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Foreword

Climate plays a vital role in regulating agriculture productivity and practices, food
habits and drinking water needs of our Earth and thus socio-economy of developing
nations such as India. Global warming driven-climate change impacts both fauna
and flora and thus ecological footprints across the regions. The book entitled
‘Ecological footprints of climate change: Adaptive Approaches and Sustainability’
edited by Uday Chatterjee, Angela Oyilieze Akanwa, Suresh Kumar, Sudhir Kumar
Singh and Abira Dutta Roy to be published by Springer is timely and extremely
relevant in the present scenario. The chapters written for this book are outstanding
examples of advance works applied to the relevant field.

With fast depleting natural resources due to expanding human requirements and
intense economic activities, there is a need to adopt people friendly development
models which will help in sustaining human civilization on this mother earth.
Overutilization of land resources and rampant urbanization as well as industrializa-
tion in developing economies contribute to severe land degradation and contamina-
tion of groundwater table worldwide. Such environmental severity impacts both
food production and drinking water aquifers.

This volume is a collection and compilation of 30 chapters outlined under six
major parts viz.

vii



viii Foreword

Part I: Introduction; Part II: Climate change and contemporary issues, challenges
and sustainability; Part III: Agriculture and Forestry and Climate Change; Part IV:
Food Security and Livelihoods; Part V: Infrastructure and Resilient Cities and
Settlements; and Part VI: Global Health and Sustainable and Adaptive Approaches
and Sustainability. The topics identified in these parts are diverse and of vital
importance for climate resilience and sustainable development.

I would like to congratulate the editors for their noble initiative in bringing out
this precious volume of contemporary relevance. This book forms a valuable
addition to the existing knowledge and is aimed for university students and
researchers in climate change, agriculture, forestry, livelihoods and sustainable
development. I hope it will be widely acclaimed by geographers, environmental
scientists, climate workers and policy planners as well as decision-makers engaged
in dealing with climate change impacts.

J.C. Bose National Fellow, Professor of
Geology, Department of Geology and
Geophysics, Indian Institute of
Technology Kharagpur, Kharagpur
West Bengal, India

Anil K. Gupta FTWAS, FNA, FASc,
FNASc



Preface

The concept of ecological footprint is employed to determine the extent of popula-
tion pressure on natural resources and the estimated quantity expedient for human
satisfaction. It covers the endless demands placed on nature and estimated quantity
of renewable resources consumed and the regenerative bio-capacity of the earth. The
concept of ecological footprint is globally employed in the process of analysing
sustainability assessments. Globally, ecological footprint assessments reflect the vast
pressure of human population on the earth in comparison with the earth’s renew-
ability potentials. Climate change is a wicked problem sponsored by wanton anthro-
pogenic exploitation of natural resources. Its impacts have been etched deep into
the national and global ecosystems leaving intractable ecological footprints. Man-
kind has been under ecological overshoot since the 1970s, with annual resource
requirements surpassing Earth’s biocapacity. Assessing the ecological footprint (EF)
is basically an expedient to measure and estimate the human demands and impacts
on our global environment. According to the 2022 release of the National Footprint
and Biocapacity Accounts, humankind would require resources equivalent to 1.75
planets similar to that of the Earth in order to meet their growing demands and absorb
human produced garbage.

Earth’s average surface temperature has increased by 1.4 °F (0.8 °C) from
pre-industrial era. This increase is mainly due to burning of coal and petroleum
products in power stations, factories and motor vehicles, which act as major source
of carbon dioxide. To regulate the uncontrolled greenhouse gas emission, the Kyoto
Protocol was signed in 1997, which is an international agreement intended to cut the
greenhouse gas emissions, but many nations failed to limit their emissions. Further-
more, in 2018, the Paris Agreement was signed by over 200 nations with the purpose
of preventing global temperatures from reaching a 3.6 °F (2.0 °C) increase and
reducing greenhouse gas emissions to a rate where they can be naturally absorbed by
the environment between 2050 and 2100. Recently, a total of 190 countries agreed at
COP26 to phase out coal power, which is considered as the single largest contributor
to human-caused climate change. Its goal was exclusively to continue the
endeavors of restricting global warming to 1.5 °C, and the Glasgow Climate Treaty
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also aided in achieving this goal. Despite these initiatives, outcomes from various
climate model simulations proposed that planet’s average temperature could be
between 2 and 9.7 °F (1.1–5.4 °C) warmer by 2100 than it is today. Hence, efficient
framework, sustainable management policies and stringent implementation are very
much required for tackling these concerns. Subsequently, delivery of these goals,
proper climate resilience through adaptation and mitigation will be possible.

x Preface

Global implications of climate change adaptation endeavours can trigger the
appropriate scientific, adaptive and sustainable approaches. The advances in science
and technology have enhanced a nation’s ability to plan for the future by investing in
adaptive and mitigate measures to monitor present and future changes. Wealth,
infrastructure and political stability all contribute to a nation’s capacity to anticipate
and respond to climate change. The adaptive-based models are essential to reduce
the ecological, social and economic costs of environmental management. Adaptive
management focuses upon developing alternative approaches or rather unique
methods that will identify gaps in knowledge. This will in turn be very useful in
setting and updating research and action priorities, applicable for climate change
policy, thereby serving as a continual update on knowledge and policy needs in
climate change science. At present with the availability of multiple climate foot-
prints, there are immense opportunities to explore all ideas towards evaluating their
possibilities in presenting alternative futures through developing sustainable adap-
tive measures and implementing alternative policies, in order to solve the intractable
ecological footprints of climate change. This book attempts to amalgamate all these
ideas.

