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Abstract

Groundwater resource, especially in the arid and semi-arid tropics is highly vulnerable to
climate change and increased human needs. The rising groundwater overdraft is a big
challenge for the ecological and socio-economic wellbeing of the earth. This study investigates
the spatio-temporal patterns of groundwater overdraft and ongoing practices for water
conservation in the Marathwada region of Maharashtra state in India. The GIS technique has
been used for mapping spatio-temporal variability of groundwater overdraft in the region. The
region has seen the spatial shift and expansion of groundwater overdraft from northern
Marathwada region towards southern Marathwada region, over the sub-districts where the
groundwater overdraft was not visible between the years 2001-2005. The water scarcity of the
region has attracted the attention of masses and various stakeholders of the society which
further gave way to the community-based water resource management in the region.

Keywords: Marathwada region; Groundwater recharge; Groundwater overdraft; Community;
Water conservation; Sustainable development

Introduction

Groundwater is the most reliable source to meet water requirements in the semi-arid
tropical region of India. The increasing gap between groundwater withdrawal and groundwater
recharge and mismanagement of groundwater resource pose the serious challenges of
groundwater scarcity and deteriorated the quality of groundwater. Worldwide, groundwater
holds the share of more than 95 percent among readily available freshwater sources [1-4]. Like
the concept of income and expenditure account, groundwater can be wisely spent for the
sustainable development of groundwater resources. The concept of groundwater recharge and
groundwater withdrawal is similar to the income and expenditure [5]. Groundwater overdraft
indicates that groundwater withdrawal exceeds groundwater recharge [6]. Initially, groundwater
overdraft contributes more to the dependent community needs than it costs [7]. However, as the
level of the groundwater falls groundwater extraction cost increases and quality of groundwater
decreases [8-10]. Due to problems like contaminated groundwater and deteriorated quality of
groundwater it remains no longer suitable to meet the agricultural or other domestic water
requirements [11-13]. Due to its near universal availability, dependability and low capital cost
groundwater is the most preferred source of water in major part of India in rural as well as
urban areas. Groundwater meets 85 percent of India’s rural domestic water requirements, 50

*Corresponding author: sagardse96@gmail.com



S. KHETWANI and R.B. SINGH

percent of urban water requirements and more than 50 percent of irrigation requirements of
India [14-15].

Marathwada region lies in the semi-arid tropical region of Maharashtra state in India,
where availability of groundwater is confined to the fractures, joints and the weathered portion
of the basaltic lava flows [16-17]. However, the haphazard exploitation of groundwater resource
is increasing the groundwater stress in the region [18-19]. The Marathwada region has
witnessed the three nearby droughts between the years 2012 to 2017, i.e., 2012 drought
followed by consecutive droughts in the years 2014 and 2015 [20]. The groundwater is a most
important source of irrigation in the Marathwada region, failure of monsoon further intensifies
the dependence on groundwater for irrigation which further leads to depletion of groundwater
level [21-23]. According to data from the Maharashtra government’s Groundwater Surveys and
Development Agency (GSDA) which monitors over 875 observation wells in eight districts of
Marathwada region, in the year 2015, region has seen a steep fall in average depth of
groundwater level in the month of October, from the five-year average of 4.44 meters to 7.13
meters, a dip of 2.69 meters. Generally, the groundwater levels are found up to eight to nine
meters during the summer season in the region but in some districts, it can also dip to thirteen
meters during drought years. The erratic nature of rainfall distribution within monsoon months
from June-September puts heavy stress on the groundwater resources of the region [24-27]. In
the last five to seven years, the region has seen the massive exploitation of groundwater to meet
day to day needs due to increased frequency of drought [28-31].

The most important task for reducing the groundwater vulnerability is to map
groundwater stressed areas for risk identification and develop the priority of actions for
groundwater governance in affected areas [32-34]. Some authors [35-36] argue that the
identification of factors affecting the groundwater development and Science Policy Interface
(SP1) could prove as instrumental steps for the amelioration of the region. The integration of
technical and local knowledge with the collaborative efforts of the policy based decision-
making community, stakeholders of society and local people would prove fruitful for the
sustainable development of groundwater resources [37]. The steep decline in groundwater
levels over the years in sub-districts of the Marathwada region raises the pressing need for a
detailed study to understand the groundwater level dynamics through both, spatial and temporal
dimensions.

