
Chapter 2
Groundwater and Society in India:
Challenging Issues and Adaptive Strategies

Subrata Jana

Abstract The scarcity of freshwater is escalating higher than the predicted level in
India alongside the other countries in the world. The surface, subsurface and
groundwater resources are gradually reducing in quantity and quality concern. The
states and union territories of the western, southern and central India are already
severely suffering from the scarcity of freshwater. Rate of groundwater extraction
accelerated after the implementation of the green revolution and urban-industrial
development. The river’s natural flow has been diverted and protected for socio-
economic development. Therefore, the lower riparian states are deadly affected by
ecological and hydro-geomorphological perspectives. The fisheries have been
widely adopted in those areas as an alternative to traditional crop cultivation,
which extract more groundwater for freshwater supply and enhance the rate of
groundwater depletion. Moreover, the rainwater recharge into the soil layer as well
as in the groundwater table has been gradually reducing due to concretized urban
infrastructural development. The surface runoff becomes accelerated, enhancing the
soil erosion rate. In India, about 75% of total water bodies have been polluted from
domestic wastes. Besides, about 80% of rural people are compelled to use unsafe
water, which resulted in the death of more than 700 children per year from diarrhoea.
In this situation, India achieves the third place in the world in terms of water export.
In such juxtaposition condition, about 60% and 85% of irrigation water and drinking
water supply came from the groundwater, respectively. Recently, over 60% of tube
wells are malfunctioning due to excessive rate of groundwater depletion. The su
ffering of the people is tremendously increasing concerning the availability of
drinking water and irrigation water. People are extracting groundwater from the
far depth to overcome the crop failure and drinking water problem. But, the severity
of water scarcity becomes enhancing year after year in conjunction with global
warming and climate change. In this concern, the government has taken different
water scarcity preventive measures in individual household level to the regional
level. Now, the main motto is to execute the 3-R concept (recycle, reuse and
recharge) in association with the other various techniques of water storage (like
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rainwater harvesting) and groundwater recharge (like percolation tank, recharge tube
well). In addition, awareness programmes are being campaigned from the grass-root
level to increase the efficiency in water utilization among the people.

Keywords 3-R concept · Climate change · Crop failure · Groundwater depletion ·
Rainwater harvesting · Urban-industrial development · Water scarcity

2.1 Introduction

Availability and supply of freshwater is the primitive aspect to the establishment of
human settlement, not only for their drinking water but also for their livelihood
practices. The early civilizations were entirely dependent on the surface water supply
(Enzel et al. 1999; Maisels 2001). Afterwards, increasing population density
immensely enhanced the demand for freshwater. People were running across the
earth’s surface to find out the suitable place for constructing settlement on the basin
of surface water sources. Therefore, almost the entire freshwater source areas in the
earth were occupied by human beings. The fresh surface water storage becomes
reducing with the promotion of competition for faster development among the
people (Shah 2009; Taylor et al. 2013). People planned to bifurcate the rivers and
natural water sources with their innovative ideas, which emphasizes the gradual
increasing of water demand as well as scarcity. People started groundwater extrac-
tion to overcome the water scarcity problem. Water demands also dramatically
increased, promoting the deficit of groundwater storage and depletion of the water
table (Kulkarni et al. 2004; Qureshi et al. 2010). Moreover, the societal development
leads to the concretization of the earth’s surface, which promotes the deficiency in
the ability of water recharge into the soil layer as well as in the groundwater table.

India is the largest user and third largest exporter of groundwater; it extracts about
230 km3 groundwater per year that is about 25% (more than the combined use of
China and the Unites States) of the global total (Maheshwari et al. 2014; Murtugudde
2017; India Today 2019). In India, over 60% of irrigated water and 85% of drinking
water supply depend on groundwater (World Bank 2011, 2012; Grönwall and
Danert 2020). The freshwater demand is gradually increasing with the prolonged
socio-economic development and associated livelihood practices. The primitive
nature of agricultural practices has converted into modern trends with the imple-
mentation of technological innovations. The green revolution has emphasized
enhancing crop production using more fertilizers and irrigational water supply
(Singh 2000; Pingali 2012). Recently, the traditional agricultural land has been
converted into fisheries concerning more profit, particularly in the coastal and
floodplain areas (Gowing et al. 2006). The effect of industrialization is also enhanc-
ing the scarcity of water (Lal 2000). In every case, groundwater has been extensively
extracted in support of the available supply and scarcity of surface water. Besides,
the water quality has deteriorated with the encroachment of harmful pollutants. The
inconsistent nature of monsoonal rainfall also enhanced the episodic scarcity of
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groundwater (Sinha et al. 2015). Therefore, the gross availability of freshwater
storage and supply shrinks dramatically with the ever-increasing demands. In
India, about 60% of aquifers will be in a critical situation in 20 years if the recent
trends continue (Gandhi and Namboodir 2009; World Bank 2012).