The book includes a broad range of topics covering ecological footprints, climate
change, sustainable development, adaptive methodologies and sustainability. Topics
on agriculture, forestry, water resources, food insecurity, human settlements, global
health and many more have been dealt in the chapters of this book providing
adaptation measures for minimizing the footprints of climate change. Climate
change and its consequences are being experienced all over the globe, although
developing countries are considered as the primary victims, especially in tropical
regions where the hydrological cycles are more intense and experience higher
exposure to the risk of climate change. India is a developing country located in a
tropical region where climate-related disasters (storms, floods, cyclones, extreme
precipitation and droughts) are more prominent. Apart from this, Himalayas is
considered as the water tower of Asia and plays a vital role in regulating climate
as well as downstream water availability. Therefore, it requires special attention to
adapt and mitigate the adverse effects of climate change. Thus, we have included
book chapters with majority of the case studies from the Indian sub-continent.
Consequently, this book will provide the adaptation and mitigation approach
which can be implemented over this region.

The chapters in the book have been grouped into six different parts addressing
issues of climate change to provide a comprehensive overview. First (I) part pro-
vides a holistic view of the ecological footprint, climate change and sustainability as
well as the linkages between them. Chapter 1 provides an insight on changes of
footprint with respect to climate change. Chapter 2 introduces the assessment of



global-scale synergy between adaptation, mitigation and sustainable development
for projected climate change, whereas Chapter 3 deliberates inclusive concept
concerning global warming impacts on environment in the last century. Chapter 4
delivers on the application of the earth system climate model. Part II focussed on
contemporary issues related to climate change and environment with case studies for
in-depth understanding for readers. In this part, Chapter 5 focuses on climate change
impact on land degradation in hilly and mountainous landscape and the sustainabil-
ity issues with adaptation strategies. Chapter 6 introduces impacts of the inherent
hazards of climate change on the coastal environment. Chapter 7 sheds light on the
assessment of ground water vulnerability to climate change using GIS techniques.
Chapter 8 discusses the impact of climate change on water crisis, whereas Chapter 9
reviews the factors affecting governance of disaster management and delivers a
comparative study of the Sundarbans. Chapter 10 introduces the application of
geospatial technology in understanding seasonal flood hazard events. Chapter 11
is devoted towards application of geospatial techniques in watershed vulnerability to
climate change and environmental sustainability.

Preface xi

Third (III) part focuses on climate change induced challenges on vital sectors
such as agriculture and forest. Chapter 12 discusses about the application of crop
simulation models in determining sustainable agriculture under different climate
change scenarios. Chapter 13 reviews the peri-urban farmer’s perception of climate
change. Chapter 14 introduces the spatiotemporal drivers of agricultural vulnerabil-
ity to climate change. Chapter 15 deals with forest landscape dynamics and people’s
livelihood dependency on forest. Chapter 16 uses the forest fire risk modelling and
GIS remote sensing for impact assessment. Fourth (IV) part briefly explains the
food security and livelihood which comprises Chapters 17 and 18 elaborates on the
climate smart agricultural interventions for food security and evaluation of carbon
neutral project, respectively. Fifth (V) part primarily focusses on infrastructure and
urban development in the context of prevailing climate change issues. It includes
land use/land cover change dynamics and modelling, land surface temperature
analysis, urban heat island and climate change using geospatial indicators, site
suitability for wasteland utilization by solar power plant installation and tsunami
impact assessment, whereas the last chapter in this part discusses waterborne
pathogen exposure under climate change and impact of climate change on health
(Chapters 19, 20, 21, 22, 23, 24 and 25). Sixth (VI) part opens on health issues
related to changing climate and adaptive approaches. It introduces health implica-
tions, cohort study on ambient air quality, practices of women fisher folk in response
to climate change, climate change and health impacts and flood footprints in
changing climate and climate related actions (Chapters 26, 27, 28, 29 and 30).
Apart from these, the above-mentioned individual parts also focus on sustainability
and adaptive approaches in the purview of climate change. Hence, in this way, these
chapters can provide a holistic perception of components of ecological footprints.