The study, therefore, aims at assessing the intensity of groundwater overdraft across
talukas and visualize the spatio-temporal patterns of groundwater overdraft. It further
investigates the ongoing community-based water conservation practices in the region and
provides suggestions for the sustainable development of groundwater resources in the region on
the basis of the synthesis of analyzed data.

Study Area

The Marathwada region is situated between 17°37’ North and 20°39” North latitudes and
74°33’ East and 78°22’ East longitudes in the Maharashtra state of India [16]. The Marathwada
region comprises of 8 districts, i.e., Aurangabad, Bid, Nanded, Latur, Jalna, Hingoli, Parbhani
and Osmanabad, and 76 sub-districts within 8 districts (Fig. 1). The region lies in the rain
shadow zone of Sahyadri mountain range in Western Ghats of Maharashtra state. Marathwada
region is surrounded by Vidarbha region in the north, Pune region in the south, Nashik region in
the west. It is bounded by Karnataka and Telangana state in the south and east. Marathwada is
located on the Deccan plateau having the plain terrain with undulations [38]. The topography of
the region is marked by the Basaltic Deccan Traps. However, the Nanded district of the region
has the exposes of granite and Vindhyans mountain range. The lava flow thickness in the region
varies from a few meters to 40 to 45 meters [16]. The total geographical area of Marathwada
region is 64813km?, which constitute around 21 percent area of the Maharashtra state [39].
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Marathwada has generally hot and dry climate. The region’s average temperature of day ranges
from 27.7 to 38.0°C while the average temperature of night ranges from 20.0 to 26.9°C [38].
The normal average rainfall is about 825mm but is highly erratic and often there is a significant
time gap between the two successive showers of rain [16]. The Godavari is a most important
river of the region, also known as ‘Ganges of Deccan’ and comprises many large and small
projects [38].

MARATHWADA
LOCATION OF STUDY AREA

I L
S . District Boundary

————— Taluka Boundary

LOCATION OF MARATHWADA IN MAHARASHTRA LOCATION OF MAHARASHTRA IN INDIA

3. =3

Census of India, 2011 Source: Census of India, 2011

Fig. 1. Location of the study area

According to the census 2011, the total population of Marathwada region is 18,731,872
represents 18.7 percent of Maharashtra state out of which 72.9 percent of the population is
living in rural areas and 27.1 percent living in urban areas. Majority of the population of
Marathwada region are dependent on agriculture sector [39-41].

Materials and Methods

The secondary data sources include pre-monsoon (May) and post-monsoon (October)
groundwater level (GWL) data for 16 years from 2001 to 2016, recorded at 76 sub-districts of
the region. The groundwater level data were obtained from the Groundwater Surveys and
Development Agency (GSDA) Maharashtra. The Geographic Information System (GIS)
technique is an important tool for the effective and sustainable management of groundwater
resources as it assists in generating a scientific geodatabase of the resource and also facilitates
for mapping the water-stressed areas [35-36]. Earlier also in many groundwater studies, GIS has
been used as an effective tool [42-44]. The spatio-temporal patterns of groundwater overdraft
were analyzed between the years 2001 to 2015 across 76 sub-districts of the Marathwada
region. They were then represented through maps. The groundwater recharge has been
calculated with the change between pre-monsoon (May) and post-monsoon (October)
groundwater level in a year while it also includes groundwater withdrawal of the same period.
Due to negligible rainfall between the months of October to May (non-monsoon months)
groundwater is the most important source to meet day to day water requirements. The
groundwater withdrawal between post-monsoon (October) and pre-monsoon (May) has been
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calculated with the help of the change in groundwater level between post-monsoon and pre-
monsoon groundwater level of next year. In order to assess the groundwater overdraft, has been
calculated with the help of groundwater recharge and groundwater withdrawal, according to the
equation (1):

GW, (%) = 100(GW, - GW,,)/IGW,, 1)
where:

GW, - groundwater overdraft; GW, - groundwater recharge; GW,, - groundwater withdrawal.

