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Editorial

In an era marked by environmental crises and frequent natural disasters, the urgency 
to understand and address these issues is palpable. The book Disaster Management and 
Environmental Sustainability enters this crucial dialogue, bringing to light a plethora of 
interconnected themes, insights, and solutions for tackling these complex challenges, with 
a specific focus on the diverse context of India.

The authors embark on a meticulous exploration of the key themes surrounding disaster 
management and environmental sustainability. The book effectively maps the terrain of 
these topics through fifteen comprehensive chapters. The journey starts with an examina-
tion of the geographically vulnerable areas of Madhya Pradesh, laying the groundwork for 
understanding the significant impact of disasters on communities.

“Disaster Management and Environmental Sustainability” does not shy away from delv-
ing into controversial topics. It explores the paradox of development, and its double-edged 
impact on environmental degradation and human progress. The authors weave together 
an intricate narrative, exploring the multifaceted nature of sustainability, including the 
impacts on safety, law enforcement, agriculture, and economic development. It is a testa-
ment to the book’s strength that it is able to navigate these interwoven themes, providing 
valuable insights for both the uninitiated and the experienced reader.

As we progress into a digital era, the book also navigates the role of modern technologies 
such as geographic information systems (GIS) and remote sensing in managing disasters 
and their potential influence on environmental sustainability. In today’s interconnected 
world, the examination of these digital tools feels both relevant and timely.

However, it is not just about the ‘what’ but also the ‘how’. The book’s approach to these 
complex subjects is evidence-based, rigorous, and comprehensive. Each chapter offers a 
deep dive into the topic at hand, underpinned by meticulous research and objective anal-
ysis. This fact-based approach helps the reader to navigate the often confusing landscape 
of environmental sustainability and disaster management, providing clarity amidst the 
complexity.

This book shall serve both a guide and an inspiration for its readers. It calls on us all to 
become agents of change, making informed decisions for the benefit of our communities 
and future generations. It is a call that resonates, reminding us of the interconnected nature 
of our world and our shared responsibility towards it.

From understanding the dangers of illegal sand mining to exploring the potential of solar 
power as a sustainable energy alternative, from delineating the historical transformation of 
Berhampur to the detrimental effects of human activities on the environment, and from the 
geographical aspects of urban crime to the significance of agricultural development, this 
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book covers a broad spectrum. It also discusses the implications of the recent pandemic on 
migrant workers, a reality that still resonates across the globe.

“Disaster Management and Environmental Sustainability” is not just a book; it is a blue-
print for understanding our relationship with the environment and how we can navigate 
the challenges that arise from this relationship. It invites us to not only understand the pres-
ent but to take action for a sustainable future. This book is a valuable resource for anyone 
interested in environmental sustainability and disaster management, and it is an essential 
read for those who dare to make a difference.