The earlier human civilizations had tremendously suffered from global warming
and associated climate change and inconsistency of monsoon rainfall pattern in India
among the other regions of the world (Pereira et al. 2009), although water pollution
was not an issue at all for abolished or shifting of civilization in that period, which is
the most threatening issue in the recent perspective. The excessive rate of glacial
retreats also becomes a threat to the future society regarding the availability of
freshwater supply in most of the rivers in northern India (Richardson and Reynolds
2000). The people are at the terminating stage to survive, and there have been urgent
needs to find out the adaptive strategies and restrain water demands alongside the
increase of rainwater recharging capacity, groundwater storage and efficiency in
water utilization. So, the present study emphasizes the efficient utilization of fresh-
water concerning the sustainability of human civilization incompetent from earlier
societies.

2.2 Water Source and Civilization: A Changing Spectrum

2.2.1 Water Source and Establishment of Settlements

There has been a reciprocal relationship between the water source and establishment
of the settlement, as water is the backbone of a society. The people can only survive
within this earth because of water. People use water for drinking as well as for
irrigation. The ancient people established their settlements in the wider floodplain
areas of the major river valleys depending on the river courses as a water source
(Postel and Richter 2012; Singh et al. 2017). The Indus civilization is the best
example of ancient civilization, which was formed based on the Indus River in
northwestern India (Possehl 2002; Dixit et al. 2018). However, the well-established
civilization was entirely ruined due to the reducing water supply and prolonging
drought phase (Sangomla 2019). Remaining people moved mainly towards the east
and north ensuring water availability. In the later phase, people have distributed over
the major river valley regions of India. Moreover, the monotonic and inconsistent
nature of Indian summer monsoon (ISM) emphasized the water scarcity on a
regional basis (Basu et al. 2020). People are fighting against such water scarcity
through the utilization of groundwater. Therefore, the modern civilizations not only
preferred and formed their settlement just in the riverside location, nearer to the
floodplains and in the coastal areas but also selected places for their settlement based
on the availability of groundwater. The population density and water demand have
reciprocally increased in the well-established settlement areas. The water quality also
deteriorates with the increasing demand for societal development (Adhikary et al.
2015). The physicochemical compounds have been released from the industrial
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effluents and also from the extensive agricultural sectors. People have been com-
pelled to extract water from the subsurface and groundwater storage. In the modern
perspective of the settlement construction, the availability and source of surface
water is not the mandatory aspect. People can construct far away from surface water
source points based on the availability of groundwater.

2.2.2 Water Source and Livelihood Practices

People have adopted agricultural practices to survive their livelihood. The fertile
floodplain areas have been utilized depending on the river water source and direct
rainwater in this purpose. Initially, life-supporting food grain cultivation was the
prime aspect of earlier people. However, the other cash crops were also cultivated in
the following periods due to more profit issue, which required more water for
irrigation (Singh and Jyoti 2019). People were distributed in the different landscape
areas of the hills, plateaus and plains in finding their way of livelihood. Despite the
harsh terrain condition, the unfavourable undulated lands of hilly and plateau regions
have been modified for their agricultural land. The crop failure was the familiar issue
in the dry regions and the fringe areas of the plateau and hills (Glantz 2019; Singh
et al. 2019). Therefore, people constructed the check dams in the different parts of
the tributaries to provide irrigation water in their agricultural land. The large dams
and barriers have been also constructed to solve multiple problems. In this conse-
quence, the lower courses of the river valley become water fed during the dry
seasons, creating the ecological imbalances with the extinction of local aquatic
species (Choudhury et al. 2019; Sarkar and Islam 2020). The dam and reservoir
water did not fulfil the excessive demand for irrigation water in the ever-increasing
areas of agricultural land. In this concern, the groundwater is to be the only
alternative option to the farmers. Recently, about 90% (228.3 billion m3) of the
total available groundwater (253 billion m3) was used for irrigation purpose
(DownToEarth 2019a). Moreover, fisheries become intensively emerging in the
areas of floodplain, delta plain and coastal zone for better profit in the fishery sector.
Voluminous groundwater has been extracted every year to fulfil the demand for
freshwater in the fisheries (Colvin et al. 2019).