Further groundwater overdraft maps have been generated.

The 5 years average groundwater overdraft percent has been calculated for the periods of
2001-2005, 2006-2010 and 2011-2015 has been calculated. The average groundwater overdraft
percent between the years 2001 to 2005 has been computed with the help of data like average
groundwater recharge and average groundwater withdrawal during the years 2001 to 2005. The
groundwater recharge has been calculated by the change between pre-monsoon (May) and post-
monsoon (October) groundwater level for the year 2001, in the similar manner groundwater
recharge of years 2002, 2003, 2004 and 2005 were computed and the average of groundwater
recharge from 2001 to 2005 was calculated. The groundwater withdrawal has been calculated
with the help of change between post-monsoon (October) groundwater level and pre-monsoon
(May) groundwater level for the year 2001, in the similar manner groundwater withdrawal of
years 2002, 2003, 2004 and 2005 were computed and the average of groundwater withdrawal
from the year 2001 to 2005 was calculated. Then average groundwater overdraft percent for the
period of 2001-2005 has been calculated, according to the equation (1).

In the similar manner groundwater overdraft percent for the years 2006-2010 and
2011-2015 have been calculated.

The spatio-temporal analysis of groundwater overdraft of 76 sub-districts in the region
has been represented with the help of groundwater overdraft maps. The groundwater overdraft
maps have been generated at the temporal scales of 2001-05, 2006-10 and 2011-15. Arc GIS
10.2.2 software was used for generating the spatio-temporal variation maps of the groundwater
overdraft.

The field survey was undertaken during the month of June in the year 2017 in order to
assess the community-based water conservation practices in the two Gram Panchayats (rural
administrative units), i.e., Awargaon of Dharur sub-district in Bid district and Upla of
Osmanabad sub-district in Osmanabad district. The above mentioned two Gram Panchayats
were selected purposively from the study area with the consultation of key informants. The
pictures of community-based water conservation practices were captured using the camera
during the field survey. Travel modes used during the field survey included motor vehicles and
walking.

Results and Discussions

Groundwater overdraft: 2001-2005

On the basis of average groundwater recharge and average groundwater withdrawal in
the period of 2001-05, three sub-districts were marked by groundwater overdraft of more than
32 percent. In the sub-districts like Vaijapur, Khuldabad, and Gangapur, groundwater
consumption surpasses the groundwater recharge more than 32 percent. The Vaijapur sub-
district was marked by the alarming groundwater overdraft of 52.19 percent, followed by the
sub-districts like Khuldabad and Gangapur with the groundwater overdraft of 48.48 and 46.16
percent. In the sub-districts like Sillod and Kannad, groundwater overdraft ranges between 24 to
32 percent, and sub-districts like Phulambri and Badnapur were having the groundwater
overdraft of 16 to 24 percent. Ten sub-districts were lying in the category of groundwater
overdraft between 8 to 16 percent. Twenty-five sub-districts were marked by groundwater
overdraft between 0 to 8 percent. While 34 sub-districts in the Marathwada were not found as
groundwater overdraft. In the districts like Aurangabad and Jalna, all the sub-districts were
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having the groundwater overdraft. While in Osmanabad district none of the sub-districts was
having the groundwater overdraft. In the Latur district except for Udgir sub-district, none of the
other sub-district was under groundwater overdraft (Fig. 2).

