regions. Further, the precipitation trends vary drastically from district to district.    
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I. INTRODUCTION 

Growing population has increased the demand of natural resources such as water exponentially. Further, the subsequent increase 

in water demand, consequent water pollution and impacts of climate change on water resources have made the availability of fresh 

water a concern worldwide. Rainfall is one of the most important factors used for determining the availability of water resource in 

a region. Any rise or fall in the annual average precipitation in a region leads to change in annual average runoff and fresh water 
availability; consequently leading to stresses on factors such as water supply, agricultural productivity and food security among 

others. Change in climate and hydro-meteorological pattern signifies fluctuations in precipitation leading to alternate cycles of 

flood and drought conditions (Kharmeshu, 2012). Studies by researchers have shown large variations in long term spatial and 

temporal precipitation (Folland et al, 2002; Yunling and Yiping, 2005; Singh et al, 2008). Basisthaet.al, (2008) concludes through 

long-term (1901-1980) trend analysis that rainfall has decreased in the Himalayan region during last century; and the shift is sudden 

rather than gradual.  There are numerous scientific evidences on the changing monsoon pattern in India, and in the present scenario 

it is difficult to predict the arrival of monsoon season (Parthasarathy et al, 1988; Ramanathan et al, 2005; Jain and Kumar, 2012; 

Mahajan and Dodamani, 2015). The greater frequency and magnitude of extreme climatic conditions like drought and flood seems 

to be putting pressure on the water availability, food security etc. Therefore, the need to focus on hydro climatic conditions is felt 

for efficient management of water resources, flood and drought management (Mondal et al., 2012). 

II. LITERATURE REVIEW 

Decrease in rainfall, coupled with high rainfall variability has increased the propensity of drought-like conditions in many parts of 

the world. Drought is a natural phenomenon associated with spatial and temporal decrease in rainfall causing water shortages 

(Karavitis et al, 2011). Droughts do not have well defined beginning or end. The extremity or severity of drought conditions in any 

regions depends upon a number of factors such as rainfall, degree of moisture deficiency and duration and size of the affected 

region; among others (Caloiero et al., 2016). The effect of droughts in arid/semi-arid climatic conditionscan be varied, resulting in 

impacts such as crop damages, decrease in ground water level, soil erosion and shortages in water supply, among others. More 

significant effects can be felt in the reduction of agricultural yield and water shortages (Caloiero et al., 2016). Sen and Sinha Ray, 

(1997) have observed a decreasing trend in rainfall in the areas affected by drought in India. In Upper Krishna Basin in Maharashtra 

droughts are occurring with higher frequency. 

 Various methodologies have been used for analysis of hydro-meteorological parameters to take mitigation and adaptation action 

for drought prone regions. In India, several attempts have been made in the past to determine trends in the rainfall at national and 

regional scales (Koteswaram and Alvi, 1969; Jagannathan and Parthasarthy, 1973; Raghavendra, 1974; Chaudhary and Abhyankar, 
1979). Mahajan and Dodamani, (2015) used Mann-Kendall test to analyze the drought trend in seasonal, inter-seasonal and annual 



Climate Variability and Drought Assessment of Marathwada and Vidarbha Regions of Maharashtra  
(IJSTE/ Volume 8 / Issue 5 / 001) 

 

 All rights reserved by www.ijste.org 
 

2 

rainfall pattern at statistical significance at multiple time scales over the Upper Krishna Basin of Maharashtra. According to 

different research studies on meteorological trend analysis, non-parametric methods are most suitable; the Mann-Kendall test 

(Mann, 1945 and Kendall, 1975) being one of the best methods amongst them. To understand the long-term trend in rainfall, 

temperature and other climate parameters in a region researchers preferred Mann-Kendall test (Douglas et al., 2000; Yue et al., 

2003; Jain and Kumar, 2012). From the Mann-Kendall trend analysis of precipitation it can be observed even though insignificant 

change exists for long term period, there some evidence of change in precipitation trend may be found in the datasets (Ganguly et 

al, 2015). The Mann-Kendall test eliminates the effect of serial dependence on auto-correlated data, which modifies the variance 

in datasets (Hamed and Rao, 1998). To analyse the magnitude of trend, the non-parametric method named Sen’s slope is used 

(Sen,1968). This method assumes the trend line is a linear function, where the Sen’s slope values show any rise or fall in the 

variables (Jain and Kumar, 2012). 