2.2.3 Modern Civilization and Deterioration of Groundwater
Quality

The industrial revolution brings new thinking and better aspects of development.
Uneven competition creates an unbalanced development among different societies.
Water is the most important aspect for industrial setup in any area. The natural river
flow has been diverted to fulfil the demands of water for urban-industrial
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development (Arfanuzzaman and Syed 2018; Kumar and Verma 2020). The ground-
water is also extracted for the other activities in the industry-based towns. Industrial
effluents are mostly discharged into the natural water flows of rivers without any
significant level of treatment (Gurjar and Tare 2019; Mohanakavitha et al. 2019;
Mishra et al. 2020). The pollutant materials have penetrated the soil layer and mixed
with the subsurface water table. After the green revolution in India, chemical
fertilizers and pesticides have been massively utilized in the agricultural fields.
The excessive level of pesticides and chemicals has been washed out from the
agricultural fields and ultimately mixed up with the subsurface and surface water.
The groundwater tables are also contaminated with the pollutants of subsurface
water due to the seasonal fluctuation of water table caused by the monsoonal rainfall.
The untreated urban waste and pathogens are also accelerating the degradation level
of water quality. Therefore, the water quality of the surface, subsurface and ground-
water has continually deteriorated every year.

2.2.4 Water Quality and Human Health

Even in the twenty-first century, most of the people both in the rural and urban areas
have compelled to take the untreated drinking water. Especially, the miseries of the
rural people are exceptionally in worst conditions regarding the supply and avail-
ability of safe drinking water. The shallow depth tube wells and dug wells, even the
surface water, are the most important source of drinking water. The poor people
never think about the quality of water; they only think about the availability of
it. Mainly, water from the riverbed and underground has been supplied in the urban
areas. In India, the drinking water from the surface, subsurface and groundwater has
been contaminated with harmful pollutants and metals in most of the areas. About
75% of total water bodies remain polluted in the country (Saha 2019); among those
about 75–80% of water bodies are polluted from the domestic sewage (Mallapur
2016). Therefore, people of the rural as well as urban areas are continuously
suffering from drinking water problems.

In India, 816 municipalities adopted the sewage treatment plants among which
only 64% is in the operational stage and the rest are in non-operational and under
construction stage (Table 2.1). The operational plants are only treated 81% waste out
of the total treatment capacity of 23277.36 million litres per day (Table 2.1).
Moreover, water pollution is enhancing with the poor sanitation facilities in rural
areas and even in the urban areas and slum areas (Table 2.2). In India, about 12.6%
and 18.9% of households, respectively, in the urban and slum areas don’t have any
sanitation facilities (Table 2.2). Therefore, the miseries of the common people are
accelerated during the rainy seasons due to contamination of water bodies with the
harmful physicochemical components coming from wastes. Moreover, the peoples
of the coastal areas have been suffering from the saline water encroachment into the
groundwater table (Behera et al. 2019). Concerning the water quality index, India
remains in the 120th place among 122 countries, and about one billion people are
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suffering from unsafe drinking water (The Economic Times 2018; India Today
2019). Also, in India, about 80% of rural people are compelled to use water from
unsafe sources, and every day more than 700 children (under 5 years of age) die in
diarrhoea connected with the unsafe water and poor sanitization (India Today 2019).

2.3 Groundwater Depletion and Society

2.3.1 Climate Change and Groundwater Depletion

Climate change or climatic oscillations have also remained in the different periods of
human civilizations, and people made their adjustment and adapt to the harsh
condition in those periods. But, human civilization is now in trouble and tremen-
dously affected in the recent context of global warming and climate change. The
water scarcity has been prolonging with the gradual depletion of the groundwater

Table 2.1 Status of sewage treatment plants in India (based on CPCB 2015; Mallapur 2016)

States Punjab Maharashtra
Tamil
Nadu

Uttar
Pradesh

Himachal
Pradesh All India

Capacity of municipal
STPs (MLD)

