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Abstract

:

In recent years, semi-arid regions of India, especially Marathwada, have been continuously under the grip of drought. Increasing water scarcity and depleting ground water levels have accentuated the agrarian crisis with an increased number of farmers committing suicide in this region. To understand this issue, the present paper deals with the roots of the drought severities concerning the summer monsoon rainfall and changing crop types over the districts of the Marathwada region, India, from 1996 to 2018. In this study, drought severities were quantified using station-based rainfall, groundwater level, and crop data (10 most cultivated crops) collected from various national agencies. The increasing rainfall trends over the Latur, Beed, and Aurangabad districts depict positive signs for agriculture. In contrast, other districts were under decreasing rainfall trends, but these declining rates were not statistically significant. The alarming fall of ground water level from 4 to 5 m during the considered period was noticed over most of the region, which is a cause for concern. The significant changes in agricultural practices from low-water-requirement crops such millet (bajra), sorghum (jowar), and wheat to high-water-requirement crops such as sugarcane and cotton were observed over Beed, Latur, Osmanabad, and Parbhani. An increase in the yield of cash crops demands an augmented water supply, which is becoming responsible for the rapidly declining ground water level. Therefore, this study claims that more than rainfall vagaries, the severe impact of droughts is a reflection of changing agricultural practices and poor management of water resources.
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1. Introduction


During the past few decades, water crises have increased widely in various parts of India [1,2]. Water scarcity has escalated to become one of the annual hazards in the majority of the arid and semi-arid regions of the country [3]. In Northwestern India, the water table is unremittingly declining due to overconsumption of ground water [4], which is also evident in Maharashtra, where more than a thousand farmers have attempted suicide because of severe agrometeorological drought and unavailability of water in the years 2014–15 [5]. In general, these hazardous effects due to water deficits have been attributed to the Indian summer monsoon vagaries or some other changing climatic events [6,7]. It is also observed that poor management of water resources, anthropogenic activities, and the absence of effective governmental policies hinder the water problems to a major extent [8,9].



The semi-arid part of Marathwada is one of the most drought-prone regions of India. In recent years, over the Marathwada region, the increasing severity of droughts and their adverse impacts on socioeconomic conditions have been of major concern [10]. Due to Marathwada’s physiological state and undulating terrain properties, it has become highly vulnerable to agricultural production and monsoon rainfall. Pulses, wheat, oilseeds, jowar, and bajra, were the major crops over the past decades, which are now replaced with highly water-intensive crops such as cotton, maize/corn, sugarcane, and rice [11,12]. Nowadays, it is observed that farmers throughout the region of study prefer to grow easy-to-grow and cash crops, e.g., wheat, rice, corn, soybean, sugarcane, and cotton to increase their income. In the Marathwada region, over the last three decades, ground water withdrawal and drilling for agricultural activities have dried many of the freshwater sources and bore wells [13]. Many of the villages of Marathwada are now called ‘Tanker villages’ due to the regular water supply by tankers, whereas freshwater politics has also become a critical issue [9]. Most of the area of Marathwada is under rain-fed agriculture. Therefore, summer monsoon rainfall plays a major role (70 to 80%) in this region’s overall agricultural production and other agroeconomic conditions [14].



In terms of long-term rainfall trends, a mixed trend in rainfall was noticed by various studies [15,16,17] throughout the country, in which Marathwada has observed a non-significant decreasing rainfall trend (−2.05 mm) since 1981 [17]. The study carried out by Raghavendra [18] to understand long-term rainfall trends at smaller spatial scales of the Maharashtra state (after 1901) depicted the decreasing trends in rainfall every month, but these trends were not statistically significant. Some studies reflected this declining rainfall trend as a reason for brutal droughts and its crucial impacts on Marathwada [3,19]. On the other hand, some studies also claim that the shift in agricultural practices and poor management of water resources were the main reasons for high water scarcity and farmer suicides during the drought years [8,9,20,21].



