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Dedicated to disaster-affected populations 

—Prem C. Pandey, Rajesh Kumar, 
Manish Pandey, Gregory Giuliani, R. K. 
Sharma, Prashant K. Srivastava



Foreword by Prof. Kamlesh Lulla 

Global communities are increasingly dealing with both natural and man-made disas-
ters on a vast scale. Recent disasters have impacted populations all across the globe 
for example: Haiti earthquake -227000 deaths, Myanmar cyclone_141000 deaths, 
Venezuela floods-35000 deaths according to data compiled by various national and 
international agencies. The European region and the United States have experienced 
massive floods in recent years. The economic impact of disasters caused by severe 
storms and floods alone reached over USD 150 billion by some estimates. The 
frequency, intensity, scale and scope of the disasters has been a great cause for 
concern in the scientific communities. Rapid advances in remote sensing, image 
processing, geospatial, and related geo-information technologies combined with the 
emerging technologies of deep machine learning and artificial intelligence provide 
researchers opportunities to monitor, manage and model the disasters with better 
predictability and accuracy. These technologies would aid in better decision-making 
for disaster mitigation and aid in rapid recovery. This book is an excellent resource 
for not only scientists and students but also for decision makers and agencies whose 
primary focus is to develop an in-depth understanding of disasters, and monitor, 
manage and assist in recovery after the disaster. 

The highly experienced editors and authors of this book have skillfully provided 
an extensive discussion on geo-information technologies on the subject. There is 
an outstanding synthesis of several case studies to provide insights into the science 
related to disaster management, to understand their potential to cause damage the 
habitats and infrastructure and impact to human populations. In addition, discussion 
on monitoring tools and techniques are also highlighted. 

This well thought out resource book contains twenty-two chapters that cover 
disasters categories and monitoring processes using geo-information techniques to 
illustrate the recent and relevant advancements. In my view, this comprehensive 
coverage of geo-information technologies for disaster monitoring and management 
is a giant leap and a significant contribution to this growing body of knowledge. The 
editors are also to be commended for inviting subject matter experts from each of 
the broad disaster categories to author the chapters in their areas of research. Their 
expertise is evident from the contents of the book.

vii



viii Foreword by Prof. Kamlesh Lulla

The most notable aspect of this excellent volume is that it introduces most updated 
information relative to the disaster categories, including case studies and advanced 
techniques useful at different scales. The chapters offer very extensive references 
and reading materials that will aid users in conducting their on disaster related to 
research and analysis. 

There is a growing interest in advancing the applications of geo-information 
technologies to disaster related research, recovery and decision making. This book 
promises to be an ideal resource for anyone who is involved in disaster related educa-
tion and research: from undergraduate and postgraduate students and PhD scholars 
to university faculty and independent researchers. 

I congratulate Dr Prem Pandey for assembling this outstanding group of contrib-
utors for this book. I also congratulate each and every author for their contributions 
to the publication which will serve an invaluable resource for years to come. Future 
of our planet and our communities depends upon sound understanding of disasters 
and using science for their mitigation and recovery of habitats. 

Prof. Kamlesh Lulla, Ph.D. 
Fmr. Chief Scientist for Earth 

Observation and Chief Science Branch 
at NASA Johnson Space Center 

Houston, TX, United States 

Dr. Kamlesh Lulla is an award-winning, internationally 
acclaimed NASA chief scientist and an expert in space and geospa-
tial technology who is senior scientist and leader at NASA for 
the past 36 where he has served as the Chief Scientist for Earth 
Observation for Space Shuttle and International Space Station 
programs, directed the training of NASA Astronauts in Earth 
Observation Sciences and physical science payloads. Dr. Lulla’s 
scientific research involved optical and radar remote sensing and 
advanced sensor development. In addition, Dr. Lulla developed 
digital imaging sensors as payloads for the space shuttle program. 
In his leadership roles at NASA, Dr. Lulla also served as Chief for 
Flight Science branch for five years and Chief for Earth Science 
branch for five years. He also served as the Chief Scientist for ten 
years. 

Dr. Lulla holds two Ph.D. degrees with expertise in Envi-
ronmental science and Geoscience remote sensing. He served in 
academia as a tenured university professor of Remote Sensing 
and Earth sciences. He has co-authored or edited eight books and 
authored a large number of research and technical papers in pres-
tigious journals. He is also the Editor of a major international 
journal in Earth and space science and Remote Sensing, Geocarto 
International. 