1245.45 5160.36 1799.72 2646.84 114.72 23277.36

Total number of
municipal STPs

86 76 73 73 66 816

Operational capacity
(MLD)

921.45 4683.9 1140.83 2372.25 79.51 18883.20

Number of operational
STPs

38 60 33 62 36 522

Number of
non-operational STPs

4 10 1 7 30 79

Number of under con-
struction STPs

31 6 28 3 – 145

Number of proposed
STPs

13 – 11 1 – 70

Note: STPs stand for sewage treatment plants, and MLD is the million litres per day

Table 2.2 Status of sanitation facilities in India (after Mallapur 2016)

Type of latrine Urban households (%) Slum households (%)

Latrine within the premises 81.4 66.0

Water closet 72.6 57.7

Pit latrine 7.1 6.2

Other latrine 1.7 2.2

No latrine within the premises 18.6 34.0

Public latrine 6.0 15.1

Open field 12.6 18.9
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table and scarcity of surface water in association with seasonal drought events. As
per the Intergovernmental Panel on Climate Change (IPCC) special report (2018),
the ratio of population rendering to water stress owing to climate change would be
reduced by 50% if the global warming can be limited to 1.5 �C instead of 2 �C as
approved in the Paris Agreement (Hoegh-Guldberg et al. 2018; DownToEarth
2020b). The regional inconsistent nature of monsoonal rainfall creates a harsh
impact over the Indian society, mainly in central, western and southern India
(Fig. 2.1). The people suffering in those regions have been panic-stricken day by
day, particularly during the summer months (Fig. 2.2). Indeed, groundwater plays a
crucial defensive role against the water scarcity on a regional basis. For instance,
crop productivity declined by 20% due to deficit rainfall during 1963–1964. But it

Fig. 2.1 Categorical safety status of Indian groundwater in the year of (a) 2004, (b) 2009, (c) 2013
and (d) 2017. (Based on CGWB 2020)
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had a very negligible impact on crop productivity at similar drought effects during
1987–1988 (Gornall et al. 2010; World Bank 2012), which was only possible due to
use of groundwater in extensive areas. However, the groundwater table is constantly
declining, and sometimes the tube wells are not able to supply the required water and
failed to pull out waters, which invite crop failure in drought-prone areas (Kala 2017;
Singh et al. 2019, 2020).

The number of dug wells and tube wells (shallow and deep) has constantly
increased (Fig. 2.3), which might dig out up to the deeper part depending on the
local and regional level variation of the water table to extract groundwater and
minimize the sufferings of the people. The naturally recharged water during the

Fig. 2.2 Spatio-temporal fluctuation of groundwater level in India during (a) pre-monsoon, (b)
monsoon and (c) post-monsoon seasons of 2019. (Based on CGWB 2020)

Dug-well Shallow tube-well Deep tube-well
0

2000

4000

6000

8000

10000

31
.4

3

45
9.

85

N
um

be
r o

f S
tru

ct
ur

es
 ('

00
0)

1982-1983
1986-1987
1993-1994
2000-2001

53
84

.6
3 67

07
.2

9

19
45

.2
9

98
.6

4

73
54

.9
1

39
44

.7
2

22
7.

07

96
17

.3
8

83
55

.6
9

53
0.

19

Fig. 2.3 Escalating number of groundwater extraction structures in India during 1982–2001.
(Based on CGWB 2007)