Although 2014–15 was a brutal drought year in Marathwada, the cultivated area was almost 100% of the total normal [22]. Kulkarni et al. [8] studied that the aftermath of the water crises of the 2014–15 drought was harsher than the calamitous drought of the year 1972 over Marathwada. They also reported an increase in the total area growing sugarcane in Maharashtra from 1.67 lakh ha in 1970–71 to 10.48 lakh ha in 2014–15.



The studies by Kulkarni et al. [8] and Bhat and Revi [9] suggest that climatic variability is not the only reason behind the intensive drought, but the cultivation of high-water-requirement crops, its factory-based post-processing, and depletion of ground water levels also plays a significant role in the enhancement of drought effects. Therefore, the present study sheds light on the climatic and agricultural causes of enhancing the severity of droughts over Marathwada. In this study, we have thoroughly analyzed the various significant roots of drought severities, i.e., the summer monsoon rainfall cycle, ground water levels, and crop yield over the ‘Marathwada’ region of Maharashtra, India. Through this study, for the first time, an attempt is made to correlate anthropological facts and climatic parameters together to analyze the increasing drought severities over the semi-arid regions of India. The current study can be referred to and implemented to come up with the actual reasons for the increasing brutality and effects of drought over the various parts of the drought-prone regions of the world.




2. Methodology


2.1. Study Area and Data


Marathwada is one of the driest semi-arid regions of India, infamously known for its farmer suicides due to extensive drought conditions. The Marathwada meteorological subdivision lies on the leeward side of the Western Ghats, Maharashtra, India. Therefore, due to its position on the leeward side and physiology, the rain shadow zone makes Marathwada highly vulnerable to rainfall.



Marathwada consists of eight districts named Aurangabad, Jalna, Beed, Parbhani, Hingoli, Osmanabad, Latur, and Nanded. The latitudinal extent of Marathwada is 17°35′ North to 20°41′ North while the longitudinal expand 74°40′ East to 78°16′ East (Figure 1). The geographical area of the Marathwada is 64,590 km2 with annual rainfall between 600 to 800 mm. Around 80% of the rainfall is received during the southwest monsoon season (June to September). The maximum temperature in the range of 41 °C to 44 °C is observed in May, while December is recorded with the minimum temperature in the range of 11 °C to 13 °C. Except for the monsoon season (June to September), the region observes extremely hot and dry weather throughout the year.



The present study analyzes district-wide monthly rainfall data from 1981 to 2018 for the rainfall trends. The rainfall data were collected from the Indian Meteorological Department (IMD) Pune, and missing values in the data were filled in from the Indian Institute of Tropical Meteorology (IITM) database. Standard normal homogeneity test [23] and Double mass curve [24] were adopted for the homogeneity testing of the rainfall data. The results of both tests confirmed the homogeneous and reliable nature of the data. Ground water data were collected from the water resources information system of India from 1996 to 2018. State- and national-level agricultural authorities released season-wide (Kharif, Rabi) crop production data sets which were the primary source of agricultural information for the different crops from 1996 to 2018.




2.2. Techniques Used


2.2.1. Trend Analysis


The trends in precipitation, crop pattern, and ground water have been computed using the linear regression model, t-test, and Mann Kendal rank test [25,26]. These statistical tests are widely accepted and used by various researchers [27,28] to analyze the trends in different climatological parameters.



The linear regression model is expressed as Equation (1),


  y = a + b x  



(1)




where y is the dependent variable, and x is the independent variable. ‘a’ represents the intercept value, whereas ‘b’ is the rate of change per unit of time. The non-parametric Mann–Kendal rank test shows the monotonic nature of increasing or decreasing trends, in which statistical significance was studied at 95% and 99.9% confidence levels.




2.2.2. Crop-Yield Analysis


The accurate analysis of crop yield is essential for farmers for crop delivery estimates, crop insurance, planning harvest, and financial budgeting [29]. There are several methods to calculate crop yield, but it is generally defined and majored as production per unit of a specific area [30], as shown in Equation (2).