The environment encompasses the interaction between the living and non-living
components where humans exert their influence. It provides various ecosystem
services that sustain human existence and civilization. Unfortunately, the unre-
strained manipulations have escalated climate change issues. The introduction



of application of sophisticated technologies in resource extraction and their use has
further increased the ecological footprints. Therefore, there is an urgent need as
pursued by this book for proper adaptive management of the ecological resources to
bring about balance and human-earth sustainability. We prepared all the chapters in a
very transparent and interactive approach. It is hoped that the book as a whole will
provide a timely synthesis of a rapidly growing and important field of study but will
also bring forward new and stimulating ideas that will shape a coherent and fruitful
vision for future work for the community of undergraduates, post-graduates and
researchers in the fields of environmental sciences and geography. Research
scholars, geographers, environmentalist, climatologists, policymakers, NGOs, cor-
porate sectors, social scientists and government organisations will find this book to
be of great value.

xii Preface

Paschim Medinipore, West Bengal,
India

Uday Chatterjee

Anambra State, Nigeria Angela Oyilieze Akanwa

Dehradun, Uttarakhand, India Suresh Kumar

Allahabad, Uttar Pradesh, India Sudhir Kumar Singh

Bankura, West Bengal, India Abira Dutta Roy



Acknowledgments

This book has been inspired by the tremendous hard work that has been put by
climate scientists, the grass root level people and the policy makers who are trying
their level best to curtail environmental degradation. We express our heartfelt
gratitude to the researchers who have made this book a reality through their
contributions. We thank the anonymous reviewers for their constructive criticism,
which has helped to improve not only the quality of research but also the book. As
ever learners, we appreciate the incredible support that our colleagues, students,
parents, family members, teachers and collaborators have shown towards easing the
efforts we have put day in and day out while editing this book, such that it may create
value and contribute positively towards the knowledge of sustainable development.
Last but not the least, we would like to acknowledge the continuous assistance
provided by our publisher and its publishing editor, Springer.

xiii



Disclaimer

The authors of individual chapters are solely responsible for the ideas, views, data,
figures, and geographical boundaries presented in the respective chapters of this
book, and these have not been endorsed, in any form, by the publisher, the editor,
and the authors of forewords, preambles, or other chapters.

xv



1

Contents

Part I Introduction

1 Ecological Footprints in Changing Climate: An Overview . . . . . . . . 3
Suresh Kumar, Uday Chatterjee, and Anu David Raj

2 Assessing Global-Scale Synergy Between Adaptation, Mitigation,
and Sustainable Development for Projected Climate Change . . . . . 3
Aman Srivastava, Rajib Maity, and Venkappayya R. Desai

3 Global Warming Impacts on the Environment
in the Last Century . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63
Sankar Mariappan, Anu David Raj, Suresh Kumar,
and Uday Chatterjee

4 Analysis of Low-Flow Indices in the Era of Climate Change:
An Application of CanESM2 Model . . . . . . . . . . . . . . . . . . . . . . . . 95
Mohammadreza Goodarzi and Alireza Faraji

Part II Climate Change and Contemporary Issues, Challenges
and Sustainability

5 Climate Change Impact on Land Degradation and Soil Erosion
in Hilly and Mountainous Landscape: Sustainability
Issues and Adaptation Strategies . . . . . . . . . . . . . . . . . . . . . . . . . . . 119
Suresh Kumar, Anu David Raj, Justin George Kalambukattu,
and Uday Chatterjee

6 Vulnerability Assessment of the Inherent Hazards of Climate
Change on the Coastal Environment of the Mahanadi Delta,
East Coast of India . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 157
Monalisha Mishra, Gopal Krishna Panda, Kishor Dandapat,
and Uday Chatterjee

xvii



1

xviii Contents

7 Assessment of Groundwater Vulnerability to Climate Change
of Jalgaon District (M.S.), India, Using GIS Techniques . . . . . . . . . 179
Kalyani Mawale, Jaspreet Kaur Chhabda, and Arati Siddharth Petkar

8 Impact of Climate Change on Water Crisis in Gujarat (India) . . . . 20
Nairwita Bandyopadhyay

9 Factors Affecting Governance Aspect of Disaster Management:
Comparative Study of the Sundarbans in India
and Bangladesh . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 219
Srijita Chakrabarty

10 Application of Geospatial Technology in Seasonal
Flood Hazard Event in Dhemaji District of Assam . . . . . . . . . . . . . 247
Krishna Das, A. Simhachalam, and Ashok Kumar Bora

11 Geospatial Approach in Watershed Vulnerability
to Climate Change and Environmental Sustainability . . . . . . . . . . . 271
Anu David Raj, Justin George Kalambukattu, Suresh Kumar,
and Uday Chatterjee

Part III Agriculture and Forestry and Climate Change

12 Agro-climatic Variability in Climate Change Scenario:
Adaptive Approach and Sustainability . . . . . . . . . . . . . . . . . . . . . . 313
Trisha Roy, Justin George Kalambukattu, Siddhartha S. Biswas,
and Suresh Kumar

13 Peri-urban Farmers’ Perception of Climate Change:
Values and Perspectives – A French Case Study . . . . . . . . . . . . . . . 349
Marie Asma Ben-Othmen, Juliette Canchel, Lucie Devillers,
Anthony Hennart, Lucie Rouyer, and Mariia Ostapchuk

14 Determinants and Spatio-Temporal Drivers of Agricultural
Vulnerability to Climate Change at Block Level, Darjeeling
Himalayan (Hill) Region, West Bengal, India . . . . . . . . . . . . . . . . . 373
Deepalok Banerjee, Jyotibrata Chakraborty, Bimalesh Samanta,
and Subrata B. Dutta

15 Forest Landscape Dynamic and People’s Livelihood
Dependency on Forest: A Study on Bankura District,
West Bengal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 399
Abira Dutta Roy and Santanu Mandal

