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Foreword

It is a great pleasure to pen the Foreword to the book Conservation, Management
and Monitoring of Forest Resources in India edited by Dr. Mehebub Sahana, Dr.
Gopala Areendran, and Dr. Krishna Raj from WWF-India. Forests are not only a
source of timber but they also provide rich biodiversity, food and water, and
economic opportunity, foster a culture, generate significant non-wood goods and
services, mitigate climate change, conserve biological diversity, provide protection
from natural hazards, and support people’s livelihoods. Thus, the topic of this book
is very relevant to the present era of global climate change with impending threats of
multi-hazard events. This book has covered several contemporary important themes
ranging from forestry, wildlife, habitat fragmentation, conservation biology, forest
ecology, forest management to the use of GIS in forest science, and human wildlife
conflict research.

This book has been very effectively organized into five thematic parts: Part I
covers the Forest Conservation Ecology, Part II represents Forest Conservation and
Society, Part III talks about Forest Management, Part IV illustrates Forest Monitor-
ing Using GIS and Remote Sensing, and Part V deals with Human-Wildlife Con-
flicts. These 20 research papers encompass in-depth scientific analysis of forest
conservation, management, human-wildlife conflict, and various socio-economic
perspectives of forest resources. Each chapter provides a review of the current
understanding of knowledge exploiting the scope of present research and offering
possibilities and direction for future efforts. The chapters are arranged by the editors
in an orderly sequence leading to a comprehensive and complete understanding of
the topic concerned.

Therefore, I hope this book will be very helpful to researchers, scientific organi-
zations, wildlife scientists, biologists, ecologists, and planners in the field of wildlife
and forestry. I congratulate the authors for this unique contribution, and I hope that
the volume will be well accepted by its serious readers, intended to be research
scholars, faculty members of higher education institutions, and scientists of different
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organizations across countries. I wish all the very best for its wide circulation and
admiration. I extend my warmest greetings to the editors, authors, and all those
associated with the publications of this book and wish that the book will gain a wide
readership. I congratulate Springer Nature for launching this book.

World Resources Institute India, Parth Sarathi Roy
New Delhi, India



Foreword

Forest resources in India have always remained at the center of several development
issues—including environmental stability and ecological security. At the same time,
forests continue to provide a wide range of goods and services to society and
economy. In addition to these, forests play a significant role in the existence of a
wide range of lifeforms including human beings, many more resources than one can
think, and overall well-being of the planet that concerns sustainability and climate
change-related challenges. Thus, forests remain a topic of public interest and polit-
ical strategies from local to global scales while having relevance for past, present,
and future decisions.

The book Conservation, Management and Monitoring of Forest Resources in
India provides a collection of chapters that are excellent examples of advanced
works applied to relevant problems central to forest resources in India and is of
interest to the global community. This book covers key areas in forest monitoring,
management, conservation ecology, society, and human-wildlife conflicts while
using GIS and remote sensing. The compendium will be a valuable resource to
scholars interested in conservation education and practices, landscape level moni-
toring and planning, wildlife management along with forest resource monitoring and
conservation. The book provides an overview of the issues, challenges, and oppor-
tunities related to these subthemes of forest resources.

The rapid progress in forest resources studies and the numerous researches
conducted under the auspices of forests monitoring, conservation, and management,
in both India and other countries, often render it a difficult task to interpret facts
which keep accumulating on a daily basis. This book provides a valuable window on
the essentials and covers the necessary components of forest monitoring and man-
agement relevant to all stakeholders who care for forests and wish to learn more
about it. The editors with their decades of distilled experience of knowing and
working in different forest ecosystems of India have taken a range of geographies,
respective challenges, and solutions thereon while preparing this compendium.

vii
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I congratulate the entire team of editors for such a thoughtful and valuable
addition to the existing body of knowledge, which was much needed for a serious
readership. This is especially intended for university teachers, students and
researchers, professionals working in technical and nontechnical institutions, and
decision makers and policy makers to provide a wider coverage on the facets of
forest resources and ecology. This stands as a good textbook in addition to being a
reference material. Readers of the book will find it to be a useful learning tool and a
valuable reference in their further career in forestry, ecology, and geography.

School of Environmental Sciences, P. K. Joshi
Jawaharlal Nehru University,

New Delhi, India

2021



Preface

Forests are vital for all life on earth. Forests provide rich biodiversity, food and
water, economic opportunity through timber, foster a culture, and support people’s
livelihoods. Recently, the role of forests in terms of climate change mitigation and
adaptation has been increasingly gaining attention worldwide as deforestation and
forest degradation account for more than 10 percent of total CO, emissions. While
everyone affirms the importance of forests, there was a 129-million-hectare forest net
loss between 1990 and 2015. The loss of tropical forests continues unabated due to
agricultural expansion, wood extraction, infrastructure expansion, illegal logging,
and other factors, making it high on the global political agenda to address those
drivers in order to stop such losses. Climate change continues to be a top threat
facing the forests of India, especially in the Himalayan region. Thus, conservation
and monitoring of forest resources is an essential task. Indira Gandhi Conservation
Monitoring Centre (IGCMC) at WWF-India has been working on conservation and
monitoring of forest resources for the last 25 years with several collaborations all
over the world. To improve the interest and understanding of contemporary young
researchers, the idea of conservation should be promoted globally. With this essence,
a book needs to be compiled, devoted to putting together a collection of the recent
advancements, methodological improvements, new processing techniques, integra-
tion methods, and rigorous applications combined with conceptual techniques on the
conservation topic at a single place for the scientific audience.

The primary objective of this book is to advance the scientific understanding of
the recent trends of forest conservation, management, and technological improve-
ments and related research themes on forest resource and wildlife in India. This book
has covered several themes related to forestry, wildlife, habitat fragmentation, forest
management, and human wildlife conflict research. Therefore, researchers, scientific
organizations, wildlife scientists, biologists, ecologists, and planners in the field of
wildlife and forestry will benefit from this book. The journey of this book started
with the invitation of academician, wildlife scientists, biologists, ecologists, and
planners all over India to contribute to Conservation, Management, and Monitoring
of Forest Resources in India in September 2019. We received huge response from

ix
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several authors from multidisciplinary subjects related to forest research. Hence, we
are very much thankful to authors who contributed to this volume. Their thoughtful
contributions made this volume possible. We acknowledge our debt to Springer
International Publishing, especially to Aaron Schiller the responsible editor of Earth
Sciences, Geography and Environment for associating with us and providing their
valuable suggestions and guidelines. We express our sincere appreciation and
gratitude to the Secretary General and CEO, Mr. Ravi Singh for the vision he laid
out for our work. We are also thankful to our Program Director, Dr. Sejal Worah,
who was always there to guide us whenever required and provided all the organiza-
tional support.

Manchester, UK Mehebub Sahana
New Delhi, India Gopala Areendran
January, 2022 Krishna Raj
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Chapter 1 ®)
Introduction to Forest Resources in India:  guie
Conservation, Management and Monitoring
Perspectives

Mehebub Sahana, G. Areendran, Krishna Raj, Akhil Sivadas,
C. S. Abhijitha, and Kumar Ranjan

Abstract India is known to have a vivid array of forests from the rainforests in
Kerala to the alpine pastures in Ladakh and the desert pastures in Rajasthan to the
evergreen forests situated in the north-east. Numerous parameters determine the type
of forest such as climate, soil type, elevation and topography. Forests are categorized
into diverse types based on the type of climate in which they are found, their nature
and composition and their relationship with the surrounding environment.
According to ISFR (2019), the total forest and tree cover of the country accounts
for about 24.56% of the geographical area, which is 80.73 million hectares.
99,278 sq.km is covered by very dense forest, 3, 08,472 sq.km area is covered by
moderately dense forest and 3,04,499 sq.km area is covered by open forest.
According to the assessment in ISFR 2019, there was an observed upsurge of
5188 sq.km in the area covered by forest and tree cover combined, at the national
level, as compared to the assessment carried out earlier in 2017. There was an
upsurge in the area covered by overall forest and tree cover at the national level,
but there was a decrease in the forest area in the country’s north-east region as
emphasized in the report. It was also observed that Arunachal Pradesh had maximum
species richness in terms of trees, shrubs and herbs followed by Tamil Nadu and
Karnataka. Champion and Seth (A revised survey of the forest types of India. Govt.
of India Publication, New Delhi, 1968) have used temperature and rainfall data for
the classification of Indian forests into five major forest types and 16 minor forest
types and more than 200 subgroups. In India, the major forest type groups are
tropical semi-evergreen, tropical moist deciduous, littoral and swamp, tropical dry
deciduous, tropical thorn, sub-tropical broad-leaved hill forests, sub-tropical dry
evergreen, Himalayan moist and dry temperate, sub-alpine, montane wet temperate

M. Sahana
Department of Geography, School of Environment, Education and Development,
University of Manchester, Manchester, UK

G. Areendran - K. Raj - A. Sivadas - C. S. Abhijitha (D<) - K. Ranjan
Indira Gandhi Conservation Monitoring Centre, WWF-India, New Delhi, India
e-mail: abhijithacs @ wwfindia.net
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moist alpine scrub and dry alpine scrub. The tropical moist littoral and swamp forests
of Sundarbans are constituted by mangroves. Mangroves are salt-tolerant plant
communities that inhabit tropical and sub-tropical intertidal regions of the world
and have developed into a good habitat for tigers. Though the diversity of forest
resources in India is remarkable, the status of deterioration of these resources should
also be monitored. The primary causing serious threats include loss of forest cover
due to shifting cultivation, illegal felling, conversion of forest lands for urban
expansion and other biotic pressures. Illegitimate cutting of trees has impacted the
climatic conditions at a micro-level. It has affected the soil quality, hydrological
cycle and biodiversity of the country, thus making the country more exposed to
natural calamities and climate change. Most forests are under threat due to strong
anthropogenic pressure, extensively due to collection of fuel wood and livestock
grazing. Effective management strategies that take into account restoration and also
promote judicious use of forest resources would ensure sustainability in the long run.

Keywords Forest resources - Forest loss - Conservation - Forest types - Mangroves

1.1 Introduction

A forest is referred to as an area with a thick tree canopy (Pawar and Rothkar 2015).
Forests could be classified as according to size and are classified according to how
and what the forest is comprised of (Pawar and Rothkar 2015). Forests cover a land
area of approximately 9.4% of the surface of the Earth and approximately thirty
percent of the entire land area. Earlier, the area covered by forests was much more
than 30% (Pawar and Rothkar 2015). They perform diverse functions that help in
sustaining the overall balance of the ecosystem. They provide services such as:

e Maintain different biogeochemical cycles
* Act as conservators of soil habitat
* Provide habitat for various species

and constitute one of the most primary aspects of the biosphere (Pawar and Rothkar
2015). The world’s forests not only are responsible for providing an important
habitat for all species but also uphold the overall health of the planet (Sahana
et al., 2015; Agar 2019). The paybacks of forests to society and to the diversity of
life make it necessary that they have to be protected from detrimental impacts of
deforestation and other impending negative influences of civilization (Sahana et al.,
2018; Agar 2019). Forests provide many ecosystem services which are classified as
provisioning, supporting, cultural and regulating.

1.1.1 Ecological Role of Forests

Forests are primary contributors to the earth’s capability to maintain its climate,
through the global impact of photosynthesis (Agar 2019). They act as natural
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protectors against climate change by eliminating greenhouse gases and generates
oxygen, which eventually assists in cleansing the atmosphere and controlling rising
temperatures (Agar 2019). Forests act as modulators of water circulation, and trees
facilitate a shielding cover that keep a check on the impact of rainfall on soil, and
hence soil erosion is minimized (ENVIS Centre-Maharashtra n.d.). Soil is affixed
firmly at its position with the help of roots, and the canopy provides shade that
prevents the soil from becoming too dry, which in turn increases the soil’s moisture
holding capacity (ENVIS Centre-Maharashtra n.d.). Forests assist in air purification
by cooling the atmosphere on warm days, help preserve heat at night and absorb
sound efficiently (ENVIS Centre-Maharashtra n.d.). Transpiration from a forest has
a significant impact on the relative humidity and precipitation of a particular area
(ENVIS Centre-Maharashtra n.d.). Forests also help in cleansing the environment by
dampening noises, buffering strong winds and averting dust and gases (ENVIS
Centre-Maharashtra n.d.). The thick forest floor created by a multitude of leaf layers
that avoids runoff and allows water to penetrate into the soil which facilitates
groundwater recharge (ENVIS Centre-Maharashtra n.d.). Forest cover plays a sig-
nificant role in regulating the amount of precipitation received by an area and hence
maintains the water cycle of the area (ENVIS Centre-Maharashtra n.d.). Some tree
species use root decomposition as a mechanism to return atmospheric nitrogen to the
soil and hence increase the nitrogen content of the soil (ENVIS Centre-Maharashtra
n.d.). The health of watersheds is always maintained as forests help in keeping a
check (ENVIS Centre-Maharashtra n.d.). Rivers that originate from a forested area
usually bring along the organic matter of that area downstream and sustain different
varieties of fishes and other aquatic organisms (ENVIS Centre-Maharashtra n.d.).
The abundance and diversity of the forest upstream are parameters that decide
whether the river ecosystem supported by it has a significant biological value
(ENVIS Centre-Maharashtra n.d.). Forests play a crucial role in carbon sequestration
by capturing carbon dioxide and transformation of it into biomass through photo-
synthesis (Babbar et al., 2021; UNECE n.d.). Sequestered carbon is then stored in
the form of biomass, deadwood and litter in the soil of the forest (UNECE n.d.).

1.1.2 Economic Role of Forests

Forests are important sources of fuel wood and various NTFPs (Non-Timber Forest
Products) like medicinal plants, bamboo, cane, food, spices, fibres, essential oils,
ritha and shikakai, and tendu leaves which not only sustains local livelihoods but
also boosts the economy of the country (ENVIS Centre-Maharashtra n.d.). The lives
of cattle and other grazing animals are sustained by fodder provided by forests; in
addition to this, forests are also placing of aesthetic value and promote recreational
activities (ENVIS Centre-Maharashtra n.d.). The social importance of NTFPs are not
necessarily accounted by the economic value per hectare of forests because the
benefits of NTFPs are attributed mainly to local communities who are dependent on
forest resources for their sustenance (Pearce 2001).
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Deforestation can be defined as the removal or destruction of vast areas of forests
for various reasons, like logging, agriculture, natural disasters, urbanization and
mining (Pokhriyal et al., 2020; Pawar and Rothkar 2015). The abrupt impact of
deforestation arises at the regional level which is marked by the loss of ecosystem
services provided by tropical rainforests and other ecosystems like reduction in the
availability of renewable resources (Butler 2019). With loss in the forest cover of a
particular area, the local community loses the system that executed valuable but
often under-appreciated services like facilitating the regular flow of clean water and
protecting the community from natural disasters (Butler 2019). When forests are
damaged, moisture which is evapo-transpired into the atmosphere decreases, causing
formation of less clouds that consequently leads to decline in rainfall, eventually
causing drought (Butler 2019). Widespread deforestation leads to desiccation, thus
reducing the moisture content of the forests which could cause forest fires (Butler
2019). Heavy rainfall on cleared forest lands creates run-off that transports soil into
local creeks and rivers which then carry the eroded soils downstream, thus causing
significant damage (Butler 2019). Siltation raises river beds, aggregating the severity
of floods, and creates shoals and sandbars that make navigation through rivers far
more troublesome, and the increased sedimentation of rivers smoothens fish eggs,
triggering lower hatch rates (Butler 2019).

Forests are being deteriorated for a very long time; therefore, efforts to stop or
slow down the rate of deforestation are important as it causes serious environmental
impairment (Pawar and Rothkar 2015). It is of utmost importance that we gain
enough knowledge about various environmental aspects of forests and deforestation
to ensure that the world is a better place to live in and that biodiversity is preserved as
well (Pawar and Rothkar 2015).

1.1.3 Forest Types in India

Forests can be classified based on different parameters such as climate and soil
characteristics of an area that come under abiotic factors (ENVIS Centre-
Maharashtra n.d.). Indian forests can be widely classified into broadleaved and
coniferous forests (ENVIS Centre-Maharashtra n.d.). Deciduous, mangroves and
evergreen forests are forests that are categorized based on the nature of tree species
(ENVIS Centre-Maharashtra n.d.). Sal or teak forests are considered to be one of the
most abundant types also, which shows that forests can be classified based on the
abundance of trees found in a specific region (ENVIS Centre-Maharashtra n.d.). The
forests in that region are then known by three or four tree species that occur
abundantly in that specific region (ENVIS Centre-Maharashtra n.d.).

Coniferous forests are those that grow in the Himalayan region at relatively low
temperature (ENVIS Centre-Maharashtra n.d.). These forests are characterized by
the presence of stately trees that are tall and have leaves that are inclined branches
that are inclined downward for the snow to slide down along them (ENVIS Centre-
Maharashtra n.d.). Deciduous forests, thorn forests, evergreen forests and mangrove
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forests are broad leaved forests. They have leaves that are generally of large size and
of different shapes and are found between latitude ranges from low to middle
(ENVIS Centre-Maharashtra n.d.). Northeast India, Western Ghats and Andaman
and Nicobar Islands have evergreen forests that receive high rainfall and where the
monsoon continues for several months (ENVIS Centre-Maharashtra n.d.). Decidu-
ous forests grow in areas that receive reasonable amount of rainfall that is seasonal
and remains for a few months (ENVIS Centre-Maharashtra n.d.). These forests
mainly comprise of teak trees that shed their leaves during the winters and hot
summers (ENVIS Centre-Maharashtra n.d.). Thorn forests are sparsely distributed
and found in the semi-arid areas of India, mainly surrounded by open grasslands
(ENVIS Centre-Maharashtra n.d.). Mangrove forests are found along coastal areas,
especially in the river deltas where there is a mixture of saline and freshwater
(ENVIS Centre-Maharashtra n.d.). They are found profusely in areas that are
muddy and covered with silt that the rivers have carried downstream (ENVIS
Centre-Maharashtra n.d.). Mangroves possess breathing roots that rise from the
muddy river banks and are highly adaptable to estuarine ecosystems (ENVIS
Centre-Maharashtra n.d.). Champion and Seth (1968) classified Indian forests into
six groups, namely, dry tropical forests, montane sub-tropical forests, moist tropical
forests, montane temperate forests, sub-alpine forests and alpine forests.

1.1.4 Moist Tropical Forests

Tropical wet evergreen forests have 30-45 m four- or five-layered canopy and
usually occur in areas that receive precipitation ranging from 2000 to >3000 mm
per year and are dense forests (Gupta n.d.). The tree species diversity in these forests
is considered to be rich (Gupta n.d.). The forests are intermittently scattered mostly
along the north-eastern part of India, Western Ghat region and Andaman and
Nicobar Islands (Gupta n.d.). It is further divided into northern and southern wet
tropical evergreen forests (Gupta n.d.). Southern tropical wet evergreen forests are
found in Western Ghats range, Andaman and Nicobar Islands and the commonly
distributed genus in them include Dipterocarpus and Hopea (Gupta n.d.). Rainfall
ranges from 1500 to 5000 mm in the Western Ghats, and altitude varies from 250 to
1200 m (Gupta n.d.). On the other hand, the northern wet tropical forests are found in
higher regions of Assam, northern Arunachal Pradesh and West Bengal (Gupta n.d.).
They are mainly dominated by trees that belong to the Dipterocarpaceae family
(Gupta n.d.). Bamboos are generally found in these areas (Gupta n.d.). Climbers are
plentiful, and palms and canes are also commonly found; there is rich diversity of
epiphytes, and ground cover is predominantly composed of evergreen shrubs (Gupta
n.d.). Tropical semi-evergreen forests are found in areas adjoining tropical wet
evergreen vegetation and form a transition zone between evergreen and moist
deciduous forests (Gupta n.d.). They may attain 40 m height and receive rainfall
of 2000-2500 mm and thrive in temperature of 25-32 °C, usually dominated by
Magnolia, Cinnamomum, Terminalia, Xylia, etc. (Singh and Chaturvedi 2017).
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They are further divided into southern tropical semi-evergreen forest and northern
tropical semi-evergreen forest. Tropical moist deciduous forests are commonly
found in areas with rainfall that ranges between 1000 and 2000 mm and experience
a dry season for approximately 3 to 4 months (Gupta n.d.). Deciduous trees are
dominant, typically evergreen in the lower portions, and their leaves are shed during
colder months (Gupta n.d.). This type of forest is extensively distributed in Tamil
Nadu, Arunachal Pradesh, West Bengal, Assam, Meghalaya, Mizoram, Bihar,
Odisha and Uttarakhand (Gupta n.d.). They are further divided into southern moist
deciduous forests and moist deciduous forests. Littoral and swamp forests are
principally evergreen and consist of mangrove and freshwater swamp forests dom-
inated by Rhizophora, Bruguiera, Ipomea, Phoenix, Barringtonia, etc. (Gupta n.d.).

