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Foreword 

 

Groundwater has evolved as one of the principal water sources to meet the increasing demands 

of various sectors in many parts of the world due to immediate accessibility. India is the largest 

consumer of groundwater globally and safeguards agriculture, domestic and industrial 

requirements.  

Increased dependence on groundwater as a recognized source of drinking and irrigation water 

supplies has resulted in a declining groundwater table and posed a problem of water scarcity in 

the nation. The current status of aquifers reaching unsustainable levels of abstractions has 

brought the attention of water resources managers and policymakers towards accelerated 

development and better management of groundwater resources in India.  

The importance of groundwater as a precious natural source for the nation's sustainable 

development and economic growth underlines the dire need to develop strategies for effective 

management of this resource. Regular assessment of the groundwater resources and 

formulation of strategy by government and non-government organizations can help improve 

groundwater quantity/quality for minimizing the water crisis in the future.  

With the focus of this year's World Water Day, I am delighted that the Department of Water 

Resources Development and Management, IIT Roorkee, is bringing out the maiden publication 

as a mark of celebrating this day. We hope that this publication will have something useful for 

all, be it the general public, students in schools or universities, or the scientific community 

working in the water sector.  
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1. Introduction  

Water sources have always been a precious commodity for human life. Increasing population, 

growing urbanization and rapid industrialization combined with the need for raising 

agricultural production creates competing demands for water. India is the largest groundwater 

user in the world, with an estimated usage of around 230 cubic kilometers per year, more than 

a quarter of the global total (World bank report, 2010). With more than 60 percent of irrigated 

agriculture and 85 percent of drinking water supplies dependent on it, groundwater is a vital 

resource for rural areas in India. Groundwater is the invisible component of the hydrosphere, 

representing a hidden part of the water cycle. The public is not unaware of groundwater, but 

usually knows hardly anything about it. Every year on the 22nd of March, World Water Day is 

observed internationally with the aim to highlight the importance of freshwater. This year's 

theme is about Groundwater – making the invisible visible. Because we don’t see groundwater, 

people are often unaware that it even exists, let alone how it functions and how we depend on 

it. The theme aims to highlight how important groundwater is to our environment.  

 

Figure 1:  Schematic picture of the natural water cycle (Source: IGRAC). 

A schematic picture of the water cycle and some groundwater-related details in this cycle are 

presented in Figure 1. Groundwater is fresh water (from rain or melting ice and snow) that soaks 

into the soil and is stored in the tiny spaces (pores) between rocks and particles of soil. It can 

stay underground for hundreds of thousands of years, or it can come to the surface and help fill 

rivers, streams, lakes, ponds, and wetlands. Groundwater is not stagnant, although its 

movement is very slow compared to that of water in streams. According to the specific aquifer 

conditions, the time it takes groundwater to travel one kilometer may vary from one day to five 
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centuries or more. Like surface water, groundwater moves in spatially structured systems. For 

surface water these systems consist of a network of water courses in a catchment area or river 

basin, while groundwater flows in aquifers.  

Figure 1 shows the global distribution of the earth’s water. About 71% of the Earth's surface is 

water-covered, and the oceans hold about 96.5% of all Earth's water. Water also exists in the air 

as water vapor, in rivers and lakes, in icecaps and glaciers, in the ground as soil moisture and in 

aquifers, and even in existing lives. This bar chart shows how almost all of Earth's water is saline 

and is found in the oceans. Of the small amount that is actually freshwater, only a relatively 

small portion is available to sustain human, plant, and animal life. The most accessible 

freshwater on the earth is groundwater, which is 30.1% of total available of freshwater (2.5% of 

Earth's water). 

 

 

 

Figure 2: Global Distribution of the Earth's 

Water 
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2. Importance of Groundwater 

Although hidden below the Earth’s surface, groundwater makes up 99% of 

Earth’s liquid fresh water and plays an important role in the water cycle. 

Groundwater provides drinking water entirely or in part for as much as 50% 

of the global population and accounts for 43% of all of water used for irrigation. 

