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ABSTRACT 

Examining the manifestations and effects of climate change is critically dependent on the 

spatiotemporal analysis of meteorological variables, particularly in areas where agriculture depends 

on rainfall. The present study analyses the change in temperature and rainfall using Mann-Kendall 

and Sen's slope estimator and also identifies the variations in rainfall by using Rainfall Anomaly Index 

(RAI). The main purpose of this study is to assess the variation in climatic variable (temperature and 

rainfall) across the regions of Maharashtra over 50 years (1968-2017) which might be helpful to 

identify strategies that can aid in addressing the consequences of extreme climate events in the future 

and in formulating appropriate region-specific strategies. The trend of rainfall and temperature series 

for the kharif and rabi season revealed a significant increasing trend for maximum and minimum 

temperature, however nonsignificant decreasing trend for kharif and rabi rainfall. The RAI value 

indicates a relatively a greater number of dry periods in Marathwada and Vidarbha region in 

comparison to the Konkan, Western Maharashtra and Khandesh. The findings of the study can be 

useful in developing plans to manage water resources effectively and reduce the adverse impacts of 

droughts basically in the Marathwada and Vidarbha regions.  

Keywords: Agriculture, drought, trend, temperature, rainfall, rainfall anomaly index, Mann-Kendall test, 

Sen’s slope. 

1.  INTRODUCTION  

Increase in global surface air temperature during the recent decades is one of the most sensitive 

issues of recent times. The global mean temperature is steadily increasing and is projected to 

increase by 2 °C until 2100, leading to significant economic damages at the global level [1]. The 

continued growth in greenhouse gas emissions is predicted to cause further global warming and 

climate change, increasing the likelihood of severe and irreversible impacts on people and 

ecosystems [2]. Climate change includes increases in frequency and intensity of extremes events 

have reduced water and food security, hindering efforts to meet Sustainable Development Goals [3]. 

India as a developing country is more vulnerable to climate change. The major reasons behind this 

are its reliance on agriculture, small landholdings, limited financial resources, insufficient technology, 

and inadequate institutions to manage the adverse impacts of climate related shocks [4]. The farming 

community in India is also facing a significant challenge posed by climate change. The alterations in 

climatic variables such as temperature, rainfall, relative humidity, wind speed, and solar radiation 

have both direct and indirect impacts on farm productivity. The summer monsoon precipitation (June- 

September) has a direct impact on the total foodgrain yield during the Kharif season in India. It also 

indirectly affects the Rabi crop yield through water and soil moisture availability [5]. The estimates 



 

 

suggest that climate change is likely to worsen the food and livelihood security, resulting in a 

decrease in yield of major crops by approximately 9-18 % [6].  

Maharashtra state is one of the developed and industrialized state, contributing highest in country’s 

GDP. Despite its progress, around 50% of the area in the state is prone to drought and it faces rainfall 

deficits once in every 5 to 6 years, and severe drought conditions occur once every 8 to 9 years [7]. 

The estimates of rainfall deficiency in the state ranges from 43 to 73 % [8]. Todmal et al [9] in their 

study estimated future projection (2015–2100) for all the meteorological sub-division of Maharashtra, 

which indicated the significant increase in monsoon rainfall by 150–210 mm, except Konkan and 

entire state shows an increase in annual mean temperature (AMT) by 0.5–2.5 0C up to 2050. 

The spatial and temporal analysis of temperature and rainfall is an essential tool to assess the climate 

variability and change in the climate. Although climate change has a global impact, it also affects 

regions and localities differently, highlighting the significance of evaluating trends, making projections, 

and developing localized strategies to mitigate its impact. In order to assess the impact of climate 

change in case of drought event, a study on historical pattern of rainfall is important [10]. Examining 

the time series trends of different meteorological variables is crucial for both adapting to and 

mitigating the adverse impacts of climate change {11]. Therefore, study has been undertaken to 

analyses the changes in temperature and rainfall during 1968-2017 in Maharashtra state by using 

Mann-Kendall and Sen's slope estimator statistical tests. It also assessed the extent of drought 

severity, by using a Rainfall Anomaly Index (RAI), which will be helpful for making regional as well as 

district-level strategies for mitigation and build resilience against extreme climate events.  