1.1.5 Dry Tropical Forest

Tropical dry deciduous forests occur in regions that display seasonality in rainfall
and experience persistent drought period annually (Gupta n.d.). They comprise of
trees that grow less than 25 m high and develop a canopy that is light demanding
(Gupta n.d.). These forests are distributed along Kanyakumari to the hills of
Himalayas that receive less rainfall ranging from 800 to 1200 mm (Gupta n.d.).
These forests act as favourable wildlife habitats (Gupta n.d.). Southern and northern
regions have dry teak and sal forest communities (Gupta n.d.). In some areas, a
mixture of tree species like Anogeissus pendula, Boswellia serrata, Hardwickia
binata, Acacia nilotica, Madhuca indica and Butea monosperma are found (Gupta
n.d.). They are divided into two forest types, namely, Southern tropical dry decid-
uous forest and northern tropical dry deciduous forest. Southern tropical dry decid-
uous forests are spread across Maharashtra, Karnataka, Andhra Pradesh, Madhya
Pradesh and Tamil Nadu (Gupta n.d.). Northern tropical dry deciduous forests are
present in Bihar, Bengal, Odisha, Gujarat, Uttar Pradesh and Haryana (Gupta n.d.).
Tropical thorn forests are mainly deciduous forests having low thorny trees. They
thrive in areas which receive a rainfall of 200-800 mm, and with temperatures
between 27 and 30 °C and species belong to genera like Acacia, Balanites, Prosopis,
Salvadora, etc., predominate (Singh and Chaturvedi 2017). They are divided into
two forest types, namely, northern tropical thorn and southern tropical thorn forests.
Southern tropical thorn forests are found in Maharashtra, Tamil Nadu and Andhra
Pradesh (Gupta n.d.). In Southern India, Acacia chundra, Acacia planifrons and
Acacia catechu form a major part of these forests (Gupta n.d.). Northern tropical
thorn forests are found in the semi-arid areas of Rajasthan, Punjab, Haryana,
northern Gujarat, Madhya Pradesh, Uttar Pradesh and Delhi (Gupta n.d.). Tropical
dry evergreen forests are composed of evergreen trees that have thick leaves and are
found in areas that receive a rainfall of 870-1200 mm. They are dominated by
species belonging to genera like Manilkara, Memecylon and others (Singh and
Chaturvedi 2017). The forests are found mainly in the coast of Karnataka and also
occur along the eastern coast of Andhra Pradesh (Gupta n.d.).
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1.1.6 Montane Sub-tropical Forests

The sub-tropical broad-leaved hill forests are largely evergreen and found in areas that
receive annual rainfall of 1000-3000 mm (Singh and Chaturvedi 2017). These are
divided into, namely, four sub-types. Southern sub-tropical broad-leaved hill forests
occur at an altitude range between 1000 and 1700 m in Palani, Tirunelveli, Nilgiri and
Mercara hills, and the primary tree species found include Calophyllum elatum, Eugenia
spp., Dalbergia latifolia, Anogeissus latifolia, Emblica officinalis, Olea dioca and
Phoenix humilis (Gupta n.d.). Central Indian sub-tropical hill forests are found at an
altitude of about 1200 m in Madhya Pradesh (Pachmarhi), Bihar, Odisha and Pachmarhi
hills. Manilkara hexandra, Mangifera and Syzygium cumini are conspicuous trees
(Gupta n.d.). Northern sub-tropical broad-leaved hill forests are found in Meghalaya,
Nagaland, Arunachal Pradesh, Manipur, Mizoram, Sikkim and West Bengal at an
altitude of 1000 to 2000 m, and significant tree species that occur here belong to genera
like Prunus, Betula, Quercus, Castanopsis, Alnus and Schima (Gupta n.d.).

Sub-tropical pine forests are forests where pine associations predominate in low
altitudes of the Himalayas that receive a rainfall of 1000-3000 mm (Singh and
Chaturvedi 2017). These are scattered along Jammu and Kashmir, Haryana,
Himachal Pradesh, Punjab and Uttarakhand. Pinus roxburghii along with other
broad-leaved species are most commonly found in these forests (Gupta n.d.).
Sub-tropical dry evergreen forests are spread along the Bhabar tract, Shiwalik hills
and hills of Western Himalayas (Gupta n.d.). In Uttarakhand, Himachal Pradesh and
Punjab, low xerophytic forests and scrub occur in the foothills of Western Himalayas
(Singh and Chaturvedi 2017). Olea and Acacia spp. are found in these forests (Singh
and Chaturvedi 2017).

1.1.7 Montane Temperate Forests

Montane wet temperate forests are closed evergreen high forests that receive a
rainfall of 1500—> 5000 mm; in southern India, these are called shola forests with
species belonging to Ternstroemia, Ilex and Rhododendron, and in the forests of
Eastern Himalayas, Quercus forests with Machilus, Acer, Rhododendron, etc. are
present (Singh and Chaturvedi 2017). These are further sub-divided into Northern
and Southern montane wet temperate forests. Southern montane wet temperate
forests are distributed in the high hills of Tamil Nadu and Kerala, like Anamalai,
Palni and Tirunelveli hills at an altitude of above 1500 m (Gupta n.d.). Northern
montane wet temperate forests are found across Bengal, Sikkim, Assam and Man-
ipur. Himalayan moist temperate forests are found between the sub-tropical pine
forest and sub-alpine forests across the Himalayan region at an elevation of about
1500-3300 m (Gupta n.d.). These forests occur in the Central and Western
Himalayas, except in the regions that receive an average rainfall less than
1000 mm. They are distributed in Uttarakhand, Darjeeling district of West Bengal,
Assam, Jammu and Kashmir, Himachal Pradesh, Punjab and Sikkim (Gupta n.d.).



10 M. Sahana et al.

Species that prevail in these forests include Quercus leucotrichophora, Quercus
floribunda, Quercus dilatata, Quercus incana, Quercus semecarpifolia and Quercus
larginosa, and several conifers belonging to Abies, Cedrus, Picea and Tsuga are also
present (Gupta n.d.). Himalayan dry temperate forests are the ones where conifers
predominate and are distributed at an altitude between 1700 and 3000 m. They occur
in the inner ranges of Himalayas that receive precipitation mostly below 1000 mm
(Gupta n.d.). They are found in Ladakh, Lahaul, Kashmir, Chamba, inner Garhwal
and Sikkim. Also, conifers like Pinus (e.g. P. gerardiana), Picea and Juniperus
predominate (Gupta n.d.).

1.1.8 Sub-alpine Forests

Sub-alpine forests occur throughout the Himalayan region at an altitude above
3000 m up to the tree line and receives precipitation of about 83—600 mm (Gupta
n.d.). These forests are mainly evergreen, and Rhododendron is the most common
species found here (Gupta n.d.). Tall conifers are found in these forests. Betula utilis
is present as the largest deciduous tree in association with species like Quercus
semecarpifolia, Sorbus and Rhododendron sp. (Gupta n.d.). Western Himalayan
sub-alpine forests are found in Himachal Pradesh, Uttarakhand and Jammu and
Kashmir (Gupta n.d.). In the eastern Himalayas, these forests occur above an altitude
of 3000 m (Gupta n.d.). They are found in Sikkim, Arunachal Pradesh and West
Bengal (Gupta n.d.).

1.1.9 Alpine Forests

Moist alpine scrub forests are found across the Himalayas above the timber line up to
5500 m altitude, and species belonging to Juniperus and Rhododendron mainly
dominate (Singh and Chaturvedi 2017). These forests occur in Uttarakhand, Sikkim,
Manipur, Jammu and Kashmir (Singh and Chaturvedi 2017). Dry alpine scrub are
xerophytic formations, consisting of mainly dwarf shrubs that receive a rainfall
<370 mm annually and are found in areas up to 5500 m altitude. Representative
species present are Juniperus wallichiana, Lonicera spp. and Potentilla spp. (Gupta
n.d.). These are spread in Himachal Pradesh, Uttarakhand, Jammu and Kashmir and
Arunachal Pradesh (Gupta n.d.).

1.2 Forest Resources of India

Population rise and urbanization exceeding sustainable limits have definitely put
pressure on Indian forests. But the country has to conserve its forests and has been
struggling to achieve its long-term goal of bringing 33% area under forest cover
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(Aggarwal 2020). Indian forest sector had an unpredictable journey since 1987 with
an increase from 640,819 to 7,12,249 sq..km, i.e. from 19.49% of total land area of
the country to 21.67% of the country’s geographical area in 2019 (Aggarwal 2020).

About 17% of forest resources in India was densely forested around the early
1990s, and about 50% of the land was not fertile (ENVIS Centre-Maharashtra n.d.).
The total area under productive forest cover was approximately 35 million hectares
that was around 10% of the total land area (ENVIS Centre-Maharashtra n.d.). But the
growing demand of the population increased the pressure on forests for various
resources. In the 1980s, all these events led to continuous deterioration of forests that
had badly impacted soil conditions (ENVIS Centre-Maharashtra n.d.). In the 1990s,
several forested areas received heavy precipitation, and many areas were located at a
higher elevation, and some of them were unable to access (ENVIS Centre-
Maharashtra n.d.). Around 20% of the total area under forests were in the states of
Madhya Pradesh, Arunachal Pradesh, Orissa, Maharashtra, Andhra Pradeshand
Uttar Pradesh (ENVIS Centre-Maharashtra n.d.). The National Forest Policy
(1988) focused mainly on the significance of forest resources in the economy and
ecology of the country. The policy was mainly concentrated on safeguarding
constancy of the environment, to maintain ecological balance and to conserve the
forests (ENVIS Centre-Maharashtra n.d.). The Forest Conservation Act (1980) went
through an amendment in 1988 and ensured stringent measures for protection of
forest resources in the country (ENVIS Centre-Maharashtra n.d.).

The forest cover of India was 678,333 sq.km in 2003 and accounted for approx-
imately 20.64% of the total land area (ISFR 2003). According to the canopy density
categories mentioned in the India State of Forest Reports (ISFR), Very dense forest
(VDF) is the density class with more than 70% canopy density, Moderately dense
forest (MDF) is the density class with canopy density of 40-70% and open forest
with canopy density of 10-40% (ISFR 2003). In 2003, VDF constituted 51,285 sq.
km, i.e. 1.56%; MDF constituted 339,279 sq.km, i.e. 10.32%; and open forest
constituted 287,769 sq.km that accounted to 8.76% of the total area (ISFR 2003).
Madhya Pradesh had the highest forest cover among all the States/UTs which was
76,429 sq.km, followed by Arunachal Pradesh with 68,019 sq.km forest cover and
Chhattisgarh with 55,998 sq.km. According to ISFR Volume I (2019), the total
forest cover of the country was 712,249 sq.km which was about 21.67% of the
overall land area. The tree cover of the country was assessed as 95,027 sq.km which
was 2.89% of the total land area (ISFR 2019). Karnataka had the maximum forest
cover with 1025 sq.km followed by Andhra Pradesh (990 sq.km), Kerala (823 sq.
km), Jammu and Kashmir (371 sq.km) and Himachal Pradesh (334 sq.km) (ISFR-
Volume II 2019). The area covered by mangroves of the country had increased by
54 sq.km, i.e. 1.10%, as compared to the mangrove cover in 2003 (ISFR 2019). In
2003, the mangrove cover had declined by 21 sq.km, as compared to the preceding
year (ISFR 2019) (Table 1.1).

Figures 1.1,1.2,1.3 depict the area covered by forests in the States/UTs of India
for the years 1987, 2003 and 2019, respectively (Fig. 1.4). The States/UTs where the


https://www.indianetzone.com/4/madhya_pradesh.htm
https://www.indianetzone.com/3/arunachal_pradesh.htm
https://www.indianetzone.com/2/orissa.htm
https://www.indianetzone.com/13/maharashtra.htm
https://www.indianetzone.com/3/andhra_pradesh.htm
https://www.indianetzone.com/3/uttar_pradesh.htm

12

M. Sahana et al.

Table 1.1 An account of forest cover in States and Union Territories of India

Area covered by forest in the States/UTs in India (1987, 2003 and

2019)
States/UTs Area in sq.km
Year 1987 2003 2019
Andhra Pradesh 49,573 44,419 29,137
Arunachal Pradesh 64,132 68,019 66,688
Assam 25,160 27,826 28,327
Bihar 28,482 5558 7306
Chhattisgarh - 55,998 55,611
Delhi 15 170 195.44
Goa 1240 2156 2237
Gujarat 11,991 14,946 14,857
Haryana 513 1517 1602
Himachal Pradesh 12,480 14,353 15,434
Jammu and Kashmir 20,905 21,267 21,122
Jharkhand - 22,716 23,611
Karnataka 32,268 36,449 38,475
Kerala 10,292 15,577 21,144
Madhya Pradesh 1,30,099 76,429 77,482
Mabharashtra 45,616 46,865 50,778
Manipur 17,475 17,219 16,847
Meghalaya 16,466 16,839 17,119
Mizoram 19,084 18,430 18,006
Nagaland 14,394 13,609 12,486
Odisha 53,253 48,366 51,619
Punjab 943 1580 1849
Rajasthan 12,758 15,826 16,630
Sikkim 2756 3262 3342
Tamil Nadu 17,472 22,643 26,364
Tripura 5953 8093 7726
Uttar Pradesh 31,226 14,118 14,806
Uttarakhand - 24,465 24,303
West Bengal 8432 12,343 16,902
Telangana - - 20,582
A and N Islands 7601 6964 6743
Chandigarh 2 15 22.03
Dadra and Nagar Haveli | 238 225 207
Daman and Diu 0 8 20.49
Ladakh - - 2490
Lakshadweep 0 23 27.1
Puducherry 0 40 52.41
Grand total 6,40,819 6,78,333 7,12,249
Per cent 19.49 20.64 21.67

Source: ISFR ( 1987, 2003 & 2019); www.frienvis.nic.in
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area covered by forest were more in the year 2019 as compared to that in 2003 with
Goa, Haryana, Himachal Pradesh, Jharkhand, Karnataka, Kerala, Madhya Pradesh,
Assam, Bihar, Delhi, Maharashtra, Meghalaya, Odisha, Punjab, Rajasthan, Sikkim,
Chandigarh, Tamil Nadu, Uttar Pradesh, West Bengal, Daman and Diu, Lakshad-
weep and Puducherry. On the other hand, Gujarat, Jammu and Kashmir, Manipur,
Mizoram, Nagaland, Tripura, Andhra Pradesh, Arunachal Pradesh, Chhattisgarh,
Uttarakhand, Andaman and Nicobar Islands, Dadra and Nagar Haveli are the States/
UTs where the forest cover was less in 2019 as compared to that in 2003. Forest
cover showed an increase from 20.55% in 2001 to 20.64% in 2003, also, there was
an increase in forest cover from 21.34% in 2015 to 21.54% in 2019. The observed
positive change in the area covered by forests could be mainly accounted to the
management strategies that comprised of activities such as afforestation (Kumari
et al. 2019). The success could also be attributed to many other measures involving
community participation that ensured betterment of the conditions (Kumari et al.
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Treecover in India

P

Tamil Nadu

Ly hadweep

Treecover in %
B -2
B 25-50
B - 50
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2019). The assessment of forest cover of 2019 showed an upsurge of 3976 sq.km.
(0.56%) in the area covered by forests, 1212 sq.km (1.29%) of area covered by trees
and 5188 sq km (0.65%) of area covered together, as compared to the assessment of
forest cover in 2017 (ISFR 2019).

According to Fig. 1.5, Madhya Pradesh was the state which had the highest forest
cover in 1987. Out of the total 64.2 million hectares of forest cover, 12.77 million
hectares, i.e. one fifth, was in Madhya Pradesh that accounted for about 19.9% (The
State of Forest Report, 1987) (Figs. 1.6 and 1.7). Based on the ratio of percentage of
recorded forest cover to the geographical area, Andaman and Nicobar Islands,
Manipur, Nagaland, Tripura and Arunachal Pradesh had forest cover more than
50%; Assam, H.P., M.P., Meghalaya, Odisha, Sikkim, Dadar and Nagar Haveli had
33 to less than 50%; Andhra Pradesh, Kerala, Maharashtra, Goa, Daman and Diu had
20 to less than 33%; Karnataka, Rajasthan, Bihar, Tamil Nadu, UP and West Bengal
had 10 to less than 20%; Gujarat, Haryana, Jammu and Kashmir, Punjab, Delhi and
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Fig. 1.3 Area covered by forest in the States/UTs in India (1987)

Chandigarh had forest cover less than 10% (The State of Forest Report, 1987). The
area covered by mangroves was observed to be 0.15% of the total geographical area
of the country, i.e. 4975 sq.km, in 2019 (ISFR 2019).

Very dense mangrove cover constituted 29.66% of the area (Fig. 1.8),
i.e. 1476 sq.km; moderately dense mangrove comprised an area of 1479 sq.km,



16 M. Sahana et al.

- 70°q’0”E 80°Q'O'E 9‘0°Q'0"E -
g X |8
5 FOREST COVER IN THE @ [2
i STATEs/UTs IN INDIA 2
'
z =
=) =)
oA Arunachal Pradesh Fo
o o
(] o)
Jharkhand
3
= z
=4 (225) LS
S Dacra & | S
b Nagar Haveli S
4
6364
= Lakshafv:gep. i {‘ =
=) : =)
=k . Andaman and Nicobar Fro
S : 2
I"‘. -
%

Legend

Forest Cover

Area (In Sq.Km.)

~ |omonata) || 5000-10000

" lo-100 [ 10000-25000 O 200 400 800 1200 1,600
S [ 100- = . e e e Kilometers| 5
2 == 26009 fcm Source: Forest Survey of India, Dehradun [ ©
© I 1000 - 5000 B0 100000 Map prepared by IGCMC, WWF - India | ©

T T Ll
70°0'0"E 80°0'0"E 90°0'0"E

Fig. 1.4 Area covered by forest in the States/UTs in India (2003)

i.e. 29.73%; and open mangroves covered an area of 2020 sq.km, i.e. 40.61% (ISFR
2019). An increase in area of 54 sq.km has been recorded in the area covered by
mangroves in 2019 as compared to the area covered in 2017 (ISFR 2019). In 2003,
area covered by mangroves in the country constituted an area of 4461 sq.km.,
i.e. 0.14% of geographical area (ISFR 2003), out of which, an area of 1162 sq.km
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Fig. 1.5 Area covered by forest in the States/UTs in India (2019)

was covered by very dense mangroves, 1657 sq.km area was covered by moderately
dense mangroves and 1642 sq.km area was comprised of open mangroves (ISFR
2003). Also, there was an overall decrease of 21 sq.km. in the mangrove cover of the
country when compared with that in 2001 (ISFR 2003) (Fig. 1.9).
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1.3 Protected Forest Regions

Protected areas are regions where interference by humans and exploitation of
resources are minimal and limited through implementation of certain rules and
regulations (Protected Area Networks of India n.d.). There are several types of
protected areas, which are classified based on the level of protection offered in them
according to the laws formulated by every country or based on the regulations imposed
by various international organizations involved (PA Networks of India n.d.). Marine
protected areas are protected areas, where their boundaries include some area/portion
of ocean, and trans-boundary protected areas are the ones that overlap multiple
countries which remove the borders inside the area for the purpose of their conserva-
tion and other activities related to economy of the country. The other protected areas
are national parks, wildlife sanctuaries, conservation reserves and community
reserves. Protected areas that act as buffer zones to or migration corridors between
national parks, wildlife sanctuaries, reserve and protected forests of India include
community reserves and conservation reserves (WWF ENVIS n.d.). In India, there are
566 wildlife sanctuaries and 104 national (as of March 2021) (WWEF ENVIS n.d.)
(Table 1.2).

Reserve forests in India represent an immense diversity of India’s wildlife
(Reserve Forests in India n.d.). There is a higher degree of security in reserve forests
as compared to protected forests because reserved forests in India do not grant
permission for grazing or hunting within its limits, while protected forests allow
with some degree of restrictions (Reserve Forests in India n.d.; ENVIS Centre on
Wildlife & Protected Areas n.d.). Reserve forests as well as protected forests in India
are declared by the respective state governments unlike national parks or wildlife
sanctuaries. However, protected forests and reserve forests are considerably different
(Reserve Forests in India n.d.). Typically, protected forests are of two types, namely,
protected forests and un-demarcated protected forests (Reserve Forests in India n.d.).


https://www.indianetzone.com/39/indian_wildlife.htm

1 Introduction to Forest Resources in India: Conservation, Management. . . 19

Forest Cover (area in sq. km) - 1987, 2003 & 2019

2019 ® 2003 m 1987

Puducherry
Lakshadweep
Ladakh
Daman & Diu
Dadra & Nagar Haveli
Chandigarh

A &N Islands
Telangana
West Bengal
Uttarakhand
Uttar Pradesh
Tripura

Tamil Nadu
Sikkim
Rajasthan
Punjab
Odisha
Nagaland
Mizoram
Meghalaya

STATES / UT

I i ,|‘IH|l |II|I|‘|'|n“| .-_-__

Manipur
Maharashtra
Madhya Pradesh
Kerala

Karnataka
Jharkhand
Jammu & Kashmir
Himachal Pradesh
Haryana

Gujarat

Goa

Delhi
Chhattisgarh
Bihar

Assam

Arunachal Pradesh
Andhra Pradesh

(=]

20,000 40,000 60,000 80,000 1,00,000 1,20,000 1,40,000
AREA (IN SQ. KM)

Fig. 1.7 Graph showing total forest cover of the States/UTs in 1987, 2003 and 2019

1.4 Major Threats to India’s Forest Resources

India is among one of the eight countries that is part of the South Asian subregion.
Forests in India are exposed to various pressures already, and it can get worsened
due to climate change that can cause vegetation shifts (Chaitra et al. 2018). Some of
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the profound impacts of climate change include changes in distribution of forest, net
primary productivity (NPP) and soil organic carbon (SOC) (Chaitra et al. 2018).
Alterations in productivity, vegetation composition and distribution are caused due
to changes in forest edges (Chaitra et al. 2018). The prime reasons for such changes
would be changes in plant phenology (Chaitra et al. 2018). Phenological changes are
brought about by changes in temperature and climatic patterns (Chaitra et al. 2018).
An increase in forest fires and pests is also predicted to become more common
(Chaitra et al. 2018). According to studies, the frequency and intensity of forest fires
will increase progressively with these changes (Chaitra et al. 2018). Increasing
demand for forest resources in order to meet multiple and conflicting needs of the
society has imposed a number of threats and pressures on forests (Chaitra et al.
2018). Deforestation is a major concern, but degradation arising mainly due to
extreme human pressures remains the foremost problem. Clearance of forests in
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Fig. 1.9 Major forest cover loss and gain that had occurred in India during 2001-2020

any particular area are caused by several anthropogenic pressures such as extensive
extraction of resources for various necessities (Chaitra et al. 2018). The necessities
might include food production, agricultural activities, etc. It is indeed very difficult
to generalize these parameters due to the diverse regulations related to demography,
economy and policies of various countries (Chakravarty et al. 2012). Unsustainable
use and over-exploitation of forest resources are the main reasons for deforestation
(Chakravarty et al. 2012). Besides industrialization and urbanization, a considerable
percentage of the rural population is still dependent on forests for fulfilling their
livelihood necessities (Chakravarty et al. 2012). These livelihood necessities are one
of the principal reasons for less growth of forest stocks in the country (Chakravarty
et al. 2012). Uncontrolled exploitation and degradation will continue to impact the
future status of the forests, and it might lead to serious implications in the future
(Chakravarty et al. 2012). It is evident that over the previous decade, there has been
remarkable signs of favourable landscape changes such as afforestation and forest
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regrowth (Chakravarty et al. 2012). Management strategies focus mainly on resto-
ration and wise use of the forest that would maintain sustainability and quality of the
resources for future services (Chakravarty et al. 2012). In view of the severe resource
crunch, there is a need to implement latest technologies to improve energy efficiency
and promote sustainable resource use to guarantee that these are reasonable and
feasible (Chakravarty et al. 2012). A significant focus could be to make different
stakeholders, especially local communities, farmers, forest dwellers, etc., aware
about such technologies, which have remained outside the mainstream of such
changes (Chakravarty et al. 2012). Strengthening a unified land use framework
that can sustain ecosystem processes along with the adoption of a green economy
will be key (Chakravarty et al. 2012).