Editors
Sanjay Kumar

Suraj Kumar Singh
Shruti Kanga

Gowhar Meraj
Majid Farooq

M. S. Nathawat 
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Preface

In this critical juncture of human history, the importance of an understanding and commit-
ment to environmental sustainability and disaster management cannot be overemphasized. 
This book, titled Disaster Management and Environmental Sustainability, is a significant 
endeavor towards developing a more in-depth understanding of these complex issues, 
focusing primarily on the diverse context of India. The chapters herein are designed to serve 
as a resource for academics, practitioners, policymakers, students, and anyone interested in 
grasping the intricacies of our natural world and its governance. The book’s fifteen chapters 
explore a range of related themes, each contributing to a holistic understanding of the envi-
ronmental and disaster management landscape. The earlier chapters provide a foundation 
in understanding the geography of disaster-prone areas in Bihar and the subsequent impact 
on its citizens. We delve into the role of urbanization in shaping our environment and ana-
lyze both its boons and banes. The book brings to light the paradoxical relationship between 
development and environmental conservation. While development is seen as a symbol of 
human progress, it can also lead to environmental degradation, underlining the need for 
sustainable practices. We also underscore the need for legal measures and regulations to 
ensure environmental preservation, detailing the evolution of environmental laws in India. 
In subsequent chapters, the narrative shifts towards the issues of urban crime, agricultural 
growth, and forest resources, demonstrating the multifaceted nature of environmental sus-
tainability. These chapters show how every aspect of our society is intertwined with the 
environment, from safety and law enforcement to agriculture and economic development. 
The later chapters incorporate the use of modern technologies such as geographic informa-
tion systems (GIS) and remote sensing in managing disasters like urban flooding. We also 
examine the role of the internet in our lives, a pertinent issue given the digital revolution 
and the post-pandemic scenario. This chapter will help readers understand how these tech-
nological advancements can both aid and pose challenges to environmental sustainability. 
Each chapter has been meticulously researched and is built on evidence-based facts, aiming 
to enlighten and engage readers in these crucial topics. It is my hope that this book will not 
only serve as a comprehensive guide to disaster management and environmental sustain-
ability but also inspire readers to become proactive agents of change in their communities. 
This book is a testament to the belief that despite the complexity and magnitude of the 
challenges we face, collective understanding, sustained effort, and persistent innovation can 
indeed foster a harmonious coexistence between humanity and the environment. It is a call 
to all of us to tread the path of sustainability, making informed decisions that are beneficial 
not just for us, but for generations to come.
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Chapter 1 delves into the alarming consequences of illegal sand mining on river eco-
systems, with an in-depth focus on the Chambal River. The researchers leverage advanced 
geospatial techniques to map the changes in river morphology due to unlawful extraction 
activities. The findings illuminate the pressing need for sustainable sand mining practices 
to safeguard our rivers and their delicate ecosystems. Chapter 2 shifts our attention to the 
energy sector, focusing on the enormous potential of solar power as a green energy alter-
native. The research identifies suitable areas for solar power plant installation in four dis-
tricts of Himachal Pradesh, India, with the help of geospatial technology. It spotlights the 
role of solar energy in relieving the increasing pressure on exhaustible resources, like coal 
and petroleum, imposed by population growth and industrial expansion. Chapter 3 is the 
third chapter in our journey. It deals with the essential role of potable water in households 
and takes a close look at the consumption patterns in Idah LGA, Kogi State. It presents an 
analysis of water sources, household water demand, and influential factors, underpinned 
by a scientific method involving questionnaires, interviews, and observations. The findings 
provide a basis for effective water supply planning.

Chapter 4 presents a broad overview of disasters, emphasizing their omnipresence and 
destructive nature. It underscores the necessity of comprehensive knowledge about disas-
ters to manage their risks and impacts effectively. The chapter elucidates the concept of 
disasters, frequency of occurrences, and how to build resilience against these calamities, 
drawing from the author’s vast expertise in the field. Chapter 5 focuses on the detrimen-
tal effects of human activities on the environment. Detailing various types of pollution, 
it underlines their consequences on human health. Stressing the need for environmental 
education, the chapter calls for simple techniques to measure pollution and appropriate 
remedies to mitigate their effects. Chapter 6 discusses the interplay between environmental 
degradation and human progress. Using an allegory from mythology, it stresses the neces-
sity of balancing development and environmental preservation. The chapter emphasizes 
the urgency to address environmental issues while ensuring economic growth and poverty 
eradication.

Chapter 7 addresses the effects of the pandemic and the ensuing lockdown on migrants 
in India. Using Rohtak, a significant migrant destination, as a case study, it provides insights 
into the experiences of migrant laborers during these trying times. This chapter paints a 
vivid picture of the human toll of the pandemic, extending beyond health issues to include 
broader socio-economic implications. Chapter 8 delves into the geography of crime, 
a social issue whose variable nature provides geographers with a dynamic field to study. 
Despite its relevance, this discipline has struggled to capture the attention of mainstream 
geographers. Taking the city of Patna as a case study, we explore how urban transforma-
tions and economic, political, and social changes influence the city’s crime rates, with a 
specific focus on crimes against women. The intricate and layered nature of urban crime is 
discussed, alongside the impacts of fear perception and gender differences in such contexts. 
Chapter 9 discusses the significance of cropping intensity as an indicator of agricultural 
development. The potential of multiple cropping as a solution to maximize agricultural 
production and augment farmer incomes in India is examined, taking into account irriga-
tion impacts on cropping intensity. Analyzing secondary data from 1991–92 to 2017–18 in 
Haryana, we delve into how higher degrees of cropping intensity can signify a higher level 
of agricultural development. Chapter 10 underlines the importance of forests as crucial 
ecological resources, detailing the direct and indirect uses they serve. With Bihar’s forest 
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cover at a mere 7.75%, we discuss the reasons behind forest cover disappearance and the 
prospects of forest resources in the state. Measures to improve and sustain forest cover are 
suggested, all based on an empirical study conducted via secondary data, literature surveys, 
and self-observation. 