  Yield = Tonnes / Hectare  



(2)







In this study, we have considered ten highly cultivated and maximum-yield-producing crops from Marathwada for analysis. These crops were grouped concerning their water necessity under the high- and low-water-requirement categories (Table 1) [31,32]. The variations in crop yield were studied using the linear regression method and the Mann–Kendal rank test.






3. Results


3.1. Summer Monsoon Rainfall Trends


The trend analysis methods analyzed the increasing and decreasing behavioral changes in rainfall. All over the world and India in particular, various trend analysis studies [33,34,35] have noted climatic regime shifts in rainfall after the year 1980. Therefore, we have considered rainfall trends from 1980 onward. This study has been carried out at the district level and for the study area as a whole.



In general, a decreasing rainfall trend with an annual mean of 662.9 mm/year was noticed from 1981 to 2018 over the whole of Marathwada, but it is also observed that this declining rainfall trend was not statistically significant (Table 2) (Figure 2). Half of the districts of Marathwada witnessed a slight increase in the whole monsoon (JJAS) rainfall after the year 1981. The non-significant positively inclining trends in rainfall were detected over Latur (+0.74 mm/year) and Beed (+0.034), followed by Jalna (+0.021 mm/year) and Aurangabad (+0.021 mm/year). All other districts, i.e., Nanded, Parbhani, Osmanabad, and Hingoli, were under non-significant decreasing rainfall trends. For monsoons (JJAS), the maximum decrease in rainfall was noticed over the Nanded district (−0.306 mm/year), followed by Osmanabad (−0.041 mm/year) and Parbhani (−0.041 mm/year) (Table 2). The years 1982, 1987, 2002, 2009, 2014, and 2015 were noticed as severe drought years from 1981 to 2018 (Table 3).



The monthly variations in rainfall play a significant role in agricultural activities and society’s water demand [36]. Therefore, we have also studied monthly (JJAS) disparities in monsoon rainfall over Marathwada. All the monsoon months (JJAS) examined the mixed nature of rainfall trends from 1980 to 2018. Compared to other monsoon months, July rainfall contributed more (28.29%) to the overall rainfall, whereas September (24.05%) and June (20.48%) months observed the highest rainfall variability. None of the districts for any monsoon month have experienced any significant increase or decrease in rainfall.



The month of June observed declining rainfall trends for all the districts, among which the maximum decrease was over Osmanabad (−0.302 mm/year), Parbhani (−0.246 mm/year), and Jalna (−0.244 mm/year) (Table 2). Over Marathwada, most of the sowing activities are carried out in June. Therefore, these decreasing rainfall trends for all the districts in June are a significant concern for agriculture.



In July, except for Nanded (−0.020 mm/year), all other districts were under non-significant increase. The maximum increase was observed over Osmanabad and Latur, followed by Beed and Parbhani (Table 2). Increasing rainfall in July is a good sign of water availability for agriculture in its growing stages.



Over August, five districts noticed increasing rainfall trends in which Beed (0.219 mm/year), Latur (0.156 mm/year), and Jalna (0.137 mm/year) were the districts with a maximum increase. Parbhani (−0.024 mm/year), Nanded (−0.280 mm/year), and Hingoli (−0.072 mm/year) were the districts with decreasing rainfall trends, but the rate of decreasing trends was negligible. In September, all the districts were under a decreasing rainfall trend. The maximum decreasing rate was observed over the districts of Beed (−0.209 mm/year) and Osmanabad (−0.209 mm/year) (Table 2).




3.2. Variability in Agricultural Practices


3.2.1. Low-Water-Requirement Crops


From the year 1996 onwards, decreasing and increasing over most districts in the yield of low-water-requirement crops (jowar, bajra, wheat, safflower, and udad) and high-water-requirement crops (Cotton, sugarcane, rice, soybean, and maize) were observed (Figure 3 and Figure 4). The maximum declining rate (−1210 tonnes/hectare) of jowar production was noticed over the Nanded district, followed by, Hingoli (−528.1 tonnes/hectare) and Parbhani (−469.5 tonnes/hectare) (Figure 5). This decreasing trend of jowar production was statistically significant at a 95% confidence level. Jalna was the highest yield-depleting district for bajra, followed by Latur, Osmanabad, and Parbhani. A maximum non-significant decreasing crop yield of wheat was noticed over Beed, Nanded, and Osmanabad. The utmost reduction in udad crop yield was experienced over the Jalna, followed by Nanded, Parbhani, and Hingoli. It is also noticed that not only the crop yield of low-water-requirement crops has decreased, but the overall area under these crops is also declining.