1.5 Initiatives and Policy Measures by the State

There are many initiatives and policy measures adopted by various State Govern-
ments of India towards the conservation of forest resources. There are many laws,
policies, rules, regulations and guidelines that have been formulated, which are
being imposed in order for protection of forest resources in India (Kumari et al.
2018).

Besides these, the Indian Government has also established institutions and
authorities like the Forest Survey of India (FSI), under the Ministry of Environment,
Forest and Climate Change, that performs the preliminary work of gathering and
evaluating the forest assets of India through a nationwide survey (Kumari et al.
2018). This survey provides a consolidated repository of information on the spatial
and temporal cover of forested areas in India (Kumari et al. 2018). The survey
conducted by FSI assists in assessing the parameters and reasons leading to the gain
or loss in forest cover of any specific region of India (Kumari et al. 2018). In 2009, a
council called the Compensatory Afforestation Fund Management and Planning
Authority (CAMPA) was formed by the Government of India. It acted as a National
Advisory Council under the chairmanship of the Hon’ble Union Minister of Envi-
ronment, Forest and Climate Change for the monitoring and evaluating compensa-
tory afforestation activities and to provide technical assistance (Kumari et al. 2018).
The role of this council was to ensure important afforestation and activities for
regeneration of forests in order to compensate for conversion of forest land for
non-forest activities (Kumari et al. 2018). Schemes such as Integrated Forest Pro-
tection Scheme (IFPS) were formulated by the government to ensure protection from
forest fires (Kumari et al. 2018). This scheme was developed by integrating forest
conservation principles and measures with forest fire protection and management
techniques (Kumari et al. 2018). The Government of India has also launched
numerous other missions and programmes to promote forest protection such as
National Mission for a Green India (NMGI) and National Afforestation Programme
(NAP) (Kumari et al. 2018). The main objective of NMGI was to enhance the value
of 5 million hectares of degraded forests and to convert another 5 million hectares of
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non-forested areas into productive forest through the application of social and farm
forestry (Kumari et al. 2018). One of the other prime focus of the National Affor-
estation Programme was to improve forest resources with community participation,
focusing primarily on the betterment of the livelihoods of forest communities living
inside and near the forests, specifically the poor (Kumari et al. 2018).

For a very long time, the Ministry of Environment, Forest and Climate Change
has been confident in empowering women to strengthen their role in the protection of
forest resources at local community levels (Kumari et al. 2018). The National Forest
Policy acknowledged the requirement of involving women in forestry schemes, for
the first time (Kumari et al. 2018). The Joint Forest Management (JFM) Policy
(1990) authorized the presence of not less than 40% of woman representatives in the
general body and 50% presence in the executive body of local forestry institutions
like the JFM committees (Kumari et al. 2018). In 2002, the Biodiversity Authority of
India reframed structure of the local Biodiversity Management Committee (BMC)
(Kumari et al. 2018). It instructed the reservation of a minimum of one-third of the
members in BMCs to be women (Kumari et al. 2018). The understanding about the
role of women in local-level forest conservation measures and its implementation
has led to the betterment of the management of forests in rural localities of India
(Kumari et al. 2018).

1.6 Forest Conservation and Protection Policies

The Government of India has been constantly pitching for consistent and cohesive
efforts for conserving forest resources (Kumari et al. 2018). They not only have
implemented measures for conservation of the current forest cover but also have
initiated several measures to increase the forested areas of India as well (Kumari
et al. 2018). Some of these policies are as follows (WWEF-India, n.d.; MoEF & CC,
2019):

* In 1952, a National Forest Policy (NFP) was framed for the revamping of the
policy in view of the differences that had taken place since the assertion of the
policy on forests in 1894. Forests in the country, whether it is under state or
private ownership, were categorized into four classes that are protection forests,
national forests, village forests and tree lands.

¢ The National Commission on Agriculture (NCA) also indicated that “there should
be a change over from the conservation-oriented forestry to (a) more dynamic
programme of production forestry”. The NCA mentioned that the NFP should be
grounded on optimization of forest resources for their use in the form of services
and goods. It emphasized on prevention of erosion and denudation and hence
maximizing forest productivity and supplementing potential to generate employ-
ment for ensuring national prosperity.

» The National Forest Policy of 1988 (NFP) was formulated in order to ensure that
the regulations mentioned under the policy provide a comprehensive basis for
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conserving forests. It also signified a radical change from the previous policies
which started to form by introduction of Joint Forest Management in India
in 1990.

* The Forest Conservation Act of 1980 is the most significant legislative initiative
in the Indian history to reduce deforestation mainly triggered by the conversion of
forests into non-forest uses. Under this Act, no State Government has the
authority to permit such conversion without securing approval from the Central
Government.

* The Biological Diversity Act (BDA) (2002) was formulated to control access to
genetic resources and associated sharing besides development of policies and
programmes that enable conservation and protection of biological resources and
associated knowledge on a long-term basis. The National Biodiversity Authority
(NBA), set up at Chennai on 1 October 2003 as per the provisions of the BDA, is
accredited to facilitate implementation of the Act.

* The Indian Forest Act of 1927 (IFA) and its progeny were implemented in various
states and provide a framework for the supervision of forests in India, and “The
preamble to the Act states that the Act seeks to consolidate laws relating to
forests, the transit of forest produce and the duty leviable on timber and other
forest produce”.

¢ In India, Joint Forest Management (JFM) emerged as an important measure in
managing forest resources. It recognizes the livelihood and sustenance needs of
the people through the concept of “care and share”. The programme authorizes
local people to actively participate as partners in the effective management of
forest resources and sharing the benefits obtained from its protection and man-
agement. The JFM approach enhances returns, minimizes conflicts and links
forest development works with the overall development of land resources. It
also promotes building of technical and managerial capacity at the grassroots
level.

1.7 NGOs, Institutions and Public Participation

It is observed that there is an increasing trend of environmental awareness among a
diverse range of stakeholders that includes individuals and communities within the
Asia-Pacific region (United Nations ESCAP n.d.). This growing awareness related to
environmental issues is the outcome of various educational programmes and cam-
paigns organized by foremost special interest groups concerned about the environ-
ment (United Nations ESCAP n.d.). Among them are non-governmental
organizations (NGOs) that function at the international, regional and national levels,
as well as institutions that focus on the empowerment of women, indigenous peoples
and youth groups and other establishments that work for the betterment of commu-
nities (United Nations ESCAP n.d.). The wide array of activities undertaken by
environmental NGOs and other major groups has increased during the past few years
(United Nations ESCAP n.d.). Local, national and regional NGOs have emerged as
mainstream impact creators in both development and conservation activities in the
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region (United Nations ESCAP n.d.). Some aspects that NGOs and other institutions
which deal with environmental issues work on are (United Nations ESCAP n.d.):

e At the community level, they provide assistance to forest communities for
attainment of basic needs and facilities.

e They help in identification of issues, generating awareness and facilitation of
information to communities.

* They help various communities to express their issues and requirements and bring
those to the attention of stakeholders who can effect change.

e They help in defending both the environmental and developmental rights of forest
communities and capacity building of communities for management of their
natural resources sustainably.

Environmental NGOs play a significant role in providing assistance to minimize the
gaps in conservation strategies. Such gaps are lessened by conduction of researches
that enable policy development, building institutional capacity and facilitating
independent dialogue with civil society to help people achieve sustainable liveli-
hoods (WWF ENVIS n.d.). A few important NGOs worth mentioning are the World
Wide Fund for Nature India (WWF-India), The Energy and Resource Institute
(TERI), Indian Environmental Society (IES), Centre For Environmental Studies
(CES), Indian Council of Forestry Research and Education (ICFRE) and many
others (WWF ENVIS n.d.). For example, WWF-India has been working on tiger
conservation in the Sundarbans since the beginning of the Project Tiger in 1973
(WWF-India, n.d.). Under the programme, WWF-India provided technical inputs to
the State Forest Department towards the development of management plans and
scientific methodology for research, trained and conducted workshops for staff and
worked towards the implementation of conservation strategies and promoting com-
munity participation (WWF-India, n.d.). Involvement of communities in conserva-
tion of forests ensures that they become aware about the measures being taken for
their betterment. This realization will enable them to contribute their part towards
forest protection, and they will allow them in availing the benefits of the process that
will help in sustaining their livelihood.

1.8 Conservation, Monitoring and Management
Perspectives

Protected area management dominates among the mainstream methods applied for
biodiversity conservation and for efficient management that in turn is crucial to
prevent the loss of biodiversity (Addison et al. 2016). Management of forest
resources based on evidence can enable appropriate management of natural
resources by involving the finest accessible evidence to support management deci-
sions and to validate effectiveness of management practices (Addison et al. 2016).
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Emergence of evidence-based management has been noticed over the years. It acts as
an approach that will respond to the necessity of increased transparency and stim-
ulate positive conservation outcomes (Addison et al. 2016). The main objective of
evidence-based management is to support conservation practitioners to decide as and
when to interfere into a system when something undesirable happens (Addison et al.
2016). State-dependent management often backs up management that is evidence-
based, where apt management practices that depend on the current status of the
system (Addison et al. 2016). Assessment of a system that shifts into an undesirable
status is possible using state-dependent management, provided that the decision-
maker has a good understanding about ecosystem processes (Addison et al. 2016).
Eventually, successful conservation of biodiversity is possible when it’s in a better
state before the intervention or if the threats and pressures have decreased (Stephen-
son 2019). Project managers and other stakeholders should have a better understand-
ing about the impacts of their involvement and possible outcomes (Stephenson
2019). They need to recognize which strategies and actions are best suited and
what require improvement, so that they can learn and adapt in order to be able to
frame a better future (Stephenson 2019). Monitoring of conservation projects seems
to be insufficient due to weak plans and indicators, short-lived monitoring schemes
and an absence of capacity and feasible budgeting for collection of data and
implementation at relevant scales (Stephenson 2019). Inadequate planning and
monitoring can take a toll on the potential for sustainability, knowledge sharing
and systematic learning, which are among the most important factors that accelerate
the pace of conservation (Stephenson 2019). Therefore, good planning is of utmost
importance for good monitoring (Stephenson 2019). Majority of the planning
systems emphasize on formulation of an inspirational vision with a quantifiable
goal and objectives, based on the issues under concern, and how they are associated
with each other (Stephenson 2019). Hence, only when all these parameters are
considered and incorporated can conservation be effective.

1.9 Conclusion

India is a megadiverse country that is blessed with a large amount of floral and faunal
diversity. But there are many issues that ring an alarm, indicating the fact that efforts
have to be made in order to overcome threats that impact the forests. Moreover, for a
country like India that is highly resource dependent, austere degradation of forests
may lead to long-term consequences that might hamper the economy, food and water
security and climate solutions (Roy 2020). India is a country that is already most
vulnerable to climate change (Roshni et a., 2022; Roy 2020). Also, a destabilized
potential of forests in maintaining ecological balance due to rapid increase in
deforestation would only accelerate the frequency and intensity of impacts such as
unexpected rains in monsoon, severe droughts and other related impacts (Roy 2020).
The consequences of deforestation are universal and can affect the forest-dependent
communities adversely (Kumari et al. 2019). The impact of desertification on forests



28 M. Sahana et al.

could not be understood properly as there is inadequacy in available data that is
considered to be one of the major drawbacks (Kumari et al. 2019).

Deforestation and forest degradation had caused a significant reduction of about
12.6% in the growing forest stocks (Roy 2020). This reduction accounts for about
nearly 172 tonnes of carbon emissions according to World Resources Institute
(WRI) over the last two decades (Roy 2020). A study conducted by WRI revealed
that India has lost 122,748 hectares of forests during 2001 to 2020 (Roy 2020). There
are many detrimental impacts of deforestation which had to be curtailed through
implementation of various mitigation measures that will also help in reducing the
negative impacts in the near future. The Indian Government has been making
prominent efforts for protection of forest resources by conserving forest cover
(Kumari et al. 2019). They have also initiated several measures to increase the forest
cover of the country (Kumari et al. 2019). The strategies for mitigating deforestation
require efficient implementation and proper demarcation of the roles assigned to
national, state and municipal governments along with active participation of NGOs
and other private organizations (Kumari et al. 2019). Sustainable alternatives for
Jhum cultivation can be adopted to enhance agriculture and forest productions that
will lead to mitigation of deforestation (Kumari et al. 2019). The yet another strategy
that can be implemented to slow down the rate of deforestation is through following
sustainability in agroforestry, logging and agro-pastoral production systems (Kumari
et al. 2019). This will ensure application of forest management practices that are
ecologically, economically and socially sustainable (Kumari et al. 2019). Forest
certification can also act as an effective approach to curb deforestation. It can be
achieved through a method with which producers can identify worth of their
products in the marketplace and, in turn, receive greater market approachability
and higher rates for their products that follow certain sustainable standards of
forestry (Kumari et al. 2019). There could be many other efforts and strategies to
be implemented by involving community participation that would benefit the com-
munities’ livelihood and, at the same time, conserve forests. Indigenous knowledge
acquired by forest dwellers can also play a prominent role in the implementation of
sustainable management practices for forest conservation. An eco-centric approach
should be followed for protection of forests so that the rich diversity of our country is
not only maintained but also flourishes.
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Chapter 2 ®)
Assessment of Carbon Sequestration Using s
InVEST Model in Delhi, India

Supreet Kaur, Deepakshi Babbar, Omar Sarif ®, Aparajita Ghatak,
and Abolfazl Jaafari

Abstract Urban growth legitimately influences the ecological development of the
territory, which directly influences global climate change. Delhi is among one of the
five megacities of India, inhabiting 29 million of populace, which might surpass
Tokyo as the world’s biggest agglomerations by 2028 according to the World
Urbanization Prospects 2018. Carbon management in vegetation is an inescapable
significant strategy to balance the carbon emanation in the atmosphere mitigating
climate change. Woodland is the major earthbound carbon sink on the earth. Carbon
sequestration from the atmosphere takes place primarily in the stable carbon reser-
voirs of soil profiles in forests. Assessment of carbon pools not only determines the
growth rate of forests but also objectively defines the importance of capitalizing the
natural assets which further aid in defining the specific areas of concern helping in
policymaking. Using the InVEST model for the years 2000 and 2020, the current
study attempts to quantify carbon sequestration based on the change in total carbon
in two separate timeframes. The InVEST model has aggregated the biophysical
measure of carbon which puts away in four carbon pools based on the prepared
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LULC maps. An increase in the Forest and Tree Cover of Delhi has been observed
on a continuous premise from the year 2000 to 2020. The results show that the total
amount of carbon sequestered in the respective time period over Delhi is
6.9 x 10° Mg. The improved forest management practices and various afforestation
and reforestation programs conducted by the government of Delhi led to strength-
ening the carbon storage capacity of the Delhi region. According to the analysis, the
economic potential of carbon sequestered between 2000 and 2020 is about 106.27
million dollars. The outcomes show the potential for reforestation with the native
species as a significant function in forest management to improve carbon sequestra-
tion capability of the urban wood ecosystem of Delhi and demand access to
renewable energy to decrease the carbon loss due to the developmental activities.

Keywords Carbon sequestration - LULC - Forest - Biomass - In'VEST model

2.1 Introduction

The global energy balance is vastly being governed by greenhouse gases; their
insignificant concentration change in the atmosphere may hamper the climatic
conditions on Earth. Carbon dioxide (CO,) among greenhouse gases (GHGs)
makes the largest contribution from human activities (Lal and Singh 2000; Mathieu
2006). Mathieu in 2006 and Dentener et al. 2013 have concluded that the increasing
atmospheric burden of well-mixed GHGs resulted in a 9% increase in their radiative
forcing from 1998 to 2005 and 7.5% increase in the radiative forcing from 2005 to
2011 respectively, where CO, contributes 80% alone. In recent years, rising CO2
levels in the atmosphere have compelled countries to analyze their contributions to
CO; sources and sinks, as well as the mechanisms that govern CO, buildup in the
atmosphere (Lal and Singh 2000). The stability of atmospheric CO, concentrations
is required for efforts to manage climate change. This can only be accomplished by
rapidly reducing global CO, emissions (Le Quéré et al. 2009). Meeting the ultimate
goal of the United Nations Framework Convention on Climate Change (UNFCCC)
will require measures to CO, emissions by deploying existing and new technologies
where GIS and remote sensing can play vital roles in the most effective manner.
The carbon cycle is a dynamic process where the vegetation (including the forest
ecosystem, fuelwood plantation, and other harvested agricultural products) absorbs a
large amount of CO, from the atmosphere via photosynthesis and store a small
fraction of assimilated carbon in the above- (vegetation, residue from forest fires, and
agricultural buildup) and belowground biomass, litter, and soil. However, a large
part of it returns to the atmosphere via automatic and heterotrophic respirations
(Baishya et al. 2009; Chhabra et al. 2002; Hernandez-Guzman et al. 2019; Reddy
1994; Schultz 2002). There is a need to conserve and enhance forest areas in order to
encounter the emission targets (Lubowski et al. 2006). Forests play a crucial role in
mitigating and adapting to climate change. Forests are considered one of the biggest
sinks, reservoirs of carbon in terrestrial ecosystems. According to Global Forest
Resource Assessment Report 2015 by the Food and Agriculture Organization
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(FAO), the worlds’ forests store an estimated 296 Gt of carbon in both AGB and
BGB accounting for almost half of the total carbon stored in forests, the other half
being the SOC. Globally, an overall decrease of 17.4 Gt of carbon stored in forest
biomass has been observed in the past 25 years, accounting for 2.5 Gt of carbon
dioxide (FSI 2019).

IPCC in 2003 released good practices guidance, dividing the five pools of carbon
stored in forest ecosystem aboveground biomass (AGB) and belowground biomass
(BGB) (categorized as living portion of biomass) and dead wood and litter contrib-
uting as dead organic matter. And the fifth pool is soil organic matter (SOC)
individually accounting for nearly 50% of total carbon locked in forests. Several
factors affect the carbon capture process like tree age, photosynthetic efficiency, and
leaf area (Chavan and Rasal 2011) along with density and distribution of trees in the
forest (Babbar et al. 2021). Therefore due to the higher net production, tropical
forests have the greatest capacity for carbon sequestration (Brown and Lugo 1992;
Chhabra and Dadhwal 2004; Sedjo and Sohngen 2012). Numerous studies stated
that the old trees sequester a large amount of carbon (Brown and Lugo 1992; Fang
et al. 2014; Gratani et al. 2016; Hernandez-Guzman et al. 2019; Lubowski et al.
2006; Luyssaert et al. 2008; Pechanec et al. 2018), while many types of research
argue as the tree matures, their carbon sequestration capacity declines over time
(Sohngen and Mendelsohn 2003; Terakunpisut et al. 2007). Sohngen (2003) had
introduced the two most significant factors in carbon sequestration which are land
use-land cover change dynamics. Decreasing deforestation and increasing affores-
tation activities are vital measures for the tropical regions, whereas afforestation is
important in temperate regions (Sohngen 2003).