Chapter 11 emphasizes the profound challenges of environmental degradation in the 
modern century, a result of population growth and the overexploitation of natural resources. 
It introduces sustainable development as a crucial solution, stressing the need for a rational 
and equitable balance between economic growth and environmental conservation for the 
sake of future generations. Chapter 12 provides a historical overview of environmental laws 
in India, beginning with the single law of the colonial era—the Indian Forest Act (1927)—
and tracing the evolution to the current comprehensive suite of laws and regulatory bod-
ies that protect and improve the environment. Chapter 13 explores how remote sensing 
and GIS have revolutionized the approach to flood management, mapping flood risks and 
defining flood zones. The chapter evaluates various techniques, methodologies, and models 
used globally for urban flood management, underscoring the role of technology in keeping 
hazards under control. Chapter 14 dissects the unique challenges of urbanization in Bihar, 
where a rapidly growing urban population grapples with environmental degradation and 
social disparities. The focus lies on the cities of Patna, Gaya, Bhagalpur, Muzaffarpur, and 
Darbhanga, as we explore how unchecked migration, illegal settlements, socio-cultural dis-
parities, and infrastructure shortcomings contribute to environmental deterioration and 
threaten the quality of life. 

Chapter 15 presents an in-depth analysis of the Network—the Internet—and its pro-
found effects on our social life. As the world increasingly shifts online, we examine how this 
digital realm shapes our daily interactions, from shopping to learning, and the ramifications 
of this transformation on our societal structures, especially in the wake of the COVID-19 
pandemic. Chapter 16 unveils the grave reality of natural and man-made disasters affecting 
both developed and developing nations. It emphasizes the dire need for tools and meth-
odologies to mitigate the disastrous impacts on human life, economy, infrastructure, and 
the environment. Highlighting the importance of technological advancements, the chapter 
delves into the role of remote sensing and GIS in disaster management, drawing from com-
prehensive reviews of existing research. In Chapter 17, the reader is taken through the his-
torical transformation of Berhampur from an army cantonment chosen by the British to a 
bustling town. It underlines the interplay between politics, trade, and demography, leading 
to increased demand for quality water for various uses. The chapter provides insights into 
the complex dynamics of urban growth and the consequential strain on resources.

In Chapter 18, the researchers apply the genetic algorithm (GA) technique to optimize 
reservoir operation rule curves. The application was implemented in the KLRS Pulichintala 
project in India, resulting in operational insights and effectiveness projections under vary-
ing climate scenarios. Chapter 19 examines the essential role of rivers in human well-being 
and the threats they face from sub-optimal investment decisions. It presents a conceptual 
framework explaining the connections between rivers and their societal, economic, and 
strategic benefits, emphasizing the importance of sustainable river management. Lastly, 
Chapter 20 explores the issue of water shortage, focusing on groundwater availability for 
agriculture in the Pisangan Watershed. The researchers combine remote sensing data and 
GIS to identify potential groundwater zones, underscoring the necessity of modern tech-
niques in water resource management.
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Assessment of Changes in River Morphology Due 
to Illegal Sand Mining by Geospatial Techniques

Saurabh Singh1*, Deepak Kumar Prajapat2, Vikas Pandey2, Rajat Agrawal1  
and Jerripotu Gopala Rao1