 The onset of drought occurs over an extended time period and its impacts are felt for even longer. Therefore, the detection and 

monitoring of droughts is an arduous task. Various statistical and empirical methodologies are used for the analysis and detection 
of drought frequency or occurrence in spatial and temporal basis (Hayes et al, 1999). Analysis of drought occurrence using such 

methods make possible to take more effective mitigation and adaptation measures. Methodologies such as Palmer Drought Severity 

Index (PDSI), Standard Precipitation Index (SPI), Gumble distribution and China Z Index among others are commonly used for 

the same (Wu et al., 2001; Wu et al., 2005; Cancelliere et al., 2006; Livada and Assimakopoulos, 2007). With reference to the 

PDSI method, the SPI is a probability index, developed to give a better representation of abnormal wetness and dryness in the 

rainfall series (Guttman, 1999). The SPI has the capability to analyze, detect and monitor drought occurrences for long time periods 

in a region. The SPI method cab ne used to understand the geographical variations in the drought vulnerability which analyzes 

frequency and severity of drought events at multiple time steps (Sönmez et al, 2005). The use of SPI method provides a better 

representation of the quantification of rainfall variability and correlation with water table fluctuations in shallow aquifers (Khan et 

al., 2008). 

 Kumar et al., (1992) analyzed 100 years meteorological data for north-east, north-west and north-east peninsular India and 
concluded that there is a decreasing trend for rainfall and temperature during the monsoon period. Duhan and Pandey (2013) 

concluded that precipitation has fallen in the entire state of Madhya Pradesh from the year 1978. Studies show that the frequency 

of heavy rainfall events during southwest monsoon have shown an increasing trend over certain parts of the country, whereas, a 

decreasing trend has been observed during winter, pre-monsoon and post-monsoon seasons(Jain and Kumar, 2012). Maharashtra 

is comprised of two agro-climate zones - semi-arid and arid. Approximately four-fifth of the agricultural area of state is rain-fed. 

The two regions of the state - Marathwada and Vidarabha- have experienced severe drought condition in the recent years (between 

2000 to 2015) due to lower than normal rainfall. This has led to low runoff and a drastic drop in groundwater level, causing acute 

water shortages and severe losses of kharif and rabi crops. In lieu of the same, it is imperative to study and understand the climatic 

patterns in the Marathwada and Vidarbha region of Maharashtra. Such studies would assist the government in taking informed 

decision towards adaptation and mitigation measures from climate change impacts. 

III. STUDY AREA 

The current study has been conducted in the Vidarbha and Marathwada region of Maharashtra (Figure 1). The Marathwada region 
has a total geographical area of 64,813 sq. km. and lies between 17035’ to 20040’ North and 74040’ to 78015’ in East. The 

geographical formations of this region are characterized by the Deccan trap. The average elevation of this region varies between 

300 to 650 masl. River Godavari covers  68.6% of the total geographical area of the region. This region has typical tropical hot 

and dry climate. The average temperatures ranges between 200C and 380C, while the average annual rainfall is 80 cm. This region 

is comprised by the districts of Aurangabad, Nanded, Latur, Parbhani, Beed, Hingoli, Jalna and Osmanabad. 

 
Fig. 1: Map showing the study area Marathwada and Vidarbha Region of Maharashtra, India. 
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 The Vidarbha region coveringan area of 45,868 sq. km. lies between 19005’ to 21047’ in North and 75059’ and 79011’ in East. 

This region is bounded by hilly parts of Satpura ranges in the north and Ajanta range in the south. The Vidarbha range is a largely 

fertile plateau. The average elevation of this region varies between 200 and 400 msl. The temperature in this region varies from 

120C to 470C, while the average annual rainfall in the region is 108 cm. The region comprises the districts of Akola, Amravati, 

Bhandara, Buldana, Chandrapur, Gadchiroli, Gondiya, Nagpur, Wardha, Washim and Yavatmal. 

IV. METHODOLOGY 

The annual average precipitation data of all the districts in the study area for the period 1901-2000 was collected from IMD. Mann-

Kendall Test and Sen’s Slope estimator method are used for trend analysis.SPI method was used foranalysis of 

frequency/occurrence of drought. The inter-annual variability of rainfall is analyzed using coefficient of variation. 