Dr. Lulla has received numerous awards from NASA, the U.S. 
Government and professional societies such as the American Insti-
tute of Aeronautics and Astronautics (AIAA), American Society of 
Photogrammetric Engineering and Remote Sensing (ASPRS) and 
Association of American Geographers. Dr. Lulla received three of



Foreword by Prof. Kamlesh Lulla ix

the highest NASA medals- the NASA Exceptional Achievement 
Medal for his scientific research and NASA sponsored Astronaut 
Ellison Onizuka Award (medal) for his scientific and technical 
excellence and NASA Exceptional Service Medal. In 2015, India’s 
President honored Dr. Lulla with the Medal and Award for Over-
seas Indian Immigrants (Pravasi Bhartiya Samman) for his lifetime 
achievements in space science and technology.



Foreword by Prof. (Dr.) Shailesh Nayak 

Amidst a shifting climate landscape, natural and anthropogenic factors intensify the 
occurrence and impact of disasters. Changing weather patterns lead to heightened 
frequencies of events like droughts, floods, and cyclones, exacerbating vulnerabilities 
within communities. To address these challenges, geoinformatics plays a pivotal role 
in climate change adaptation and disaster mitigation. Experts can model risks, fore-
cast potential impacts, and implement effective response strategies by leveraging 
Geographic Information Systems (GIS), remote sensing, and spatial analysis. For 
instance, GIS mapping helps identify hazardous zones and track their evolution in 
real-time, while satellite data provides critical insights into the extent and intensity of 
natural calamities. Embracing renewable energies, sustainable practices, and inter-
national cooperation remains essential to reducing the scale and frequency of natural 
disasters. 

Chapters in this edited volume deal with geophysical, hydrological, meteoro-
logical, climatological, biological and man-made disasters that caused enormous 
damage to human lives, livestock, crops, livelihoods, agricultural lands, movable and 
immovable properties, culture and environment despite substantial monetary invest-
ment in managing the adverse impact of disaster worldwide. Since we live in the 
digital mapping era, earth scientists and policymakers are emphasizing mapping the 
extent and seasonality of a particular disaster or a group of disasters using geospatial 
technology. Further, mapping the extent of a disaster and different types of resources 
therein are the main steps towards managing the future disaster risk. In this context, 
the Sendai framework (2015–30) also aims to reduce the size of the disaster to 
minimize the disaster risk and, ultimately, tangible and intangible losses. 

The present volume titled ‘Geo-information for Disaster Monitoring and Manage-
ment’ is edited by scholars who are working in the field of applications of remote 
sensing, GIS and sophisticated surveying instruments in disaster monitoring and 
its management. This book’s editors and contributors aim to offer comprehensive 
discussions on geoinformation techniques for disaster monitoring. They include 
various case studies to delve deeper into disaster impacts, assessing damage poten-
tial, effective and practical ways to track these events. Notably, the editorial team has 
invited experts across diverse disaster themes to contribute, resulting in a compilation
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covering multiple disasters with case studies and advanced methodologies at varying 
scales. 

This volume serves as a valuable resource and reference for understanding disas-
ters, their typology, and technological approaches to monitoring them. It is antici-
pated to benefit researchers, Earth scientists, urban planners, and policymakers by 
facilitating the application of geoinformation in disaster management and reducing 
risks associated with such events. 

In recognition of their efforts, I applaud the team for taking up this signif-
icant endeavour, which promises to impact numerous research and professional 
communities in the coming years. 

Prof. (Dr.) Shailesh Nayak 
Director of the National Institute 

of Advanced Studies 
Bengaluru, India 

Dr. Shailesh Nayak is currently the Director of the National Insti-
tute of Advanced Studies, Bengaluru, Chancellor of the TERI 
School of Advanced Studies, Delhi, Editor-in Chief, Journal of the 
Indian Society of Remote Sensing and Life Trustee, India Inter-
national Centre, New Delhi. Dr. Nayak obtained Ph. D. degree in 
Geology from the M.S University of Baroda in 1980. He was the 
Secretary to the Government of India, for the Ministry of Earth 
Sciences (MoES), between August 2008–2015. He provided lead-
ership for the programs related to earth system science. At Earth 
System Science Organisation (ESSO)-Indian National Centre for 
Ocean Information Service (INCOIS), he set up a state-of-the-
art Early Warning System for Tsunami and Storm Surges in the 
Indian Ocean and developed a Marine GIS for improving advi-
sory services related to potential fishing zones, ocean state fore-
cast, and Indian Argo project during 2006–08. He had joined 
the Space Applications Centre, Indian Space Research Organi-
sation (ISRO) in 1978 as a scientist, led coastal and ocean colour 
research. His current research interest includes building strategy 
for the blue economy, sustainable development and science diplo-
macy. He has published about 200 papers in SCI journals. 
Dr. Nayak is a Fellow of the Indian National Science Academy, 
New Delhi, Indian Academy of Sciences, Bengaluru, the National 
Academy of Sciences, India, Allahabad, the International Society 
of Photogrammetry and Remote Sensing (ISPRS), and Academi-
cian of the International Academy of Astronautics, Paris. Consid-
ering the impact of his research on the society, the Govt. of India 
has conferred him the civilian honour ‘Padma Shri’ in the field of 
science and engineering in 2024.