1Centre for Climate Change and Water Research, Suresh Gyan Vihar University,  
Rajasthan, Jaipur, India 

2Department of Civil Engineering, Suresh Gyan Vihar University, Rajasthan, Jaipur, India

Abstract
Illegal sand mining poses a significant threat to river ecosystems, causing detrimental impacts on river 
morphology and ecological balance. This chapter presents a comprehensive assessment of the changes 
in river morphology resulting from illegal sand mining on the Chambal River using advanced geospa-
tial techniques. The study focused on the Aandva Purani site, heavily affected by illegal sand mining, 
and employed the end point rate (EPR) methodology to evaluate erosion and accretion processes. The 
analysis involved the examination of satellite data from Landsat 5 OLI (1990), Landsat 5 OLI (2000), 
Landsat 7 ETM+ (2010), and Landsat 8 OLI (2020) to track changes over time. Geometric correction 
and digitization techniques were applied to accurately delineate the river shoreline and identify ille-
gal sand mining sites. The results revealed a significant proportion of erosional transects (52.17%) 
and accretional transects (47.83%) within the study area. The average erosion rate was calculated as 
–0.16 m/y, indicating the adverse effects of sand extraction on the river’s morphology. Conversely, 
the average accretion rate was estimated as 0.19 m/y, highlighting the deposition of sediments result-
ing from altered flow patterns caused by illegal sand mining activities. Visual representations of the 
changes in river morphology between different time intervals were provided, emphasizing the tempo-
ral dynamics and trends observed. The findings underscore the urgency of implementing sustainable 
sand mining practices and regulations to preserve the Chambal River’s integrity and protect its deli-
cate ecosystems. This research serves as a valuable resource for policymakers, environmental agencies, 
and local communities in formulating strategies and policies to mitigate the adverse impacts of illegal 
sand mining on river systems and promote sustainable management practices.

Keywords: Illegal sand mining, geospatial techniques, end point rate (EPR), erosion and accretion, 
sustainable sand mining practices, river morphology, average erosion rate, average accretion rate

*Corresponding author: saurabh.singh@mygyanvihar.com
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1.1 Introduction

