
Groundwater 
and Society
Applications of Geospatial Technology 

Pravat Kumar Shit
Gouri Sankar Bhunia
Partha Pratim Adhikary
Ch. Jyotiprava Dash 
Editors



Groundwater and Society



Pravat Kumar Shit • Gouri Sankar Bhunia •

Partha Pratim Adhikary • Ch. Jyotiprava Dash
Editors

Groundwater and Society
Applications of Geospatial Technology



Editors
Pravat Kumar Shit
PG Department of Geography
Raja N.L. Khan Women’s College,
Autonomous
Midnapore, West Bengal, India

Gouri Sankar Bhunia
RANDSTAD India Pvt Ltd.
New Delhi, Delhi, India

Partha Pratim Adhikary
ICAR Indian Institute of Water
Management
Bhubaneswar, Odisha, India

Ch. Jyotiprava Dash
ICAR Indian Institute of Soil and Water
Conservation, Research Centre
Koraput, Odisha, India

ISBN 978-3-030-64135-1 ISBN 978-3-030-64136-8 (eBook)
https://doi.org/10.1007/978-3-030-64136-8

© The Editor(s) (if applicable) and The Author(s), under exclusive license to Springer Nature Switzerland
AG 2021
This work is subject to copyright. All rights are solely and exclusively licensed by the Publisher, whether
the whole or part of the material is concerned, specifically the rights of translation, reprinting, reuse of
illustrations, recitation, broadcasting, reproduction on microfilms or in any other physical way, and
transmission or information storage and retrieval, electronic adaptation, computer software, or by
similar or dissimilar methodology now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this
publication does not imply, even in the absence of a specific statement, that such names are exempt
from the relevant protective laws and regulations and therefore free for general use.
The publisher, the authors, and the editors are safe to assume that the advice and information in this book
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or the
editors give a warranty, expressed or implied, with respect to the material contained herein or for any
errors or omissions that may have been made. The publisher remains neutral with regard to jurisdictional
claims in published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Switzerland AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland

https://doi.org/10.1007/978-3-030-64136-8


Dedicated to
The Millions of Farmers of India



Foreword

I am happy to learn that Springer is bringing out a book entitled Groundwater and
Society: Applications of Geospatial Technology. The book is edited by Pravat
Kumar Shit, Gouri Sankar Bhunia, Partha Pratim Adhikary, and Ch. Jyotiprava
Dash, who are eminent scholars and researchers in the field of groundwater resources
and application of geospatial technology.

Demand for fresh water has become crucial in the last few decades and the
problem will intensify in the future. Therefore, the issues and concerns regarding
fresh water are experiencing growing recognition among academicians throughout
the world. Groundwater in this context is one of the formidable solutions, but its
availability, reckless use, and also misuse are yet to be investigated with deeper
introspection. Considering the need of the hour, research on judicious use and
management of groundwater is gaining importance in India.

In the twenty-first century, groundwater is an essential key for societal growth
and development. Due to population growth, rapid urbanization, industrialization,
and associated groundwater contaminants, serious health risks are evident and they
pose a challenge to our society. The contribution of groundwater is immense in
improving agriculture development, food security and many other aspects. So, our
human society needs to establish an action plan that will considerably reduce
contaminants and pollution of groundwater resources and allow development of
the potential of groundwater resources and management of these resources using
geospatial modeling and indigenous low-cost technologies through eco-friendly
approaches.

vii



This book presents an overview of recent advances in geospatial knowledge for
the assessment and management of groundwater resources, giving special attention
to how to use the local level of groundwater resources for societal development. The
present volume also deals with various aspects of hydrogeological characteristics,
groundwater quality, groundwater vulnerability, groundwater resources manage-
ment, as well as social and economic considerations.

It is hoped that the contents of this book will contribute to an improved under-
standing of the impacts of human activity on groundwater resources and will provide
useful guidance for policy makers and planners to include groundwater in crop
adaptation schemes and strategies. I do believe that this book will be very beneficial
for undergraduate and postgraduate students, researchers, social workers, and sci-
entists working in the field of environmental sciences, hydrogeology, soil sciences,
and agricultural sciences.

I extend my warm greetings to all those associated with the publication and
congratulate Springer for launching this book.