According to IGRAC (2021), Globally, 2.5 billion people depend solely on 

groundwater resources to satisfy their basic daily water needs. Groundwater 

has steadily emerged as the backbone of India’s agriculture and drinking water 

security. It accounts for nearly 62 per cent of the total requirement of water in 

irrigation, 85 per cent in rural water supply and 45 per cent in urban water 

supply (world bank report, 2010). Therefore, efficient management of 

groundwater is significant for sustainable use of water.  
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3. Present Status of Groundwater -In Globe 

 

 

 

 

Modern scientific measurements show that many of major aquifers 

(groundwater reservoirs) of the world are being depleted. Such depletion 

can lead to decrease in streamflow, drying of springs or wetlands, loss of 

vegetation, water-level declines in wells, and land subsidence. Yet another 

threat to groundwater is pollution resulting from human activity, 

generating chemicals and wastes that have leaked into the subsurface. 

Pollution degrades the quality of groundwater and poses a threat to 

human and ecological health. The Earth’s population of nearly 8 billion in 

2020 is expected to reach 11 billion by 2100. Humans will have to learn to 

produce sufficient food without destroying the soil, water and climate. As 

the human population grows, more demand will be placed on 

groundwater.  



 

9 
 

Figure 3: Groundwater around the world (Source: University of 

California, 2013) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4:  Groundwater table decline (Source: WRI (2019)) 

However, few people 
cannot see 
groundwater because 
it is hidden beneath 
the land surface. To 
overcome this 
“hiddenness”, the 
reader is invited to 
think about Earth’s 
fresh water in a new 
way.  Global 
freshwater use has 
increased by a factor of 
six over the past 100 
years (AQUASTAT, 
2010). Figure 3 show 
that the global 
groundwater resource 
around the world.  

 

Groundwater table decline measures the average decline of the groundwater table as the 

average change for the period of study (1990–2014). The result is expressed in centimeters 

per year. Higher values indicate higher levels of unsustainable groundwater withdrawals 

(Figure 4). 
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4. Present Status of Groundwater -In India 
 

 

It is highly evident from Figure that among the countries in Asia, India is 
largely exploiting the groundwater at the rate of 250 km3/year. 

Source: Jasechko and Perrone, 2021 

Groundwater 

is India’s 

water lifeline 
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(a)                                                                              (b) 

Figure 5: Decadal water level fluctuations in pre and post monsoon (Source: CGWB 2019-20) 

 

A comparison of depth to water level of Pre-monsoon 2019 with decadal mean of 

Pre-monsoon (2009-2018) indicate that 61% wells are showing decline in water 

level (Figure 5(a)). A comparison of depth to water level of January 2020 with 

decadal mean of January (2010-2019) indicates that 9363 (about 65%) of wells 

are showing rise in water level. 5062 (about 35%) wells are showing decline in 

water level, out of which 27% (3848) wells are showing decline in water in the 

range of 0-2 m. Decline in water level of more than 4 m is mostly prominent in the 

states of Andhra Pradesh, Dadra Nagar Haveli, Delhi, Gujarat, Haryana, 

Maharashtra, Punjab, Rajasthan, Tamil Nadu and Telangana (Figure 5(b)).  
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5. Groundwater Quantity 

   

 

5.1 Types of Groundwater Sources 

Majorly groundwater originates from the precipitation in the form of rain or snow. After all 

abstractions and loss due to evaporation, transpiration or to stream runoff the surplus water 

infiltrates into the ground and are held in aquifers beneath the ground surface. The main source 

of groundwater recharge is “Recharge from Rainfall”, which contributes to nearly 64 % of the 

total annual groundwater recharge (the rest 36 % of groundwater recharge is from “Other 

Sources” i.e., canal seepage, return flow of irrigation, recharges from water bodies/tanks and 

water conservation structures etc.). Type of rock formations and their storage and transmission 

characteristics have a significant influence on groundwater recharge. Porous formations such 

The water that fills the pore spaces in rocks (fractures and other such openings of
rocks and other geological materials), sediment, and soil deep beneath the surface is
called groundwater. Figure above shows the hydrologic cycle. Owing to its universal
availability, easy access and low capital cost for extraction, groundwater has become
the most preferred source of fresh water for various uses in India. Groundwater acts
as a buffer in times of drought and is a resilient resource for mitigating the effects of
climate change. It needs to be managed judiciously to ensure its long-term
sustainability.
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as the alluvial formations in the Indo-Ganga-Brahmaputra basin generally have high specific 

yields and are good repositories of groundwater.  