Forest land conversion to other land use types for agricultural and urban devel-
opment: forest degradation through fuelwood extraction and local livestock grazing
in the forest and deforestation have historically been major precursors of greenhouse
gases (IPCC 2006; Sahana et al., 2018; Lorenz and Lal 2010). Therefore, the concept
of urban greenery has gained huge popularity where the administration has
implemented strategies to maintain the urban green spaces and plant more trees in
order to mitigate climate change effects (Velasco et al. 2016). UNFCCC has worked
on an extensive range of policy measures to highlight the issues of climate change
mitigation where GHG inventories from all the emission sectors of the country are
being shared by the participating country as a National Communication (NATCOM)
(FSI 2019). Millennium Ecosystem Assessment in 2005 emphasized measuring and
mapping the ecosystem services which will help policymakers, stakeholders, and
environmentalists (Fisher et al. 2009). Numerous programs like Clean Development
Mechanism by UNFCCC, REDD+, and Green India Mission have been initiated at
international as well as national level to enhance forest carbon therefore reversing
the effects of climate change (Adams et al. 2018; Dai et al. 2015). Using growing
stock volume equations for assessing AGB and harvest sampling method for the
BGB are some of the conventional methods for evaluating the carbon stocks in a
forest area (Forest 2017; Lal and Singh 2000; Meena et al. 2019). Conversely, the
use of RS and GIS along with various models has also been used widely for
assessing carbon sequestration (Adams et al. 2018; He et al. 2016). Where a
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process-based Dynamic Land Ecosystem Model (DLEM) (Zhang et al. 2012) has
been used to stimulate SOC and vegetation carbon storage. Carbon Exchange by the
Vegetation-Soil-Atmosphere System (CEVSA) model, Geo-Process Model-Based
Ecosystem Photosynthesis Theory (GEOPRO), and Carnegie Ames Stanford Appli-
cation (CASA) productivity model along with other light use efficiency models were
being used in China to assess the vegetation carbon pool by means of vegetation net
primary productivity as a variable (Gao and Liu 2008; He et al. 2016). Similar kinds
of studies have been carried out to encounter the impact of land use expansion and
urban expansion on the ecosystem services of carbon sequestration rate using the
InVEST (Integrated Valuation of Ecosystem Services and Trade Offs) model in
Pakistan and Beijing in the year 2017 and 2015, respectively (Chen et al. 2017; He
et al. 2016). Thus, the current research sought to measure the carbon stock and
sequestration using the InVEST model, which is one of the key determinants of
climate change. There are various methods to determine the carbon content using
LULC data, for example, the IPCC provides standard equations for the calculation of
the carbon stock captured and its associated gain or loss in any class of LULC. In a
LULC change, a forest area remains in the same class, or it gets converted into some
other class; the associated carbon change can be detected using [PCC equations. The
IPCC equations require a lot of data generation, extensive field work, and heavy lab
work which is not possible for the present study because of the large study area
(IPCC 2000). So, we selected the InNVEST model for the carbon stock detection
using remote sensing techniques. IPCC supports the use of remote sensing for the
detection of LULC changes, and similar goes with the carbon stock detection
associated with these LULC changes. It is a prerequisite and a novel attempt to
assist support in creating a stronger policy plan for managing the urban ecosystems
in the face of global climate change and accelerated urbanization (Mallick et al.,
2021). The government of Delhi has been consistently making efforts in improving
the forest cover of Delhi and is taking initiatives under the schemes like National
Mission for a Green India, Green Budget, National Afforestation Programme
scheme, and Forest Fire Prevention and Management Scheme for forest conservation
and management. There are more than 41 city forests being developed by the Delhi
government in the past 15 years which would not only help in improving the water
harvesting capacity of the forest but will also increase the carbon potential of the
forest. There is very limited research on the carbon stocks of Delhi, and our study is
the first initiative to calculate the carbon potential of the green cover of Delhi. The
present study carried out a geospatial assessment of carbon sequestration along with
the economic value in the National Capital Territory (NCT) of Delhi. The objectives
of this study are, first, land use/land cover assessment and its analysis; second,
carbon sequestration calculation and economic valuation; and third, potential sug-
gestions in the context of the present study analysis.
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2.2 Study Area

The NCT of Delhi is the world’s second-largest city located in northern India
between the latitudes of 28° 12’ and 28°53’ North latitude and longitudes of
76°50' and 77°23' East (Fig. 2.1). Delhi has an area of 1483 km® The geography
of Delhi primarily contains three categories: the plains, the ridge, and the Yamuna
plains (Sinha et al. 2014).

Delhi falls under the semi-arid zone type of biogeographic classification (Rodgers
and Panwar 1988). According to the Planning Commission of India (1985-1990),
based on the physiography and climate, Delhi falls under the category of Trans-
Gangetic Plain Region in agroclimatic zones (MoEF and Kalpavriksh 2004). The
NCT of Delhi acts as a transition zone between two contrasting ecosystems. It is
influenced by the semi-arid and arid desert of the west and the fertile Gangetic plains
of the east. Thus, it harbors features of both these biogeographic zones. The
geography of Delhi can be physically divided into three segments: the Ridge, the
Yamuna flood plains, and the plains. Much of the Delhi area is plains. Delhi has an
increasing built-up area about of 36.67%, 15.8% forest area, and 33.92% agricultural
area (Chakraborty et al., 2021).

According to the Department of Forest and Wildlife, Delhi, the NCT has
139.12 km? of recorded forest area. It covers the Delhi Ridge, Asola Bhatti Wildlife
Sanctuary, 26 protected forests, 42 City forests, and 12 other forests. Some of the
native trees of ridge are Acacia nilotica, A. modesta, A. catechu, A. senegal,
Anogeissus pendula, Acacia leucophloea, Butea monosperma, Salvadora persica,
Holarrhena antidysenterica, Cordia dichotoma, and Ziziphus mauritiana. Exotic
vegetation at the ridge includes the dominant introduced Prosopis juliflora (a hardy
Mexican species introduced in 1878), and this has completely dominated the local
vegetation in Delhi. According to the National Bureau of Soil Survey and Land Use
Planning of the Indian Council for Agricultural Research, Delhi has alluvial soil type
(MOoEF and Kalpavriksh 2004).

2.3 Database and Methodology

To measure the carbon sequestration in the NCT of Delhi region, the succeeding
steps are followed. Land use/land cover maps for the year 2000 and 2020 have been
prepared using Landsat and Sentinel satellite data which is attained from United
States Geological Survey (USGS) Earth Explorer official website. LULC analyses
and maps for the years 2000 and 2020 have been used to prepare the carbon potential
maps using InVEST model, calculating the increase or decrease in the various
carbon pools along with its economic evaluation over the years.

The use of RS and GIS is an integral and reliable method for the collection of data
stand-alone applications using maps and ecosystem production function to produce
the results in biophysical and economic terms (Babbar et al. 2021). These
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technologies are cost-effective tools for mapping any change occurring over
extended period of time (Coppin and Bauer 1996). Land use and land cover are an
empirical approach for understanding the anthropogenic and environmental interac-
tions (Prakasam 2010).
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The InVEST model is developed by the Natural Capital Project, Stanford Uni-
versity, which aims to capitalize the natural assets and transform the decision-
making policy. The InVEST model uses the LULC maps along with the carbon
stock variables, i.e., soil organic carbon (SOC), belowground biomass (BGB),
aboveground biomass (AGB), and dead organic matter (DOM), to quantify the
existing carbon stock in the land and estimate the sequestered carbon for the
respective period of time. The yearly rate of change and a discount rate can be
used to calculate the market worth of sequestered carbon. The detailed methodolog-
ical framework to develop this study is given in Fig. 2.2.

The study addresses the following questions: (i) how much carbon it can sustain;
(i1) how variations in LULC cover influenced the forest’s carbon sequestration
capability; and (iii) how much fixed carbon increase/decrease has happened
through time.

2.3.1 Preparation of Land Use-Land Cover Map

The Landsat and Sentinel data for the years 2000 and 2020 were used to prepare the
LULC map for the NCT region of Delhi (Table 2.1). Pre-processing of the image
was performed using Erdas imagine software which included layer stacking,
geo-referencing, creating subset, and mosaic.
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Table 2.1 List of satellite database used in the study

Satellite name Data type Details of the data | Period

Landsat 5 (Thematic Spatial data (30 m Path/Row 146/40 | February 2000

Mapper) resolution)

Sentinel-2A Spatial data (10 m Path/Row October 2020,
resolution) 146/40147/40 December 2020

For the preparation of LULC, unsupervised classification was run, and the
spectral classes were grouped into 85 classes which were later converted into ten
classes. Features like scrubland and open forest and agricultural land and parks show
similar spectral signatures, which were recoded followed by the cleaning process.
Google Earth Pro was also used to investigate the accuracy of classes while
recoding. Accuracy assessment was performed for the years 2000 and 2020 by
using Google Earth Pro, as the ground-truthing was not conducted because of the
Covid-19 pandemic. Kappa statistics, user’s accuracy, and producer’s accuracy
were generated for the LULC map (Rahaman et al., 2019). After generating LULC
maps for the respective years, statistical changes were calculated to determine the
change detection and change matrix over the period of time.

2.3.2 Generation of Carbon Sequestration Map Using
InVEST Model

The land use and land cover maps prepared for the year 2000 and 2020 have been
used as baseline information for preparing the carbon sequestration map using
InVEST model. Using the LULC maps, the model produces the following results:
(i) the amount of carbon stored in various carbon reservoirs, (ii) the total volume of
carbon in a landscape over time, and (iii) an estimate of the remaining stock’s market
value of sequestered carbon.

A carbon pool data was generated for the classes using the FSI report published
by the Ministry of Environment and Forest assessment for the state of Delhi. For the
non-forest classes, IPCC 2006 guidelines methodology for determining GHG inven-
tories in the AFOLU (Agriculture, Forestry, and Other Land use) Sector was
followed (Table 2.2). To evaluate the economic value of sequestration, the monetary
value of each carbon unit, discount rate, and the change in value of carbon seques-
tered over time, i.e., annual rate. Discount rates are the standard economic financial
discounts including economic inflation over a time period which can be negative or
positive. A market discount of 3% was added, the economic value derived from
social cost of CO, % 55 of a sequestered ton of carbon, i.e., $201.85 and the yearly
rate of change in carbon price is considered zero (Babbar et al. 2021).
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Table 2.2 Carbon pool inputs for In'VEST model

SI. no LULC class name AGB BGB SOC DOM
1 Trees outside forest 24.41 5.02 71.17 2.14
2 Dense forest 44.6 17.5 47.28 2.53
3 Open forest 10.68 4.19 29.07 1.71
4 Agricultural land 3 2 8 1

5 Fallow land 1 1 10 0

6 Waterbodies 0 0 0 0

7 Settlements 2 1 5 0

8 Openland/scrubland 8 8 25 3

9 Grassland/parks 6 6 20 2

10 Roads 0 0 0 0

Note: AGB Aboveground biomass, BGB belowground biomass, SOC soil organic carbon, DOM
dead organic matter

2.3.3 Accuracy Assessment

Accuracy assessment is an integral part of the classification process with a goal to
quantify the efficiency of grouping pixels into the featured class. Accuracy assess-
ment was performed using random sampling where the minimum number of obser-
vations placed in each class was 30 with at least overall 350 observations. Accuracy
assessment was performed using Google Earth Pro software for both years. Kappa
statistics determines the precision of the accuracy of classification. It is an efficient
method to analyze a single error matrix as well as to compare the difference in
various error matrices. Kappa coefficient ranges from —1 to 1; a value closer to
1 indicates more accurate results. Producer’s accuracy measures the error of omis-
sion; and the user’s accuracy measures the error of omission; this shows how well
real-world land cover types can be classified.

2.4 Results

2.4.1 LULC Assessment

Ten LULC classes were acknowledged in the NCT of Delhi region, namely, dense
forest, open forest, tree outside forest, agricultural area, fallow land, scrub land,
parks waterbodies, roads and settlements for both the years are shown in Fig. 2.3.
The spatial distribution pattern of the LULC map is being summarized in Table 2.3.
A difference in area between the years 2000 and 2020 indicates a change, with a
negative number indicating a reduction and a positive value indicating an increase in
the area. During the period 2000-2020, there was a growth in trees outside forest,
dense forest, open forest, settlements, and roads, which may be attributed to better
management practices by the forest department as well as increased anthropogenic
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Table 2.3 Land use land cover change over the period

Year 2000 Year 2020 Change 2000-2020

Area in Area in Area in Area in Area in
Class Ha % Ha % Areain Ha | %
Trees outside 11917.9 7.92 15511.9 10.32 3594 2.40
forest
Dense forest 6717.24 4.46 11488.8 7.64 4771.56 3.18
Open forest 6467.58 4.30 6523.08 4.34 55.5 0.04
Agricultural land 42471.4 28.21 29365.5 19.53 —131059 | —-8.68
Fallow land 12675.3 8.42 21630.2 14.39 8954.9 5.97
Waterbodies 2370.15 1.57 1754.78 1.167 —615.37 —-041
Settlements 46671.6 31.00 51083.7 33.98 4412.1 2.97
Openland/ 16548.6 10.99 2733.44 1.82 —13815.16 | —9.17
scrubland
Grasslands/parks 1771.83 1.18 6213.96 4.13 4442.13 2.96
Roads 2926.8 1.94 4049.45 2.69 1122.65 0.75

pressure. From 17.86% in 2000 to 26.43% in 2020, there has been a total increase of
2.40% in trees out of forest cover, 3.18% in dense forest, and 2.96% in parks and
gardens, bringing the entire green canopy of Delhi to 26.43% in 2020. The area of
aquatic bodies has shrunk by 0.41%, possibly owing to encroachment. Settlements
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increased by 2.97% and roads by 0.75% due to the expansion of urban area as well as
the developing suburbs. Jain et al. (2016) also cited a significant development in the
built-up area and transportation network of roughly 13-15% from the twentieth
century to 2006.

After 2006, there was a steep decline in the developing built-up area, reaching as
low as the growth rate of 1.83% up till 2014. Anthropogenic factors were a key
factor in the reduction of Delhi’s green cover in the twentieth century. Ahmad in
2020 also stressed the need for growing rural development in impacting Delhi’s
vulnerable environment (Ahmad 2020). It was in the early twenty-first century that
Delhi faced the harsh reality of reduced tree cover, which accounted for up to 10% of
the city’s total area. Afforestation programs were organized by the government to
meet the criteria of National Forest Policy, 1988 which stipulated that one third of
the total geographical area on the plains need to have tree cover in order to ensure
ecological sustainability. Scrubland has seen a significant decline of 9.17%, owing to
urbanization and numerous government organizations’ planting efforts. There is a
significant disparity between agricultural and fallow land, which is attributable to the
month of the selected satellite images, which highlights the difference in sowing and
harvesting times, resulting in a variance in the areas. However, there has been an
overall decrease of 4151 ha in the agricultural area.

In Table 2.4, the LULC map change matrix distinctively indicates the transition
between the LULC classes over the time period between 2000 and 2020. It demon-
strates how areas are converted from one class to another. The table’s highlighted
diagonal axis represents the areas that have remained unchanged over time. Major
transitions in forest areas, scrubland, fallow land, parks, and waterbodies are
depicted in the table. The conversion of 383 ha of open forest into dense forest has
resulted in an increase in dense forest area, while some waterbodies, such as ponds,
have dried up in the forest area and are covered with vegetation. Around 750 ha of

Table 2.4 LULC matrix for the year 2000 and 2020

LULC area in ha (2020)
Trees
Agriculture | Dense Fallow Open | Openland/ outside | Water Grand
CLASS NAME | land forest land Parks | forest | Scrubland | Roads Settlement | forest bodies | Total
Agriculture
land 20554.74 | 561.86 13922.61 | 284.63 | 499.69 | 946.19 13136 | 4125.83 164487 | 17223 | 42844.02
Dense Forest 34.43 2668.93 | 40.65 382.65 | 383.30 | 1724 117.62 342.88 62334 11039 | 4721.43
Fallow land 5004.80 241.21 375150 | 150.96 | 260.65 | 481.27 57.80 1704.17 730.68 | 98.04 12481.07
LULC | Grassland/Park | 34120 33939 | 21177 | 245035 | 192.68 | 41.77 88.05 898.03 453.68 | 36.50 5053.41
area
in ha | Open Forest 323.83 204222 | 242.06 15299 | 1316.99 | 84.72 87.61 595.99 34779 | 43.09 6137.28
(2000) | Openland/Scru 127175 | 2430.74
bland 1328.89 291084 | 185744 577.78 239.69 | 3993.03 171862 | 112.12 16440.90
Roads 1371 32.80 33.04 4036 | 5115 | 1538 198.99 1601.67 26583 | 2575 2278.68
Settlements 849.02 89620 | 83842 | 850.25 | 75032 | 284.98 230629 | 34737.09 | 659324 | 31881 48424.60
Trees Outside
Forest 852.39 759.09 | 654.65 | 489.64 | 459.87 | 135.05 52626 | 312154 278271 | 189.80 | 9970.99
Water bodies 128.12 190.56 13190 | 5215 | 18164 | 2948 65.79 284.49 213.81 709.20 1987.13
6125.72 | 6527.02 150339.50
Grand Total 2943112 | 11543.10 | 21684.03 2613.85 381946 | 5140471 | 15374.56 | 1815.93
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open forest have also been encroached upon in order to make way for settlements.
Due to the rapid growth of the population, a large portion, i.e., around 4125 ha of
agricultural and 1704 ha of fallow land, as well as small sections of park has been
transformed into communities. On the one hand, scrubland has been decreased
through tree planting to boost green cover and turn sections into forest land and
parks, but on the contrary, settlements have taken over a substantial section of the
land. A negative relationship can be observed in the agricultural area, built-up area,
and wasteland. The economy of Delhi began to migrate from the primary to the
tertiary sectors in the early twenty-first century, necessitating a change in the LULC
pattern. This resulted to the sprawling of new as well as existing colonies into the
agricultural and open land areas (Jain et al. 2016). Tree planted on the outskirts of
agricultural and fallow land regions has also enhanced tree cover outside of forests.
Many waterbodies outside the forest have been dried up, and many of them have
been transformed into settlements. Waterbodies are diminishing significantly as a
result of discharge of domestic sewage and other industrial effluents leading to the
reduction of water body capacity as well as degrading water quality. One of the key
causes of significantly reduced areas of waterbodies through time has been decreas-
ing rainfall, which has led to receding ground water levels. Changes in meteorolog-
ical and climatic conditions have a massive impact on cropping patterns, resulting in
increased soil salinity and sodicity, as well as degraded and starving farmland in the
NCT of Delhi. It turned kharif season croplands into uncultivated fallow lands
(Suzanchi and Kaur 2011).

2.4.2 Accuracy Assessment of LULC Maps

The accuracy of the LULC map of 2000 and 2020 was assessed using the most
commonly used kappa accuracy evaluation method. Landsat 5 (TM) and Sentinel-
2A high-resolution satellite images were used to conduct the assessment. Overall
classification accuracy for the year 2000 is 91.21%, with kappa = 0.9022. Overall
classification accuracy for 2020 is 94.53%, with kappa = 0.9393. This demonstrates
that the LULC map for the year 2020 is more precise than the LULC map for the year
2000. Individual producer and user accuracy for all classes is also shown in Table 2.5
and Table 2.6 for the respective years to support the kappa statistics.

2.4.3 Assessment of Total Carbon Stored and Total Carbon
Sequestration

Total Carbon Analysis: The quantity of carbon being stored in Mg in each grid cell
in a landscape is known as total carbon. It is the total of the four carbon pools, i.e.,
AGB, BGB, SOC, and DOM, linked with the LULC classes delineated in the map
(Table 2.7). The map indicates the forest cover containing 0.456-1.119 Mg of
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Table 2.5 Accuracy assessment of LULC for the year 2000
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Conditional kappa for each

Producers’ accuracy

Users’ accuracy

Class name category (%) (%)
Trees outside 0.8238 100.00 83.87
forest

Dense forest 0.9272 82.86 93.55
Open forest 0.8888 87.10 90.00
Agriculture land | 0.9321 93.94 93.94
Fallow land 0.9282 93.55 93.55
Waterbodies 0.8904 100.00 90.00
Settlements 0.9666 89.19 97.06
Openland/ 0.8927 93.33 90.32
scrubland

Grassland/parks | 0.925 82.35 93.33
Roads 0.8337 95.65 84.62

Overall classification accuracy = 91.21%

Overall kappa statistics = 0.9022

Table 2.6 Accuracy assessment of LULC for the year 2020

Conditional kappa for each

Producer’s accuracy

User’s accuracy

Class name category (%) (%)
Trees outside 0.8587 100.00 87.10
forest

Dense forest 0.8925 90.32 90.32
Open forest 0.9281 90.63 93.55
Agriculture land | 1 100.00 100.00
Fallow land 1 96.97 100.00
Waterbodies 0.9631 96.67 96.67
Settlements 0.9344 100.00 94.12
Openland/ 0.9628 90.63 96.67
scrubland

Parks 0.9627 87.88 96.67
Roads 0.8897 93.10 90.00

Overall classification accuracy = 94.53%

Overall kappa statistics = 0.9393

carbon in each grid cell. The green cover outside the forest contains less amount
carbon, i.e., 0.136-0.456 Mg for the agricultural and fallow land and 0-0.136 for the
built-up area. Total carbon stored in the current scenario, i.e., 2020, is 45 x 10° Mg,
which includes all the LULC classes, i.e., forest area, cropland, tree outside forest,
parks, scrubland, and settlements. Forests and trees outside of forests generate 64%
of the total carbon stock; agriculture and fallow land store 13%, while settlements
comprise 8.9%. As it can be observed from the map, the value for carbon stock in
each grid cell is the same for both years. This is due to change in LULC, that the total
carbon amount differs, thus resulting in an increase of 8.5 X 10° Mg.