Professor, Department of Geography,
University of Burdwan, Bardhaman,
West Bengal, India

Sanat Kumar Guchhait

viii Foreword



Acknowledgments

The preparation of this book has been guided by several hydrologic pioneers. We are
obliged to these experts for providing their time to evaluate the chapters published in
this book. We thank the anonymous reviewers for their constructive comments that
led to substantial improvement of the quality of this book. Because this book was a
long time in the making, we want to thank our family and friends for their continued
support. Dr. Pravat Kumar Shit thanks Dr. Jayasree Laha, principal, Raja N.L. Khan
Women’s College (Autonomous), Midnapore, for her administrative support to carry
on this project. Dr. Partha Pratim Adhikary thanks ICAR-Indian Institute of Soil and
Water Conservation, Research Centre, Koraput, Odisha, for its support to edit this
book. This work would not have been possible without constant inspiration from our
students, knowledge from our teachers, enthusiasm from our colleagues and collab-
orators, and support from our family. Finally, we also thank our publisher and its
publishing editor, Springer, for their continuous support in the publication of
this book.

ix



Contents

Part I Groundwater Resources and Societal Development

1 Introduction to Groundwater and Society: Applications
of Geospatial Technology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
Pravat Kumar Shit, Gouri Sankar Bhunia, Partha Pratim Adhikary,
and Ch. Jyotiprava Dash

2 Groundwater and Society in India: Challenging Issues
and Adaptive Strategies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
Subrata Jana

3 Groundwater Research and Societal Development:
Integration with Remote Sensing and Geographical
Information System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
Gouri Sankar Bhunia, Pravat Kumar Shit, Partha Pratim Adhikary,
and Debashish Sengupta

4 Geospatial and Geophysical Approaches for Assessment of
Groundwater Resources in an Alluvial Aquifer of India . . . . . . . . . 53
Partha Pratim Adhikary, S. K. Dubey, Debashis Chakraborty,
and Ch. Jyotiprava Dash

5 Groundwater and Space Technology: Issues and Challenges . . . . . . 83
Gouri Sankar Bhunia, Pravat Kumar Shit, Harsha Das Gupta,
and Partha Pratim Adhikary

Part II Groundwater Availability, Quality and Pollution

6 Groundwater Quality Through Multi-Criteria-Based
GIS Analysis: Village Level Assessment . . . . . . . . . . . . . . . . . . . . . 105
Baisakhi Chakraborty, Sambhunath Roy, Gouri Sankar Bhunia,
Debashish Sengupta, and Pravat Kumar Shit

xi



7 Analysis of Groundwater Potentiality Zones of
Siliguri Urban Agglomeration Using GIS-Based
Fuzzy-AHP Approach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 141
Suraj Kumar Mallick and Somnath Rudra

8 Assessing the Groundwater Potentiality of the Gumani
River Basin, India, using Geoinformatics and Analytical
Hierarchy Process . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 161
Sadik Mahammad and Aznarul Islam

9 Application of AHP for Groundwater Potential Zones
Mapping in Plateau Fringe Terrain: Study from Western
Province of West Bengal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 189
Manas Karmakar, Monali Banerjee, Mrinal Mandal,
and Debasis Ghosh

10 Performance of Frequency Ratio Approach for
Mapping of Groundwater Prospect Areas in an Area
of Mixed Topography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 221
Subhas Garai and Pulakesh Das

11 Artificial Neural Network for Identification of
Groundwater Potential Zones in Part of Hugli District,
West Bengal, India . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 247
Shashank Yadav and Chalantika Laha Salui

12 Multi-criteria Analysis for Groundwater Quality
Assessment: A Study in Paschim Barddhaman District
of West Bengal, India . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 259
Payel Das and Niladri Das

13 Performance of WQI and HPI for Groundwater Quality
Assessment: Study from Sangramgarh Colliery of West
Burdwan District, West Bengal, India . . . . . . . . . . . . . . . . . . . . . . . 289
Tanushree Paul and Manas Nath

14 Assessment of Groundwater Quality Interaction Using
One-Decade Data: A Case Study from a Hard Rock Area . . . . . . . . 305
S. Satheeshkumar, S. Venkateswaran, and R. Suresh