5.2 Groundwater Quantity Concerns 

 

   

 

 

A major concern for groundwater users is maintaining a usable quantity of
groundwater. It is important to note that when water loses its quality, the
overall quantity of useable water is decreased however; water quantity can be
impacted directly through withdrawing groundwater. Extensive groundwater
withdrawal can result in overdrafts. In regions where overdrafts are
widespread, land subsidence can occur. Figure below shows the drawdown of
groundwater in response to different types of pumping.

Total Annual Ground Water   
Recharge 

 436.15 
bcm 

Annual Extractable Ground 
Water Resources 

397.62 
bcm 

Annual Ground Water 
Extraction 

244.92 
bcm 

Stage of Ground Water 
Extraction 

 61.6 % 

(Source: UC Davis) 

 

As per the latest assessment for the year 

2020; the total annual groundwater 

recharge has been assessed as 436 bcm. 

Keeping an allocation for natural discharge, 

the annual extractable groundwater 

resource works out as 398 bcm. The total 

annual groundwater extraction (as in 2020) 

has been assessed as 245 bcm. The average 

stage of groundwater extraction for the 

country as a whole works out to be about 62 

% as presented in the Table alongside. 
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The inferences drawn from the groundwater resources assessment is utilized as an
input to the planners and stakeholders for taking appropriate management measures
for optimal utilization and sustainable development of the groundwater resources.
Several measures, primarily based on the findings of the resource assessment (shown
in the bar chart above), have been taken up by the Government of India to
replenish/augment groundwater resources

Groundwater flows very 

slow. For example, water in 

river flows about 1000 to 

10000 times faster that and 

aquifer and a billion time 

faster than in a confining 

materials. 



 

15 
 

5.3 Groundwater Conservation 

 

Recharge 

Rainwater Harvesting 

The overall contribution of rainfall (both monsoon & non-
monsoon) recharge to country’s total annual ground water recharge
is 64 % and the share of recharge from ‘Other sources’ viz. canal
seepage, return flow from irrigation, recharge from tanks, ponds
and water conservation structures taken together is 36 %.

Rainwater harvesting (RWH) is a
simple method by which rainfall is
collected for future usage. The collected
rainwater may be stored, utilized in
different ways or directly used for
recharge purposes.

Capturing the rainwater can help
recharge local aquifers, reduce urban
flooding and most importantly ensure
water availability in water-scarce zones.
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 5.4 Artificial Recharge 

 

Artificial recharge is the process by which the groundwater is increased at a rate much 

higher than those under natural condition of replenishment. The techniques of artificial 

recharge can be broadly categorized as shown in the chart (Figure 14). The artificial 

recharge to groundwater aims at augmentation of groundwater reservoir. Artificial 

recharge techniques normally address to the following issues: 

1. To enhance the suitability in areas where over development has depleted the 

aquifer 

2. Conservation and storage of excess surface water for the future requirements often 

change within a season or a period 

3. To improve the quality of existing groundwater through dilution 
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Surface (Spreading) Method: These methods are suitable where large area of basin is 
available and aquifers are unconfined without impervious layer above it. The rate of infiltration 
depends on nature of top soil if soil is sandy the infiltration will be higher than those of silty soil. 
The various spreading methods are as below: 

 

 

This method is suitable for
relatively flat topography. The
water is spread as a thin sheet

Water is impounded in series of
basins or percolation tank. This
method is applicable in alluvial
area as well as hard rock
formation.

Seepage from natural streams
or rivers is one of the most
important sources of recharge
of the groundwater reservoir.