 In order to understand past trend of rainfall in both divisions a detailed analysis was carried out using Mann-Kendall test. Mann-

Kendall test is a non-parametric method (Mann, 1945; Kendall, 1975), used for detection of statistically significant trend and nature 

of the long term trend of the rainfall in the regions.  
The Mann-Kendall Statistic S for trend is  

S = ∑ ∑ sgnn
j=i+1

n−1
i=1 (xj − xi)                  [1] 

Where the xi is the actual time data for a time series of i= 1, 2,……………., n.  

Sgn = {

+1 > (xj − xi)

0 = (xj − xi)

−1 < (xj − xi)

                   [2] 

When the data n ≥ 10 the S statistic follows the normal distribution in a series with the mean of E(S)=0 and the variance. 

Var(S) =
n(n−1)(2n+5)−∑ t(t−1)(2t+5)m

i=1

18
              [3] 

where tiare the ties of the sample time series. The test statistics Zc is as follows: 

Zc = 

{
 

 
S−1

√Var(S)
S > 0

0 S = 0
S+1

√Var(S)
S < 0

                   [4] 

 Where Zc follows normal distribution, a positive Zc depicts an upward trend and negative Zc depicts downward trend for the 

period. At significance level α, Zc≥ Zα/2, then the trend of the data is considered to be significant. 
Sen’s slope estimation (Sen, 1968) is anon-parametric method for trend analysis of precipitation data set used to detect the 

magnitude of the trend in rainfall. It is defined as  

Ti =
(xj− xi)

j−k
i= 1,2,………………N                                                  [5] 

Where xj and xk is the data values for j and k times of a period where j>k. the slope are estimated for each observation. Median is 

computed from N observations of the slope to estimate the Sen’s Slope estimator  

Qi = {

TN+1
2

N is Odd

1

2
(TN

2

+ TN+1
2

) N is Even
                 [6] 

When the N Slope observations are shown as Odd the Sen’s Estimator is computed as Qmed= (N+1)/2 and for Even times of 

observations the Slope estimate as Qmed= [(N/2) + ((N+2)/2)]/2. 

 The Standard Precipitation Index (SPI) values for the districts of both divisions of Maharashtra is used to assess the frequency 

of occurrence of droughts of different magnitudes, probability of occurrence of droughts and wet years of different intensities. The 
SPI measures the order of magnitude by which the rainfall in a year departs from the mean value, in terms of number of standard 

deviations. SPI values above +2 indicates extremely wet year and between 2.0 and 1.5 indicates very wet year. On the other hand, 

SPI values below -2.0 indicate extreme drought conditions. Value in the range of -1.50 to -1.99 suggests very severe drought and 

that in the range of -1.0 to -1.49 indicates moderate drought. 

V. RESULTS 

The statistical analysis of rainfall for all the districts (Figure 2 and3) shows that annual average rainfall varies between 698.04 mm 

(Beed district) and 909.98 mm (Parbhani district) for the Marathwada Division, and between 777.33 mm (Buldhana district) and 

1,427.24 mm (Gadchiroli district) for the Vidarbha Division. The districts of Vidarbha division receive more rainfall than those of 

Marathwada division.. Due to the high undulating topography condition in Vidarbha region, the rainfall is converted to surface 

runoff, while in the Marathwada region the conditions are different. Due to the hard rock geological condition, high evaporation 

and more ground water draft people face drought condition in Marathwada region. The rainfall variability (coefficients of variation) 
varies between 24% (Jalna and Osmanabad district) and 30% (Beed, Hingoli, Latur and Nanded district) for the Marathwada 

division and between 21% (Gadchiroli district) and 24% (Akola district) for the Vidarbha division. This implies that the inter-
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annual variability in long-term rainfall is higher in the districts of Marathwada regions than districts of Vidarbha region (Figure 4 

and 5). 

 
Fig. 2 and 3: Mean annual rainfall and rainfall variability receives in the districts of Marathwada and Vidarbha regions of Maharashtra, India 

(Data Source:100 years (1900-2000) districtwise Rainfall Data collected from Indian Meteorological Department). 

 
Fig. 4 and 5: Rainfall variability in the districts of Marathwada and Vidarbha regions of Maharashtra, India. 