15 Fluoride Dynamics in Precambrian Hard Rock Terrain
of North Singhbhum Craton and Effect of Fluorosis on
Human Health and Society . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 319
Biswajit Bera, Sumana Bhattacharjee, Meelan Chamling, Arijit
Ghosh, Nairita Sengupta, and Supriya Ghosh

16 Coastal Aquifer Vulnerability for Saltwater Intrusion: A
Case Study of Chennai Coast Using GALDIT Model and
Geoinformatics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 349
Debabrata Ghorai, Gouri Sankar Bhunia, and Pravat Kumar Shit

xii Contents



Part III Sustainable Groundwater Resources Management

17 Watershed Development Impact on Natural Resources:
Groundwater and Surface Water Utilization . . . . . . . . . . . . . . . . . . 365
Partha Pratim Adhikary, M. Madhu, P. Jakhar, B. S. Naik,
H. C. Hombegowda, D. Barman, G. B. Naik, and Ch. J. Dash

18 Long-Term Groundwater Behaviour Over an Agriculturally
Developed State of North-West India: Trend and Impact on
Agriculture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 381
Omvir Singh, Amrita Kasana, and Pankaj Bhardwaj

19 Spatial Appraisals of Groundwater Recharge Potential
Zone Identification Using Remote Sensing and GIS . . . . . . . . . . . . . 407
Gouri Sankar Bhunia, Pranab Kumar Maity, and Pravat Kumar Shit

20 Spatial Mapping of Groundwater Depth to Prioritize the
Areas Under Water Stress in Rayalaseema Region of
Andhra Pradesh, India . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 429
Ch. Jyotiprava Dash, Partha Pratim Adhikary, and Uday Mandal

21 Exploring Vulnerability of Groundwater Using AHP and
GIS Techniques: A Study in Cooch Behar District,
West Bengal, India . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 445
Dipankar Saha, Debasish Talukdar, Ujjal Senapati,
and Tapan Kumar Das

22 Applicability of Geospatial Technology, Weight of Evidence,
and Multilayer Perceptron Methods for Groundwater
Management: A Geoscientific Study on Birbhum District,
West Bengal, India . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 473
Niladri Das, Subhasish Sutradhar, Ranajit Ghosh, and Prolay Mondal

23 Water Resource Management in Semi-arid Purulia
District of West Bengal, in the Context of Sustainable
Development Goals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 501
Amit Bera and Shubhamita Das

Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 521

Contents xiii



About the Editors

Pravat Kumar Shit is an assistant professor in the PG
Department of Geography, Raja N. L. Khan Women’s
College (Autonomous), West Bengal, India. He
received his M.Sc. and Ph.D. degrees in geography
from Vidyasagar University and PG diploma in remote
sensing and GIS from Sambalpur University. His
research interests include applied geomorphology, soil
erosion, groundwater, forest resources, wetland ecosys-
tem, environmental contaminants and pollution, and
natural resources mapping and modeling. He has
published 8 books (6 books for Springer) and more
than 60 papers in peer-reviewed journals. Dr. Shit is
currently the editor of the GIScience and
Geo-environmental Modelling (GGM) Book Series,
Springer Nature.

Gouri Sankar Bhunia received his Ph.D. from the
University of Calcutta, India, in 2015. His Ph.D. disser-
tation work focused on environmental control measures
of infectious disease using geospatial technology. His
research interests include environmental modeling, risk
assessment, natural resources mapping and modeling,
data mining, and information retrieval using geospatial
technology. Dr. Bhunia is associate editor and on the
editorial boards of three international journals on health
GIS and geosciences. Dr. Bhunia has published more
than 60 articles in various Scopus-indexed journals.

xv



Partha Pratim Adhikary is a senior scientist at
ICAR–Indian Institute of Water Management, Bhuba-
neswar, India. He obtained his Ph.D. in agricultural
physics from ICAR–Indian Agricultural Research Insti-
tute, New Delhi, India. His research interests include
solute transport, soil and water conservation and man-
agement, pedotransfer functions, and geospatial model-
ing of natural resources. Dr. Adhikary has published
more than 60 research papers in peer-reviewed journals
and three books. His other publications include book
chapters, popular articles, technology brochures, techni-
cal bulletins, and scientific reports. He is the associate
editor of Indian Journal of Soil Conservation. Cur-
rently, he is the editor of Springer Nature book series
GIScience and Geo-environmental Modelling.