In areas with irregular topography
ditches or furrow provide
maximum water contact area for
recharge

The recharge well for shallow
water table aquifers up to 50 m
are cost effective because
recharge can take place under
gravity flow only.

In alluvial as well as hard rock
areas there are thousands of
dug wells have either gone dry
due to considerable decline of
water levels.
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Sub-Surface Method: In this method the structure lies below the surface and recharges 
groundwater directly. The important structures commonly use are Recharge wells, Recharge 
shaft, Dug wells etc.  
 

 

 

 

 

  

Thus, it can be concluded that artificial recharge gives the reduction of runoff, increased 

availability of groundwater especially in summer month, increase in irrigation, revival of 

springs, improvement in groundwater quality. Yet even with full development of artificial 

recharge, ground availability would remain limited. Though groundwater recharge 

scheme either naturally or artificially may not be the final answer, but they do call for 

the community effort and create the spirit of cooperation needed to subsequently 

manage sustainably groundwater as a community resource. 
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6. Groundwater Quality 

The groundwater resources are being utilized for drinking, irrigation and industrial purposes. 

There is growing concern on deterioration of groundwater quality due to geogenic and 

anthropogenic activities. The quality of groundwater has undergone a change to an extent that 

the use of such water could be hazardous. Increase in overall salinity of the groundwater and/or 

presence of high concentrations of fluoride, nitrate, iron, arsenic, total hardness and few toxic 

metal ions have been noticed in large areas in several states of India. Pollution of groundwater 

resources has become a cornerstone of water management problems in arid and semiarid 

regions for all nations. The quality of groundwater resources is in close connection with public 

health and the quality of agricultural products (Ammar et al. 2011; Swamee et al. 2018). With 

unprecedented population growth, rapid urbanization, land use transformation and changes in 

lifestyle, “providing adequate and safe water supply to all” is increasingly becoming a challenge 

and the core agenda for sustainable development and well-being of human societies. Interaction 

between global changes and dynamics of population growth and their usage pattern is shown in 

Figure 6. 

 

Figure 6: Dynamics of population, human health and freshwater impacts Adapted from Gleick 

(2000) 

When the principal source and cause of groundwater quality deterioration are related to human 
activities like municipal, industrial and agricultural; the contamination is referred as 
anthropogenic. On the other hand, the term “geogenic contamination” refers to naturally 
occurring elevated concentration of certain elements in groundwater having negative health 
effect. Geogenic contamination of groundwater might emanate from geochemical 
characteristics of the aquifer material-high concentration of contaminant in rock matrix 
dissolved during rock-water interaction or occur due to environmental conditions, like array of 
climatic conditions, redox condition in aquifer, groundwater flow congestion which facilitate 
the contaminant to enter in an aqueous phase.  

Population Dynamics

Growth,Density,

Urbanization and distribution

Human  Impacts

Food Storage,Water- Related 
illness,Social 

instability,Conflict,Slow 
economic growth

Environmental impacts

Depletion of surface and 
Groundwater

Water Uses

Agriculture,Industry,

Domestic uses.Sanitation,Waste 
Disposal, Hydroelectricity
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6.1 Sources of Groundwater Contaminants: 

For a long time, groundwater was known to be clean and free from contamination. However, 

due to rapid industrialization and increased use of chemicals, numerous contaminants often 

find their way into the groundwater. Most concern over groundwater contamination has 

centered on pollution associated with human activities. Human groundwater contamination can 

be related to waste disposal (private sewage disposal systems, land disposal of solid waste, 

municipal wastewater, wastewater impoundments, land spreading of sludge, brine disposal 

from the petroleum industry, mine wastes, deep-well disposal of liquid wastes, animal feedlot 

wastes, radioactive wastes) (Figure 7). 