16 Forest Fire Risk Modeling Using GIS and Remote Sensing
in Major Landscapes of Himachal Pradesh . . . . . . . . . . . . . . . . . . . 421
Shreyasee Dutta, Akanchha Vaishali, Sadaf Khan, and Sandipan Das



Contents xix

Part IV Food Security and Livelihoods

17 Climate-Smart Agriculture Interventions for Food
and Nutritional Security . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 445
Manpreet Kaur, D. P. Malik, Gurdeep Singh Malhi,
Muhammad Ishaq Asif Rehmani, and Amandeep Singh Brar

18 Critical Appraisal and Evaluation of India’s First Carbon
Neutral Community Project – A Case of Meenangadi
Panchayat, Kerala, India . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 465
Arunima KT and Mohammed Firoz C

Part V Infrastructure and Resilient Cities and Settlements

19 Land Use and Land Cover Change Dynamics and Modeling
Future Urban Growth Using Cellular Automata Model
Over Isfahan Metropolitan Area of Iran . . . . . . . . . . . . . . . . . . . . . 495
Bonin Mahdavi Estalkhsari, Pir Mohammad, and Alireza Karimi

20 Analysing Spatio-temporal Changes in Land Surface
Temperature of Coastal Goa Using LANDSAT Satellite Data . . . . . 517
Venkatesh G. Prabhu Gaonkar, F. M. Nadaf, Vikas BalajiraoKapale,
Siddhi Gaonkar, Sumata Shetkar, and Merel D’Silva

21 Analysing the Relationship Between Rising Urban Heat
Islands and Climate Change of Howrah Sadar Subdivision
in the Past Two Decades Using Geospatial Indicators . . . . . . . . . . . 543
Parama Bannerji and Radhika Bhanja

22 Assessment of Site Suitability of Wastelands for Solar
Power Plants Installation in Rangareddy District,
Telangana, India . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 559
Dhiroj Kumar Behera, Aman Kumari, Rajiv Kumar, Mohit Modi,
and Sudhir Kumar Singh

23 Integrated Study on Tsunami Impact Assessment
in Cilacap, Indonesia: Method, Approach, and Practice . . . . . . . . . 577
Ranie Dwi Anugrah and Martiwi Diah Setiawati

24 The Public Health Risks of Waterborne Pathogen
Exposure Under a Climate Change Scenario in Indonesia . . . . . . . . 607
Martiwi Diah Setiawati, Marcin Pawel Jarzebski, Fuminari Miura,
Binaya Kumar Mishra, and Kensuke Fukushi

25 Perceived Impact of Climate Change on Health:
Reflections from Kolkata and Its Suburbs . . . . . . . . . . . . . . . . . . . . 625
Sudarshana Sinha and Anindya Basu



xx Contents

Part VI Global Health, Sustainable and Adaptive Approaches
and Sustainability

26 Health Implications, Leaders Societies, and Climate Change:
A Global Review . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 653
Ansar Abbas, Dian Ekowati, Fendy Suhariadi,
and Rakotoarisoa Maminirina Fenitra

27 A Retrospective Cohort Study on Ambient Air Quality
and Respiratory Morbidities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 677
Shruti S. Tikhe and Kanchan Khare

28 Coping Practices of Women Fisherfolk in Responses
to Climate Change at UNESCO Declared World Heritage
Site of Sundarbans . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 701
Anisa Mitra and Prabal Barua

29 Climate Change and Health Impacts in the South Pacific:
A Systematic Review . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 731
Mumtaz Alam, Mohammed Feroz Ali, Sakul Kundra,
Unaisi Nabobo-Baba, and Mohammad Afsar Alam

30 Changing Climate, Flood Footprints, and Climate-Related
Actions: Effects on Ecosocial and Health Risks
Along Ugbowo-Benin Road, Edo State, Nigeria . . . . . . . . . . . . . . . . 749
Angela Oyilieze Akanwa, Ngozi Joe-Ikechebelu,
Angela Chinelo Enweruzor, Kenebechukwu Jane Okafor,
Fredrick Aideniosa Omoruyi, Chinenye Blessing Oranu,
and Uche Marian Umeh

Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 773



About the Editors

Uday Chatterjee is an assistant professor at the
Department of Geography, Bhatter College, Dantan,
Paschim Medinipur, West Bengal, India, and Applied
Geographer with a Post-Graduate in Applied Geography
at Utkal University and Doctoral Degrees in Applied
Geography at Ravenshaw University, Cuttack, Odisha,
India. He has contributed various research papers
published in various reputed national and international
journals and edited book volumes. He has authored
jointly edited books entitled ‘Harmony with Nature:
Illusions and Elusions from Geographer’s Perspective
in the 21st Century’ and ‘Land Reclamation and Resto-
ration Strategies for Sustainable Development’
(November 2021, Edition: 1st, Publisher: Elsevier, Edi-
tor: Dr. Gouri Sankar Bhunia, Dr. Uday Chatterjee,
Dr. Anil Kashyap, Dr. Pravat Kumar Shit • ISBN:
9780128238950 (https://www.elsevier.com/books/
land-reclamation-and-restoration-strategies-for-sustain
able-development/bhunia/978-0-12-823895-0). He has
also conducted (Convener) one Faculty Development
Programme on ‘Modern methods of teaching and
advanced research methods’ sponsored by Indian Coun-
cil of Social Science Research (ICSSR), Government. of
India. His areas of research interest cover urban plan-
ning, social and human geography, applied geomor-
phology, hazards and disasters, environmental issues,
land use, and rural development. His research work
has been funded by the West Bengal Pollution Control
Board (WBPCB), Government of West Bengal, India.
He has served as a reviewer for many international