Ch. Jyotiprava Dash is presently working as scientist
(soil and water conservation engineering) at ICAR–-
Indian Institute of Soil and Water Conservation
(IISWC), Research Centre, Sunabeda, Koraput, Odisha.
She obtained her bachelors’ degree in agricultural engi-
neering from OUAT, Bhubaneswar, and master’s and
Ph.D. degrees in agricultural engineering with speciali-
zation in soil and water conservation engineering from
ICAR–Indian Agricultural Research Institute (IARI),
New Delhi, India. Dr. Dash has an experience of more
than 10 years of research, training, and extension in the
field of soil and water conservation, watershed manage-
ment, geostatistics, surface and groundwater modeling,
remote sensing, and GIS. She is recipient of IASWC
Young Scientist Award. Dr. Dash has more than 50 pub-
lications to her credit, which include research papers in
journals of national and international repute, book chap-
ters, technical and extension bulletins, popular articles,
and e-publications.

xvi About the Editors



Part I
Groundwater Resources and Societal

Development



Chapter 1
Introduction to Groundwater and Society:
Applications of Geospatial Technology

Pravat Kumar Shit, Gouri Sankar Bhunia, Partha Pratim Adhikary ,
and Ch. Jyotiprava Dash

Abstract Water is the basic requirement for the development of civilization. The
primitive civilizations were developed along the surface water bodies to meet the
demand of water for the society. With the progress of time, the population-led
demand for water was increased in those civilizations and which ultimately led to
conflicts. The Indus valley civilization was destroyed mainly because of issues
related to water management. In the recent times with the advent of modern tools
and gadgets, the issues related to water have increased manifold. The demand from
drinking, domestic, agriculture and industry has also increased alarmingly. To meet
these demands, use of groundwater has increased tremendously all over the world.
With the higher demand, the problems also became higher. In this context, modern
tools and techniques like remote sensing, geographical information system,
geostatistics and modelling have the potentiality to manage the groundwater-related
problems and play a vital role for societal development. In this book we intended to
offer novel advances and applications of remote sensing, geographical information
system and geostatistical techniques in a precise and clear manner to the research
community to achieve in-depth knowledge in the field. The scientific understanding,
development and application of geospatial technologies related to water resource
management have been advanced. Geostatistics and geospatial techniques for
groundwater science assemble the most up-to-date techniques in GIS and
geostatistics as they relate to groundwater. Therefore, this book will help the readers
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to find the recent advancement of the geospatial techniques and its application in the
groundwater resources in a single volume.

Keywords Societal development · Remote sensing · GIS · Groundwater Quality
and Pollution Assessment · Precision agriculture · Resource management

1.1 Introduction

Groundwater is the water found below the earth surface and accounts for 30% of
available freshwater of the earth. It is a very important natural resource and has a
significant role in the economy of any nation. People from all over the world are
using sub-surface water to meet their various needs like drinking, washing, etc. for a
long period of time (WWAP-UNESCO 2009). The increase in population increases
the demand, and thus the exploitation of groundwater is gradually increasing. The
contribution of groundwater to irrigation and food industry is highly significant and
slowly leads to its over-exploitation (Smith et al. 2016). Globally, we use nearly 70%
surface and sub-surface water as irrigation. India is the largest user of groundwater in
the world followed by China and the USA, using an estimated 250 km3 of ground-
water per annum. The developing countries are using groundwater at a faster rate.
For example, in India, the contribution of groundwater is 62% in agriculture sector,
85% in rural water supply and 45% in urban water consumption. All over the world,
groundwater is being used for industrial development, and it triggered unprece-
dented changes in the state of groundwater level. The groundwater is pumped out
faster than it can replenish itself through underground recharge. This imbalance of
input and output in groundwater extract creates a lot of problem (Chenini and
Mammou 2010).

The groundwater crisis is an issue which can be solved at local level but has a
global concern. The issue of groundwater management needs to be addressed in a
global scale to ensure sustainable use of groundwater resources and to reverse the
depletion of reserved groundwater. If this valuable resource cannot be managed
properly, it will be a threat to the existence of living beings in the near future. Despite
the increasing pressure placed on water resources by population growth and eco-
nomic development, the laws governing groundwater rights have not changed
accordingly, even in developed nations. Nor is groundwater depletion limited to
dry climates: pollution and mismanagement of surface waters can cause over-
reliance on groundwater in regions where annual rainfall is abundant.