46

Table 2.7 Statistics of total carbon (Mg) stored in the years 2000 and 2020

S. Kaur et al.

SL Carbon (Mg) in Carbon (Mg) in

no. |Class name | Area (in mz) each class (2000) Area (in m2) each class (2020)

1 Trees out- 102792600.00 | 551501.4769 155,234,900 | 1594883.363
side forest

2 Dense forest | 47304000.00 | 664366.2046 114,917,000 | 1286036.147

3 Open forest 62038800.00 | 280586.3003 65,303,200 | 298109.108

4 Agriculture | 425184290.00 | 532034.8169 294,299,580 | 412019.44
land

5 Fallow land | 128715300.00 | 419262.0239 216,563,200 | 259875.84

6 Waterbodies | 20124900.00 0 18,258,100 0

7 Settlements | 476534690.00 | 960119.165 510,704,380 | 408563.52

8 Openland/ 164078100.00 68269.36 26,312,500 | 115,775
scrubland

9 Parks 50801400.00 | 252276.6579 61,488,600 | 209061.24

10 | Roads 27809100.00 0 40,466,300 0
Total carbon 3728416.005 4584323.658
stored

Delhi forest cover consists of 1.7 x 10* Mg of carbon stored in the present times
which have increased by 3.2% as compared to the stored carbon in the year 2000.
The Delhi forest is classified as a dry deciduous and thorn forest, with middle storey
thorny trees dominating the landscape and open areas scattered throughout. In 2019,
the carbon allocation in the forest area for the north and central ridge forest regions
was calculated as follows: AGB (40-49%) > SOC (29.93-37.7%) > BGB (20—
22%) > Litter (0.27-0.59%) (Meena et al. 2019). According to FSI, Delhi’s forest
(together with TOF patches of >1 ha size) has stored 1.2 million tons of carbon,
which is distributed among the following carbon pools: SOC (0.84 m tons) > AGB
(0.28 m tons) > BGB (0.098 m tons) > Litter (0.021 m tons) > Dead wood (0.002 m
tons) (FSI, 2019).

Sequestered Carbon Analysis: The carbon sequestered during the period from
2000 to 2020 is presented as Mg/grid in the map (Fig. 2.4 and Table 2.8). The
positive and negative values indicate the sequestration of carbon and loss in the
atmosphere, respectively. The sequestration is exclusively displayed by the dense
forest, open forest, and scrubland (Fig. 2.5). The total amount of carbon sequestered
is 6.9 x 10°> Mg to which forest accounts for 6.8 x 10> Mg, whereas carbon emission
accounts for 10.3 x 10° Mg.

Net Present Value: The net present value map represents the monetary value of
carbon sequestered in the NCT region of Delhi in currency ($) units per pixel where
carbon sequestrations is described by positive values and carbon emission by
negative values (Fig. 2.6). The total net present value of sequestered carbon from
2000 to 2020 is $ 106 million.
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Fig. 2.4 Map showing stored carbon (Mg) in the years 2000 and 2020

Table 2.8 Statistics of carbon sequestration in the years 2000 and 2020

SI. no. Class name Carbon sequestration in each class (2000-2020)

1 Trees outside forest 1043381.886

2 Dense forest 621669.9424

3 Open forest 17522.80766

4 Agriculture land —120015.3769

5 Fallow land —159386.1839

6 Waterbodies —47532.77238

7 Settlements —551555.645

8 Openland/scrubland 47505.64

9 Parks —43215.41785

10 Roads —113229.5634
Total carbon sequestered 695145.3164

2.5 Discussion

The increasing rate of carbon dioxide emission is primarily due to the burning fossil
fuel, land use change pattern, and deforestation (Raupach 2008; Canadell et al. 2007;
Solomon et al. 2009), which has been identified as one of the major sources of
changing Earth’s energy balance (Shine and Sturges 2007) causing global surface



48 S. Kaur et al.

Legend
I Delhi
Carbon Sequestration (2000-2020) (Mg)

Legend

-1.119- -0.56
== -0.56 - 0.001
0.001 - 0.558
== (.558- 1.119

0 45 9 18 27 36
N e ilometers

Fig. 2.5 Carbon sequestration (Mg) map from the years 2000 and 2020 in the NCT Delhi green
cover region

warming or abrupt climate change (ACC) (Allen et al. 2006). The carbon seques-
tration function provided by forests is critical for the well-being of human society
and of planet Earth. Conversely, ACC endangers forestry sinks affecting the carbon
exchange (Waring and Running 2007; Houghton et al. 2001) and stabilization
process (Schulze 2006), therefore releasing more CO, in the atmosphere.

It has been proven that substantial reductions in emissions result in extremely
modest rates of temperature (Lowe et al. 2009), whereas forest management includ-
ing avoiding deforestation, reforestation, and afforestation on non-forested land can
decrease the rising atmospheric CO, (Pacala and Socolow 2004). Particularly, BGB
and detritus carbon are more important sinks of carbon than aboveground to stabilize
the carbon cycle (Lal 2004; Barker et al. 2007; Kintisch 2009).
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Thus, it is important to study the present ecosystem trajectory as well as the
history to evaluate the potential carbon storage (Zhao et al. 2019; Lubowski et al.
2006). There is a research gap, whether forests that have over time been through
environmental changes are capable of dealing with the current ACC (Valladares
2008). In the paper, we assess the carbon storage and carbon sequestration in the
NCT Delhi over a period of 2000-2020 using the InVEST model. The influence of
changes in LULC on the various geographic carbon pools throughout time is also
underlined in the chapter. Moreover, the economic evaluation of the sequestered
carbon as well as the carbon emission indicates the carbon reduction comprehending
the revenues.
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As the world is urbanizing, urban area development, and linear infrastructures
development is increasing day by day which affects the natural area very adversely
(Pathak et al. 2020) and subsequently the biodiversity of that area also gets disturbed
(Rousta et al. 2018). It also affects the ecosystem services of the area altering the
geomorphology and vegetation of the area. The results of the present study reveal
that with continuous expansion of built-up area, green cover can also grow simul-
taneously leading to a considerable carbon stock gain, positively attributing to the
urban carbon dynamics. There has been a substantial amount of increase in the forest
cover as well as the tree outside forest area which has resulted in an increase in
carbon stock from the previous year. The Hon‘ble Supreme Court of India directed
the protection of ridge through various orders, and Master Plan of Delhi, 2001 stated
the protection of ridge in its pristine form. Since 1997, Annual Greening Action Plan
was prepared by Forest Department to undertake afforestation programs in cooper-
ation with various government agencies and civil society groups, and there has been
a tremendous increase in the green cover of Delhi. From conserving the forest area
and planting in the open patches’ areas of recorded forest, the Forest Department has
also developed 40 New City forest with a total area of 1603 ha in 2007 to 2010. A
total of 17 lakh plantations were raised in the sanctuary from 2001 to 2013.

Studies show that Delhi’s forest ecosystem has more capacity to store carbon
(Meena et al. 2019). To enhance the carbon sequestration capacity of the green
spaces, tree species composition which directly affects the biomass hence impacting
the overall forest carbon stock is important (Yang et al. 2005; Borah et al. 2015;
Solomon et al. 2017). In Delhi, around 40% of the forest land has been invaded by an
exotic species Prosopis juliflora, which not only invades the home species but also
reduces the water levels of the area. Therefore, native vegetation species should be
given consideration during forest management policymaking; it not only increases
the forest productivity but also affects the carbon stock (Meena et al. 2016).

Although there has been an increase in the carbon stock of Delhi on the contrary,
there has also been an increase in carbon emission/loss in the atmosphere as a result
of urban infrastructure development, growing fragmentation in the natural area, and
climate change impacts such as declining temperature and rainfall patterns (Dhali
et al., 2019). Forests have been subjected to anthropogenic disturbance like defor-
estation, encroachment, overgrazing, resource exploitation, urbanization, and exotic
plantation which has fragmented the forest areas and has altered the forest structure
and species composition which has impacted the carbon stock of the forest (Sinha
et al. 2014). The agriculture industry, on the other hand, has been strongly affected
by the change in LULC, with significant regional environmental effects. The other
factor is that development in the NCT of Delhi has been disproportionate (NCRPB
2005). According to a similar research conducted in Guang’an, the city’s ecology
has a concentric ring distribution in the metropolis, carbon emission zone at its core,
the second zone of carbon potential, and the third zone is the established carbon
storage (Li et al. 2017). Similarly, Seoul experienced a tremendous urban expansion
in the late twentieth century with little contemplation of natural area resulting in
increased fragmentation of natural landscapes and decreasing carbon sequestration
(Han et al. 2018).
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Calthorpe and Ryn (Calthorpe and Ryn 1986), a well-known urban planning
professor, put it succinctly: “Sustainability” means finding an equilibrium between
the economic, social, and natural environments to make them coexist indefinitely.
Forming equilibrium in the urban infrastructure and green space is a crucial strategy
to improve carbon sequestration in the urban ecosystem. Land use changes in the
early 1920s resulted in a 140 Pg C loss from the terrestrial biosphere, with defores-
tation accounting for 20% and fossil fuel combustion accounting for 80% of the total
(Denman et al. 2007). As a result, it is critical for LULC policies to enhance the
ecological land cover pattern in cities in order to maintain a stable carbon cycle. In
addition, implementing de-carbonization in the global economy will cut carbon
emissions, therefore minimizing the consequences of climate change in the imme-
diate future.

An economic evaluation of the intangible ecosystem services brings in the
consideration of common man along with the policymakers about the importance
of natural resources (Areendran et al. 2020; De Groot et al. 2012; Sugandh and Joshi
2018; Gratani et al. 2016). Spatiotemporal data not only provide information to
policymaker and forest management officials about the immediate protection
required area to utilize the funds effectively but also provides data on historical
changes in the landscape which might help the management team in mapping the
loopholes of degradation and therefore effectively planning the action required. This
information not only prevents the funds to be used in arbitrary ways but also makes
the actions cost-effective.

2.6 Conclusions

The present study attempts to measure the carbon storage as well as the sequestration
of the green cover at a regional scale based on the land use-land cover map during
2000-2020 in the NCT of Delhi, exhibiting the carbon potential of urban forest
ecosystem of Delhi. Multi-temporal satellite data was used to detect the carbon gain
and loss over the period of time. Results reveal that the total carbon storage capacity
has increased by 18.67% during the year 2000-2020, with the increase in forest area
and tree outside forest. A significant decrease in scrubland which is being converted
to open forest area has been observed, where the agricultural land and fallow land
have also faced a decline in the area. The carbon sequestration capacity of the region
is 6.9 x 10° Mg which unveils the high amount of carbon emission, i.e.,
10.3 x 10° Mg. The net present value of the carbon stored and sequestered in the
system is $106 million. These findings insight the urban dynamics and the landscape
changes responsible for the conservation and restoration of the natural area of Delhi.
The findings not only confer the carbon sequestration values but also insights the
details of changing LULC patterns and its effects on various resources which are of
importance in the future policymaking and green infrastructure development. This
study provides a baseline data for developing carbon stock infrastructure, REDD+
scenario generation, NDC, and climate change calculations, providing more accurate
data and loopholes of the studies. Whereas the monetary value of carbon sequestra-
tion brings into account about the importance of natural habitats in urban areas



52 S. Kaur et al.

providing a tangible approach to stakeholders in managing intangible resources.
However, the model used includes an oversimplified carbon cycle providing pro-
portional changes in the carbon sequestration and uses projected market prices.
Moreover, it overlooks the photosynthetic activity, type of soil, microbial activities,
and nutrient availability which are considered important parameters for calculating
carbon stock (Song et al. 2016; Gupta et al. 2017). Additionally, the study has not
calculated any prediction to highlight the factor affecting forest management like the
increasing anthropogenic pressure of the growing population in Delhi.

The research conducted provides a database to stakeholders and policymakers
and further raises questions about the maximum potential of Delhi green infrastruc-
ture to store carbon stock. On the basis of the current study inference, the authors
would like to recommend increasing the plantation activities in the open forest as
well as the scrubland via reforestation and afforestation. Agroforestry can also be
practiced on the agricultural area and fallow land which would not only improve the
soil profile of the area but will also help in improving the water table of Delhi. For
better forest management practices, deforestation for fuelwood usage should be
banned, and alternative renewable sources should be used. The increase in forest
cover will not only increase the carbon stock but will also sequester the atmospheric
carbon dioxide reducing the carbon emissions which will also help in achieving the
Nationally Determined Contributions targets.
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Chapter 3 )
Assessments of Bio-physical Characteristics g
of Vegetation Cover in Western Part

of Purulia District in West Bengal

Shyamal Dutta and Soumen Chatterjee

Abstract Biodiversity is an innate possession of a nation as it necessitates not only
safeguarding of single or multiple species but also the habitat as a sum total with its
surroundings. Proper documentation of biodiversity facilitates conservation of nat-
ural resources of any nation which needed assessment of its biophysical properties in
different orders and of different scales. Forests are the most precious global ecosys-
tems providing provisions to biodiversity as well as to the rural communities
inhabited in or around the forest boundaries across the countries. But these resources
are subjected to continuous deterioration due to human activities summing up with
climate change. Assessment of bio-physical properties of vegetation cover under any
forest jurisdiction enables the conservation plan formulation for future outcome. The
present study includes the type of assessment of biophysical characteristics which
includes vegetation type with canopy cover (CC), biological richness (BR), distur-
bances (DI), and fragmentation (FI) along with climatic and fluvial characteristics as
a growth factor under a single frame for the western part of the Rarh plateau in West
Bengal which administratively belongs to Purulia District. These regions have most
dense forest cover with high biological richness with less amount of disturbance by
human activities. Geospatial tools in terms of satellite images provide base of the
assessment in the present study which includes formulation of different forest quality
zones with in a large spatial extent. This may become a useful tool for formulation of
conservation plan in the study area and areas with the same biological
characteristics.
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3.1 Introduction

It can be stated with certainty that biodiversity matters because it is the storehouse of
all the resources on which we depend upon (Cresswell and Murphy 2016). Among all
the resources, a nation possesses biodiversity provides most important and essential
services for the overall functioning of the life support system of the earth (Morton
and Hill 2014). Biodiversity can be identified on various levels like gene, species,
and ecosystem, and each have their own role in protecting the environment, stabi-
lizing the ecosystem, and providing the basic services without which human survival
may be put into risk (Anguela et al. 2010; Kornelsen and Coulibaly 2013; Bertoldi
et al. 2014; Fang and Lakshmi 2014). Forests are the most precious terrestrial
ecosystem that account for more than 30% of the earth’s land surface and provide
some of the richest of all habitats, offering food and shelters for various species (Rao
and Pant 2001; Diaz et al. 2006; Kurnar 2011). Geographically, forest cover is found
to be distributed unevenly over the globe; hence, some part of the globe are endowed
with greater forest cover with stable ecosystem, while other parts have paucity of
forest with fragile ecosystem (Sahana et al., 2016). Forests provide several ecolog-
ical, economic, and social function to life like cycling of water and nutrient,
conservation of soil, regulation of greenhouse gas, supplies fodder and timber, etc.
(Kurnar 2011; Wang et al. 2019) They have also enormous ecological importance as
the root structure holds the soil particles tight checking them from erosion, regulate
the extremity of temperature and rainfall pattern, mitigate global warming by
absorbing emission, and so on (Chatterjee 2021). Above all, vegetation acts as
biodiversity repositories (Li and Wu 2004; Cumming 2007) endowed with timber
and various NTFPs which include herbs and medicinal resources as well as
fuelwood.

It is an established fact that biodiversity is under tremendous threat of extinction,
fragmentation, and disturbance in global or regional scale due to changing climate
and human interference (IUCN 2017). The WWF (2017a, b) has estimated that about
13 million hectares of forests are being degraded every year and 50% of the global
natural forests have been vanished. According to Ghosh (2018), India has nearly
24% forest cover of its total geographical area. Degradation of natural forest may
raise the concentration of CO, (Vitousek 1994; Arevalo et al. 2009; Calle et al.
2016). Changing climatic regime has also posed most important intimidation to the
functionality of forest resources (Sonwa et al. 2012; Vitousek 1994; Meshesha et al.
2014). The unscientific as well as irreversible changes in land cover mainly under the
head of extension of built-up area and encroachment of agriculture land are consid-
ered to be the major reasons for the decrease in forest cover (Ghosh et al. 2021).
Hence, proper documentation of biodiversity including the status of vegetative cover
is extremely important for the conservation of natural resources of any nation which
needed assessment of its biophysical properties in different orders and of different
scales (Fensholt 2004; Malik et al. 2019). Assessment of bio-physical properties of
vegetation cover enables the conservation plan formulation for future outcome.
Pokhriyal et al. (2020) considered the initiative of SFR (sustainable forest
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management) as a crucial element for conservation of biodiversity as it is plugged
with several problems like human interference, irregularity in climate elements, and
substantial wildfires. Wildfires may decrease forest productivity, their implications
on climate found to have last long (Gauthier et al. 2015).

To assess forest vulnerability and susceptibility in regional and the overall
biophysical cover in general, several methods have been used across the globe
which include computer-based logical model, data assemblage, indicator-based
analysis, bioclimatic as well as equilibrium models, etc. In Yellow River delta, the
fuzzy logic model has been incorporated to identify, for example, ecological vul-
nerability (Wu et al. 2018) as this model helps reduce the uncertainty in the decision-
making process. Forest fire data and meteorological variables have been used by
Thorne et al. (2018) to assess the vulnerability of forest cover of the southwest of the
USA. Analytic Hierarchy Process (AHP) is habitually referred to as the Saaty’s
method which is an admired and extensively worn method to assemble a matrix
expressing the relative standards of a group of attributes (Coyle 2004). First of all,
pairwise comparisons are calculated for all factors to be employed in the calculation.
The next step is to calculate a list of the relative weights of each variable considered
for the study, and finally a standard matrix has been calculated to fabricate an overall
vector which provides the response we seek according to the relative qualities.

The present study includes the type of assessment of biophysical characteristics
which includes vegetation type with canopy cover (CC), biological richness (BR),
disturbances (DI), and fragmentation (FI) along with climatic and fluvial character-
istics as a growth factor under a single frame for the western part of the Purulia
District in West Bengal. These regions have most dense forest cover with high
biological richness. This area is mostly composed of hilly tract with virgin and forest
which has been less disturbed by human activities (Mandal et al. 2018a). Various
government reports (Census Handbook, Human Development Report for Puruliya)
have noted that this area comprises of several backward community development
blocks with larger portion of the inhabitants belonging to the tribal group. They are
mostly depending on forest products for their livelihood (Mandal et al. 2018b).
Introduction of several developmental projects (like establishment of Purulia
Pumped Storage Project at Bagmundi) at the cost of forest land not only destabilizes
the forest-based ecosystem but also puts the livelihood of the inhabitants into the
verge of destruction (Chakrabarty and Chatterjee 2010). Increasing population in the
recent year is also considered to be aggravating the situation (Ghosh et al. 2021). All
these factors have a cumulative impact on the biophysical environment that needs to
be properly addressed. There is no such type of work that has been carried out in
regional scale in the Eastern part of the country and also in the case of West Bengal
which can give emphasis on micro-level analysis of forest quality in the sub-district
level. Hence, an attempt has been made in the present study to assess the present
biophysical characteristics of the study area which contains several blocks with
diverse physical identity and to formulate different forest quality zones within a
large spatial extent by implying geospatial tool. This may become a useful tool for
formulation of conservation plan to policymakers at the regional level in the study
area and areas with the same biological characteristics.



60 S. Dutta and S. Chatterjee
3.2 Methods and Database

Assessment of bio-physical quality is done using basic indicator approach in the
present study which is accommodating in shaping the quality of vegetation using a
set of appropriate indicators and also in decision-making for policy implementation
(Table 3.1). Six indices including biological richness (BR), disturbance index (DI),
and fragmentation Index (FI) from biological characteristics of the region and
rainfall, temperature, and drainage density from the physical setup have been used
to scrutinize the quality of vegetation in the western part of Purulia district (Figs. 3.2
and 3.3). LISS III satellite data of IRS obtained on 2005 and 2006, respectively, with
1:50,000 scale provide the three main spatial indicators, namely, biological richness,
fragmentation index, and disturbance index (Dutta et al., 2017; Roy et al. 2012). In
this source, different landscape level parameters (e.g., patchiness, interspersal,
porousness, biotic disruption, buffer, and juxtaposition with human establishment)

Table 3.1 Description and source of data used in the study

Class character as | Ranges of class
defined by source | value as defined
Themes Indicators Source of data of data by source
Biological | Biological richness | Indian Institute of Low 1-33
features (BR) Remote Sensing Moderate 34-49
(IRS) High 50-69
Very high > 69
Disturbance index Low 11-18
(DD Medium 19-24
High 25-28
Very high >28
Fragmentation Low 1
index (FI) Medium 2
High >2
Physical Average annual SWAT and CRU Low 1617.7-1896.6
Features rainfall (based on websites from Medium 1896.7-2138
quartiles) 19012018 (Swat: High 2138.1-2331.1
CRU: -
Very high >2331.1
Average annual Low 25.1-25.3
temperature (based Medium 25.4-25.5
on quartiles) High 25.6-25.8
Very high >25.8
Drainage density SRTM 30 m. USGS |Low 1
Medium 2
High 3
Very high 4-5
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have been judiciously measured to find out disturbance index. Impact of anthropo-
genic activities on the forest resources coupled with the forest ecosystems capacity in
the face of varying environment circumstance has been more specifically identified
with the help of disturbance index and biological richness (Thakur et al. 2020).
Fragmentation has been computed as the ratio between the quantity of forest and
non-forest patches per unit area which has been graded into low, medium, and high
ranging from 1 to 37 where 1 is assigned for low fragmentation, 2 for medium-level
fragmentation, and the rest of the values (3-37) for high-level fragmentation.
Disturbance index and biological richness are prepared by the following formulas:

DI = / fragmentation, patchiness, interspersion, porosity,

biotic disturbance buffer, and juxtaposition

BR = > DI x Wt;; + TCji x Wtip + SR; x Wiz + BV; x Wty + EU;

i=1

X Wit;s (31)

where BR and DI refer to biological richness and disturbance index, SR reflects the
richness of species, BV denotes biodiversity value, EU refers to uniqueness of
ecosystem, and Wt refers to weights of the respective parameters.