3.2.2. High-Water-Requirement Crops


Cotton, sugarcane, rice, soybean, and maize are the main cultivated high-water-requirement crops in Marathwada and all the other districts. Per hectare, production and area growing high-water-requirement crops (mostly cotton and sugarcane, etc.) have remarkably increased in the last two decades (after the year 2000) throughout Marathwada (Figure 4).



It was noticed that the Aurangabad district had the highest increasing rate (+2175.3 tonnes/hectare) of sugarcane which was followed by Jalna (+565.5 tonnes/hectare) and Latur (+51.93 tonnes/hectare) (Figure 5). Per hectare, cotton production has risen over all the districts in which the maximum change (+0.092 tonnes/hectare) was examined in Latur. The yield of maize and soybean showed the highest increase of +0.055 tonnes/hectare in Aurangabad, while Jalna is under the maximum rice yield production (0.035 tonnes/hectare).
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Figure 3. Trends in low-water-requirement crops cultivation in Marathwada. Red dotted line shows the trend over entire period. 
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Figure 4. Trends in high-water-requirement crops cultivation in Marathwada. Red dotted line shows the trend over entire period. 






Figure 4. Trends in high-water-requirement crops cultivation in Marathwada. Red dotted line shows the trend over entire period.



[image: Climate 11 00093 g004]







[image: Climate 11 00093 g005 550] 





Figure 5. District-wide trends in major crops and yield (Tonnes/Hectare) in Marathwada. 
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3.3. Ground Water Fluctuations


Ground water is one of the primary sources of fresh water in many parts of India. In recent years, regions such as Marathwada are becoming highly dependent on ground water for agricultural activities and daily human needs. As per the season, many variations are observed in the overall ground water level. Therefore, we have studied trends in ground water at different seasons, i.e., pre-monsoon, post-monsoon, and the year as a whole. From 1996 to 2018, most seasons observed declining trends in the ground water level for all the districts of Marathwada (Figure 6).



From the last 22 years, the study area as a whole has experienced a significantly declining trend (3.5 m/considered period) in the annual ground water level. The maximum decrease in annual ground water level was noticed in Parbhani (5 m/considered period), Hingoli (4 m/considered period), Nanded, and Beed (4 m/considered period). Only the district of Osmanabad observed the slightly increasing trend in ground water level, but this rise is negligible (Figure 7).



Seasonal analysis of ground water level reveals that, except for Osmanabad, in all the other districts of Marathwada, the ground water level declines in the pre- and post-monsoon season. During the monsoon season, a variable mix of ground water level trends has been observed. Increasing ground water level trends in the monsoon season were experienced over Beed, Jalna, and Osmanabad. These rising ground water level trends are promising signs of water availability, indicating the occurrence of good monsoon rains over those particulate districts.




3.4. Comparative Analysis of Trends in Rainfall, Agricultural Practices and Ground Water


Figure 8 shows the comparative relationship between rainfall trends, ground-water-level changes, and trends in major cultivated crops in Marathwada. The rainfall trend line has highlighted 2002, 2009, 2012, 2014, and 2015 as prominent deficient years from 2001 to 2018. Additionally, it was noticed that over the same years, the ground water level was also significantly low. Conversely, except for some years, crop yield values over those times were comparatively higher. Identically increasing trends of high-water-requirement crops, i.e., cotton and sugarcane, were examined over the drought years (2002, 2012, 2014, and 2015).



These increasing trends and growing crop yield values of high-water-requirement crops (cotton and sugarcane) resulted in less rainfall over the specific year, during which production of such crops was always higher. As other irrigation sources were relatively few [9], available ground water was the only possible source to fulfill the water demand of the crops. Therefore, extensive depletion in the ground water level may be due to the higher number of water-intensive crops over the drought years.