2. METHODOLOGY 

2.1. Study area  

Maharashtra is located between 15°35' N to 22°02' N latitude and 72°36' E to 80°54' E longitude and 

occupies the central and western part of the country.  Maharashtra is the third largest state in terms of 

area, encompassing 9.4 % (3,07,731 km2) of the country's landmass [12]. With a population of 

approximately 112 million people, it is the second most populous state in the country [13].  The State 

is divided into five main regions viz., Vidarbha, Marathwada, Khandesh, Western Maharashtra and 

Konkan and four meteorological subdivisions, namely Konkan–Goa, Madhya Maharashtra, 

Marathwada and Vidarbha. Based on rainfall patterns, soil types, and vegetation, state has been 

categorized into nine agro-climatic zones viz., Central Maharashtra Plateau Zone, Central Vidarbha 

Zone, Eastern Vidarbha Zone, North Konkan Coastal Zone, South Konkan Coastal Zone, Scarcity 

Zone, Sub Montane Zone, Western Ghat Zone, and Western Maharashtra Plain Zone [14]. 

Maharashtra’s climate is generally characterized by hot summers, monsoon and then mild winter. 

Cotton, sugarcane, jowar, rice, maize, wheat, bajra, gram, tur, moong, urad, soybean and groundnut 

are the principal cereal crops cultivated in the state [15].  

2.2 Trend estimation  



 

 

A region wise yearly time series data on rainfall and temperature has been collected for 50 years 

(1968-2017) from India Meteorological Department (IMD). The detection of significant trends in time 

series data on climate variables can be calculated using either parametric or non-parametric methods. 

Parametric trend tests necessitate that the data be both independent and normally distributed, 

whereas non-parametric trend tests only require that the data be independent [16]. This study utilized 

two non-parametric methods, namely Mann-Kendall and Sen's slope estimator, examining the 

direction and magnitude of trends in maximum temperature, minimum temperature, and rainfall. The 

Mann-Kendall test is a non-parametric method for detecting trends in time series data. It involves 

assessing the significance of the trend using a normalized test statistic, known as the Z-value. By 

examining the signs of the Z-values, it is possible to determine whether the trend is increasing or 

decreasing. A positive Z-value indicates an increasing trend, whereas a negative Z-value denotes a 

decreasing trend.  

2.2.1 Mann-Kendall trend test  

The Mann-Kendall test statistic is calculated as 

ܵ = ෍ ෍ ௝ݔ)݊݃ݏ − ௜ݔ
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where n is the number observations, xi and xj are the values of climatic variable in time series i and j 

respectively given  j>i 
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. . . . . . . . . . . . . (2) 

If the number of observations is more than 10, Mann-Kendall statistic assumed to follow a normal 

distribution with variance equal to  

ଶߪ =
݊(݊ − 1)(2݊ + 5)

18 				. . . . . . . . . . . . . . . . . . . . . . . . . . (3) 

We can use Z test to test the significance of the trend. The standard Z statistic is computed by using 

following equation, 
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If Zs >Z table value, the null hypothesis is rejected that no significant trend exists in the variable under 

consideration.  

2.2.2 Sen’s slope estimator  

Sen's slope estimator is used to determine the magnitude of the underlying trend by calculating the 

slope, which represents the amount of change in measurement per unit of time. 



 

 

ܳ = ௝ܺ	 − ܺ௞
݆ − ݇ , ݇ ≠ ݆	. . . . . . . . . . . . . . . . . . . . . (5) 

For a time, series X within observations, there are possible N = n (n -1)/2 values of Q that can be 

calculated. According to Sen’s method, the overall estimator of slope is the median of Q's N values. 

The overall slope estimator, Q* is thus:  

                                         ܳ∗	 = 	 ൝
		ܳ[(ேାଵ)/ଶ],																		݂݅	ܰ	݅ݏ	݀݀݋									

ொ(ಿ/మ)ାொ[(ಿశమ)/మ]

ଶ
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	 . . . . . . . . . . . . . (6) 

The Q* represent the trend in data, while its numerical value represents the degree of steepness of 

the trend. 

2.3 Rainfall Anomaly Index (RAI) 

Data on annual precipitation of the five regions viz., konkan, western maharashtra, khandesh, 

vidarbha and marathwada has been collected for 50 years (1968-2017). RAI is basically developed to 

classify positive and negative anomalies in precipitation data. To determine these anomalies, the 

annual rainfall data was arranged in descending order and the ten highest values are averaged to 

establish a threshold for positive anomalies, while the ten lowest values are averaged for negative 

anomalies. The mean of the ten most extreme positive and negative anomalies are assigned arbitrary 

threshold values of +3 and -3, respectively. It uses a scale of numerical values to assign nine 

abnormality classes, which range from extremely wet to extremely dry conditions. Positive anomalies 

are characterized by values above the average, while negative anomalies are characterized by values 

below the average. 