Preface 

The terms ‘Geo-information’ and ‘Natural Disaster’ are commonly used by planners, 
social scientists, and earth scientists. Geo-information involves analyzing spatial data 
through computer hardware and specialized software. A natural disaster occurs when 
natural hazards interact with the man-made environment, resulting in a sudden disrup-
tion of the socio-economic fabric of a society. These hazardous processes are inherent 
to Earth’s system and have been interacting with society since time immemorial. 
Predicting and understanding the dimensions of natural hazards is a challenging task, 
especially as human activities encroach upon hazardous terrain. Consequently, world-
wide damage statistics indicate an increasing trend despite significant investments 
in natural hazard management techniques. 

Advancements in science and technology have significantly enhanced the capa-
bilities of geo-information techniques and tools. Consequently, these techniques 
are now extensively used in pre-disaster, near real-time, and post-disaster manage-
ment, enabling effective damage assessment from micro- to meso-scales. The Sendai 
Framework for Disaster Risk Reduction (2015–2030) strongly advocates for reducing 
disaster-induced damage and the scale of disasters at regional and global levels. To 
achieve this, susceptibility to natural hazards is frequently mapped and analyzed 
using various methods, such as simple weighted overlay (analytical hierarchical 
process), artificial intelligence, and machine learning techniques. These approaches 
utilize both physically surveyed and remotely sensed data. 

This edited volume aims to offer a comprehensive collection of critical reviews, 
original articles, and practical case studies on disaster monitoring, suitable for 
management purposes at local, regional, national, and international levels. The care-
fully curated articles include hazard zonation maps, scenario maps, and vulnera-
bility maps for various types of disasters. The studies incorporate multiple methods 
and algorithms, such as random forest, artificial neural network, support vector 
machine, ordinary least square (OLS) regression, combination matrix analysis 
(CMA), nonparametric (MK test), and graphical (ITA) test-based MCDA-AHP 
approach in a GIS environment. These well-established machine learning techniques 
provide reliable and accurate mapping and prediction of monitored disasters.
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The book’s primary focus is on disaster monitoring, providing a detailed overview 
of the integration of geo-information and various methods in this field. It comprises 
23 contributed chapters that explore the advancements of geo-information for disaster 
monitoring and management before, during, and after such events. The book is orga-
nized into seven major parts, each containing specific chapters that present knowledge 
and concepts related to disaster types and their monitoring. It caters to a wide range 
of readers, including undergraduates, graduates, and researchers, delivering findings 
in a vivid and accessible manner. 

The editors expect this book to be a valuable asset for researchers engaged 
in disaster-related themes utilizing geo-information technology. By leveraging the 
methods and technologies presented, researchers can address individual disaster 
themes scientifically and generate outcomes for disaster monitoring and manage-
ment. The book offers a concise summary of key case studies, providing the most 
recent and widely used methods and information, aligning user needs with the 
appropriate level of technology required for disaster monitoring, management, and 
planning. 

The book serves as a solid scientific foundation for students and researchers to 
tackle future challenges in disaster research. It also acts as a helpful reference and 
practical guide for professionals working in disaster-related fields. The contributions 
from esteemed researchers provide updated knowledge, enriching this edited volume 
with cutting-edge research and selected case studies on various types of disasters. 

Part I: ‘General’ commences with the opening chapter by editors, Chap. 1, 
presenting a path for progress and an editorial communication that sheds light on 
different types of disasters and their categorization. Within this chapter, the emphasis 
shifts toward the prospective contributions from the authors, along with a concise 
overview of the content covered in each subsequent chapter. The primary focus 
remains on disaster monitoring knowledge and the methodologies employed for this 
purpose. 

Part II: ‘Geophysical Disasters’ consists of six chapters highlighting diverse 
studies on earthquakes, geo-environmental hazards, landslides, and seismic hazards 
utilizing both traditional and advanced algorithms. 