4. Discussion


In previous studies, the comparative analysis between rainfall vagaries, crop pattern changes, and their impacts on ground water depletion has been insufficient. There have been some research [37,38] on district-wide rainfall trends and monsoon variabilities in Marathwada, but this study was able to identify the potential impacts of rainfall vagaries and their association with crop-yield alterations. Prior studies indicate that ground water levels in Marathwada are declining at an alarming rate, and urgent action is needed to address this issue. Few studies reported that the ground water levels in Marathwada had declined by 3 m between 2001 and 2010 [39,40], which supports our findings. In addition to this, our work also deals with understanding the long-term (1996–2018) trends in ground water changes which were lacking in the earlier studies.



Several researchers provide significant perspectives into Marathwada’s agro-climatological and socio-economic vulnerability [41,42,43,44], whereas this study go a bit ahead of them and emphasize the relationship between agro-climatological parameters and their impact on socio-economic indicator, i.e., major cultivated crops in Marathwada. Our research provides valuable insights and documented evidence to the government, policymakers, and decision-makers to guide their strategies and area-specific policy formulation for Marathwada.



The current situation in Marathwada is in a complex phase. Hence, to deal with it, our study recommends implementing a multi-pronged approach (combined involvement of farmers, government, and communities) in the region. This approach involves promoting drought-tolerant crops, adopting precision irrigation techniques, implementing regulations, social awareness, and community involvement. Local government and farmers/local community are the two critical holders for the smooth running of the multi-pronged method.



Government Side—Government authorities and policymakers should focus on area-specific sustainable water management policies and their implementation. Awareness about the efficient use of water through proper water management practices will also help in minimizing water wastage and improve water-use efficiency.



Community/Farmers Side—Considering the rainfall scarcity and its erratic nature in Marathwada, rainwater harvesting can help farmers collect and store rainwater for crop irrigation. Simple rainwater harvesting structures (rooftop rainwater harvesting systems, farm ponds, etc.) could be constructed to capture and store rainwater.



Farmers should consider a holistic approach where soil health, soil erosion, and water management can be taken care of during crop cultivation. The use of mulch, compost fertilizer, conservation tillage, and crop rotation are a few to practice for water consumption according to rainfall availability. In the age of advanced technology, farmers should be provided rainfall forecast a season in advance to manage the crop they should go for. Using advanced agricultural tools, high-quality seeds, organic pesticides, and weather-tolerant crops (smaller in size) will provide profit and satisfaction to the farmers with whichever crop they will grow.




5. Conclusions


This study helped to investigate the reasons behind the increasing severity of droughts and their cumulative impacts on the districts of Marathwada. In general, it is noticed that in Marathwada, the uncertainty of monsoon rainfall and the mixed nature of summer monsoon trends enhance drought conditions, whereas changing agricultural activities and highly depleting ground water levels are the main responsible factors for the amplification of droughts.



From 1996 onwards, per-hectare production of low-water-requirement crops such as jowar, bajra, udad, etc., have decreased significantly; however, the yield, per-hectare production, and total area of crops such as sugarcane, cotton, moong, etc. (high-water-requirement crops) has highly increased, and the cost of water for processing is also high for these crops. In the case of sugarcane, it is a prime source of sugar and ethanol, which requires significant quantities of water, otherwise its production might reduce by a large number [45].



In the case of annual ground water level, significantly declining trends are detected for most of the districts, but at the same time, there were some pockets of monsoon months in which increasing ground water level was observed in some of the districts. This increasing trend of short durations indicates an adequate ground water level due to the good rainfall in the monsoon season. However, in the post-monsoon season, high water requirements for agricultural activities demand irrigation from the ground water. As the other freshwater sources are negligible over Marathwada, the annual ground water level is vastly reduced and overused for irrigation and factory-based post-cultivation activities of sugarcane and cotton.