For positive anomalies  

ܫܣܴ = 3	 ൬
ܨܴܰ − ௠ܨܴܰ
ܺ − ௠ܨܴܰ

൰ 

For negative anomalies  

ܫܣܴ = −3	 ൬
ܨܴܰ − ௠ܨܴܰ
ܻ − ௠ܨܴܰ

൰ 

Where, RNF = current yearly rainfall (mm) 

RNFm= yearly average rainfall of the historical series (mm) 

X= average of the ten highest yearly rainfall of the historical series (mm)  

Y= average of the ten lowest yearly rainfall of the historical series (mm) 

3. RESULTS 

3.1 Trend analysis  

In order to analyse the impact of climate variables on crop production, it is important to first 

understand the rate of change and direction of changes in the maximum and minimum temperatures 

over time. Mann-Kendall (MK) test was used to test the significance of trends in temperature and 



 

 

rainfall. Whereas magnitude of trend was computed using Sen’s slope estimator. The results for kharif 

season temperature are presented in Table 1. As evident from the table, the positive sign of Kendall's 

tau statistics indicated the maximum and minimum temperature increased over time in all the regions. 

The annual rate of increment in maximum temperature was found to be highest for Vidarbha (0.0140 

°C) followed by Western Maharashtra (0.0134 °C), Konkan (0.0130 oC), Khandesh (0.0119 °C) and 

lowest in Marathwada region (0.0118 °C). A significant increasing trend was also observed in 

minimum temperature in all the regions, at highest rate in Vidarbha (0.0138 °C) and lowest was 

reported in Khandesh region (0.0109 °C). For overall Maharashtra, it also shows the increasing trend 

for both maximum (0.0126 °C) and minimum (0.0120 °C) temperature. The highest value for maximum 

and minimum temperature was reported by Vidarbha (31.86 °C) and Konkan (23.86 °C), respectively.  

Table 1. Region wise trend in kharif season temperature  

 Tmax Tmin 

Region 
Mean 

(°C) 

Kendall's 

tau 

Z-

Statistics 

Sen’s 

Slope 

Mean 

(°C) 

Kendall's 

tau 

Z-

Statistics 

Sen’s 

Slope 

Konkan 30.50 0.3194 3.26*** 0.0130 23.86 0.3054 3.12*** 0.0113 

Western 

Maharashtra 
29.90 0.3626 3.71*** 0.0134 21.47 0.3283 3.35*** 0.0117 

Khandesh 31.44 0.2835 2.89*** 0.0119 21.54 0.2893 2.95*** 0.0109 

Marathwada 31.53 0.3201 3.27*** 0.0118 21.77 0.3162 3.23*** 0.0117 

Vidarbha 31.86 0.3665 3.75*** 0.0140 22.91 0.3806 3.89*** 0.0138 

Maharashtra 31.24 0.348 3.56*** 0.0126 22.37 0. 346 3.54*** 0.0120 

 

Table 2 demonstrates the trend in maximum and minimum temperature in rabi season. As like kharif 

season, MK trend test result revealed that both maximum and minimum temperature had increased 

significantly.  The rabi season maximum temperature indicated a highly significant (at 1 % level of 

significance) increasing trends for all the regions. Similarly, minimum temperature registered 

increasing trend with 95 % confidence level in all the regions.  Among the regions, Western 

Maharashtra reported the highest rate of warming in terms of both maximum and minimum 

temperature (0.0250°C & 0.0200 °C, respectively).  It was also observed that, across all regions the 

trend of rising temperatures in maximum temperature was greater than minimum temperature. 

Further, konkan regions reported highest maximum (31.69 °C) and minimum (18.86 °C) temperature.  

Table 2. Region wise trend in rabi season temperature  

 
Tmax Tmin 

Region 
Mean 

(°C) 

Kendall's 

tau 

Z-

Statistics 
Slope 

Mean 

(°C) 

Kendall's 

tau 

Z-

Statistics 
Slope 

Konkan 31.69 0.4387 4.48*** 0.0250 18.86 0.2639 2.69*** 0.0196 

Western 30.95 0.4240 4.33*** 0.0250 16.13 0.2751 2.81*** 0.0200 



 

 

Maharashtra 

Khandesh 30.88 0.3652 3.73*** 0.0224 13.64 0.2419 2.47** 0.0171 

Marathwada 31.19 0.3799 3.88*** 0.0224 15.99 0.2424 2.48** 0.0181 

Vidarbha 30.45 0.3440 3.51*** 0.0205 15.12 0.3185 3.25*** 0.0196 

Maharashtra  30.95 0.388 3.97*** 0.0225 15.81 0.263 2.69*** 0.0178 

 