Part III: ‘Hydrological Disasters’ encompasses six chapters that delve into rainfall-
induced hazards, permafrost, flood susceptibility mapping using a combination 
of traditional state-of-the-art knowledge and artificial intelligence. This part also 
explores the use of MCDA approaches for land suitability in flood-prone areas within 
a GIS environment. Additionally, it presents strategies for emergency response and 
essential services during floods to mitigate loss of life and reduce damages. 

Part IV: ‘Meteorological Disasters’ comprises one carefully curated chapters 
providing insights into cyclones. The part showcases recent advances in geo-
information for tropical cyclones. It also offers a basic understanding of tropical 
cyclones, their characteristics, and movements. 

Part V: ‘Climatological Disasters’ includes four chapters that discuss current 
issues, challenges in forest fires, droughts, and their frequent occurrence. It addresses 
the use of terminologies in climate resilience studies, synthesizing key concepts and 
promoting better understanding among researchers. Furthermore, it explores the link-
ages between forest fires and climatic determinants using techniques like least square
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(OLS) regression, increment ratio (IR), and combination matrix analysis (CMA) in 
a GIS environment. 

Part VI: ‘Biological and Man-Made Disasters’ comprises two chapters that shed 
light on the environmental conditions and air quality changes post COVID-19, using 
AQS models. It also presents insights into predicting the occurrence of COVID-
19 at spatiotemporal scales using epidemic models with spatial interaction, vali-
dated against official epidemiological data. This part covers biological disasters, 
their prediction, and their prolonged impact on the environment. 

Part VII: ‘Challenges and Future Opportunities in Disaster Monitoring’, the final 
part of the book, concludes with an overview of challenges and opportunities in 
disaster monitoring, highlighting the hurdles faced by academia and the potential for 
extensive devastation, damage, and human suffering. This part also addresses solid 
waste management resulting from natural or human-induced disasters and empha-
sizes the use of machine learning techniques to manage such waste across the litho-
sphere. Lastly, it discusses the lack of monitoring during and after disasters and 
the need for improved risk assessment to provide more effective relief measures for 
affected populations. 

The editors extend heartfelt gratitude to Shiv Nadar Institution of Eminence 
(SNIoE), Sikkim University, Chandigarh University, Banaras Hindu University, 
University of Geneva, and all colleagues for their unwavering support and assistance 
throughout the progress of this work. Dr. Pandey expresses profound appreciation to 
his beloved wife and daughter, Adele, for their unwavering support and emotional 
encouragement during the development of this book’s final stage. 

Moreover, the editors wish to convey their sincere thanks to the esteemed 
publisher, Springer, for providing the opportunity to bring together the valuable 
contributions of several contributors into this book. Special appreciation goes to all 
the authors for their enthusiastic efforts in delivering high-quality chapters and their 
cooperation during the screening, review, and copy-editing process. The editors are 
deeply indebted and thankful to the reviewers who dedicated their time and efforts 
to review the chapter manuscripts, providing invaluable voluntary support. 

We hope that this preface has successfully provided insights into geoinformation 
technology for different disaster events and the monitoring-related topics covered in 
this book. We encourage readers to adapt and utilize the content in a manner that best 
suits their needs, helping them understand the capabilities and potentials of disaster 
monitoring and its applications, the core focus of this book. Users are welcome to 
inform the editors of any errors, suggestions, or comments to further improve and 
enhance the book’s content. 

Greater Noida, India 
Gangtok, India 
Mohali, India 
Geneva, Switzerland 
Gangtok, India 
Varanasi, India 
March 2024 

Prem C. Pandey 
Rajesh Kumar 
Manish Pandey 

Gregory Giuliani 
R. K. Sharma 

Prashant K. Srivastava
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Editors and Contributors xxiii