Availability of good quality water in abundant quantity is the prime concern for
the establishment of human settlement. The early settlers were totally dependent on
surface water (Maisels 2001), and with the advent of civilization this demand
enhanced considerably. This leads to the competition for faster development
among the people (Taylor et al. 2013) which leads to the gradual increasing of
water demand as well as scarcity. The earlier settlers were also exposed to climate
change and other monsoonal aberrations (Pereira et al. 2009), although water
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pollution was not so much important. To get rid of this crisis, people started the
groundwater extraction to overcome the water scarcity problem. The regulating
water demands are also dramatically increased, promoting the deficit of groundwater
storage, depletion of the water table (Qureshi et al. 2010) and reduction of recharge
rate. The humans are in dire need to find out the adaptive strategies and restrain water
demands alongside the increase of rainwater recharging capacity, groundwater
storage and efficiency in water utilization.

Therefore, for the optimal utilization and preservation of this treasure, systematic
planning and management using modern tools and techniques are essential. For the
greater interest, a measurement of groundwater resource is really significant for the
sustainable management, and with the advent of powerful and high-speed personal
computers, efficient techniques for water management have evolved, of which RS
(remote sensing), GIS (geographic information system) and GPS (Global Position-
ing System) and geostatistical techniques are of great significance (Magesh et al.
2012; Kumar et al. 2014; Adhikary et al. 2011, 2015; Thapa et al. 2017; Nasir et al.
2018).

1.2 Key Aims of the Book

Groundwater is inarguably the world’s single most important natural resource. It is
the foundation of the livelihood security of millions of farmers and the main source
of drinking water for a vast majority of people residing in rural as well as urban
areas. The prospects of continued high rates of growth of the world’s economy will
depend critically on how judiciously we are able to manage groundwater in the years
to come.

Over the years the world is consuming huge amount of groundwater for its
growth and development. The contribution of groundwater is immense to make
our world better in food security and many other aspects. Even as groundwater has
made us self-sufficient in food, we are now facing the crisis of depleting water tables
and water quality. The deep drilling by tube wells that was once part of the solution
to the problem of water shortage now threatens to become a part of the problem
itself. We, therefore, need to pay urgent attention to the sustainable and equitable
management of groundwater.

Our intention in editing this book is to offer novel advances and applications of
RS-GIS and geostatistical techniques in a precise and clear manner to the research
community to achieve in-depth knowledge in the field. It will help those researchers
who have interest in this field to keep insight into different concepts and their
importance for applications in real life. This has been done to make the edited
book more flexible and to stimulate further interest in topics. All these motivated
us towards novel advances and applications of geospatial technologies and
geostatistics.

This book advances the scientific understanding, development and application of
geospatial technologies related to water resource management. Geostatistics and
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geospatial techniques for groundwater science assemble the most up-to-date tech-
niques in GIS and geostatistics as they relate to groundwater, one of the most
important natural resources. Therefore, this book will help the readers to find the
recent advancement of the geospatial techniques and its application in the ground-
water resources in a single volume.

1.3 Sections of the Book

The book is organized into three parts: (I) Groundwater Resources and Societal
Development; (II) Groundwater Availability, Quality and Pollution; and (III) Sus-
tainable Groundwater Resources Management.

1.3.1 Section I: Groundwater Resources and Societal
Development

This section concerns itself with the specific uses and management of groundwater
as a component of integrated water management for societal development. Modern
geospatial and geostatistical technologies have been described and used to address
the issue of groundwater-related conflicts generally arising in the society. Overall,
these fundamentals are tried to capture in five chapters of the section. These chapters
are essential either to understand the spatial process of groundwater variation or to
quantify these variations through the lens of society. The second chapter talks about
how societal development has been started with the availability of freshwater in the
world and how the conflicts have arisen because of water scarcity and pollution. In
this context how the integrated approach of remote sensing and geographic infor-
mation system has the potentiality to address the issue of groundwater scarcity and
quality on a spatial scale through the involvement of the society has been described
in Chap. 3. Chapter 4 deals with geospatial and geophysical approaches for assess-
ment of groundwater resources in alluvial aquifers. This has been described through
a case study from India. There are many issues related to groundwater management
using space technology. Chapter 5 deals with those issues and suggested compre-
hensive solution to deal with those issues. The village level assessment of ground-
water quality has the most importance to solve the problem comprehensively. Thus
Chap. 6 documented the village level assessment of groundwater quality through
multi-criteria-based GIS analysis. Overall, this section talks about how geospatial
techniques will be useful to address the groundwater-related societal conflicts and
how modern tools can play a greater role for societal development.