Climatic data in terms of temperature and rainfall of different stations has been
collected from SWAT and CRU websites (Swat: , CRU:. After calculating station-
wise annual average temperature and rainfall, inverse distance weighted (IDW)
interpolation has been used under GIS platform to prepare spatial outlook of rainfall
and temperature in the study area. Drainage line has been extracted from SRTM-
DEM with 30 m of spatial resolution extracted from USGS Earth Explorer, and
density of drainage in the study region has been prepared in GIS platform by Arc
Map 10.2.1 software.

Bio-physical characteristics of vegetation cover in the study region have been
identified by synthesizing the six thematic layers utilizing the analytical hierarchy
process (AHP). Following the scale of weight in AHP procedure postulated by Saaty
(1980 and 2008), de Jong (1984), each raster layer has been reclassified which
includes biological features of the region, i.e., biological richness, fragmentation
index, and disturbance index, as well as physical features, i.e., mean rainfall per
annum, mean temperature per annum, and drainage density (Areendran et al., 2020).
A summed-up explanation of weights and their indicators are presented in Table 3.1.
AHP aids in criteria evaluation and effective decision-making procedure by reducing
the uncertainty of the analysis by on conditions that preeminent way out by the using
decisive indicators. Certain value for a particular parameter has been assigned in the
AHP model in response to association of the pairwise matrix (Table 3.2). The
process started with the computation of pairwise matrix for all the indicators
employed in the study by adding all the columns in the matrix. To reduce subjec-
tivity, normalized pairwise matrix has been calculated by averaging all elements in
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rows. Individual criteria weight can be obtained by this process. Then, row averages
have been used to identify the priority vector (Table 3.3). In the next step, consis-
tency ratio has been calculated to check the accuracy of calculated value. Eventually,
computation of weighted sum matrix has been performed jointly with the linear
additive model to compute vegetation quality. It should be noted that to make the
final output more rational, consistency ratio has been calculated by dividing the CI
with tabulated random number Pourghasemi et al. (2012). It will reflect the statistical
acceptability of the final output.

Consistency Index(CI) = Apax — 1/n— 1 (3.2)
Consistency Ratio(CR) = Consistency index(CI)/Random Index(RI)  (3.3)

3.2.1 Study Area

The study area belongs to the westernmost part of the district of Purulia of West
Bengal and lies between 23°N and 23°30'N latitude and 85°30'E and 86°30'E
longitude (Fig. 3.1), which is mainly demarcated by streams and hills and tropical
deciduous forest. It’s surrounded by the state Jharkhand in three sides, on the north
side with Hazaribagh and Dhanbad, on the southern side by Singbhum district of
Jharkhand, Paschim Medinipur and Bankura districts on the eastern side, and Ranchi
on the western side. Administratively, the study area covers the Blocks of Jhalda I
and II, Barabazar, Jaipur, Arsha, Bagmundi, Purulia I, and Balarampur.

The forest divisions coupled with physiography of the study region are under the
plateau region of Chotonagpur upland chiefly composed of rolling land. Degradation
of land has been considered to be very active and quite evident in this region as
whole area is intercepted with isolated hills and dissected plateau with narrow valley
of different rills and gullies indicates. Ajodhya hilly region is the highest elevated
tract in this region with a peak having elevation of 677 meters. Besides this
Bagmundi ranges also have an average altitude of 300 meters. The twin rivers of
Kangsabati and Subarnarekha with their tributaries dissected the whole region. As
per agroclimatic classification of the state, this study region falls under undulating
lateritic terrain in the western part of West Bengal. As per Champion’s classification,
Purulia division of forest mainly comprised of tropical dry deciduous forest category
which mainly contains coppice Sal forest mixed with misc. species like Palash,
Kusum, Mahua, Neem, and Kend (Champion and Seth 1968). Overall, these forest
reserves have immense ecological values as it contained 74 varieties of trees,
59 types of shrubs, at least 23 types of climbers, and 27 varieties of bamboo species.
Last but not the least, plants with medicinal values of nearly 100 species, namely,
Aswagandha, Satmuli, Vrigoraj, Haritaki, Amla, Bahera, Karanj, Neem, etc., enrich
the species variety of this forest. All these products are the major source for timber,
non-timber produces, firewood, and medicinal plant to neighboring communities.
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Fig. 3.1 Location of the study area

3.3 Results and Discussion

3.3.1 Biological Features of the Study Area

The spatial indicators of biological characteristics prevailing in the study region have
been identified using three basic parameters, namely, biological richness (BR),
disturbance index (DI), and fragmentation index (FI), which have been collected
from satellite data of IRS LISS III (Fig. 3.2). Here we considered biological richness
as a function of ecosystem distinctiveness, species luxury, and biodiversity values,
terrain intricacy, and disturbances and depicts the potential for harboring highest
number of ecologically unique and important species (NRSC 2008). According to
criteria set by IIRS (2012), biological richness ranges between 23 and 200 which has
been classified into four classes, i.e., low (23-33), medium (34-49), high (50-69),
and very high (>69), in the study area. Moderate and high level of biological richness
is very rare in the study area which contains only 15% of the total region, whereas
low level of richness has been distributed in the south-central hill area (Ajodhya Hill
region). The rest of the area fall under very high (82% of the total area) richness of
vegetation species and high biodiversity values.
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Fig. 3.2 Landscape-level biological features of the study area: (a) biological richness (BR), (b)
fragmentation index (FI), (c) disturbance index (DI)

Fragmentation has been formulated as the ratio of forest and non-forest quantity
of land per unit area. Different landscape parameters like fragmentation, patchiness,
interspersion, porosity, human disturbance buffer, and human establishment buffer
are considered to find out the disturbance index. Human activities having adverse
effect to any natural resources or anthropogenic interference on the landscape are
considered as a discrete experience on specific and continuous time which modifies
cumulatively overall landscape associated with ecosystem, community and popula-
tion structure, and availability of resources (White and Pickett 1985). Fragmentation
of forest ecosystem is everywhere in the area except the Ajodhya hill region. Hilly
region is least impacted with human interference and contains less population and
settlement pressure. About 86% of the total area of the study region is under high
level of fragmentation in forest ecosystem.

Dynamics of climatic and physico-social environmental condition and impact of
anthropogenic activities on forest resources have been assessed with the help of
disturbance index and biological richness (Thakur et al. 2020). Disturbances on
forest ecosystem are very rare in and around Ajodhya hill region which contains low
and medium categories (13.7% to total area) depicting that the region with low
biological richness and low fragmentation has low disturbances in terms of anthro-
pogenic activities. High level of disturbances is found in 4.3% of the total area under
study and distributed in a dispersed manner. More than 82% of the area is under high
level of threat in term of disturbance index.
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3.3.2 Physical Features of the Study Area

Differentiation in slope and diversity in terrain elevation lead to variability in
different climatic conditions, humidity, temperature, and rainfall, as well as edaphic
factors, soil type, color, depth, and texture, which cumulatively influence the growth
and development of vegetation (Sinha et al. 2018). From physical environment,
temperature, rainfall, and drainage density, i.e., spacing of drainage network within
specific area, are three basic constituents which play a significant role behind growth
of vegetation. The climatic condition which prevail over the district of Purulia is
basically of hot sub-tropical type. Summer months are considerably hot with average
temperature over 40 °C, and winter months are somewhat colder with average
temperature of 10 °C. Most of the areas in the district experience exceptionally
high evaporation with scanty rainfall which causes dryness of surface water bodies
and soil moisture. Majority of the precipitation of the study area has been contributed
by the southwestern monsoon wind during late summer. Annually, the region
receives 1100-1500 mm of rainfall. In the study area, the maximum annual rainfall
recorded is 2985.5 mm, whereas minimum recorded is 1617.67 mm. There is a sharp
declining 25.8 ° trend of yearly rainfall found over the region in west to east
direction. Annual average temperature trend also follows the same pattern where
maximum temperature touches 25.8 °C and minimum temperature touches 25.01 °C.
Overall, the drainage density of the study area is high as numerous first-order streams
have been originated from the hilly rugged terrain mainly from the Ajodhya Hill
region and its surroundings, which ultimately developed a well-structured drainage
pattern in the study area (Fig. 3.3).

Rainfall in mm. Temp in Degree C

[ t | Low (< 25.28)

|| Medium (25.28 - 25.52)
B High (25.52 - 25.61)
B very High (> 25.61)

N
A | Low (<1896.6)
I medium (1896.6 - 2137.9)
B +igh (2137.9 - 2331.1)

B very High (> 2331.1)

A B
Source: IMD 2015 Source: IMD 2015
Drainage Density
m/km
0510 20 30 40 d Low (<1)
A L T I Medium (1-2)
B vigh (2-3)

Physical Features of the Study Area I very High (>3)
A. Rainfall in MM.
B. Temperature ino C

C. Drainage Density (m/km)

C

Source: SRTM 30m, USGS

Fig. 3.3 Physical features of the study area: (a) rainfall, (b) temperature, (c) drainage density
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3.3.3 Discussion

3.3.3.1 Bio-physical Characteristics of the Vegetation Cover
of the Study Area

Multi-criteria analysis is a diverse data-oriented analysis process and decision-
making method which uses a set of attributes that has a tangible expressive value
and a quantifiable quality of audit, including inter-unit associations. Bio-physical
characteristics have been identified by utilizing the analytical hierarchy process
(AHP) in the study area with derived weights generated for all raster layers mainly
from biological features of the region, i.e., biological richness, fragmentation index,
and disturbance index, as well as from physical features, i.e., rainfall, temperature,
and drainage density (Saaty 2008). Overall analysis shows that only 12.6% of the
total area is categorized under high-quality vegetation cover followed by low-quality
(20.3%) and medium-quality (67.1%) vegetation cover in the study area (Fig. 3.4).
High-quality forest cover is found around the region adjoining to the Ajodhya hill
and in the blocks of Bagmundi, Arsha, eastern part of Jhalda, and some parts of
Barabazar in dispersed manners. Though these areas contain low-to-moderate level
of biological richness, the fragmentation and disturbance are also very rare resulting
into high-quality vegetation cover. Low-quality vegetation is found in the western-
most part of the study area (western part of Jhalda I and II block) where fragmen-
tation level and disturbances of green space are high. This region is also endowed
with low level of rainfall and temperature which put hindrance against vegetation
growth. Medium-level vegetation cover is found over the region under Jaipur,
Purulia I, Arsha, and Balarampur. It is found that the vegetation quality map that
high level of drainage density makes significant positive input behind high quality of
vegetation in the study area.

Analysis of pairwise comparison matrix also discovered that all biological and
physical indicators are prominent factors for inducing the bio-physical quality of
vegetation in the study area (Tables 3.2 and 3.3). Consistency ratio (CR) has been
computed for the matrix to understand the level of consistency achieved from
weighting the indicators. Provided that the matrix weight has been randomly gener-
ated, the measure of CR yields an authentic value. But in the present work, consis-
tency ratio (CR) 1.186 which is less than the random index values for six samples is
1.24 which make decision that the result the selection of the indicators with their
association are very much relevance to identify the quality of vegetation of the study
area (Table 3.4).

A large section of the population are dependent on climate-sensitive sectors like
forest and grazing, agriculture, fisheries, etc. in India among which forests are
considered a very critical ecosystem as well as vulnerable due to its high climatic
dependency mainly in the state endowed with green space (Pokhriyal et al. 2020).
Non-timber forest products (NTFP) not only have a greater contribution in the local
economy of Purulia but are also indispensable for local communities. Our multi-
criteria analyses revealed that more than 87% vegetation are under low-to-medium-
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Fig. 3.4 Spatial distribution of vegetation quality in the study area based on AHP

quality vegetation cover, whereas only 12.6% vegetation is marked as high-quality
vegetation cover. The main causes behind such degrading quality are less biological
richness and species diversity, high forest disturbance in terms of human inference,
and scanty average rainfall with high temperature (Pokhriyal et al., 2020). There are
multiple determinants which control the quality of vegetation. Distribution structure
and function of the vegetation patch are largely determined by the natural and
anthropogenic disturbances, whereas climate parameter regime under specific annual
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Table 3.4 Assigned and normalized weights of different features of thematic layers

Themes

Indicators

Source of data

Weightage

Index value

Biological
Features

Biological richness (BR)

Disturbance index (DI)

Fragmentation index (FI)

Indian Institute of Remote
Sensing (IIRS)

Low 1
Moderate |3
High 5
Very 7
high
Low
Medium
High
Very
high
Low
Medium
High

SRR RN |

Physical
Features

Average annual rainfall
(based on quartiles)

Average annual tempera-
ture (based on quartiles)

SWAT and CRU websites
from 1901-2018 (Swat:
CRU:

Low
Medium
High
Very
high
Low
Medium
High
Very
high

N U W= W

N U W -

Drainage density

SRTM 30 m. USGS

Low
Medium
High
Very
high

N U | -

rainfall and temperature affect the spatial distribution of vegetation, and lastly the
developmental activities affect the ecological attributes of the vegetation and their
spatial distribution at a larger extent (Dolan et al. 2017; Dutta et al. (2021)).

3.4 Conclusion

Assessment of bio-physical properties of vegetation covers under any forest juris-
diction enables the conservation plan formulation for future outcome. The present
investigation has been conducted to identify the forest quality based on biophysical
variables in the western part of Purulia District of West Bengal which is the part of
Rarh Plateau in Eastern India. Biological richness, fragmentation index, and
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disturbance index from biological characteristics and average annual rainfall and
temperature with drainage density have been incorporated to assess the quality of
vegetation of the study area under the most sophisticated multi-criteria decision-
making process named analytical hierarchy process (AHP). From the assessment, it
is clear that only 12.6% of the total area is categorized under high-quality vegetation
cover which mainly concentrated in region adjoining to the Ajodhya hill and in the
blocks of Bagmundi, Arsha, eastern part of Jhalda, and some parts of Barabazar in
dispersed manners. Western part of Jhalda I and II block where fragmentation level
and disturbances of green space is high, vegetation quality remain low (20.3%) and
rest of the region containing the region under Jaipur, Purulia I, Arsha and
Balarampur fall under medium quality vegetations status. It is found in the vegeta-
tion quality map that high level of drainage density makes significant positive input
behind high quality of vegetation in the study area. Thus, degradation of vegetation
quality in the study region is owing to human intervention and the diverse climatic
condition mainly in the supply of rainfall. Efficient long-standing sustainable veg-
etation management policy is necessary to renovate and preserve the functioning of
the green space. Efficient people’s participation in management approach seems to
be more potential in case of fragmented vegetated regions which includes affores-
tation, reducing in grazing, encroachment restriction which consider enhancing the
sustainability of the forest in Purulia District. Local people engagement and partic-
ipatory approach in forest conservation as well as uses of forest products may be
effective in space-quality-specific forest patches under the area of study. In the
present study, modern more efficient GIS-based multi-criteria decision-making
process of analysis assists in recognizing the main areas of concern for the restitution
and accomplishment of forest management policies. Outcomes of the present study
will be informative and helpful for policymakers as well as regional stakeholders to
acclimatize sustainable forest management strategies to control the advance forest
degradation of this eco-sensitive region in the western part of West Bengal.
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Chapter 4 ®)
Delineating the Mangrove Patches Along e
Coastal Kerala Using Geographical
Information System, Satellite Data

and Field Validation

P. Pranav, N. Nandini Menon, U. Shameem, K. G. Mini,
and Grinson George

Abstract Mangroves, wetlands and coral reefs are dynamic ecosystems that are
easily affected by natural calamities as well as human interferences. The 2004
tsunami has served to improve awareness on the need to conserve and sustainably
manage the mangroves. Therefore, mangrove areas are categorized as ecologically
sensitive under the Indian coastal regulatory zone notification I (CRZ-I) in 2011. An
accurate delineation of mangrove areas is important for its in situ conservation.
Satellite remote sensing data and geographical information system (GIS) tools can
be effectively used to define the boundary of mangrove patches. The advantages are
that these are less expensive and less time-consuming than in situ sampling of
individual patches. In the present study, we have used Google Earth Pro image
search engine, Quantum GIS (Version QGIS 3.10) and SNAP (Sentinel Application
Platform Version 8.0)—all open-source GIS softwares to map the distribution and
features of mangrove areas. Cloud-free Sentinel-2 multispectral images (MSI) were
acquired from the Copernicus data hub hosted by the European Space Agency
(ESA). The pre-processing of satellite data and classification using the Random
Forest (RF) method were carried out in SNAP and semi-automated classification
using the maximum likelihood classification (MLC) method in QGIS. The pixel-
based RF classification using Sentinel-2 satellite in SNAP showed the highest
accuracy based on Cohen’s kappa coefficient (K) among the three classification
algorithms (RF (K = 0.80), MLC (K = 0.68) and K-nearest neighbour (K = 0.61)
methods), followed by semi-automated classification in QGIS and Google Earth
image-based classification. The pixel-based RF classification enables the fine clas-
sification of mangroves from other vegetation. These outputs are field verified with
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the ground control points (GCPs), collected during an extensive field survey along
the coastal districts of Kerala. The successful methodology was employed to delin-
eate the entire mangrove patches throughout the coastal regions of Kerala. This
methodology can be adopted for mapping mangroves in the remaining coastal states
of India to make an appropriate mangrove distribution library for India. This would
help make a successful conservation plan to protect the diminishing mangrove
forests in India. This book chapter highlights the utilization of advanced techniques
in satellite remote sensing and GIS for better management of mangroves all across
the globe.

Keywords Mangrove forests - Mapping - Conservation - Random forest
classification - Sentinel-2 - QGIS

4.1 Introduction

4.1.1 Mangroves and Mapping

The sea level rise attributed to climate change is a serious concern to Indian coastal
regions. The country has approximately 8129-km-long coastline with a coastal
population of about 500 million (Swapna et al. 2020). Therefore, immediate atten-
tion has to be given to the protection of the coast and the people from the recently
increasing natural disaster events that have been wreaking havoc on the coastal areas
in the form of hurricanes and tsunamis. The coastal regions and wetlands are well
assorted with features such as mangroves, seagrasses, sand dunes, salt marshes, coral
reefs, etc. These ecologically sensitive ecosystems have a remarkable influence in
regulating the impact of global climate change, as well as the socio-economic status
and wellbeing of people especially those living in the coastal areas (Aye et al. 2019).

Mangroves are one of the most invaluable treasures distributed in the tropical and
sub-tropical regions of the world. They have immense ecological and economic
significance by harbouring diverse flora and fauna and by providing support to the
livelihood of people who live on the coastline (Carugati et al. 2018). Climate change,
modifications in the land use pattern and other negative anthropogenic activities
create insecurity for the existence of mangroves in recent centuries. UN sustainable
development goals (SDGs) 2021 particularly SDG-13, SDG-14 and SDG-15 are
targeted to combat the effect of global warming and climate change by safeguarding
nature and natural resources. Mangroves are one of the natural ecosystems that
sequestrate around 24 million metric tonnes of atmospheric carbon dioxide per
year, a critical component in fighting climate change (Ong et al. 1993).

In recent centuries, mangrove ecosystems are facing severe threats in various
parts of the world (Kathiresan and Rajendran 2005). As per the Forest Information
Service (FORIS) developed by FAO, there were about 19 million ha of mangroves in
the world during the 1980s, which have now shrunken to 15 million ha (FAO 2007).
Mangroves in India are distributed densely on the east coast and sparsely along the
southwest coast. The identity of Indian mangroves is synonymous with the
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Sundarbans mangroves distributed densely around 4921 km?® (Sahana et al.,
2015; Kathiresan 2018). A considerable density of mangroves is seen in
Bhitarkanika Gahirmatha National Park, Odisha and Coringa Wildlife Sanctuary
as well as Andhra Pradesh. However, they are all experiencing similar threats due to
the developmental activities and growth of aquaculture farms.

The natural resources that have been destroyed need to be restored, and for that, a
protection strategy has to be devised. A good conservation model needs a clear
picture of what is left now with regard to its total extent and the details of diversity.
Advent of satellite remote sensing and GIS tools can be used to study natural
resources such as mangroves, coral reefs and sea grasses that are very widespread
and difficult to learn and reach. Maps are widely used in oceanography and marine
sciences for the representation of physical features as two-dimensional imageries.
Assessment of biodiversity, mapping of features and retrieving information became
more precise and effortless after the implementation of the latest tools using satellite
remote sensing technology. The applications of remote sensing and mapping in
marine biodiversity-related studies have significantly advanced in recent centuries
(Rehman et al., 2021; Geller et al. 2017). Many of the coastal resources are not well
studied because of their wider geographical coverage and inaccessibility (Giri et al.
2007). This limitation could be overcome by using the advents in satellite remote
sensing and geographical information system (GIS) techniques for mapping and
analysing coastal resources. An appropriate methodology is the need of the hour for
environmental scientists at the regional level to contribute to the national archive of
mangrove maps. The prime objective of this article is to provide a comprehensive
overview and sound summary of spatial distribution of mangroves throughout the
coastal region of Kerala using various GIS tools and techniques. Though they are
distributed sparsely on the Kerala coast, when compared with the other states,
mangroves of Kerala are known for their species diversity, and they need to be
protected.