 The Mann-Kendal trend analysis is presented in Table 1. It is observed that the seven out of eleven districts of Vidarbha are 

showing declining trend (Bhandara, Buldana, Chandrapur, Gondiya, Nagpur, Wardha & Yavatmal); while the remaining districts 

show an increasing trends for rainfall (Akola, Amravati, Gadchiroli and Washim). In Marathwada, five out of eight districts are 

showing declining trend (Aurangabad, Jalna, Latur, Osmanabad and Parbhani); while the rest show increasing precipitation trend 

(Bid, Hingoli and Nanded). The Bhandara district of Vidarbha region has a significant declining precipitation trend at a confidence 

level (α) of 0.10, 0.05 and 0.01 level of confidence with a magnitude of -2.85 mm/year (Figure 7 and 9). The Nanded district of 

Marathwada region shows significant increasing trend in precipitation at a significance level (α) of 0.10 with a magnitude of 1.43 

mm/year. It is further observed that the Marathwada region in its entirety, shows a significant declining trend in precipitation at a 

significance level (α) of 0.10 with a magnitude of -2.66 mm/year (Figure 6 and 8). On the other hand, in the Vidarbha region it is 

observed that the precipitation trend is reducing with a magnitude of -0.43mm/year, but not significant at  0.01, 0.05, and 0.10 

confidence level. It is observed that the there is a decrease in precipitation in most of the districts in both the regions, due to long 
term shift in climatic patterns. 

 
Fig. 6 and 7: Rainfall trend in the districts of Marathwada and Vidarbha region of Maharashtra, India. 
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Fig. 8 and 9: Change in rainfall per year (Rainfall magnitude) in the districts of Marathwada and Vidarbha region, Maharashtra, India. 

Table – 1 
Trend analysis of annual average rainfall for districts of Vidarbha and Marathwada region of Maharashtra, India. The trend analysis has been 

done using Mann-Kendall analysis and rainfall slope is analysed using Sen’s slope. Results showing Bhandara district of Vidarbha region has a 
significant decreasing rainfall trendat a 0.01, 0.05 and 0.10 level of confidence. Where in  Nanded district of Marathwada region has a 

increasing rainfall trend at a 0.10 level of confidence. Where in other districts of both Vidarbha and Marathwada regions of Maharashtra no 
significant precipitation trend has found at 0.01, 0.05 and 0.10 level of confidence. Whether the other districts of Vidarbha and Marathwada, 

Maharashtra did not have any significant Trend in lower significance i.e. 0.10 . (Data Source:100 years (1900-2000)districtwise Rainfall Data 
collected from Indian Meteorological Department). 

District Region MK Sen’s Slope (mm/year) Trend Significance 

Akola Vidarbha 0.04 0.03 Increasing Trend Not Significant 

Amravati Vidarbha 0.52 0.39 Increasing Trend Not Significant 

Bhandara Vidarbha -3.04 -2.85 Decreasing Trend Significant 

Buldhana Vidarbha -0.62 -0.39 Decreasing Trend Not Significant 

Chandrapur Vidarbha -0.91 -0.93 Decreasing Trend Not Significant 

Gadchiroli Vidarbha 0.21 0.20 Increasing Trend Not Significant 

Gondiya Vidarbha -0.57 -0.71 Decreasing Trend Not Significant 

Nagpur Vidarbha -0.99 -0.90 Decreasing Trend Not Significant 

Wardha Vidarbha -1.14 -1.06 Decreasing Trend Not Significant 

Washim Vidarbha 0.11 0.10 Increasing Trend Not Significant 

Yavatmal Vidarbha -0.27 -0.21 Decreasing Trend Not Significant 

Aurangabad Marathwada -0.12 -0.10 Decreasing Trend Not Significant 

Bid Marathwada 0.73 0.57 Increasing Trend Not Significant 

Hingoli Marathwada 0.41 0.69 Increasing Trend Not Significant 

Jalna Marathwada -0.59 -1.00 Decreasing Trend Not Significant 

Latur Marathwada -1.27 -3.60 Decreasing Trend Not Significant 

Nanded Marathwada 1.77 1.43 Increasing Trend Significant 

Osmanabad Marathwada -0.79 -0.62 Decreasing Trend Not Significant 

Parbhani Marathwada -0.36 -0.46 Decreasing Trend Not Significant 

 The SPI values are estimated for the all districts of Marathwada and Vidarbha division of Maharashtra. The results of the analysis 

are presented in Table 2 and in Appendix 1. It is observed that Akola district has a highest probability of extreme drought condition 