Marathwada
Ground Water Overdraft Map
(2001 to 2005)
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o s 70 140 Kilometers

Groundwater Not Overdrafied

Fig. 2. Groundwater overdraft in the Marathwada Region (2001 to 2005).
Source: Based on data obtained from Groundwater Surveys and Development Agency, Maharashtra

Groundwater overdraft: 2006-2010

The groundwater overdraft was highest during the period of 2006-2010 in the Jalkot sub-
district, i.e., 10.58 percent, followed by 10.01 and 8.12 percent in the Kalamnuri and Udgir sub-
district. Three Sub-districts, i.e., Jalkot, Kalamnuri, and Udgir were found with the groundwater
overdraft of 8 to 16 percent. The period of 2006-2010 has been marked by thirty-two sub-
districts with the groundwater overdraft of 0 to 8 percent. While the forty-one sub-districts of
the region were not having the groundwater overdraft (Fig. 3).

Groundwater overdraft: 2011-2015

The period of 2011-2015 witnessed the worst groundwater scarcity. The number of sub-
districts with the groundwater scarcity of 0 to 16 percent were increased from thirty-five in the
period of 2001-2005 to fifty-three in the period of 2011-2015. The sub-districts like Purna,
Sailu, and Parbhani are marked by the groundwater overdraft of more than 32 percent. The
highest groundwater overdraft was recorded in the Purna sub-district i.e. 63.89 percent followed
by the sub-districts like Sailu and Parbhani with the groundwater overdraft of 58.32 and 40.29
percent. The Parbhani was the worst affected district with a significant percent of sub-districts
under the groundwater overdraft of more than 32 percent. The groundwater overdraft between
24 to 32 percent was found in the sub-districts like Ashti, Naigaon kh, Sonpeth, Deoni,
Dharmabad, and Mukhed. The fourteen sub-districts were having the groundwater overdraft of
16 to 24 percent. The thirty-seven sub-districts were lying under the category of groundwater
overdraft of 8 to 16 percent. While the sixteen sub-districts were having the groundwater
overdraft of 0 to 8 percent (Fig. 4).
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Fig. 3. Groundwater overdraft in the Marathwada Region (2006 to 2010).
Source: Based on data obtained from Groundwater Surveys and Development Agency, Maharashtra

Marathwada
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Fig. 4. Groundwater overdraft in the Marathwada Region (2011 to 2015).
Source: Based on data obtained from Groundwater Surveys and Development Agency, Maharashtra

Groundwater overdraft: Spatial Shift and Expansion

The erratic rainfall and rising water requirements in the region have increased the
vulnerability of groundwater resources in the region. The availability and variability of
groundwater resources have registered spatial shifts over the temporal scale. Between the years
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2001-2005, the groundwater overdraft was significant in the sub-districts of Aurangabad and
Jalna, followed by sub-districts of districts like Parbhani, Bid, Hingoli, and Nanded of central
Marathwada. While in the sub-districts of southern Marathwada except for Udgir sub-district of
Latur district none of the sub-district was under groundwater overdraft in the Osmanabad and
Latur district.

Though the period of 2006-2010 has been marked by a significant reduction in the
number of sub-districts with groundwater overdraft but the spatial shift of groundwater
overdraft was seen from northern Marathwada region towards southern Marathwada region,
over the previously groundwater surplus sub-districts. All the sub-districts of Latur and half of
the sub-districts of Osmanabad have witnessed the deficit of groundwater. Though the years
2005 and 2006 have been marked by the excess rainfall with positive anomalies greater than +1
but the groundwater overdraft was visible in all the sub-districts of Latur district and half of the
sub-districts of Osmanabad district. On the other hand, years 2012, 2014 and 2015 have been
marked as critical drought years with negative anomalies lesser than -1 [20]. The period of
2011-2015 has been marked by the worst groundwater scarcity. The number of sub-districts
with the groundwater scarcity between 0 to 16 percent has registered a considerable increase.
The Parbhani district was the worst affected with a significant percent of sub-districts under the
groundwater overdraft of 16 to 32 percent and more than 32 percent. It can clearly be seen that
groundwater scarcity has spread significantly over all the districts of the region in the period of
2011-2015.

Community Based Water Conservation Practices

The concept of community-based watershed development runs on the simple principle,
i.e., it aims to teach running water to walk, walking water to stop and standing water to
percolate in the land. The community has a central role to play in the community-based
watershed development. The integration of decision making community, scientific community
and local community integrates the local knowledge with science and technology.