Several attempts were made for mapping mangroves across the globe using
sentinel satellite data since the launch of Sentinel-2A in 2015 June and Sentinel-
2B in March 2017. Irma Akhrianti (2019) conducted spatial distribution mapping of
mangroves with Sentinel-2A imagery and GIS using maximum likelihood classifi-
cation for mangrove in Kelapan Island, South Bangka Regency, Indonesia. Navarro
et al. (2019) have integrated unmanned aerial vehicles (UAV) and Sentinel-1 and
Sentinel-2 data for monitoring mangrove plantations above ground biomass in
Senegal. Tieng et al. (2019) have used the combination of multiple satellite infor-
mation such as Landsat-8 imagery, Sentinel-2 very-high-resolution images and
Google Earth Engine algorithm for mapping the mangrove patches of Cambodia.
Pham et al. (2019) conducted mangrove species mapping using Sentinel-1 and
Sentinel-2 data in North Vietnam. Perea-Ardila et al. (2019) have mapped man-
groves in the municipality of Buenaventura, Colombia, using Sentinel-2 image and
high-resolution Orto-photomosaic of the municipality. Hu et al. (2020) carried out a
case study in China on mapping of mangrove forests at national scale using Sentinel-
1 and Sentinel-2 time-series data with Google Earth Engine. Nguyen et al. (2020)
employed a combined use of Landsat 5/8, Sentinel-2A and Planet Scope for mapping
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mangrove extents and drivers of change in Thanh Hoa Province, Vietnam. Xue Liu
et al. (2021) conducted large-scale high-resolution coastal mangrove forests map-
ping across West Africa with machine learning ensemble and satellite big data. In
India, the study of mangroves using Sentinel satellite data is gaining popularity
recently. Sudip Manna and Raychaudhuri (2019, 2020) conducted a mapping
distribution of Sundarbans mangroves using Sentinel-2 data and coined a new
spectral metric for detecting their health condition (Sahana et al., 2016; Sahana
and Sajjad 2019). They have also conducted stress mapping of Sundarbans man-
groves with Sentinel-2 images using Discriminant Normalised Vegetation Index
(DNVI) and Fuzzy classification technique (2019).

This study is an attempt to identify and standardize the methodologies employed
in mapping mangroves utilizing different satellite images and GIS-based software
for mangroves distributed in Kerala, a southern state in India.

4.1.2 Mangroves in Kerala

Kerala, the southernmost state of India, lies between the latitudes 8°.17'.30”"N and
12°.47 .40"N and longitudes 74°.27'.47"E and 77°37.12"E. With nine coastal
districts and five non-coastal districts, Kerala has a coastline of around 590 km
which forms around 10% of the Indian coastline. Kerala is bestowed with the
presence of 44 rivers, of which 41 fall into the Arabian Sea and the remaining
3 flow eastwards to the neighbouring states of Tamil Nadu and Karnataka. The
coastline of Kerala is densely populated, and the livelihood of the majority of
population depends on the income generated from the resources obtained from the
natural habitats such as rivers, estuaries and wetlands. Mangroves in Kerala are
distributed in the nine coastal districts and another one along the banks of Vembanad
Lake (Estuarine district). Mangroves in Kerala are distributed densely in the Kannur
and Kasaragod districts of Northern Kerala and Ernakulam district in the south. A
comprehensive study of structural complexities and regeneration status of Kerala
mangroves was carried out by George et al. (2019), reporting 16 mangrove species in
Kerala (Fig. 4.1).

Fifteen species of mangroves were recorded by Vidyasagaran and
Madhusoodanan (2014). Even though there are copious region-specific studies on
the distribution and diversity of mangroves in Kerala, the delineation of entire
patches of mangroves is still not carried out. In recent years, Kerala coast has been
battered by natural catastrophes in the form of the 2004 Tsunami, Ockhi cyclone
(2017), the century’s largest deluge in 2018, followed by similar but less intensive
flood in 2019. During these events, it was the mangroves that protected the coastal
zones and the lives of the people. Historical studies on the extent of Kerala
mangroves help determine the change in mangrove distribution and cover over a
period of time. Ramachandran et al. (1985) have indicated that there were man-
groves in Kerala distributed around 700 km?. Connecting with the subsequent
studies, this could be a slight over-estimation (Babbar et al., 2021). As per the
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Fig. 4.1 Abundance of mangrove species in Kerala based on transect study. AC Aegiceras
corniculatum, AA Avicennia alba, AM Avicennia marina, AO Avicennia officinalis, BC Bruguiera
cylindrica, BG Bruguiera gymnorhiza, BS Bruguiera sexangula, CT Ceriops tagal, EA Excoecaria
agallocha, E1 Excoecaria indica, KC Kandelia candel, LR Lumnitzera racemosa, RA Rhizophora
apiculata, RM Rhizophora mucronata, SA Sonneratia alba, SC Sonneratia caseolaris

studies carried out for the entire state during 1990-2020, it was observed that the
extent of mangroves is found in a range of 10-40 km? (Table 4.1). However,
historical studies on the aerial coverage of mangroves in Kerala reveal the extent
of shrinkage that mangroves of Kerala have undergone during the past decade. The
recent floods and natural catastrophes point to the need for the conservation of
mangroves in the state for the protection of the coast as well as the coastal
community.

4.1.3 Mapping of Mangrove Patches in Kerala

Compared with other coastal states in India, Kerala mangroves contribute around
800 hectares which is about 0.17% of the national mangrove spread (FSI 2005). As
observed in the earlier reports, Kerala mangroves were distributed in 700 km?
(Ramachandran et al. 1985) which got reduced to 800 ha in recent years. Many



80

Table 4.1 Comprehensive account of Kerala mangroves in the recent past
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Mangroves | Total
forest/ area in
region km? Species reported References
Kerala 700 Ramachandran et al.
(1985)
Kerala 17 Basha (1991)
Kerala 9 Kurian (1994)
Kerala 42 Mohanan (1997)
Kerala 17 Rhizophora mucronata, Avicennia officinalis, Muraleedharan et al.
Avicennia marina, Kandelia candel, Excoecaria | (2009)
agallocha, Aegiceras corniculatum
Kerala 25.02 Rhizophora mucronata, Rhizophora apiculata, Vidyasagaran and
Avicennia officinalis, Avicennia marina, Madhusoodanan
Bruguiera cylindrica, Bruguiera gymnorhiza, (2014)
Kandelia candal, Bruguiera sexangula,
Sonneratia alba, Sonneratia caseolaris,
Excoecaria agallocha, Excoecaria indica,
Aegiceras corniculatum, Lumnitzera racemose,
Ceriops tagal
Kerala 25.05 Acanthus ilicifolius, Acanthus ebracteatus, Mohandas et al.
Avicennia marina, Avicennia officinalis, (2014)
Aegiceras corniculatum, Bruguiera cylindrica,
Bruguiera gymnorhiza, Bruguiera parviflora,
Bruguiera sexangula, Ceriops tagal, Kandelia
candel, Rhizophora apiculata, Rhizophora
mucronata, Shirakiopsis indica, Excoecaria
agallocha, Heritiera littoralis, Lumnitzera
racemosa, Sonneratia alba, Sonneratia apetala,
Sonneratia caseolaris, Nypa fruticans, Phoenix
sylvestris, Phoenix humilis, Acrostichum aureum
Kerala 9 FSI (2015)
Kerala 16 Avicennia officinalis, Avicennia marina, George et al. (2019)
Rhizophora apiculata, Rhizophora mucronata,
Bruguiera cylindrica, Bruguiera gymnorhiza,
Bruguiera sexangular, Excoecaria agallocha,
Aegiceras corniculatum, Ceriops tagal,
Kandelia candel, Sonneratia caseolaris,
Sonneratia alba
Kerala 9 FSI (2019)

government organizations and NGOs strive to conserve the mangroves in Kerala, but
accurate information on individual patches of mangroves is very limited. This is one
major lacuna in framing a conservation plan for the mangroves in Kerala. The
attempts to map by visiting individual mangrove patches are time-consuming and
expensive. The proper delineation with the help of remote sensing satellite data
would help improve the understanding of the current status and long-term monitor-
ing of mangroves.
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4.2 Spatial Distribution of Mangrove Patches in Kerala

The study area is between 12.62°N, 74.92°E and 08.51°N, 76.89°E (Fig. 4.2). GPS
points for each location and the extent of mangrove patches identified were marked
and documented.
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Fig. 4.2 Mangrove patches (Yellow dots) in Kerala indicated as ground control points (GCPs)
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4.3 Gathering Information on the Mangrove Patches
Through Field Surveys

Extensive field surveys were conducted throughout the 65 mangrove patches iden-
tified in ten districts of Kerala (Fig. 4.2). Diversity assessment of each patch was
carried out (Fig. 4.3) by the following Line Intercept Transect (LIT)/Transect line
plot (Loya 1978; Marsh et al. 1984). In each site, three transects each of 100 x 100 m
area and three quadrats 10 x 10 m were laid randomly within the mangrove forest
area. Seedlings, saplings and trees in each quadrat within the transect belt were
categorized according to the height measurements. The girth of the tree or sapling
was measured at breast height. Circumference (in cm) and height (in m) were
measured using a flexible measuring tape. Photographs were taken using NIKON
DSLR D90 camera. GPS coordinates of each patch were recorded using Garmin
GPS (Model etrex10).

D 12,493 74981

? 12,063 75.220 ? 9.619 76.384

? 11.23875.792 ? 0.129 76.470

D 851276889

Q 1112775832 ? 10538 76.049

Fig. 4.3 Glimpses of field visits throughout the ten coastal districts of Kerala
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4.4 How to Map Mangrove Patches: Methods and Data Sets

Mapping of mangroves using satellite remote sensing and GIS techniques got
popularized among the scientific community in the recent two decades (George
2014). Many satellites such as IKONOS and QuickBird provide super spectral and
PAN images even at a resolution of 0.5 m, but these data are not available free of
cost. The European satellite Sentinel-2 multispectral images (MSI) with a resolution
of 10 m and Synthetic Aperture Radar (SAR) images from the Sentinel-1 satellite
provide free data for research purposes that are now being widely used for identify-
ing mangrove patches worldwide (Guo et al. 2019). The data are freely available on
the USGS website and Copernicus data hub, and these products can be downloaded
free of cost. The multispectral images of Sentinel-2 contain 13 (443-2190 nm) bands
with different spatial resolution from 10 m (four visible and near-infrared bands) to
60 m with a swath width of 290 km (six red edge and shortwave infrared bands) and
60 m (three atmospheric correction bands). The free and open-source software by the
European space agency (ESA) SNAP and Acolite by Royal Belgian Institute of
Natural Sciences can be used for processing the Sentinel data. Quantum GIS is the
best recommended open-source software for constructing maps. Validation of the
satellite-derived outputs can be done using the ground control points collected
during manual field surveys. In this study, we attempted to map mangrove patches
in Kerala by employing different methodologies. The best methodology for mapping
mangrove patches was ranked as an output of this study by comparing the accuracy
and precision among these different methods.

Three methods were used in this study such as mapping of mangroves using
Google Earth Pro KML polygons, application of various supervised classification
algorithms using Sentinel-2 images in SNAP and maximum likelihood classification
in QGIS using the same Sentinel-2 satellite data. These three models were
performed, and the best two among these three methods were used for the delinea-
tion of the entire mangrove patches in Kerala.

In the present study, the identification and distribution of mangroves in Kerala
was carried out using European space agency (ESA) satellite series Sentinel-2A and
2B satellite data. The advantage of using Sentinel satellite data is that the satellite
revisits the same location and the number of acquisitions in a shorter duration.

4.5 Various Methods Employed for Mapping Mangroves

4.5.1 Google Earth Images (Google Earth Pro: Version
7.3.3.7786)

The Google Earth images are combined imageries of various satellite programmes
such as Landsat, Copernicus, WorldView and QuickBird by Digital globe technol-
ogies under Maxar Technologies. These images are updated periodically, easily
accessible and freely available in the Google Earth Pro software. This is one of the
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Fig. 4.4 Schematic diagram displaying different methodologies employed in this study

basic tools used for mapping mangroves. Google Earth Pro (Version 7.3.3.7786)
software was used for this study. Geo-referenced polygons were generated over
mangrove patch boundaries (Fig. 4.4) in all the 59 mangrove patches recognized in
the state through the field survey. The major advantage of this software is the
availability of time series maps from 1985 onwards. The comparison of mangroves
over years can be done using Google Earth images. The KML (Keyhole Markup
Language) files generated in the Google Earth Pro software were imported into
QGIS software and then converted as shapefiles. Multiple shapefiles were merged
using a vector combiner and later mapped with a print composer in QGIS. Area of
the individual mangrove patch was also documented.

4.5.2 Sentinel-2 MSI (Multi-spectral Images) (Sentinel
Application Platform Version 8.0)

Sentinel-2 data is downloaded from both Copernicus data hub (Copernicus Open
Access Hub) and USGS Earth Explorer (Earth explorer USGS) websites. The Level-
1C (L1C) product of the Sentinel-2 satellite was (Table 4.2) used in this study.
Further processing of satellite data was carried out in SNAP. Sentinel-2 L1C images
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Table 4.2 List of Sentinel imagery (scenes) used for the study

Mission Product code | Observation date Tile Cell size (m) | Swath width (km)
Sentinel-2A | MSIL1C 20200411T051651 |PDQ |10 290
Sentinel-2A | MSIL1C 20200411T051651 |PDP |10 290
Sentinel-2A | MSIL1C 20200112T052201 |PEP |10 290
Sentinel-2A | MSILI1C 20200122T052111 |PEP |10 290
Sentinel-2A | MSILI1C 20200122T052111 |PEN |10 290
Sentinel-2A | MSIL1C 20200211T051941 |PFM |10 290
Sentinel-2A | MSIL1C 20200218T050851 |PFM | 10 290
Sentinel-2A | MSIL1C 20200124T051109 |PFL |10 290
Sentinel-2A | MSIL1C 20200228T050741 |PFK |10 290
Sentinel-2A | MSIL1C 20200707T050701 |PGK |10 290

were atmospherically corrected, resampled to 10 meters and re-projected into the
WGS-1984 coordinate referencing system (CRS). There are different methods for
classifying mangroves in SNAP such as the random forest method, maximum
likelihood classification and K-nearest neighbour classification (Fig. 4.4). Among
these classification methods, the best performed method was used for further image
classifications. This image classification was done based on the trained vectors
created over the known features identified during the field survey. Vector classes
for mangroves, waterbody, dense vegetation, bare land and buildings were identified
from the field surveys and high-quality Google Earth images. Features with similar
pixel values were classified and mapped. QGIS software was used for further
analysis and processing. The maps were created by the QGIS map composer.

4.5.3 Semi-automatic Classification Plugin (SCP) in QGIS
(Version QGIS 3.10)

Semi-automatic Classification Plugin (SCP) is the recent plugin addition in QGIS.
This feature enables to download the various satellite images effortlessly. The semi-
automated classification plugin features automatic atmospheric correction tools.
Here, in this study, the same Sentinel-2A MSI used for classification using SNAP
were used for SCP. The images were layer stacked (green, red and near-infrared
bands) to make virtual band sets. Macro classes were prepared in the stalked images
(Training areas) on the known features that were collected during field surveys, and a
maximum likelihood classification was done (Fig. 4.4). The areas were marked as
five different classes such as mangroves, dense vegetation, buildings, water body
and bare land. Based on the pixel value difference of each feature, the area was
classified into different classes.

A dense mangrove patch in the Ernakulam district of Kerala was taken as a
sample classification site, and all the three classification methods were tested.
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4.6 Accuracy Assessment of Image Classifications

The classification accuracy of classified images was carried out with the help of
ground control points (GCPs) collected through the extensive field surveys in all the
59 mangrove patches distributed throughout the state and also from the high-
resolution Google Earth image software. Approximately one-third of the reference
data (a total of 250 GCPs), homogeneously distributed, were utilized to assess the
accuracy. The accuracy of all the three classification schemas used in the study was
subjected to an accuracy assessment by measuring the Cohen’s kappa coefficient
formula:

where K = Kappa coefficient.

4.7 Results and Discussion

In the present study, among the three different methods employed (Fig. 4.5) for
mapping mangroves, the two best methods with relatively higher accuracy were used
for mapping and delineating the entire mangrove patches in Kerala. Here, the
conventional mapping technique using KML files in Google Earth and Sentinel-
2A satellite data-based RF classification with overall classification accuracy 84% in
SNAP were identified as the two best methods based on the field validation.

MAXIMUM LIKELIHOOD (ML) DELINEATING MANGROVE PACTHES RANDOM FOREST (RF)
CLASSIFICATIONS (QGIS) USING GOOGLE EARTH KML FILES CLASSIFICATIONS (SNAP)
T2 % 024

Tern T

Fig. 4.5 Outputs of various methodologies and techniques employed for mapping mangroves of
Kerala
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4.7.1 Delineation of Mangrove Patches Using Google Earth
Images

The presence of mangroves was observed in nine coastal districts and one estuarine
district in Kerala (Table 4.3). About 65 mangrove patches were marked in Google
Earth Pro images from the preliminary visual assessment, and all the mangrove
patches were field verified with the ground control points, and coordinates for all
patches (Fig. 4.7a) were collected for the verification and mapping. After field
surveys, it was confirmed that there are about 59 mangrove patches distributed all
along the ten districts of Kerala, and the remaining six were identified as
non-mangroves.

Kannur district in Northern Kerala had the maximum dense mangrove patches—
around 20 mangrove patches were observed and delineated. The number of man-
grove patches was relatively less in the southern districts of Kerala in comparison
with the northern belts (Figs. 4.6 and 4.7).

4.7.2 Delineation of Mangrove Patches Using
SENTINEL-2A/B Using SNAP

Three different classification algorithms were performed for selecting the best
suitable algorithm for mapping the contiguous mangrove patches in Kerala. Maxi-
mum likelihood classifications (MLC), K-nearest neighbour classification (KNN)
and random forest classification (RF) are the three different algorithms employed for
Sentinel-2 satellite data in SNAP (Fig. 4.8). From these three different classifica-
tions, random forest classification gave the best classification accuracy compared to
the other two classification methods. The accuracy of the classification performance
was validated using the ground control points selected from individual mangrove
patches along the coastal regions in Kerala. Based on the results of the RF classifi-
cation, 59 patches of mangroves in Kerala from the Kasaragod district situated in the
northern tip of Kerala to Trivandrum in the southern tip of Kerala state were
classified, marked and delineated, and mapped using QGIS (Figs. 4.9, 4.10, 4.11,
4.12, 4.13, 4.14, and 4.15).

4.7.3 Accuracy Assessment

The accuracy assessments for mangrove classification were carried out for the dense
mangroves in the Ernakulam district of Kerala, the second-largest mangroves in
Kerala in terms of spatial coverage (Table 4.4a, b and c). The producer’s accuracy
and users’ accuracy were used to understand the overall accuracy of the classifica-
tion. It is evident from the analysis that the RF classification method gave a higher
accuracy for the mangrove classification (K = 0.80) compared to KNN (K = 0.61)
and MLC (K = 0.685).
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Fig. 4.6 (a) Kasaragod Mangroves (1-7), Kannur Mangrove patches (8-20). (b) Mangroves
patches in Kozhikode (21-26), Malappuram (27-30), Thrissur (31-32), Ernakulam (33-35),
Alappuzha (36-37), Kottayam (38), Kollam (39-42) and Trivandrum (44)
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Fig. 4.6 (continued)
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» Sonneratia alba

Fig. 4.7 Distribution and plant diversity of mangroves along Kerala coast
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MAXIMUM LIKELIHOOD (ML) k-NEAREST NEIGHBORS (KNN) RANDOM FOREST (RF)
CLASSIFICATIONS CLASSIFICATIONS CLASSIFICATIONS
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Fig. 4.8 Comparison of different algorithms tested for mapping mangroves in SNAP

4.8 Summary and Conclusion

Delineation of mangrove patches is essential as they are degrading to a larger extent
over a short period. This could be due to the developmental activities and human
perturbations in the coastal zone. The Indian government adheres to strict rules in the
coastal zones by implementing the coastal regulation zone CRZ I Act, 2005. Also,
the recently updated CRZ notification 2018 by MoEFCC (Ministry of Environment,
Forest and Climate Change) points to the importance of Ecologically Sensitive Areas
(ESA) and the protection and livelihood of people residing on the coast. Amid the
strict laws, fast-paced deterioration of the coastal features was observed mainly due
to the lack of awareness among people about their importance. A proper conserva-
tion strategy needs to be framed for making a better conservation plan. The Indian
mangroves are not scientifically marked due to the vast area and lack of expertise and
involvement of people in this area.

In this study, we delineated mangroves in Kerala using different methodologies.
With this study, we were able to delineate mangrove patches in Kerala using two
different methodologies. The Google Earth KML-based classification of mangroves
is relatively easy and less expensive compared with other methods performed using
satellite images. The KML files of mangroves can be created for various periods
because the satellite images for the last two decades are available in Google Earth
Pro software. From the studies, we observed that the major constraint of this method
is the incidence of non-mangroves in these polygons that are mapped as mangroves
as it is difficult to distinguish between non-mangroves and mangroves from mixed
vegetation while creating polygons. The random forest classification was the best in
classifying mangrove patches in Kerala. The major advantage of Sentinel-2 multi-
spectral images is the higher temporal and spatial resolution, but the presence of
clouds in the image was noticed as a major setback of Sentinel-2 satellites.