Dr. Manish Pandey is a distinguished researcher 
currently affiliated with the University Center for 
Research and Development (UCRD) at Chandigarh 
University in Mohali, Punjab, India. He completed his 
undergraduate degree in Geography (with honors) and 
his postgraduate degree in Geography from the Univer-
sity of Allahabad in Allahabad, Uttar Pradesh, India. Dr. 
Pandey’s exceptional academic journey includes being 
awarded research grants as a Junior Research Fellow 
(JRF) and Senior Research Fellow (SRF) by the Council 
of Scientific and Industrial Research (CSIR), Ministry of 
Human Resource Development, Government of India, 
to support his doctoral research. His extensive studies 
led him to earn a Ph.D. in the field of geomor-
phology. Following the completion of his doctoral 
degree, he dedicated over five years to conducting 
postdoctoral research, holding various research posi-
tions. Within the realm of geography, Dr. Pandey 
possesses a profound interest in Fluvial and Glacial 
Geomorphology, Glaciology, and Remote Sensing and 
Geoinformatics (GIS). Notably, he has recently devel-
oped a keen interest in applying artificial intelligence, 
machine learning, and deep learning algorithms to study 
natural hazards. His research aims to explore how these 
advanced technologies can enhance our understanding 
of future land exposure to such hazards. Dr. Pandey’s 
academic pursuits encompass a wide range of envi-
ronmental settings, with a particular focus on compre-
hending the process-form relationship. He brings valu-
able expertise as an experienced research associate with 
a demonstrated track record in the research industry. His 
proficiencies include cartography, geomorphology, and 
extensive knowledge of GIS software such as ArcGIS, 
QGIS, ERDAS Imagine, and Data Analysis. Addition-
ally, he holds a Doctor of Philosophy (Ph.D.) in Fluvial 
Geomorphology from Banaras Hindu University. His 
research endeavors have been further strengthened 
through practical fieldwork experiences in glaciology 
and the rigorous training provided by esteemed Indian 
institutions like the Geological Survey of India. 
Dr. Pandey has also received specialized geospatial 
training from institutions like ISRO, acquiring vital 
skills necessary for his research pursuits. Notably, Dr. 
Pandey has actively participated in training groups 
involved in the study of the Himalayan Foreland



xxiv Editors and Contributors

Basin deposits, ancient Neogene Siwalik sequences, 
and modern analogues such as Gangetic Foreland Basin 
sediment facies. These investigations aim to unravel the 
role of synsedimentary processes in the evolution of 
one of the world’s significant foreland basin systems. 
Dr. Pandey’s remarkable contributions to scientific liter-
ature include the publication of high-quality peer-
reviewed research articles in prestigious national and 
international journals and books. Notable venues for his 
work include Ecological Indicators, Science of the Total 
Environments, Advances in Space Research, Frontiers 
in Earth Science, and more. His publications serve as a 
testament to his expertise and dedication to advancing 
the field of geography. 

Prof. Gregory Giuliani is the Head of the Digital Earth 
Unit and Swiss Data Cube Project Leader at GRID-
Geneva of the United Nations Environment Programme 
(UNEP) and a Senior Lecturer at the University of 
Geneva’s Institute for Environmental Sciences. Gregory 
Giuliani, a Senior Lecturer at the University of Geneva 
is a geologist and environmental scientist who special-
izes in Geographical Information Systems (GIS) anal-
yses and Spatial Data Infrastructures (SDI). He also 
works at GRID-Geneva of the United Nations Environ-
ment Programme (UNEP) since 2001, where he was 
previously the focal point for Spatial Data Infrastructure 
(SDI) and is currently the Head of the Digital Earth Unit. 
Gregory’s research focuses on Land Change Science 
and how Earth observations can be used to monitor 
and assess environmental changes and support sustain-
able development. Interdisciplinary is a key element for 
generating new ideas and innovations in his research. 
He also previously worked as a GIS Consultant for 
the World Health Organization, as a University tutor 
in remote sensing and GIS and as a GIS developer in 
a local Swiss GIS company. After obtaining a degree 
in Earth Sciences, Gregory went on to complete a 
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°C Degree Celsius 
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CFSR Climate forecast system reanalysis 
CI Consistency Index 
CMA Combination matrix analysis 
CMT Centroid moment tensor 
CNNs Convolutional neural networks 
COOLR Cooperative Open Online Landslide Repository 
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CPC Climate prediction center 
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CRDPs Climate resilient development pathways 
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DA Disaster assessment 
DBSCAN Density-based spatial clustering of applications with noise 
DDPG Deep deterministic policy gradient 
DED Direct energy deposition 
DEM Digital elevation model 
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DM Disaster management 
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DRP Deviation of rainfall in percent 
DRR Disaster risk reduction 
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DST Direct shear test 
DTM Digital terrain model 
DWM Disaster waste management 
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FDM Fused deposition modelling 
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FFC Forest fire count 
FFD Forest fire density 
FFEWS Flood forecasting and early warning system 
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FOS Factor of Safety 
FR Frequency ratio 
FRA Flood risk assessment
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LI Landslide inventory 
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NDW Natural disaster waste 
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