 

    Figure 7: Sources of Groundwater Contaminations 

 

 

 

 

 

Agricultural activities (Excess Nitrate)

Kerala Punjab Puducherry Tamil Nadu Rajasthan Telangana
Madhya 
Pradesh

Seawater intrusion due to over extraction 
of groundwater (Saline Water)

Gujarat Tamil Nadu Poducherry
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Potential groundwater contamination sources 

 

 

 

At or 
near the 

land 
surface

• Municipal waste land spreading
• Salt for de-icing streets
• Streets & parking lots

• Chemicals: storage & 
spills
• Fuels: storage & spills

• Fertilizers
• Livestock waste
• Pesticides

• Homes and Detergents
• Motor oil
• Paints

Seawater intrusion due to over extraction of groundwater (Saline Water)

Gujarat Tamil Nadu Poducherry
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6.2 Impacts of Groundwater Quality 

Once pollution has entered the sub-surface environment, it may remain concealed for many 

years, becoming dispersed over wide areas & rendering groundwater supplies unsuitable for 

human uses. Above flowchart shows the potential source contamination from municipal, 

industrial, agricultural and individual activities.   

6.3 Remedial Measures:   

1) Fluoride -Remedial measures  
Coagulation-precipitation  

• Precipitation methods are based on the addition of chemicals (coagulants and 
coagulant aids) and the subsequent precipitation of a sparingly soluble fluoride salt as 
insoluble.  

Below 
the land 
surface

• Landfills
• Leaky sewer lines

• Waste water 
pipelines

• Underground      
storage tanks

• Septic systems
• Poorly constructed wells
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• Fluoride removal is accomplished with separation of solids from liquid.  
The following are commonly found contaminants, their sources, and their possible human 
health impacts (Figure 8). 
 

 

 

 

 

 

Figure 8: Impacts of groundwater contaminants on human health 
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Membrane techniques   

• Reverse osmosis, Nano-filtration, dialysis and electro dialysis are physical methods that 
have been tested for defluorination of water.  

2) Arsenic - Remedial Measures  
The remedial measures include variety of options, ranging from  

• Removing arsenic from groundwater after it is extracted 

• Searching alternative aquifers 

• Dilution of the contaminants by artificial recharge 

• Blending with potable water etc. 

3) Remedial Measures for Salinity  
Traditionally, distillation has been the method used for desalting water for human 

consumption or other use. Membrane methods have emerged through the last 50 years and 

now predominate among the desalination practices.  

4) Remedial Measures for Nitrate  
For removal of nitrate both non-treatment techniques like blending and treatment 

processes such as ion-exchange, reverse osmosis, biological denitrification and chemical 

reduction are useful. The most important thing is that neither of these methods is 

completely effective in removing all the nitrogen from the water.  

 

 

 

 

 

What may happen if the groundwater level keeps falling? 

• Shallow wells become dry during dry season.  

• Not enough water for growing crops. 

• Not enough water for drinking and other uses. 

• People have to fetch water from long distances, leaving little time for other work and 

this can affect overall ecomony. 

• Water quality may become poorer and people’s health may be affected. 

• As the water table goes deeper, power costs of pumping water will increase 

considerably. 
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7. Case Study 

7.1 Occurrence and distribution of fluoride in the groundwater of 

the semi-arid region of Rajasthan, India  

This study investigated the fluoride (F−) concentrations and physicochemical parameters of the 

groundwater around the village of Lapodiya in the south of the Jaipur district (Macé et al., 

2020). A special emphasis was brought on fluoride occurrence and distribution as well as the 

hydro-geochemistry. To get an understanding of the hydrogeochemical profile of the region, 149 

groundwater samples and weekly water level measurements (n=806) were collected 

respectively in 36 open wells and 43 water sources (open wells, boreholes, pond, check dams 

and nadi which are small ponds) for the water quantity and quality analysis.  Groundwater 

quality analysis suggest that almost 69% of groundwater samples exceeded the 1.5 mg/L 

threshold set by both the World Health Organization (WHO) and Indian drinking water 

standard (Munoth et al., 2015), indicating to a potential health hazard. The principal component 

analysis (PCA) of groundwater quality parameters resulted in four principal components. Both 

the assessment of the correlation matrix and the PCA revealed the influence of other 

groundwater parameters, including water-rock interactions, weathering of granitic rocks and 

silicate minerals, on fluorine contamination of groundwater. They also highlighted ion exchange 

processes, mineral dissolution, high evapotranspiration and possible anthropological causes. As 

the state Rajasthan heavily depends on the groundwater, the over exploitation led to high 

fluorosis and affected more people.  