The coastal belt of Maharashtra (konkan region) receives highest mean kharif season rainfall 

(1494.21 mm) with standard deviation of 385.74 mm (table 3). It also depicts the large difference 

between maximum and minimum rainfall.  On the other side, lowest mean rainfall was observed in 

Western Maharashtra (628.44 mm). MK test statistics and Sen’s slope estimates for all the region 

shows a non-significant increasing trend in kharif season rainfall. Maharashtra receives its kharif 

season rainfall mainly from the southwest monsoon and its dependency and variation in monsoon 

rainfall affects the crop production and livelihood of the people. The state is more prone to significant 

climate fluctuations, which have resulted in recurrent droughts leading to agricultural poverty and 

distress as evidenced by the high suicide rates [17].  Similarly, rabi season rainfall also indicated a 

non-significant but decreasing trend (except for Khandesh). The highest mean rainfall for rabi season 

was received by Vidarbha region (44.15 mm) with standard deviation of 38.45 mm and lowest was 

reported for Khandesh (29.17 mm).  

Table 3. Region wise trend in kharif season rainfall (1967-2017) 

Region Minimum Maximum Mean 
Std. 

deviation 

Kendall's 

tau 

Z-

Statistics 

Sen’s 

Slope 

Konkan 761.88 2492.16 1494.21 385.74 0.097 0.99 4.571 

Western 

Maharashtra 
329.78 931.96 628.44 151.54 0.097 0.99 1.155 

Khandesh 341.32 952.24 646.36 143.55 0.064 0.65 1.022 

Marathwada 267.71 1008.86 633.18 148.81 0.104 1.05 1.669 

Vidarbha 476.50 1172.06 802.42 151.89 0.047 0.47 0.570 

Maharashtra   445.34 1192.34 815.80  169.47 0.0857 0.86 1.790 

 

Table 4 Region wise trend in rabi season rainfall (1967-2017) 

Region 
Minimum Maximum Mean 

Std. 

deviation 

Kendall's 

tau 

Z-

Statistics 
Slope 

Konkan  0.18 150.62 28.31 32.10 -0.013 -0.14 -0.020 

Western 

Maharashtra  
0.16 152.76 34.77 33.30 -0.007 -0.08 -0.009 



 

Khandesh 0.30 144.82 29.17 32.49 0.002 0.02 0.008 

Marathwada  0.71 132.28 37.74 28.58 -0.071 -0.74 -0.211 

Vidarbha  1.01 157.17 44.15 38.45 -0.112 -1.15 -0.399 

Maharashtra   1.96   121.42  36.73  30.26 -0.0628 -0.635 -0.161 

 

3.2 Rainfall Anomaly Index (RAI)  

On the basis of Rainfall Anomaly Index (RAI) values 50 years have been categorised into total nine 

categories, viz., extremely wet, very wet, moderately wet, slightly wet, near normal, slightly dry, 

moderately dry, very dry, and extremely dry years as depicted in figure1. The distribution of years in 

all categories are not similar across the regions. The Khandesh region experiences greater 

fluctuations in rainfall and a higher number of years with below-average precipitation of Maharashtra 

state. Over a 50-year period, 13 years are categorized as moderately dry, while 10 years are 

characterized by very wet years. In contrast, only 4 years fall within the near-normal range. On the 

other side, Konkan and Western Maharashtra shows less variation in rainfall, with a greater number of 

years falling within the near-normal category. Specifically, 15 years in the Konkan region and 14 years 

in Western Maharashtra exhibit the near-normal years. The regions of Marathwada and Vidarbha 

experience dry conditions for half of the years, with 25 years of the total considered period falling 

under the categories of slightly dry to extremely dry. On the other hand, only 7 years are 

characterized by near normal levels of rainfall.  

 

Fig 1. Classification of Rainfall Anomaly Index  

Source: RAI classification adapted from Van-Rooy [18] 
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Figure 2-6 illustrates the RAI values over the 50 years period (1967-2017) for Konkan, Western 

Maharashtra, Khandesh, Marathwada and Vidarbha region, respectively. The precipitation in the 

years of 1968, 1971, 1972, 1980, 1982, 1984, 1986, 1987, 1989, 1991 1992, 1999, 2001, 2002 and 

2003 shows dry period across all the regions (RAI < 0). The severe drought (RAI < -3) was faced by 

all the regions with varying intensity in the year of 1972. The maximum RAI values for 1972 is 

reported by Marathwada region (-6.36) followed by Vidarbha (-5.97), Khandesh (-5.60), Western 

Maharashtra (-5.04) and Konkan (-4.26). 