According to the sand mining framework, India has an annual sand requirement of 70 mil-
lion tons, predominantly driven by the booming construction industry. With each passing 
year, the demand for sand continues to rise steadily at a significant growth rate of 7% (Singh 
et al., 2022a; Singh et al., 2023b). This surge in demand can be attributed to the escalating 
construction activities across the country. As the construction sector expands, sand mining 
plays a vital role in meeting the soaring demand for this essential resource. Sand and gravel 
are crucial components used in various construction processes, including the production 
of concrete, mortar, and other building materials. The reliance on sand for construction 
purposes has transformed it into a highly sought-after commodity. Due to the tremendous 
demand–supply gap, sand has become a valuable resource, both economically and envi-
ronmentally. The scarcity of quality sand reserves, coupled with the need for sustainable 
extraction Practices, has further contributed to the increasing value of sand. The escalating 
prices and the competition for limited sand resources have led to intensified efforts to reg-
ulate and manage the sand mining industry (Upadhyay et al., 2023; Debnath et al., 2022a). 
Efforts are being made to promote alternative materials and construction techniques to 
reduce the dependence on sand (Singh et al., 2023b; Debnath et al., 2022a). Additionally, 
governments and regulatory bodies are implementing stricter guidelines and policies to 
ensure responsible sand mining practices, safeguarding the environment, and mitigating the 
adverse impacts associated with excessive extraction. As India continues its rapid urbaniza-
tion and infrastructure development, the demand for sand is expected to persistently rise. 
Balancing this growing demand with sustainable extraction practices and exploring alter-
natives will be crucial in ensuring the availability of this essential resource for construction 
activities while minimizing environmental consequences. Sand mining has adverse impacts 
on the lives and livelihoods of the people, especially those staying in close proximity to the 
river banks (Joy et al., 2020; Debnath et al., 2023b). One of the common problems faced 
due to sand extraction is river bank erosion. During heavy rains, water enters into the fields 
and other areas, destroying the crops. It also pollutes the local drinking water resources 
in the village. Sand mining has affected the ground water tables significantly, which has 
caused shortage of drinking water (Singh et al., 2023; Debnath et al., 2023c). When the rate 
of extraction of sand, gravel, and other materials surpasses the natural replenishment rate, 
it leads to a range of environmental issues. Sand mining, in particular, has been known to 
have detrimental effects on ecosystems, disrupting the natural cycle of sedimentation and 
impacting various habitats. The extraction of sand and gravel often involves the removal 
of topsoil, vegetation, and the alteration of landscapes (Farooq et al., 2022b). This pro-
cess not only leads to the loss of biodiversity but also disrupts the intricate balance within 
ecosystems. The morphological changes caused by mining activities can have long-last-
ing consequences on the surrounding environment. One of the primary impacts of sand 
mining is the alteration of riverbeds and coastal areas. Excessive extraction of sand from 
river channels and coastal regions can disrupt the natural flow of water, affecting sediment 
transport and leading to erosion and flooding in some cases. These changes in hydrological 
patterns can adversely impact aquatic ecosystems and the organisms that rely on them. 
Furthermore, sand mining can result in the destruction of habitats for various plant and 
animal species. Wetlands, dunes, and riverbanks often harbor unique ecosystems that are 
highly sensitive to disturbances. The removal of sand disrupts these habitats, displacing 
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organisms and reducing biodiversity. Additionally, the excavation and transportation of 
sand can cause air and noise pollution. Dust emissions during the mining process can have 
adverse effects on air quality, potentially leading to respiratory problems for both humans 
and wildlife. The operation of heavy machinery and transportation vehicles can generate 
noise pollution, further disturbing local ecosystems and wildlife. To address these envi-
ronmental concerns, it is crucial to implement sustainable sand mining practices (Farooq 
et al., 2022c). This includes the implementation of regulations and monitoring mechanisms 
to ensure responsible extraction, restoration of mined areas, and the promotion of alterna-
tives such as recycled materials or artificial substitutes for sand in certain applications. By 
striking a balance between the demand for sand and the preservation of ecosystems, it is 
possible to mitigate the negative impacts of sand mining. Collaboration among stakehold-
ers, including government bodies, mining companies, environmental organizations, and 
local communities, is essential to develop and enforce sustainable practices that protect the 
environment while meeting the needs of construction and development activities (Rafiq 
et al., 2022).

A case has been filed against illegal sand mining in the Chambal National Sanctuary 
(Figure 1.1) to address violations, hold responsible parties accountable, and protect endan-
gered species. Illegal sand mining disrupts the river’s morphology and threatens the sanc-
tuary’s delicate ecosystems.

Demand for sand is increasing non-linearly, particularly in Asia, and especially for 
concrete production. China used more sand for concrete production in 2011 and 2013 
than what the United States used during the entire 20th century. The scale of the prob-
lem can be better assessed if one considers the fact that 1 ton of cement can require up 
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Figure 1.1 Filed case against illegal sand mining in the Chambal National Sanctuary.
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to 10 tons of sand to make concrete (Singh et al., 2022b). In order to put an end to river 
and mining, The Ministry of Environment, Forest and Climate Change formulated the 
Sustainable Sand Management Guidelines 2016 (Singh et al., 2023b), which focuses on 
the management of sand mining in the country. The study, The Monitoring of Riverbank 
Erosion and Shoreline Movement at Amu River Using Remote Sensing and GIS, found 
that the river movement was toward the Afghanistan side, i.e., southward. The threat of 
losing Afghanistan land was estimated to be ca. 362.4 ha/y. The total eroded area was cal-
culated to be 1984 ha, 1410 ha, and 1680 ha during the period of 2000–2005, 2005–2010, 
and 2010–2014, respectively. The shoreline was demarcated in each image and the area 
was categorized into three zones, corresponding to the erosion trend, i.e., lower as mod-
erate eroded zone, central as high eroded zone, and upper as lower eroded zone (Singh 
et al., 2022). Figure 1.2 illustrates the direct and indirect impacts of the Chambal River, 
which have far-reaching consequences on both the natural environment and human 
communities. The Chambal River serves as a lifeline for the surrounding regions, provid-
ing water for irrigation, drinking, and other domestic purposes. Its fertile banks support 
agriculture and contribute to the livelihoods of local communities. However, the illegal 
sand mining activities taking place along the Chambal River have unleashed a series of 
detrimental effects. The extraction of sand disrupts the river’s natural flow and alters its 
morphological characteristics. This leads to changes in sediment transport, erosion pat-
terns, and overall river dynamics, negatively impacting the river’s ecosystem.