 

Figure 9: Distribution of fluoride concentration in the groundwater of the Rajasthan in 

September 2019 
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7.2 Tamil Nadu leads in rainwater harvesting  

Tamil Nadu has been a trendsetter in rain water harvesting, making it mandatory for all 

buildings as far back as 2003. Out of the 23.92 lakh buildings in town Panchayats 

(government, residential, commercial and industrial), 22.94 lakh have rainwater 

harvesting facilities. 

Table 1: No. of Buildings are facilitated with rainwater harvesting structures 

Types of Buildings 
No. of 

Buildings 

No. of Buildings 
providing RWH 
structures so far 

Balance 

Govt. Buildings 24116 23190 926 

Residential Buildings 2208377 2114294 94083 

Commercial buildings 148170 145064 3106 

Industrial Buildings 11794 17794 0 

Total 2392457 2294342 98115 

 

There are  1821 water bodies maintained by Town Panchayats with an extent of 6286.84 

acres. In order to restore the 243 water bodies Rs. 55.52 crore has been allocated for the 

years 2011-12 and 2012-2013 under IUDM and NABARD. Similarly, during 2013-2014, 

561 improvement works such as desilting and strengthening of bund and sluice works 

have been taken up at a cost of Rs.18.40 crore under General fund. Proposed to taken 

up 88 water body improvement works in 68 Town Panchayats at an estimated cost of 

Rs.28.15 crore. Figure 11 shows the differernt types of rainwater harvesting structures  

installed by tamil nadu government at various locations.  

 

Figure 10: Number of 
people affected by 
fluorosis in India 
(Source: Ministry of 
health and family 
welfare) 
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Figure 11: Rainwater harvesting structures 
 

7.3 Boron and Fluoride Content in Shivganga river basin: 

The present study is focused on seasonal variation in groundwater quality, 
hydrochemistry, and associated human health risk in the Shivganga river basin, 
Western Maharashtra, India. Boron and fluoride content exceeded the prescribed 
desirable limit of the WHO in that region. The pollution and drinking suitability were 
assessed by computing pollution index of groundwater (PIG), groundwater quality 
index (GWQI), and HHRA particularly for boron and fluoride toxicity. Generally, 
rainwater leaches surface minerals and enters the subsurface as groundwater and 
carrying a high content of, bicarbonate and sodium ions which released comparatively 
more hydroxyl ions in groundwater (Fig. 12 a, b). The use of agricultural fertilizers, 
insecticides, domestic waste water, and high withdrawal of subsurface water are another 
source of fluoride pollution in the aquifer system (EPA, 1997). The spatial variation 
maps (Fig. 19 a, b) show that the PRM season has wide dispersion of elevated F 
concentrations are less in comparison with the POM season samples. 
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Figure 12: Spatial distribution of boron content in the study area: (a) PRM season, (b) 
POM season 

 
 
 

 
 

Figure 13: Spatial distribution of fluoride content in the study area: (a) PRM season, 

(b) POM season 
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8. Initiative by Government of India 

Jal Shakti Abhiyan: Catch the Rain: 

Hon’ble Prime Minister of India launched 

the “Jal Shakti Abhiyan: Catch the Rain” 

(JSA: CTR) on 22nd March, 2021, being 

the World Water Day, with the theme 

“Catch the Rain - Where it Falls When it 

Falls” to cover all the blocks of all districts 

(rural as well as urban areas) across the 

country during 22nd March, 2021 to 30th 

November, 2021 - the pre-monsoon and 

monsoon period. The focused 

interventions for JSA includes water 

conservation and rainwater harvesting, 

renovation of traditional and other water 

bodies/tanks, reuse and recharge of 

borewells, watershed development and 

intensive afforestation. 