 The RAI values for konkan region varies from -4.26 (1971) to 5.21 (1983). Out of 50 years, 14 

years are under wet period, 15 are normal and 19 were dry periods. The extreme dry period (RAI >-3) 

occurred in 1972, 1985, 2002, 2001, 2012 and extreme wet periods for 4 years in 2005, 2011, 2010 

and 1983. In Western Maharashtra, the dry years was observed for 19 years with 5 severe drought 

years reported in 1972, 2002, 1986, 2003 and 2001 and RAI values for these years are -5.04, -3.67, -

3.64, -3.37 and -3.16 respectively. About 5 years (1975, 2005, 2006, 2010 and 2011) are under 

extreme wet category.  In Khandesh, the dry years observed for 23 years (RAI < 0). Out of these 4 

years recorded extremely dry period in the year 1972, 1991, 2001 and 2002 with RAI value less than -

3. About 4 years (1983, 1988, 2006, and 2010) falls under extremely wet years. Majority of the years 

falls in the dry category followed by wet category and only 4 years shows the normal rainfall years.  

Whereas Marathwada region reported the weak and medium drought for about 25 years with RAI 

values ranges from -0.53 to -6.36. The extreme drought condition occurred in the year 1972, 1984, 

1991 and 2003 (< -3 RAI). Only seven years comes under near normal category. Similarly, Vidarbha 

region reported 25 dry years with 3 severe drought years in 1972, 1984 and 1991. The trend lines of 

moving average over a period of 5 years are not uniform throughout the study period of 50 years. The 

findings of present study highlight the less variations of rainfall in Konkan and Western Maharashtra 

regions. In contrast to this Marathwada and Vidarbha regions can be considered as most vulnerable 

drought zone since it is more prone to drought occurrence for 25 years with a smaller number of near 

normal years during study period of 1967-2017.  

 

 
Fig 2. Rainfall Anomaly Index (RAI) and 5-year moving average analysis for Konkan. 
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Fig 3. Rainfall Anomaly Index (RAI) and 5-year moving average analysis for Western 
Maharashtra.  
 

 
Fig 4. Rainfall Anomaly Index (RAI) and 5-year moving average analysis for Khandesh.  
 

 
Fig 5. Rainfall Anomaly Index (RAI) and 5-year moving average analysis for Marathwada. 
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Fig 6. Rainfall Anomaly Index (RAI) and 5-year moving average analysis for Vidarbha. 

4. DISCUSSION 

The trend analysis over the study period (1968-2017) on temperature series for the kharif and rabi 

season revealed a significant increasing trend for maximum and minimum temperature in all the 

regions. However, nonsignificant decreasing trend for kharif and rabi rainfall. This long-term trend 

suggests that the climate change impact in Maharashtra is primarily driven by the increase in 

temperature and not much by the rise in rainfall. In all the regions rate of change was faster in 

maximum temperature in comparison to minimum temperature which may leads to increase in diurnal 

temperature range. Similar finding was also reported by Dhorde et al [19] that the over the period of 

1969 to 2006, increasing trend of mean maximum temperature and mean minimum temperature on 

an annual and seasonal basis. The rainfall variability across the regions of Maharashtra has resulted 

in a higher frequency of dry periods. Moreover, the study has observed the spatial inconsistency in 

rainfall deficiency across the region has the potential to develop a region-specific adaptation strategy. 

The RAI value indicates a relatively a greater number of dry periods in Marathwada and Vidarbha 

region in comparison to the Konkan, Western Maharashtra and Khandesh. On the similar line Swami 

et al [20] also found that the districts in the Vidarbha and Marathwada regions were at a greater risk 

due to monsoon variability and need immediate attention from policymakers and scientists.  

5. CONCLUSION  

The effects of climate change on agriculture are extensive because it is heavily depending on climate 

and has interconnections with socio-economic systems on a regional, national, and global scale. The 

analysis of variations and trend in climate variable such as temperature and rainfall at regional level 

highlights it’s importance in formulating adaptation and mitigation strategies to cope with adverse 

impacts of extreme weather events at regional level. The present study has undertaken to understand 

the trend and variation for five regions of Maharashtra which are almost similar to the meteorological 

divisions of Maharashtra. The trend analysis of temperature series for the kharif and rabi season 

revealed a significant increasing trend for maximum and minimum temperature for both the seasons, 

however nonsignificant decreasing trend for kharif and rabi rainfall. The findings of the present study 

can be useful in developing plans to manage water resources effectively and reduce the adverse 
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impacts of droughts basically in the Marathwada and Vidarbha regions, which are more vulnerable to 

climate change and dominated by monsoons rainfall. 
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