xxi

https://www.elsevier.com/books/land-reclamation-and-restoration-strategies-for-sustainable-development/bhunia/978-0-12-823895-0
https://www.elsevier.com/books/land-reclamation-and-restoration-strategies-for-sustainable-development/bhunia/978-0-12-823895-0
https://www.elsevier.com/books/land-reclamation-and-restoration-strategies-for-sustainable-development/bhunia/978-0-12-823895-0


journals. Currently, Dr. Uday Chatterjee is the lead
editor of Special Issue (S.I) of Urbanism, Smart Cities
and Modelling, Geojournal, Springer.

xxii About the Editors

Angela Oyilieze Akanwa is a senior lecturer and pres-
ently the Head of Department for the Department of
Environmental Management in Chukwuemeka
Odumegwu Ojukwu University (COOU) Uli, Anambra
State. She is an academia, a consultant and a researcher
with focus on the implications of climate change, human
hazards and disaster risks perceived from various human
activities. These human activities include forest loss,
mining/quarrying, solid waste management and water
pollution. She has contributed to the development of
baseline studies and data gathering as well as being a
facilitator to a consultancy firm handling monitoring and
evaluation studies, environmental and social impact
studies and report for the World Bank/NEWMAP
Gully Erosion Projects in Anambra State. She is a mem-
ber of the Professional body of Environmental Manage-
ment Association of Nigeria (EMAN). She has taught a
variety of courses in environmental management both at
the undergraduate and postgraduate levels, and she hap-
pens to be the project manager of Nigerian Coalition for
Eco-Social Health Research (NCEHR). She has
published multiple international journals, book chapters
and conference papers in prominent journals such
Springer, Elsevier, Intech Open and many more. She
has worked in committees and held several leadership
positions in professional, volunteer faith-based organi-
sations and community projects both within and outside
the university.

Suresh Kumar is Scientist–SG and Group Head, Agri-
culture and Soils Department at Indian Institute of
Remote Sensing (IIRS), Government of India, Indian
Space Research Organization (ISRO). He has 27 years
of vast experience in applications of Geospatial Tech-
nologies in Natural Resource Management with special-
isation in soil resource management, land degradation
and watershed management. He is graduated in Agri-
culture and Doctorate in Soil Science from G.B. Pant
University of Agriculture and Technology (G.B. P.U. &



T., Pantnagar) in 1993 and since then serving at Indian
Institute of Remote Sensing (IIRS) at various scientist
positions. He has done commendable research and
published 22 research papers in international journal,
30 research papers in national journal and 7 book chap-
ters with CRC/Springer Nature Press. He has attended
several international conferences and national seminar/
symposium and delivered invited lead talk in the semi-
nar/symposium. He carried out several research projects
as PI/ Co-I of the projects such as FAO-AEZ based
agricultural land use planning; National soil carbon
pool assessment, soil carbon dynamic (SCD) studies,
mountain ecosystem processes and services: Studying
impact of soil erosion and nutrient loss and its impact on
soil quality; Digital soil mapping using environmental
covariates for mountainous region, etc. He carried out
operational projects of National Land Degradation Map-
ping, National Wasteland Mapping and Integrated Mis-
sion for Sustainable Development (IMSD) projects. He
is life members of various professional societies such as
Indian Society of Remote Sensing, Dehradun; Indian
Society of Soil Survey and Land Use Planning,
NBSS&LUP, Nagpur; Indian Association of Soil and
Water Conservation, CSWCRTI, Dehradun; Farming
Systems Research and Development Association,
Modipuram, PDCSR, Modipuram, Meerut; Association
of Agrometeorologist, GAU, Anand, India.

About the Editors xxiii

Sudhir Kumar Singh PhD, Assistant Professor, offers
Remote Sensing and Satellite Meteorology, Environ-
mental Chemistry and Statistical Methods in Climate
Research courses to MTech students at K. Banerjee
Centre of Atmospheric and Ocean Studies, University
of Allahabad, Prayagraj, India. He has worked on the
application of geochemical and hydrological model
(SWAT) to study the impact of land use/land cover
change on water quality and quantity of the drought-
affected river basin. He worked as PI and Co-PI funded
by University Grants Commission, Department of Sci-
ence and Technology, New Delhi, India, and Ministry of
Earth Sciences, Government of India. He has published
many papers in peer-reviewed journals with high impact
factors. Also, a part of the BRICS international team to
look at the impact of land use/land cover and climate



change on river basins. His research focuses on remote
sensing and geographical information system applica-
tions in the environment with special reference to land
use/land cover change and water resource management.