(3%) and ‘moderate drought’ (11%), whereas the other districts of Vidarbha regions have the probability of ‘extreme drought’ 

conditions varied from 1 to 2%. Nagpur, Chandrapur, Buldhana, Gondia and Gadchiroli have a highest probability of severe 

drought conditions ie 9%, 7%, 6% and 5% respectively. In the Marathwada region, Latur district has highest probability of ‘extreme 
drought’ condition (4%), followed by Aurangabad (3%) and Beed (3%).The probability of ‘severe drought’ occurrence is varied 

from 0% to 4% in the districts of Marathwada. Also, the probability of ‘moderate drought’ occurrence is higher in the districts of 

Marathwada.    The analysis points at the districts of Marathwada having a higher chance of extreme drought condition compared 

to districts of Vidarbha region. Further, the result shows that the districts have more chances of dry conditions than wet conditions 

when long-term precipitation is considered. 
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Table – 2 
SPI values (Probability of Drought Occurrence) for the districts of Vidarbha and Marathwada, Maharashtra (Data Source: 100 years (1900-

2000) districtwise Rainfall Data collected from Indian Meteorological Department). 

District Region 
Extreme 
Drought 
(<-2.00) 

Severe 
Drought 

(-1.50 to -
1.99) 

Moderate 
Drought 

(-1.00 to -
1.49) 

Mild 
Drought 

(0 to -0.99) 

Mild Wet 
(0 to 0.99) 

Moderate 
Wet (1.00 
to 1.49) 

Very Wet 
(1.50 to 

1.99) 

Extreme 
Wet 

(>2.0) 

Akola Vidarbha 3 2 11 38 32 6 6 2 

Amravati Vidarbha 1 4 9 41 29 8 6 2 

Bhandara Vidarbha 2 3 9 38 34 5 3 6 

Buldhana Vidarbha 2 6 9 30 34 13 3 3 

Chandrapur Vidarbha 1 7 7 34 38 5 5 3 

Gadchiroli Vidarbha 1 5 10 37 30 11 3 3 

Gondia Vidarbha 1 5 7 41 32 9 1 4 

Nagpur Vidarbha 1 9 6 36 31 9 7 1 

Wardha Vidarbha 2 2 15 34 28 11 6 1 

Washim Vidarbha 2 3 9 40 30 9 4 3 

Yeotmal Vidarbha 1 4 12 34 32 9 5 3 

Aurangabad Marathwada 3 4 10 31 41 3 5 3 

Beed Marathwada 3 2 11 33 34 4 6 3 

Hingoli Marathwada 0 4 13 40 26 9 7 1 

Jalna Marathwada 2 2 16 26 38 12 0 4 

Latur Marathwada 4 0 13 40 29 8 4 2 

Nanded Marathwada 0 3 8 47 24 9 3 6 

Osmanabad Marathwada 1 3 12 36 27 14 5 1 

Parbhani Marathwada 1 1 10 41 31 6 9 1 

VI. CONCLUSION 

The annual precipitation for long-term period has been analyzed for all the districts of Marathwada and Vidarbha region of 

Maharashtra. The rainfall trend analysis helps understand the long-term climatic pattern for the region that would assist to mitigate 

effects of drought and other natural calamities in the region. The precipitation trend shows inter-regional variation.  A declining 

precipitation trend is observed in most of the districts within the study area. In Vidharbha, Bhandara district depicts a significant 

declining precipitation trend and Nanded district of Marathwada region shows significant increasing precipitation trend. The 

analysis of dry and wet conditions using meteorological parameters, such as rainfall is important for drought preparedness. The 

frequency of the droughts has been analyzed for long-term periods for all the districts. The index gives insights for all the districts 

about the nature of precipitation in both dry and wet years which have occurred in the past. Both the analysis provide an important 

tool for drought categorization, which may help to develop a real near time based application for drought alerts in region.  Early 

drought detection measures could play a major role both nationally and globally in reducing vulnerabilities to climate change. 
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