The Chambal River, selected as the study area for assessing changes in river morphol-
ogy due to illegal sand mining, is a significant river system located in central India. With 
a total length of approximately 960 km, it traverses through the states of Madhya Pradesh, 
Rajasthan, and Uttar Pradesh. As a tributary of the Yamuna River, it eventually joins the 
Ganges River, forming an essential part of the larger river network in the region.

Illegal sand mining can lead to the removal of large amounts of
sand from river banks, which can result in erosion and

destabilization of the riverbank. This can increase the risk of
flooding, damage to infrastructure, and loss of property.   

River banks provide important habitats for a variety of plants and
animals, including fish, birds, and insects. Illegal sand mining

can destroy these habitats and disrupt the natural balance of the
ecosystem.   

The process of sand mining can release harmful chemicals and
pollutants into the water, including heavy metals and sediments.
This can negatively impact water quality and harm aquatic life.  

Illegal sand mining can also have a negative impact on the local
economy, as it can lead to the loss of revenue for legitimate sand
mining operations, and can result in increased costs associated

with repairing damage to infrastructure and mitigating the
environmental impacts.    

Figure 1.2 Illustration of the direct and indirect impacts of illegal sand mining on the Chambal River.
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1.2 Materials and Methods

The study incorporated satellite data from multiple time periods, including Landsat 5 OLI 
(1990), Landsat 5 OLI (2000), Landsat 7 ETM+ (2010), and Landsat 8 OLI (2020). These 
satellite images were used to assess the changes in the Chambal River over the course of sev-
eral years. To begin the image processing, geometric correction was applied to the satellite 
images. This process involved rectifying any distortions or misalignments in the images to 
ensure accurate spatial representation. The next step involved the digitization of the base-
line of the Chambal River using a topographic sheet from the survey of India. This provided 
a reference for the river’s original position. Subsequently, the river shoreline was digitized 
using the satellite data from each respective year (1990, 2000, 2010, and 2020). This entailed 
delineating the water boundary along the river’s edges in the satellite images. Figure 1.3 
Study area map. (a) Map of India, illustrates the geographic context of the study area, 
(b) map showcases the state of Rajasthan in India, emphasizing the district divisions within 
the state, and (c) map focuses on the specific sites of illegal sand mining along the Chambal River.  

80°0'0''E 90°0'0''E 72°0'0''E 76°0'0''E

72°0'0''E 76°0'0''E

70°0'0''E60°0'0''E

80°0'0''E 90°0'0''E70°0'0''E60°0'0''E

78°2'30''E

26
°4

5'
0'

'N
26

°4
2'

30
''N

26
°4

5'
0'

'N
26

°4
2'

30
''N

78°5'0''E 78°7'30''E 78°10'0''E 78°12'30''E

78°2'30''E 78°5'0''E 78°7'30''E 78°10'0''E 78°12'30''E

30
°0

'0
''N

20
°0

'0
''N

10
°0

'0
''N

30
°0

'0
''N

20
°0

'0
''N

10
°0

'0
''N

26
°0

'0
''N

22
°0

'0
''N

30
°0

'0
''N

26
°0

'0
''N

22
°0

'0
''N

30
°0

'0
''N

Figure 1.3 Study area map. (a) Map of India, illustrates the geographic context of the study area, (b) map 
showcases the state of Rajasthan in India, emphasizing the district divisions within the state, and (c) map 
focuses on the specific sites of illegal sand mining along the Chambal River.