xxiv About the Editors

Abira Dutta Roy is currently an assistant professor at
Department of Geography, Bankura Zilla Saradamani
Mahila Mahavidyapith. She was previously teaching at
Adamas’ University, Barasat. Her teaching experience
is over 6 years and a research experience of over
15 years. She was awarded her Doctoral degree and
M.Phil. from the renowned Centre for the Study of
Regional Development, Jawaharlal Nehru University.
She had completed her Masters from the prestigious
Delhi School of Economics, University of Delhi, and
her graduation from Banaras Hindu University. Her
research area is focused on hydrometeorology, urban
landscape, agricultural landscape, glacial dynamics
where the application of remote sensing and
geoinformatics plays a pivotal role. She is proficient in
use of hydrological models and other earth system
models. She has worked as research fellows in different
Department of Science and Technology, Government of
India, and was part of sponsored projects conducted by
reputed institutes of the country as well as by various
NGO and environmental consultancies. These have pro-
vided her knowledge and field experience about the
ground reality. She has quite a few publications in
reputed books and journals, as well as over a dozen of
paper presentation at national and international confer-
ences. Her teaching skills have been well appreciated
and hence have been invited to deliver lectures and
training sessions in various institutes across the country.
She is also a life member of the Indian Association of
Hydrologists. She is currently supervising doctoral
research fellows from Adamas University and from
Bankura University.



Contributors

Ansar Abbas Department of Economics and Business, Jawa Timur, Surabaya,
Indonesia

Angela Oyilieze Akanwa Department of Environmental Management, Chukwuemeka
Odumegwu Ojukwu University (COOU), Awka, Anambra, Nigeria

Mohammad Afsar Alam Department of Social Sciences, Fiji National University,
Suva, Fiji

Mumtaz Alam Department of Social Sciences, Fiji National University, Suva, Fiji

Mohammed Feroz Ali Department of Sports Science and Education, Fiji National
University, Suva, Fiji

Ranie Dwi Anugrah Detailed Spatial Planning of Environmental Carrying Capac-
ity Area – Region 1, Ministry of Agrarian Affairs and Spatial Planning, National
Land Agency, Jakarta, Indonesia

Vikas BalajiraoKapale Department of Geography, Government College,
Khandola, Goa, India

Nairwita Bandyopadhyay Department of Geography, Haringhata Mahavidyalaya,
University of Kalyani, Nadia District, West Bengal, India

Deepalok Banerjee Geoinformatics and Remote Sensing Cell, West Bengal State
Council of Science and Technology, Government of West Bengal, Kolkata, West
Bengal, India

Parama Bannerji Department of Geography, Nababarrackpore Prafulla Chandra
Mahavidyalaya, Kolkata, West Bengal, India

Prabal Barua Department of Environmental Sciences, Jahangirnagar University,
Dhaka, Bangladesh

xxv



xxvi Contributors

Anindya Basu Department of Geography, Diamond Harbour Women’s University,
Sarisha, West Bengal, India

Dhiroj Kumar Behera Land Use and Cover Monitoring Division, National
Remote Sensing Centre, ISRO, Hyderabad, India

Marie Asma Ben-Othmen INTERACT Research Unit–Innovation, Land Manage-
ment, Agriculture, Agro-Industries, Knowledge, and Technology, UniLaSalle-
France, Mont-Saint-Aignan, France

Radhika Bhanja Department of Geography, Presidency University, Kolkata, West
Bengal, India

Siddhartha S. Biswas Crop Production Division, ICAR-National Research Centre
for Orchids, Pakyong, Sikkim, India

Ashok Kumar Bora Department of Geography, Gauhati University, Guwahati,
Assam, India

Amandeep Singh Brar Punjab Agricultural University (PAU), Krishi Vigyan
Kendra (KVK), Moga, Punjab, India

Juliette Canchel Graduate school of Agronomy and Agroindustry, UnilaSalle-
France, Mont-Saint-Aignan, France

Srijita Chakrabarty Urban Management Professional, Independent Researcher-
Consultant, Kolkata, West Bengal, India

Jyotibrata Chakraborty Geoinformatics and Remote Sensing Cell, West Bengal
State Council of Science and Technology, Government of West Bengal, Kolkata,
West Bengal, India

Uday Chatterjee Department of Geography, Bhatter College, Dantan (Affiliated to
Vidyasagar University), Paschim Medinipore, West Bengal, India

Jaspreet Kaur Chhabda Civil Engineering Department, College of Engineering,
Pune, Maharashtra, India

Kishor Dandapat Department of Geography, Seva Bharati Mahavidyalaya,
Kapgari (Vidyasagar University), Jhargram, West Bengal, India

Krishna Das Department of Geography, Pragjyotish College (Affiliated to Gauhati
University), Guwahati, Assam, India

Sandipan Das Symbiosis Institute of Geo-Informatics (SIG), Symbiosis Interna-
tional (Deemed University), Pune, Maharashtra, India

Venkappayya R. Desai Department of Civil Engineering, Indian Institute of Tech-
nology (IIT) Kharagpur, Kharagpur, West Bengal, India
Director, Indian Institute of Technology (IIT) Dharwad, Dharwad, Karnataka, India

Lucie Devillers Graduate school of Agronomy and Agroindustry, UnilaSalle-
France, Mont-Saint-Aignan, France



Contributors xxvii

Merel D’Silva Department of Geography, Government College, Khandola, Goa,
India

Shreyasee Dutta Symbiosis Institute of Geo-Informatics (SIG), Symbiosis Inter-
national (Deemed University), Pune, Maharashtra, India