Farm Pond

Farm Pond is a dugout structure, constructed in the low lying portion of farm area; it
aims to collect and store surface water runoff. It has its definite shape and size with appropriate
inlet and outlet structures, the surface water runoff gets collected in the farm pond. It plays a
significant role in developing the water security and self-reliance among the communities,
especially in the regions where surface water runoff is high due to poor water percolation
capacity of land and in the regions which register the high intensity of rainfall in short duration

(Fig. 5).

Fig. 5. Farm pond for rainwater conservation in Upla village of Osmanabad sub-district
in Osmanabad district (Source: Picture taken during field visit)
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Shosh Khadda

Shosh Khadda (Soak Pit) is a porous-walled covered chamber that allows water to
slowly soak into the ground. The wastewater from the settlement outlet pipe is discharged to the
underground walled chamber from which it further penetrates into the surrounding soil. The
small and big boulders prevent the collapsing of concrete tank walls. The wastewater outlet of
settlement is connected to the hole on the cover of the concrete tank with the help of PVC pipe
and bend. It also requires special attention to be given in maintaining the appropriate slope for
the smooth passage of water from wastewater outlet pipe to soak pit through connected PVC
pipe. It is very important to cover the soak pit with the layer of small boulders and sand in order
to avoid the direct contact of surface water (Fig. 6).

e A e R S0 SN

Fig. 6. Construction of Sosh Khaddas (Soak Pits) going on in Awargaon village of Dharur
sub-district in Bid district. Source: Pictures taken during field visit

Contour Trenches

Contour trenches reduce the velocity of water runoff and promote surface water
infiltration by breaking the slope of the ground. These trenches are dug in such a way that they
follow a contour. Along with rainwater harvesting, it also enhances soil conservation (Fig. 7).

/

Fig. 7. Contour Trenches in Awargaon village of Dharur sub-district in Bid district.
Source: Pictures taken during field visit

Nala Widening and Deepening

Nala (Drainage) Widening and Deepening is a crucial measure of watershed
development, by deepening and widening the existing water body it revitalizes the water storage
capacity of the water body. In the entire process, it not only makes water body deepen and
widen but it also removes the silt and clay accumulated in order to enhance groundwater
recharge (Fig. 8).
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Fig. 8. Widened Nala (Drainage) in Awargaon village of Dharur sub-district in Bid district.
Source: Picture taken during field visit

However, deepening of rivers and streams requires special attention that they should not
be over-deepened because it may expose the groundwater and result in permanent damage to
the aquifers [28].

Conclusion

The haphazard exploitation of groundwater resources in the sub-districts like Purna,
Sailu, Parbhani, Ashti, Naigaon kh, Sonpeth, Deoni, Dharmabad and Mukhed needs to be
checked, where groundwater overdraft exceeded more than 24 percent as shown in the picture
of groundwater overdraft during the period of 2011-2015. The spatio-temporal patterns of
groundwater overdraft between the years 2001-2015 clearly indicates that the groundwater
resource of the Marathwada region is very dynamic and it requires constant monitoring. The
critical status of groundwater resource and frequent droughts in the region has awakened the
society and its stakeholders. The community-based practices for water conservation like the
construction of sosh khaddas (Soak Pits), farm ponds, Nala widening, and contour trenches may
result in not only rainwater conservation but also improved groundwater recharge. However, the
problem of water scarcity may not end just with the creation of structures for water
conservation but it requires to develop the vision of the sustainable development of water
resources among the masses. The integration of local communities with the scientific
community and governments at different levels may result into the smart groundwater
management and judicious utilization of the available resources in the region. The region-
specific appropriate regulatory mechanism needs to devised, implemented and monitored
regularly at ground level for the effective development of groundwater resources. The adoption
of area-specific best suited remedial measures will not only reduce the groundwater
vulnerability but also contribute to the sustainable development of groundwater resources in the
region.
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