6 Disaster Management and Environmental Sustainability

To calculate the end point rate (EPR) statistics, a comparative analysis of the digitized 
shoreline data from different years was performed. The EPR measures the net change in 
the shoreline position over a specific time frame. By analyzing the changes in the shore-
line, the rates of erosion (negative EPR values) and accretion (positive EPR values) (Singh 
et al., 2023a; Sud et al., 2023) were determined. The estimation of erosion and accretion 
rates at the illegal sand mining site was conducted using the DSAS v5.1 (Digital Shoreline 
Analysis System) software. This software enables quantitative analysis of shoreline changes. 
The digitized shoreline data from the different years were inputted into the software, which 
calculated the erosion and accretion rates specifically for the area affected by illegal sand 
mining. The results of the erosion and accretion rates were reported in meters per year 
(m/y), indicating the amount of erosion and accretion occurring over time.

1.3 Results and Discussion

By presenting the changes in river shoreline over different time intervals, Figure 1.5 allows 
for a comprehensive visual assessment of the Chambal River’s erosion and accretion. The 
analysis focused on the Aandva Purani area and employed the EPR methodology to eval-
uate erosion and accretion processes. The results revealed a total of 23 transects analyzed, 
among these, 12 transects exhibited erosional characteristics, representing 52.17% of the 
total transects. The average erosion rate was calculated to be –0.16 m/y, indicating ero-
sion on the illegal sand mining sites of Aandva Purani. Conversely, 11 transects showed 
signs of accretion, accounting for 47.83% of the transects, with an average accretion rate of 
0.19 m/y, as show in in Table 1.1.

Figure 1.5 depicts the changes in river morphology over time, highlighting the alter-
ations observed during different periods. Subfigure (a) specifically focuses on the changes 
that occurred between 1990 and 2000, providing insights into the river’s morphology 

Satellite Data
Landsat 5 OLI (1990)
Landsat 5 OLI (2000)

Landsat 7 ETM+ (2010)
Landsat 8 OLI (2020)

Image Processing

(Geometric Correction)

Estimation of Erosion
and accretion rate at

illegal sand mining site
(DSAS v5.1)

Calculation of End Point
Rate statics

(EPR)

Result of erosion and
accretion rate

(m/year)

Radiometric
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Digitization of Baseline
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Digitization of River
shoreline using Satellite

Data

Figure 1.4 Methodology flow chart for assessing changes in river morphology due to illegal sand mining on 
the Chambal River using geospatial techniques.
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during that decade. Subfigure (b) presents the changes in river morphology between 2000 
and 2010, shedding light on the transformations that took place during this period. By 
examining this subfigure, one can observe any shifts in channel alignment, changes in the 
river’s shape, and alterations in sediment distribution. Comparing the river’s morphology 
between these two time periods helps to identify any significant trends or patterns in river 
behavior and geomorphological changes. Lastly, subfigure (c) focuses on the changes in 
river morphology between 2010 and 2020, providing a more recent perspective on the riv-
er’s evolution. This subfigure enables the examination of any recent developments, includ-
ing changes in river course, erosion or deposition hotspots, and overall modifications in 
channel characteristics. Understanding the river’s morphology during this period helps to 

1990-2000 2000-2010 2010-2020
78°6'0''E

26
°4

6'
30

''N
26

°4
5'

0'
'N

26
°4

3'
30

''N

26
°4

6'
30

''N
26

°4
5'

0'
'N

26
°4

3'
30

''N

26
°4

6'
30

''N
26

°4
5'

0'
'N

26
°4

3'
30

''N
26

°4
6'

30
''N

26
°4

5'
0'

'N
26

°4
3'

30
''N

26
°4

6'
30

''N
26

°4
5'

0'
'N

26
°4

3'
30

''N

26
°4

6'
30

''N
26

°4
5'

0'
'N

26
°4

3'
30

''N

78°7'30''E 78°6'0''E 78°7'30''E 78°6'0''E 78°7'30''E

78°6'0''E 78°7'30''E 78°6'0''E 78°7'30''E 78°6'0''E 78°7'30''E

Legend

Unchanged
Area
Accretion

Erosion

(a) (b) (c)

Figure 1.5 Changes in river morphology. (a) Showing the changes between 1990 and 2000, (b) showing the 
changes between 1990 and 2000, and (c) showing the changes between 2010 and 2020.