Subrata B. Dutta Department of Science and Technology and Biotechnology,
Government of West Bengal, Kolkata, West Bengal, India

Dian Ekowati Department of Economics and Business, & Planning, Jawa Timur,
Surabaya, Indonesia

Angela Chinelo Enweruzor Department of Sociology and Anthropology, Univer-
sity of Benin, Benin City, Edo State, Nigeria
Spirit Filled Women International (SFWI). A non-governmental Organization
(NGO) for Women Development, Anambra State, Nigeria

Bonin Mahdavi Estalkhsari Department of Landscape Architecture, Shahid
Beheshti University, Tehran, Iran

Alireza Faraji Department of Engineering, University of Basilicata, Potenza, Italy
Visiting Scholar, Clemson University, SC, Clemson, USA

Rakotoarisoa Maminirina Fenitra ADS Scholar, Faculty of Economics and
Business, Universitas Airlangga, Surabaya Indonesia, Jawa Timur, Surabaya,
Indonesia

Mohammed Firoz C Department of Architecture and Planning, National Institute
of Technology Calicut, Kozhikode, Kerala, India

Kensuke Fukushi Institute of Future Initiatives, The University of Tokyo, Tokyo,
Japan
United Nations University Institute for the Advanced Study of Sustainability,
Tokyo, Japan

Siddhi Gaonkar Department of Geography, Government College, Khandola, Goa,
India

Mohammadreza Goodarzi Department of Civil Engineering, Yazd University,
Yazd, Iran

Anthony Hennart Graduate school of Agronomy and Agroindustry, UnilaSalle-
France, Mont-Saint-Aignan, France

Marcin Pawel Jarzebski Tokyo College, The University of Tokyo, Tokyo, Japan

Ngozi Joe-Ikechebelu Department of Community Medicine and Primary
Healthcare, Chukwuemeka Odumegwu, Ojukwu University (COOU) Teaching
Hospital (COOUTH), Anambra, Nigeria
Nigeria Coalition on EcoSocial Health Research (NCEHR), Anambra, Nigeria



xxviii Contributors

Justin George Kalambukattu Agriculture and Soils Department, Indian Institute
of Remote Sensing (IIRS), Indian Space Research Organization (ISRO), Dehradun,
Uttarakhand, India

Alireza Karimi Instituto Universitario de Arquitectura y Ciencias de la
Construcción, Escuela Técnica Superior de Arquitectura, Universidad de Sevilla,
Sevilla, Spain

Manpreet Kaur Department of Agricultural Economics, CCS Haryana Agricul-
tural University, Hisar, Haryana, India

Sadaf Khan Symbiosis Institute of Geo-Informatics (SIG), Symbiosis International
(Deemed University), Pune, Maharashtra, India

Kanchan Khare Department of Civil Engineering, Symbiosis Institute of Tech-
nology, Pune, Maharashtra, India

Arunima KT Department of Architecture and Planning, National Institute of
Technology Calicut, Kozhikode, Kerala, India

Rajiv Kumar Land Use and Cover Monitoring Division, National Remote Sensing
Centre, ISRO, Hyderabad, India

Suresh Kumar Agriculture and Soils Department, Indian Institute of Remote
Sensing (IIRS), Indian Space Research Organization (ISRO), Dehradun,
Uttarakhand, India

Aman Kumari Centre of Advanced Study in Geography, Panjab University,
Chandigarh, India

Sakul Kundra Department of Social Sciences, Fiji National University, Suva, Fiji

Rajib Maity Department of Civil Engineering, Indian Institute of Technology (IIT)
Kharagpur, Kharagpur, West Bengal, India

Gurdeep Singh Malhi Punjab Agricultural University (PAU), Krishi Vigyan
Kendra (KVK), Moga, Punjab, India

D. P. Malik Department of Agricultural Economics, CCS Haryana Agricultural
University, Hisar, Haryana, India

Santanu Mandal Department of Geography, Bankura Zilla Saradamani Mahila
Mahavidyapith, Bankura University, Purandarpur, West Bengal, India

Sankar Mariappan Indian Institute of Soil and Water Conservation (IISWC),
Indian Council of Agricultural Research (ICAR), Dehradun, Uttarakhand, India

Kalyani Mawale College of Engineering, Pune, Maharashtra, India

Binaya Kumar Mishra School of Engineering, Faculty of Science and Technol-
ogy, Pokhara University, Pokhara, Kaski, Nepal



Contributors xxix

Monalisha Mishra GIS Developer, Water Resource Department, Government of
Odisha, Bhubaneswar, Odisha, India

Anisa Mitra Department of Zoology, Sundarban Hazi Desarat College, South 24
Parganas, West Bengal, India

Fuminari Miura Centre for Infectious Disease Control, National Institute for
Public Health and the Environment, Bilthoven, The Netherlands
Center for Marine Environmental Studies (CMES), Ehime University, Matsuyama,
Ehime, Japan

Mohit Modi Land Use and Cover Monitoring Division, National Remote Sensing
Centre, ISRO, Hyderabad, India

Pir Mohammad Department of Earth Sciences, Indian Institute of Technology,
Roorkee, Uttarakhand, India