Comparative trend analysis of rainfall, crop yield, and ground water level depicts that the cultivation of water-intensive cash crops was high not only in the average monsoon year but also during the drought years, which leads to the unavailability of fresh water for daily social needs. On the other hand, water scarcity is projected to increase by over 80% of the croplands in the future as well [46]. This concludes that compared to monsoon vagaries, the use of high-water-demanding crop types and anthropogenic activities largely influence the enhancement of severities and frequencies of droughts over Marathwada.



Therefore, this study suggests that the brutality of droughts and its impact on society, including farmer suicides, can be minimized only after properly managing agricultural practices, strictly controlling the over-exploitation of ground water, and implementing effective policy guidelines.
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Figure 1. Study area of Marathwada subdivision of India comprising eight districts of Maharashtra. 






Figure 1. Study area of Marathwada subdivision of India comprising eight districts of Maharashtra.



[image: Climate 11 00093 g001]







[image: Climate 11 00093 g002 550] 





Figure 2. Trend in monsoon rainfall over Marathwada from 1981 to 2018. Red dotted line shows the trend over entire period. 
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Figure 6. Trend in ground water level across Marathwada from 1996 to 2018. Red dotted line shows the trend over entire period. 
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Figure 7. District-wide trends in ground water level from the years 1996 to 2018. Red dotted line shows the trend over entire period. 






Figure 7. District-wide trends in ground water level from the years 1996 to 2018. Red dotted line shows the trend over entire period.



[image: Climate 11 00093 g007a][image: Climate 11 00093 g007b]







[image: Climate 11 00093 g008 550] 





Figure 8. Trends and relationship between rainfall, ground water, and major cultivated crops in Marathwada. Red dotted line shows the trend over entire period. 






Figure 8. Trends and relationship between rainfall, ground water, and major cultivated crops in Marathwada. Red dotted line shows the trend over entire period.



[image: Climate 11 00093 g008]







[image: Table] 





Table 1. Major cultivated crops and their water requirement in Marathwada.
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Low-Water-Requirement Crops

	
High-Water-Requirement Crops






	
Crop Name

	
Water Requirement (mm)

	
Crop Name

	
Water Requirement (mm)




	
Bajra (Pearl Millet)

	
200

	
Moong (Green Gram)

	
800




	
Safflower

	
300

	
Cotton

	
1200




	
Wheat

	
400

	
Maize

	
1200




	
Udad (Black Gram)

	
600

	
Rice

	
1200




	
Jowar (Sorghum)

	
700

	
Sugarcane

	
2700
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Table 2. Trends (mm/year) in monsoon rainfall by Mann–Kendall test (1981–2018).
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	June
	July
	August
	September
	Whole Monsoon





	Aurangabad
	−0.060
	0.164
	0.076
	−0.081
	0.021



	Beed
	−0.151
	0.21
	0.219
	−0.209
	0.034



	Hingoli
	−0.069
	0.127
	−0.072
	−0.007
	−0.094



	Jalna
	−0.244
	0.127
	0.137
	−0.020
	0.021



	Latur
	−0.238
	0.230
	0.156
	−0.083
	0.074



	Nanded
	−0.149
	−0.0203
	−0.280
	−0.135
	−0.306



	Osmanabad
	−0.302
	0.244
	0.122
	−0.209
	−0.041



	Parbhani
	−0.246
	0.131
	−0.024
	−0.019
	−0.041



	Overall Marathwada
	−0.234
	0.099
	−0.002
	−0.098
	−0.111
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Table 3. Decadal drought frequencies and severe drought years over Marathwada.
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Decade

	
Drought Frequencies (Drought Years per Decade)

	
Severe Drought Years

	
Rainfall (mm) During Drought Year






	
1981–1990

	
2

	
1982

	
526.21




	
1987

	
568.39




	
1991–2000

	
0

	
-

	
-




	
2001–2010

	
2

	
2002

	
659.50




	
2009

	
539.21




	
2011 onwards

	
3

	
2012

	
520.53




	
2014

	
418.98




	
2015

	
446.68
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