18 S. Jana



rainy season also moved up to the deeper part due to the degradation of subsurface
impermeable layer by boreholes of tube wells. Therefore, the local dug wells also
shrank during the dry season. This condition has been intensified after the construc-
tion of the deep tube wells, while the dug wells are naturally able to supply the
required drinking water to the villagers in the rain-fed drought-prone areas. There-
fore, the number of tube wells (both the shallow and deep) is dramatically increased
compared to the dug wells (Fig. 2.3). Over 60% of wells are unable to extract water
due to depletion of groundwater table in Indian states (like Delhi, Punjab, Haryana,
Himachal Pradesh, Uttar Pradesh, Tamil Nadu, Andhra Pradesh, Karnataka, Kerala
and Meghalaya) and union territories (like Chandigarh, Dadra and Nagar Haveli and
Puducherry) (World Bank 2012; CGWB 2018). Consequently, people are suffering
to survive their livelihood and compelled to leave those areas. As per the CGWB
(2018), among India’s total administrative blocks, 253 have been categorized as
‘critical’, 681 as ‘semi-critical’ and 1034 as ‘over-exploited’, meanwhile 4520
administrative blocks till remained under ‘safe’ category in terms of rate of ground-
water depletion (World Bank 2012; CGWB 2018). This situation is more awfully
visible in the highly populated and economically developed areas. The severity level
of the groundwater status has continuously increased year after year in the numerous
administrative blocks (Fig. 2.1). The affected coastal areas from the saline water
encroachment into the groundwater aquifers have been tremendously increasing
alongside the increasing salinity level in the western parts of the Indian territories
(Fig. 2.1), whereas the areas having over-exploited, critical and semi-critical level
are also increasing, particularly in the western and southern India (Fig. 2.1).
According to the CGWB (2018), during the pre-monsoon period, the water level
declined in about 61% of wells out of 14,465 monitored wells in India within a
decade (2007–2016). Among those wells having groundwater at more than 40 m
below ground level, the number increased by 49 wells in terms of groundwater
depletion in 2017–2018 compared to 2016–2017 (World Bank 2012; CGWB 2018).
Moreover, the seasonal water fluctuation level (Fig. 2.2) associated with the depth to
water level is increasing in terms of spatial extents in the western and southern Indian
territories. Although central India has been buffering its groundwater deficit with a
sufficient volume of groundwater recharge during monsoon season, it becomes
eradicated during crop cultivation in the post-monsoon and pre-monsoon seasons
(Fig. 2.2).

2.3.2 Urbanization and Groundwater Depletion

Urbanization initiates the concretization of the earth’s surface, which minimizes the
penetration level of rainwater into the subsurface layers. Therefore, the surface
runoff and soil erosion rate have maximized in most of the areas. The volume of
groundwater is gradually decreasing in conjunction with the minimum level of
recharge facilities. Moreover, urban society needs more facilities, and most of
these are related to water utilization. In most of the urban centres, groundwater is
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the only option for completing people’s livelihood. The number of people is also
increasing with the expansion of urban areas. Therefore, more water is required for
the individual urban sites, which is entirely collected from the groundwater. The
juxtaposition effects of climatic inconsistency and associated reducing rainfall,
concretization and associated reducing groundwater recharge, and extrapolated
groundwater extraction due to urbanization and societal development intensify the
gradual depletion of groundwater table mostly in the urban areas among the other
parts of the country. During 2000–2010, the increasing rate of groundwater deple-
tion is higher (23%) in India than the global rate of 22% (India Today 2019). The
drinking water supposed to be supplied in the major cities which will come far away
from their existing locations. In this regard, the proposed planning is to supply water
in Delhi from the Tehri dam (more than 300 km away), Hyderabad from Nagarjuna
Sagar Dam (105 km away) and Bengaluru from the Cauvery River (100 km away) to
fight against water scarcity (Narain 2006; DownToEarth 2019b). But, long-term
sustainability and cost-effectiveness are the main issues of these mega-projects. A
similar type of project is adopted for Udaipur, Rajasthan, which draws water from
Jaisamand Lake (60 km away), but the lake is drying up, and the city is dreadfully
looking for a new way to overcome the upcoming thirst.

2.4 Groundwater and Future Society

The availability of surface water is reducing dramatically, and in most areas, it
becomes polluted. In the context of global climate change, the inconsistency of
monsoon rainfall and rapid rate of glacial melting will create suffering for the future
generation in water availability concern (Pritchard 2019). The per-capita water
demand is also swiftly increasing, in contrast with the reducing per-capita water
availability (Fig. 2.4). The sustainability of the present and future human society is
under a threatening condition concerning water stress and scarcity (Fig. 2.4). There-
fore, groundwater is the key option for the future society to survive the human
civilization and the only way of adaptation in the scenario of climate change. But, the
unscientific human activities and rigorous development bring a threat to maintaining
the quality and quantity of groundwater in addition to surface water. The population
density, landholding size, water intensity of planted crops, the behaviour of water
user, power subsidies for pumping irrigation water, government policies towards
groundwater and overall economic policies of the country are playing a critical
interacting influence on groundwater extraction and sustainability (Kumar 2018).
Every year, people are obliterating law and order and encroaching into wetland and
other water bodies after landfilling process, which leads to reducing water availabil-
ity as well as degrading the water quality (Banerjee 2012; Bindra 2017). Therefore,
there is an urgent need to take best suitable adaptive strategies through the 3-R
concept (Recycle, Reuse and Recharge) to survive on earth. Concerning the sustain-
ability, about 0.25 million stations have been set up to monitor the groundwater
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status for the restoration of groundwater in the impending 50 years through the
application of scientific and artificial intelligence (DownToEarth 2019c).