Table 1.1 End point rate of Aandva Purani.

Total number of transects 23

Number of erosional transects 12

Percent of all transects that are erosional 52.17%

Average of all erosional rates –0.16

Number of accretional transects 11

Percent of all transects that are accretional 47.83%

Average of all accretional rates 0.19
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assess the current state of the river and identify any ongoing trends or potential concerns 
regarding illegal sand mining activities.

The findings suggest that illegal sand mining significantly impacted the river shore-
line at illegal mining sites and it also impacted the Chambal River’s morphology at the 
Aandva Purani site, as shown in Figure 1.6. The occurrence of erosional transects highlights 
the detrimental effects of sand extraction, leading to sediment removal and subsequent 
erosion. These visual representations aid researchers, policymakers, and stakeholders in 
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understanding the temporal dynamics of the river, highlighting the need for sustainable 
management strategies to preserve the integrity and ecological balance of the Chambal 
River system. This phenomenon disrupts the river’s natural equilibrium, resulting in chan-
nel instability and alterations to the riverbed. On the other hand, the presence of accretional 
transects indicates sediment deposition, potentially caused by altered river flow patterns 
resulting from illegal sand mining activities. Accretion can lead to the formation of sand-
bars, affecting the river’s course and the overall dynamics of the ecosystem. The results 
emphasize the urgency of implementing effective measures to regulate and combat illegal 
sand mining within the Chambal River. It is crucial to safeguard the river’s morphology and 
preserve its delicate ecosystem by enforcing sustainable sand mining practices. The findings 
of this study can serve as a valuable resource for policymakers, environmental agencies, and 
local communities in formulating appropriate strategies and policies to mitigate the adverse 
impacts of illegal sand mining on river systems.

1.4 Conclusion

In this study, we conducted a comprehensive assessment of the changes in river morphol-
ogy resulting from illegal sand mining on the Chambal River using advanced geospatial 
techniques. Our findings provide compelling evidence of the direct and indirect impacts of 
this destructive activity on the river ecosystem. The analysis focused on the Aandva Purani 
site, which has been heavily affected by illegal sand mining. By employing the EPR method-
ology, we evaluated the erosion and accretion processes occurring in this area. The results 
revealed alarming trends, with a significant proportion of transects exhibiting erosional 
characteristics. Approximately 52.17% of the analyzed transects experienced erosion, indi-
cating the detrimental effects of sand extraction on the river’s morphology. Furthermore, 
our study identified 11 transects showing signs of accretion, representing 47.83% of the 
total transects. This suggests that sediment deposition is occurring, potentially due to 
altered flow patterns resulting from illegal sand mining activities. The average accretion rate 
of 0.19 m/y underscores the importance of understanding the dynamics of sedimentation 
in mitigating the impacts of sand mining.

This study emphasizes the severe impacts of illegal sand mining on the Chambal River 
shoreline. Erosion caused by sand extraction can disrupt the river’s natural equilibrium, 
leading to channel instability and the destruction of the riverbed. Conversely, accretion 
can result in the formation of sandbars, altering the river’s course and affecting the delicate 
balance of the ecosystem.

The implications of our findings are significant for policymakers, environmental agen-
cies, and local communities. It is crucial to develop and enforce sustainable sand mining 
practices that prioritize the preservation of the Chambal River’s morphology and ecolog-
ical integrity. By implementing effective regulations and interventions, we can mitigate 
the adverse impacts of illegal sand mining and ensure the long-term sustainability of this 
invaluable river system.

Overall, our research highlights the urgent need to address the challenges posed by illegal 
sand mining on the Chambal River. By protecting the river’s morphology and ecosystem, 
we can safeguard the diverse range of species, including endangered gharials, dolphins, 
turtles, and migratory birds, that rely on the river for their survival.