6 P. K. Shit et al.



1.3.2 Section II: Groundwater Availability, Quality
and Pollution

The second section deals with the regularity and monitoring of groundwater
resources. This section discusses about the groundwater potential zone identifica-
tion, the amount of water available in the aquifer, recharge and discharge character-
istics of groundwater resources. Here remote sensing and GIS techniques have been
extensively used. In this section, the threats of over-extraction and subsequent
groundwater pollution emerging out because of high dependency led to high exploi-
tation of groundwater resources by societal, economic and environmental develop-
ment. The evolution of effective management systems to address these threats has
been discussed. Ten chapters have been dedicated in this section. Delineation of
groundwater potential zones is a very important issue which serves as the first point
for groundwater management. Chapters 6, 7, 8, 9, 10 and 11 discuss about the
delineation and mapping of groundwater potential zones using modern tools, tech-
niques and modelling. The applicability of GIS-based Fuzzy Analytical Hierarchy
Process approach has been highlighted in these chapters. The performance of
Frequency Ratio Approach and Artificial Neural Network has also been discussed
with case studies in this section. The appraisal of groundwater quality is the topic of
present-day research. Chapters 12, 13 and 14 deal with this aspect. Multi-criteria-
based GIS approach, use of groundwater quality indices and HPI were used to
understand managing groundwater pollution through case studies. Chapter 15
deals with fluoride dynamics in Precambrian hard rock terrain of North Singhbhum
Craton and effect of fluorosis on human health and society. Thereby the problem of
fluoride has been dealt with in this section. Salt water intrusion in the coastal aquifer
is a problem. Therefore Chap. 16 assesses the coastal aquifer vulnerability for
saltwater intrusion using GALDIT model and geo-informatics. This thing has been
explained through a case study of Chennai coast.

1.3.3 Section III: Sustainable Groundwater Resources
Management

The third section deals with the application of geospatial techniques to tackle
man-induced changes in groundwater conditions. The environmental and socio-
economic impacts on groundwater resources have been dealt with in detail. How
different approaches like watershed management and agro-forestry can remediate
the twin problem of groundwater quantity and quality deterioration and the role of
RS and GIS to support in this aspect has been addressed. The role of stakeholder’s
participation to tackle the groundwater-related problems for long-term basis through
which viable national, regional and local systems can be evolved has also been
addressed. Altogether there are seven chapters to cover these aspects. Chapter 17
discussed about the impact of watershed development models on water resources
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especially on groundwater utilization. This has been illustrated with a live case study
from a tribal watershed of India. Chapter 18 deals with the impact of long-term
groundwater behaviour on agricultural development. This has been discussed with a
case study from an agriculturally developed state of north-west India. Chapter 19
deals with the spatial appraisals of groundwater recharge potential zone identifica-
tion using remote sensing and GIS. Water stress is an important aspect which
controls the agricultural activity through the world. In this aspect Chap. 20 deals
with spatial mapping of groundwater depth to prioritize the areas under water stress
in the Rayalaseema region of Andhra Pradesh, India. Groundwater vulnerability was
explored using AHP and GIS techniques in Chap. 21 with the help of a case study
from India. A geoscientific study on Birbhum District, West Bengal, India, was
presented in Chap. 22 where the applicability of geospatial technology, weight of
evidence and multilayer perceptron was used for groundwater management. This
study critically examined the modern tools and techniques for efficient management
of groundwater resources. The last chapter deals with water resources management
in the context of sustainable development goals of the United Nations. This is
addressed with the help of a good case study from India. Overall, this section has
given comprehensive idea about the importance of RS, GIS, modelling and other
modern tools and techniques for sustainable water resources management.
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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)
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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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