2.4.1 Efficiency in Water Utilization

The convenient and limited utilization of water is the prior aspect to adaptation with
the future threats of water scarcity. A maximum percentage of freshwater is utilized
as irrigation water. Wheat and rice are the two extensively cultivated and highest
water-guzzling crops in India. An average of 1654 litres and 2800 litres of water is
required to produce 1 kg of wheat and rice, respectively (India Today 2019). In this
regard, a four-member family consumes about 84,600 litres of water per month.
Moreover, in the economic year 2014–2015, India virtually exported 10 trillion litres
of water through exporting 3.72 million tonnes of basmati rice (India Today 2019).
Therefore, the actual water export from our country is not only the highest in terms
of drinking water supply, but also it becomes the highest position in terms of virtual
water export through exporting food grains. In the socio-economic perspective, the
irrigational water supply can’t stop, but water utilization can be minimized through
the selection of suitable crop in the region and seasonal perspectives. The dry-crop
farming (like maize, millets and sorghum), crop diversification and crop rotation
methods are the best options to minimize the water use, and it can also minimize the
loss of water through evapotranspiration (Rana and Rana 2011). After the elapsed
period (over 50 years) of commencement of the green revolution, the government
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authorities also encourage the farmers to plant other crops instead of rice cultivation.
Bamboo trees plantation in the drought-prone areas will be most effective as it helps
in recharging groundwater, minimizing soil erosion and even syncing carbons
(DownToEarth 2020a). A large volume of water can be restored through the
adaptation of zero-tillage cultivation method (Honsdorf et al. 2020; Singh et al.
2018). The areas’ specific cropping pattern and crop selection can be useful to
minimize the water uses. The bio-fertilizers should be introduced, instead of the
chemical fertilizer, through which the moisture-holding capacity will increase
(Mahdi et al. 2010). The irrigation water needs to be supplied through the pipelines
instead of the open canal, and the evaporation loss should be minimized. In this
connection, the farm-specific sprinkler irrigation method can be easily applied. The
use of groundwater should not be permissible in the fisheries sector from where the
maximum volume of water is evaporated. In our every day’s life, we waste plenty of
water without realization. For example, a single person can exploit up to 37 litres in
5 minutes showering, 570 litres per week for washing, 15 litres every day for mouth
washing, 18 litres for every toilet visit and 25 litres for cleaning kitchen utensils and
vegetables (India Today 2019). All these activities are necessary in our daily life, but
we waste water without stopping the irrelevant water flow from a tap in most of the
cases. The waste of safe drinking water is commonly observed in the restaurants by
using only half of a bottle or glass during food intake. Besides, the water can be
reused in different ways like irrigation, fisheries, horticulture, gardening, car wash-
ing, toilet use and washing of kitchen utensils at the first stage; also it can be injected
directly into the subsurface layer. The government should take necessary steps like
any kind of treated or untreated water should not be permitted to mix with a river and
random and unlimited withdrawal of water from any sources without any prior
concern.