National Aquifer Mapping and Management program (NAQUIM): Central 
Ground Water Board (CGWB) is implementing National Aquifer Mapping and Management 
program (NAQUIM), which envisages mapping of aquifers (water bearing formations), their 
characterization and development of Aquifer Management Plans to facilitate sustainable 
management of Ground Water Resources. Out of nearly 33 lakh sq. km geographical area of 
the country, a mappable area of around 25 lakh sq. km has been identified by the CGWB to 
be covered under this programme. So far, 15.57 lakh sq. km areas have been covered. 
State/UT wise areas covered under the programme are given below. The remaining area is 
targeted to be covered by Mar 2023. 

Atal Bhujal Yojana (ATAL JAL): It is a 
Central Sector Scheme for facilitating sustainable 
ground water management with an outlay of INR 
6000 crore. The scheme lays emphasis on 
community participation and demand side 
interventions for sustainable ground water 
management in identified water stressed areas in 
seven States of the country. The scheme also 
envisages improved source sustainability for Jal 
Jeevan Mission, positive contribution to the 
Government’s goal of ‘doubling farmers income’ 
and inculcating behavioral changes in the 
community to facilitate optimal water use. The 
scheme is being taken up in 8353 water stressed 
Gram Panchayats of Haryana, Gujarat, 
Karnataka, Madhya Pradesh, Maharashtra, 
Rajasthan and Uttar Pradesh. 
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9. Initiatives by IIT Roorkee 

 

1. Storage of rainwater from rooftops at Department of Water Resources 
Development and Management 

      
      

2. Roof-Top Rainwater Harvesting and Ground Water recharge Through 
Abandoned Well at Kasturba Bhawan 
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3. Assessment of Traditional (Chauka system) and Modern (Sand Dams) 
Rainwater Harvesting Systems  
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Earlier Roof Top RWH Installation by one of the authors at Indore 

Contribution Roof top Rainwater harvesting systems installed at the roofs of SGSITS 
Indore (2000). 

 
 

 

 

 

What can we do to bettter management of groundwater? 

There are two basic steps involving the local communities with help from government 

and non-government organisations:  

(i) Enhance groundwater recharge  

(ii) Manage groundwater extraction 
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Way Forward 

Improved groundwater governance is needed for sustainable 

groundwater resources  

• Create an adequate basis for governance through political commitment and 

leadership. 

• Groundwater management needs to integrate regional water and 

agricultural policies. 

• Policy must account for important differences between the developed and 

developing world in terms of addressing climate and human stresses on 

groundwater resources. 

Promote groundwater management strategies to reduce vulnerabilities 

❖ Integrated water resources management should be adopted. 

❖ Managed Aquifer Recharge (MAR) is a promising adaptation approach. 

Collaborate with partners of specialized knowledge 

❖ Need to collaborate with programs and agencies with specialized knowledge 

(e.g. NASA’s Gravity Recovery and Climate Experiment (GRACE) satellite 

mission) 

Substantially increase water-use efficiency across all sectors and ensure 

sustainable withdrawals and supply of fresh water to address water scarcity and 

substantially reduce the number of people suffering from water scarcity. 

Support and strengthen the participation of local communities in improving water 

and sanitation management. 
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(1 in 10) still lack 
access to safe 

drinking 
water (WHO & 
UNICEF, 2015)

Globally, 1/3 of 
all schools lack 
access to safe 
water (WHO & 
UNICEF, 2015)

In Africa, more 
people have 

access to a mobile 
phone (93%) than 

to piped water 
(63%) 

(Afrobarometer, 
2016)

Groundwater 
supplies 1/2 of 

all drinking 
water in the 

world (UNESCO-
WWAP, 2009)

Groundwater 
supplies 43% of 

the global 
consumptive 

use in 
irrigation (Siebert 

et al., 2010)

Two-thirds of the 
World’s 

groundwater is 
abstracted in 

Asia (UN WWDR 
2012)
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