Unaisi Nabobo-Baba Department of Education, Fiji National University, Suva,
Fiji

F. M. Nadaf Department of Geography, DPM’s Shree Mallikarjun ShriChetan
Manju Desai College, Canacona, Goa, India

Kenebechukwu Jane Okafor Management Science, Accountancy Department,
Nnamdi Azikiwe University, Awka, Anambra, Nigeria
Spirit Filled Women International (SFWI). A non-governmental Organization
(NGO) for Women Development, Anambra State, Nigeria

Fredrick Aideniosa Omoruyi Department of Statistics, Nnamdi Azikwe Univer-
sity, Awka, Anambra, Nigeria

Chinenye Blessing Oranu Department of Geology, Faculty of Physical Sciences,
University of Benin, Benin City, Nigeria
Spirit Filled Women International (SFWI). A non-governmental Organization
(NGO) for Women Development, Anambra State, Nigeria

Mariia Ostapchuk INTERACT Research Unit–Innovation, Land Management,
Agriculture, Agro-Industries, Knowledge, and Technology, UniLaSalle-France,
Mont-Saint-Aignan, France

Gopal Krishna Panda KISS Deemed to be University, Bhubaneswar, Odisha,
India

Arati Siddharth Petkar Civil Engineering Department, College of Engineering,
Pune, Maharashtra, India

Venkatesh G. Prabhu Gaonkar Department of Geoinformatics, S. P. Chowgule
College, Margao, Goa, India



xxx Contributors

Anu David Raj Agriculture and Soils Department, Indian Institute of Remote
Sensing (IIRS), Indian Space Research Organization (ISRO), Dehradun,
Uttarakhand, India

Muhammad Ishaq Asif Rehmani Department of Agronomy, Ghazi University,
Dera Ghazi Khan, Pakistan

Lucie Rouyer Graduate school of Agronomy and Agroindustry, UniLaSalle-
France, Mont-Saint-Aignan, France

Abira Dutta Roy Department of Geography, Bankura Zilla Saradamani Mahila
Mahavidyapith, Bankura University, Purandarpur, West Bengal, India

Trisha Roy Human Resource Development and Social Science Division, ICAR-
IISWC, Dehradun, Uttarakhand, India

Bimalesh Samanta Department of Science and Technology and Biotechnology,
Government of West Bengal, Kolkata, West Bengal, India

Martiwi Diah Setiawati Research Center for Oceanography, The National
Research and Innovation Agency (BRIN), Jakarta, Indonesia

Sumata Shetkar Department of Geography, Government College, Khandola, Goa,
India

A. Simhachalam NIRD and PR, NERC, Guwahati, Assam, India

Sudhir Kumar Singh K. Banerjee Centre of Atmospheric and Ocean Studies,
IIDS, Nehru Science Centre, University of Allahabad, Praygaraj, UP, India

Sudarshana Sinha Department of Humanities and Social Sciences, Indian Institute
of Technology, Kharagpur, West Bengal, India

Aman Srivastava Department of Civil Engineering, Indian Institute of Technology
(IIT) Kharagpur, Kharagpur, West Bengal, India

Fendy Suhariadi Department of Postgraduate Program, Jawa Timur, Surabaya,
Indonesia

Shruti S. Tikhe Department of R & D (Research), DTK Hydronet Solutions, Pune,
Maharashtra, India

UcheMarian Umeh Department of Community Medicine and Primary Healthcare,
Chukwuemeka Odumegwu, Ojukwu University (COOU) Teaching Hospital
(COOUTH), Anambra, Nigeria
Nigeria Coalition on EcoSocial Health Research (NCEHR), Anambra, Nigeria

Akanchha Vaishali Symbiosis Institute of Geo-Informatics (SIG), Symbiosis
International (Deemed University), Pune, Maharashtra, India



Part I
Introduction



Chapter 1
Ecological Footprints in Changing Climate:
An Overview

Suresh Kumar , Uday Chatterjee , and Anu David Raj

Abstract Human exploitation on the natural resources is continuing in an over-
whelming rate. Nonrenewable natural resources are expected to deplete in the near
future; in addition, humans are consuming the nonrenewable resources at a rate
which is far above the time required for regeneration. The exponential growing
population and global economic competency drive the overexploitation of natural
resources. Apart from this, the climate change also possesses boundless threat for the
natural resources as well as human habitats. Overexploitation of the natural fuels and
other resources also amplifies the climate change and can act as a positive cyclic
feedback mechanism. These activities drastically decrease the biocapacity and
efficiency of the Earth which leads to higher ecological footprint for the products
industrialized from the natural resources. The carbon emission is the one of the major
contributors of ecological footprint which contributes to global warming- and
climate change-related disasters as well as natural resource degradations. This
demands the sustainability for land or soil, forest, and aquatic ecosystems as well
as for human habitats. Sustainability is the quintessential solution which can supply
the remedies for the abovementioned issues. The integrated approach of climate
resilience acquiring from the adaptation and mitigation strategies, nature-based
solutions, and UN sustainable development goals can deliver minimum ecological
footprint generations in milieu of changing climate.

Keywords Biocapacity · Forest land · Crop land · Carbon footprint · Climate
change · Adaptation and mitigation · Sustainability
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