2.4.2 Water Storage

The rainwater storage in the individual household level as well as in regional level is
required to solve the water scarcity up to a certain level. The rainwater can naturally
be stored into the soil layer, which also provides the water supply in the following
fields depending on the elevation, terrain condition and soil characteristics. The
tanks and ponds in the different terrain and landscape units can be constructed to
store the excessive rainwater during the rainy season, which can be utilized in the
rest of the season. In this concern, the Mahatma Gandhi National Rural Employment
Guarantee Act (MGNREGA) plays a vital role in association with creating the
employment opportunities among the rural dwellers (Esteves et al. 2013;
Chakraborty and Das 2014). The stored water can also maintain the soil moisture
level in the surrounding areas (Tiwari et al. 2011). The construction of micro-level
check dams at the upper catchment areas is a fruitful method to supply irrigation
water in the surrounding agricultural lands. Although the large dams and reservoirs
store voluminous water, in ecological and hydro-geomorphological aspect it creates
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a harsh impact in the downstream section (Bhattacharyya 2011; Singh 2016). The
ecological flow must be reduced, which can’t able to maintain the ecological balance
in the lower riparian stretches (Choudhury et al. 2019; Sarkar and Islam 2020).
Rainwater harvesting plan is the most appropriate method of rainwater storage, and it
can be stored in various ways like roof-top harvesting and underground harvesting
(Sivanappan 2006). Most of the urban areas can utilize the rainwater at least for
3 months during the rainy season with the acceptance of this method. For instance,
according to the Centre for Science and Environment (Delhi), the daily water
demand in Delhi is about 2765 million litres for 18.8 million populations (as per
the 2011 census). As per the IMD, during 13–19 August 2020, about 118.4 mm
rainfall was received in Delhi (1483 km2 area), which can produce 87 million litres
of water (Sengupta 2020). But, the rainwater runoff co-efficient was about 13% of
the total rainfall (during 13–19 August 2020), estimated by the Centre for Science
and Environment.

2.4.3 Groundwater Recharge

The natural groundwater recharge capacity is reducing gradually due to the unsci-
entific land management, forest degradation and dramatic rate of urban infrastruc-
tural development on different parts of the earth’s surface (Chennamaneni and Rao
2007). As a result, the surface runoff as well as the soil erosion rate is increasing
tremendously, which reciprocally triggers both events. The groundwater and sub-
surface water recharge capacity is reducing with due effects from increasing the
surface runoff (Harbor 1994; Misra 2011). The thickness of the soil layer is also
decreasing continuously, which promotes a minimum level of water holding capac-
ity into the soil layer. The exposed permeable layers are also degrading due to the
infrastructural development, and it leads to minimum rainwater recharge into the
groundwater table. In this regard, artificial water recharge techniques (like check
dam, percolation tank, spreading channel, recharge tube well, underground dam,
subsurface dykes) are more effective and need to be implemented for the survival of
the human civilization (CGWB 2007; Bhattacharya 2010). In the rural areas, the
damaged tube wells mostly remain unused, and the upper part of the hollow is filled
up with earthen material. However, the rainwater can easily be injected through such
degraded tube wells. The paddy has been cultivated thrice per year in many places of
the intensive subsistence cultivation systems. As a result, the agricultural fields
remained saturated throughout the year. The permeability capacity has gradually
reduced, and no such water can recharge into the soil layer and even into the
subsurface layer. If the agricultural fields remain vacant or can be utilized for dry
crops instead of rice paddy, the topsoil and the upper layer can be cracked during the
dry season. Therefore, a certain volume of rainwater can easily enter into the
subsurface and even into the groundwater table. In the urban areas, some part of
the surface areas should remain vacant and require the water recharge facilities,
through which the rainwater can also easily recharge into the groundwater.
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2.5 Conclusion

In the history of human evolution, there is enough evidence of ruined human
civilizations in the different historical periods. But, in the recent context of global
warming, climate change and associated hydro-meteorological hazards, the existing
human beings are facing a harsh experience regarding their persistence in the future
earth. The volume of required freshwater resource is reducing with the gradual
increase in demand. In this contradictory situation, sustainability is being the
prime issue in the era of globalization and overturning socio-economic perspective.
People are now a little bit concerned and might be scared about their existence and
sustainability in this earth. People are now thinking and finding out the way to
survive, and fighting not only to minimize the use of freshwater but also to preserve
it. The urban-industrial and socio-economic development is also promoting water
quality degradation. In overall perspectives, the quantity and quality of freshwater
resources are diminishing from the earth. In India, the water scarcity is severely
persisting mainly in the western, southern and central parts, along with the entire
Indian territories. About 90% of total groundwater is used for irrigation purpose,
while 75% of the total surface water bodies have been polluted in India. Most of
these water bodies are being polluted from the domestic wastes. To tackle this
situation, the government has taken many plans to prevent misuses of water and
promote the awareness about the recycle, reuse and recharge of water. The adaptive
strategies have been taken in the agricultural sector by implementing the dry crops
and advanced cultivation techniques, which can prevent excessive use of irrigation
water. However, all these adaptive strategies are not sufficient to overcome the
existing severity of water scarcity. People should be more responsible about the
existing deadly condition and hopefully, change their daily lifestyle concerning
wastage of freshwater.
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