The present study was able to establish a standardized methodology for mangrove
mapping in Kerala. This can be extended on a national scale to create a national
mangrove library to understand and strengthen the conservational plan for the
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3
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Fig. 4.9 Kasaragod mangrove patches (1-6)
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[77] BARELAND = BUILDINGS Il MANGROVES [l DENSE VEG [l WATERBODY

Fig. 4.10 Kannur Mangrove patches (7-12)
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[77] BARELAND = BUILDINGS Il MANGROVES [l DENSE VEG [l WATERBODY

Fig. 4.11 Kannur Mangrove patches (13-18)
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75792

[77] BARELAND = BUILDINGS Il MANGROVES [l DENSE VEG [l WATERBODY

Fig. 4.12 Mangroves patches in Kozhikkde (19-24)
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T75.939
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Fig. 4.13 Mangroves patches in Kozhikkde (25), Malappuram (26-29), Thrissur (30)
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76314
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Fig. 4.14 Mangroves patches in Thrissur (31), Ernakulam (32-35), Alappuzha (36)
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[77] BARELAND = BUILDINGS Il MANGROVES [l DENSE VEG [l WATERBODY

Fig. 4.15 Mangroves patches in Kottayam (37), Kollam (38-41) and Trivandrum (42)
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Table 4.4 Accuracy of classifications: (a) RF, (b) MLC, (c) KNN and (d) MLC in QGIS

(a)

Dense Commission | User
Classes Water| Mangroves| Bareland | veg Buildings| Total| error accuracy
Water 45 2 0 0 3 50 | 10% 90%
Mangroves 0 48 0 0 50 | 4% 96%
Bareland 0 1 43 3 3 50 | 14% 86%
Dense veg 0 2 0 46 2 50 | 8% 92%
Buildings 0 0 22 0 28 50 |44% 56%
Total 45 53 65 51 36 250
Omission error 0% |9.43% 33.85% | 9.80% | 22.22%
Producers accuracy 100% | 90.57% 66.15% | 90.20% | 77.78%
Overall classification | 84%
accuracy
Kappa coefficient 0.8
(b)

Dense Commission | User
Classes Water | Mangroves| Bareland| veg Buildings| Total| error accuracy
Water 27 1 0 0 22 50 | 46% 54%
Mangroves 0 42 0 3 5 50 | 16% 84%
Bareland 0 0 36 0 14 50 | 28% 72%
Dense veg 0 2 0 45 3 50 10% 90%
Buildings 0 0 13 0 37 50 | 26% 74%
Total 27 45 49 48 81 250
Omission error 0% 6.67% 26.53% | 6.25% | 54.32%
Producers 100% | 93.33% 73.47% | 93.75% | 45.68%
Accuracy
Overall classification | 74.80%
accuracy
Kappa coefficient 0.68
(©)

Dense Commission | User
Classes Water | Mangroves| Bareland| veg Buildings| Total| error accuracy
Water 46 1 0 0 3 50 | 8% 92%
Mangroves 0 43 0 7 0 50 | 14% 86%
Bareland 0 25 13 11 50 | 50% 50%
Dense veg 0 2 0 45 3 50 | 10% 90%
Buildings 4 0 33 0 13 50 | 74% 26%
Total 50 47 58 65 30 250 | 100%
Omission error 8% 8.51% 56.90% | 30.77%| 53.33%
Producers accuracy 92% 91.49% 43.10% | 69.23%)| 43.33%
Overall classification | 68.80%
accuracy
Kappa coefficient 0.61
(d
Classes Water Buildings Dense veg Bareland Mangroves
Water 0.45 0 0 0 0

(continued)
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Table 4.4 (continued)
(d)
Classes Water Buildings Dense veg Bareland Mangroves
Buildings 0 0.09 0 0.01 0
Dense veg 0 0.003 0.18 0.003 0
Bareland 0 0.10 0.00 0.08 0
Mangroves 0 0 0.00 0 0.04
Total 0.45 0.20 0.19 0.09 0.04
PA[%] 100 45.92 94.31 83.43 99.98
UA [%] 99.99 88 96.8 40.96 91.29
Kappa hat 0.99 0.84 0.96 0.34 0.90
Overall accuracy [%] 86.01
Kappa hat classification 0.8

dwindling mangrove flora of India. Also, the Swaminathan committee’s recommen-
dations on Coastal Regulation Zone, 2001 for the protection of coastal zones by
building a “BIOSHIELD” and mapping of mangroves in India also can be
accomplished.
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Chapter 5 )
Significance of Social Systems in Forest Shex
and Biodiversity Conservation: Experiences
from Jangal Mahals of West Bengal, India

Giyasuddin Siddique, Zeeshan Faiez Siddique, and Livleen Kahlon

Abstract Biodiversity is a manifestation of an ecological system specific to a
geographical region and shapes the social systems established and pursued by the
human community rooted in that region. Biodiversity is thus deeply embedded in the
material, social, and even spiritual perceptions of people sharing a particular eco-
system. West Bengal, though is predominantly a region of mono-crop culture
growing rice, is endowed with several subregions rich in biodiversity. These are
the wetlands of riparian, estuarine, and coastal areas, foothill forest area of the north,
mangrove forest area of the deltaic south, and the deciduous forest area of the south-
west plateau-fringe districts. The last one among them is unique in a sense that the
indigenous species of plants and animals have been the basis of social systems
followed for long by a number of tribal communities. The ecological systems
interactive therein are protective to the unique social system of the “first people,”
and the social systems enriched with “traditional ecological knowledge” are equally
protective to the ecology and biodiversity. An integration of administrative, judicial,
economic, and social systems formed of traditional ecological knowledge can
conserve forest and biodiversity. This paper is an endeavor to explore the chances
of conservation of forest and diversity in a combined management system. Analyses
have been made with field-based primary and secondary data available for the last
five decades; methodology includes qualitative, quantitative, and remote sensing
techniques.
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5.1 Introduction

Ecological system of a space incorporates the soil system, the vegetation or floral
system, and the animal or faunal system; the human community is a component as
well as the principal recipient of the energy. The more the number and diversity of
species present in those systems, more choices of nutrition and foundation the
recipients enjoy of their social systems. In this context, biodiversity is the agency
regulating the functions of the physical ecological systems and simultaneously
functions as the base of the social ecology by attaching human community. This is
truer evident among the community adapted to and reliant upon the productivity of
their preferred ecosystem used with traditional knowledge of resource use. These
communities in other words are distinguished as “ecosystem people” (Hart 1984)
who maintain their livelihood within the boundaries of the ecosystem regions and
exist in nearly pristine landscapes where the environment is less modified. The
ecosystem people have instituted social systems that are synchronized with the
specific elements of the ecosystem and hence concerned to conserve biodiversity.

“Ecosystem people” indigenous communities conserve traditional knowledge
that has evolved over generations and is ancestrally inherited. This knowledge has
foundationally shaped the cultural values and the social capital of the communities
having unique experiences and pragmatic links with their ecosystems (Roué and
Nakashima 2002). Berkes et al. (2000) claim that indigenous populations possess a
wide range of knowledge about resources that are specific to the local ecosystem.
They have developed a singular approach to ecosystem processes and functions.
Bettencourt and Kaur (2011) postulate this process as traditional ethnoecology based
on a system balanced on two pillars—ecology and anthropology. Studying biodi-
versity and community interactions, by coalescing traditional and scientific methods,
allows new opportunities to adapt diverse sets of management practices. However, a
new concept gaining momentum in the last quarter of the twentieth century and the
first decade of the twenty-first century is biocultural diversity (BCD). It is a hetero-
geneous idea addressing the diversity of languages, culture, and life forms that
necessitates the recognition of human cultures and languages as an integral part of
the diversity of flora, fauna, habitats, and ecosystems. Such an understanding of
biocultural diversity helps infer how various elements interact and affect each other
in complex ways (Maffi 2005) projecting evolutionary trends through active inter-
actions between humans and nature.

A social system is a patterned network of relationships constituting a coherent
whole. According to the social system of the forest dwelling indigenous people, all
the living and nonliving objects are integrated within its sphere. Their social system
has a great role in determining the norms and beliefs of the human community living
in a distinct ecosystem. The community institutionalizes the behavioral approaches
toward the objects that they are in frequent contact with. For millennia, the interac-
tions between them and the natural world have formed traditional ecological knowl-
edge which has been preserved by these communities to protect and benefit one
another as a rule of live and let live. The community activities constructed by the
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social systems of traditional ecological knowledge are frequently manifested in their
actions of saving the ecosystem (Kala 201 1a, b). Therefore, such social systems have
assured the restoration of the ecosystem and survival of the life forms inclusive of the
forest dwelling tribal community, instead the system being beneficial for
interdependence. The interconnectedness of the community of people and the
ecology remains strongly influential upon social systems (Hart 1984) driven by
and enriched with traditional ecological knowledge helpful to form distinctive
worldview (LaDuke 1994). Such worldviews accommodate the exigency and intrin-
sic values of all the organisms as parts of the ecosystem. In an integrative sense,
ecology entails mutual relations between the natural bases and the lives contingent
upon them.

The practices of social systems foundationally derived from traditional ecological
knowledge can be universally recognized, especially in India which is home to a
plethora of ecological communities of tribal origin. India has a rich “tribal” history.
Tribes in India are also called Adivasis, meaning the earliest settlers. The cultural
ideas of these communities have been shaped by ecological knowledge and wisdom,
pressing the need of sustainable practices associated with their religious beliefs and
culture, evolved in a specific ecosystem/s of a landscape (Swain 2011). India is home
to the second largest tribal population in the world after Africa. Over 700 tribes have
been consolidated under Article 342 of the Constitution of India. Out of the total
rural population in India, 10.4% is tribal population (Census of India 2001). These
tribes are usually confined in their geographical pockets and speak their own
language. Gonds, Bhils, Oranos, Santals, and Minas are some of the important
tribes in India. Andamans and Nicobar Islands have a mixed population of Onges,
Jarawas, Sompens, Santanelese, and Great Andamanese. To be able to fully con-
struct the tribal history of India, it is important to understand the original ancestors of
the current tribal population of India. The earliest inhabitants of peninsular India are
the Negritos (Bhasin 2017). Tribes living in Assam, Meghalaya, Mizoram, Naga-
land, and Manipur owe their inheritance to the Mongoloid clans. The remaining bulk
of the tribal population are known as Dravidians whose origin is from the Mediter-
ranean region. The Dravidian population exists densely over the parts of Peninsular
India. Due to a long period of struggle, these tribal populations lived in stress
periods. In order to maintain their identity, they finally settled down in remote
hills and forests as their areas of inhabitation and are considered as the forefathers
of the current tribes in India.

The indigenous tribal groups have settled in several areas of India since the
antediluvian past and have maintained their metabolic and material needs from
their preferred ecosystems. Their ultimate habitats have mostly been the upland
forested zones or the complex hill-plateau-forest regions. These oldest inhabitants
caused insignificant harm to nature, by keeping themselves in the role of responsible
stewards. Their wisdom of interaction with the natural system for millennia has
shaped their beliefs, reflected on their social systems intercepting every object of
their distinct habitat.

These indigenous communities across the globe are now minorities and margin-
alized (Guzy and Kaparo 2018). These communities have mostly settled in the
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relatively rural terrains that are remote and inaccessible for the people who are
settled in urban sectors and adapted to high carbon culture. These nature worshipers
have articulated systems that compile all members of the group and pass on to
generations (Sponsel 2012). The concept of common property—land, water, and
forest—remained isolated only within their established social systems. Eventually,
the concept became vulnerable to the market economy imposed by the colonial
rulers and then carried forward by the post-independent neoliberal governments. In
India, this was accentuated through various Policies and Acts framed and
implemented by the authoritarian administrative system. Series of protests and
revolts were repeatedly staged by various groups of those forest-based tribal com-
munities joined by other organizations, against the non-tribal entrants and rulers
since colonial time.

Discourses on the worldview of tribal groups towards nature and the life system
have invited global attention to the knowledge system developed by those groups for
millennia. The wisdom of such social groups on use of the natural resources for
endurance without any harm to ecology has attracted the current scientific world to
comprehend the ways they instituted ecosystems they banked upon (Staff 2018).
Knowledge and worldview of indigenous and tribal people on ecology, ecosystem,
life, and conservation on local and global perspectives have initiated one of the
current fields of research in biological and social sciences (Palmer 1996). It spins
around the comprehension of the ideas and practices to protect and conserve the
typical ecologies they have adapted for thousands of years. The phrase for marking
the insight “ecological knowledge” (Reo 2011) is sought from “indigenous”/ ‘tradi-
tional” (Taylor 2005), the tribal people in fact, who has sustained generations for
thousands of years with minimum demand and maintaining the health of ecosystems
(Redfield 1952). The present industrial nations, who consume resources and pollute
the environment more than their developing counterparts, now tend to regard the
worldview of the tribal people centering on the protection of the environment.

The abodes of the indigenous groups are sometimes visited by the urban folks as
places of leisure but remain unaware of the belief system and worldview of the local
people who have maintained the ecosystem with their traditional commensalism
(Mishra 2009). Even the very nucleus of the latest philosophical approach to ecology
like Gaianism, Deep Ecology, and the knowledge of Spiritual Ecology has intri-
cately addressed the worldview possessed by the indigenous people (Sponsel 2012)
scattered in remote places.

The ecosystem communities perform, perceive, and explain in specific ways the
natural phenomenon, social and cultural events, and relationships within themselves
and outside. They manifest their concepts on diverse aspects of life referred to as
“worldview,” in other sense “mental appreciation of reality” (Sire 2009). It is further
expressed not only in their belief but also among their customs, rituals, and actions to
believe intricately linked between the beliefs and the contexts that arise. The concept
of worldview subsumes both scientific and the ontological perceptions, which might
be pragmatic (Tsosie 1996). However, they instill their faith in the code of internal
self-determination, inclusive of respecting the customary rights, resources to sustain,
and their own sociocultural practices.
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Traditionally, the tribal societies practice and enjoy festivities and rituals that are
closely linked with natural resources and have evolved over a period of time in
particular landscapes. Biocultural knowledge recognizes the interlinks between
culture and biodiversity. Wherever there is evidence of inter-mixing of tribes with
other members of the society, instances of social assimilation are observed. There are
festivals central to indigenous populations and those that were celebrated by mem-
bers of rural communities and general castes. The festivals of the indigenous tribes
were linked to forests, because the inhabitants directly depend on them for meeting
their daily requirements. The villagers have a strong belief that these festivals, which
they have inherited from their ancestors and are continuing to do, will also protect
them from any harm. A few species of plants are regular part of the rituals and
cultural festivities observed by many tribal societies including mango (Mangifera
indica), rajkusumo (), genda (Tagetes erecta), muchkundu (Pterospermum
acerifolium), barh (Ficus benghalensis), hambu, limbo (Azadirachta indica), and
palasho (Butea monosperma). Collective knowledge of mixed population groups has
led to an increase in observance of cultural practices.

Most of the festivals of the forest dwelling tribal groups put either a nonliving or
living entity at the center. They honor the mountains with a faith that it shelters and
protects them; worship plants from which they receive food, fodder, and fuel; and
share the hills with other animals of various species. The totems and taboos they
follow are purposeful to preserve or protect plants or animals (Murugesan 2014), and
these will be elaborated with their relevance of biodiversity conservation in the
relevant chapters. In a nutshell, the study will reveal that the social systems rooted in
the forest dwelling tribal society rich in traditional ecological knowledge possess
significant potentiality of biodiversity conservation of the area under review. This
paper is an endeavor to analyze the importance of the social systems and based upon
the beliefs and worldview of the indigenous forest dwelling tribal people equipped
with traditional ecological knowledge in conservation of ecosystem and its
biodiversity.

It seems essential to mention that the abodes and bioregions not only inhabited
first by the older indigenous tribal groups were colonized by the Western and the
Northern Whites through weapons of enlightenment, industrial revolution, market
economy, and technocentrism but colonized the non-white indigenous communities
too (Nadasdy 2005). They were not merely uprooted from their ecosystems, but their
traditional knowledge on nature, belief system, and eco-friendly simple life bases
and worldviews enveloped in their customs and rituals were disrupted and margin-
alized (Nadasdy 1999). Until recently, it is evident that to retard the present
ecological crises can be learnt from the worldview on ecological system developed
by the tribal groups scattered mostly in various corners of the old world like Cree
Indians of North America, Cherokees of the SE USA, Tribes of Australia, the Gonds,
the Bhils, the Baigas, the Mundas, the Sabars, the Birhors, the Santals, and a number
of other groups of India (Table 5.1).

The aboriginal tribal communities rooted in the densely forested southwestern
districts of West Bengal, in the recent past known as the Jangal Mahals. These
communities were more directly associated with and dependent upon various types
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Table 5.1 List of tribes and races in the world

Tribes and
S.no |races Global regions
1. Abhors Mongolians living in the Assam region
2. Afridis Inhabitants of the northwest frontier in Pakistan
3. Afrikaner Dutch-born South African race
4. Bedouins Wandering tribe of Arabia and North Africa
5. Bhils Ancient Dravidians of central India
6. Cossacks Inhabitants of southern and eastern frontiers of Russia
7. Croats Inhabitants of Croatia
8. Dravidians Ancient people of South India (non-Aryans)
9. Eskimos Inhabitants of the Arctic Circle and Greenland
10. Filipinos Natives of the Philippines
11. Flemish Original inhabitants of Belgium
12. Garos Hill tribe of Assam
13. Gorkhas Martial race of Nepal
14. Hottentots Pastoral nomads of southwest Africa
15. Kaffris Martial race of South Africa
16. Kardars Descendants of the Austric race, now living in the forests of central and
northern India
17. Khasis Tribes of Meghalaya
18. Khirgiz Tribe living in Central Asia
19. Kiwis People of New Zealand
20. Magyars Inhabitants of Hungary
21. Masuds Tribe living in Waziristan (Pakistan)
22. Maoris Natives of New Zealand
23. Moor A mixed tribe of Arab and Berber people of Morocco
24. Blacks Dark-skinned race of Africa
25. Nipponese People living in Japan
26. Red Indians | Original inhabitants of North America
217. Sherpas Tribe on the border of Tibet and Nepal
28. Slovenes People living in former Yugoslavia; of Slavic origin
29. Swabhili People living in parts of Kenya and Tanzania
30. Todas Natives of Nilgiri Hills
31. Zulus People living in South Africa; belonging to the Bantu family

Source: The above table is finalized as per the data available under the 1991 census (Adapted from
https://www.jagranjosh.com/general-knowledge/tribes-and-races-in-the-world)

of plant and animal species of forests for their material, nutritional, and sociocultural
requisites (Bhattacharjee 2016). These people living for generations through
millennia within or at the periphery of the forests have been known as “Forest
People” belonging to tribal communities, and the “Other Traditional Forest
Dwellers” not bracketed in tribal entity. Enforced by the market economy introduced
by the colonial rulers at the end of the eighteenth century, wanton destruction of
forests and extensive land use-land cover change became evident. Consequential soil
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erosion and gradual degradation of the health of the forest ecosystem in those areas
deployed threats to the simple and forest-based living system of those tribal
communities.

A series of forest policies framed and implemented in pre- and post-independent
India that practically favored the traders and rulers in extracting and sharing eco-
nomic benefits. However, almost all the policies kept the tribal or forest people out of
forests enforcing several Acts and Laws (Siddique 2012). Exploitation made to the
forest ecology and the “Forest People” or “ecosystem people” was not as simple as
the narrative is. First they lost the source of their nutrition and resources essential for
their livelihood; second, they were turned into “ecosystem refugee” by being ousted
from or deprived of the forest ecosystem (Hart 1984); and third, they had to bear with
silence the difficulty in continuation of various traits of their social systems like
festivals, rituals, practices, belief systems, etc., due to absence of a number of species
placed at the center of their social systems (Siddique 2020). Their reliance on
material including nutritional, fiscal, and social systems, long established by the
forest people, helped grow and enrich traditional ecological knowledge which is
protective about the forest ecosystem and germane to preservation and conservation
of biodiversity (Purshottam and Dhingra 2017). The accumulated traditional eco-
logical knowledge of the forest people gradually constructed their nature-based
worldview, which is now prescribed by ecologists for ecosystem conservation.

5.2 Database

The present study is based basically on secondary data, but primary data, facts, and
figures also assert equal importance. The database pertinent to the objective of the
study has been amassed and generated from repeated field works carried out in some
selected CD Blocks of the western districts of West Bengal where the presence of the
forests and forest dwelling tribal communities is significantly high in the total
population. Oral interactions and group discussions with them have been helpful
in receiving and documenting the belief system, social systems, significance of
biodiversity in ecosystem, and worldview. The database thus accounts for the
appraisals of those people on the present economic, social, medical, spiritual, and
political systems effective upon their life and livelihood. The secondary database of
the study comprises a number of literatures including novels, research papers, theses,
books, records and reports, memoirs, and census handbooks. Assorted websites have
helped in realizing the social systems formed and followed by the native people
living in various ecologies of different continents. Numerous literary writings on
culture and social systems of indigenous people, forest and tribal ecology, post-
colonialism, and ecocriticism have been important sources of databases of the
present study. Several folk tales, folklore, folk songs, proverbs, and metaphors of
different tribal groups have been assorted as sources of information.
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5.2.1 Methodology

This study is based on behaviorism, pragmatism, and a holistic environmentalist
approach. The discourses have been structured with an empiric and mostly qualita-
tive methodological approach, for quantification of views and beliefs entrenched in
social systems, which is seldom rational, rather unrealistic. Information collected
from field visits have been analyzed and restructured to arrive at a cogent conclusion.

5.2.2 The Study Area

The area under study comprises the western Districts of West Bengal: Birbhum,
Paschim Bardhaman, Bankura, Puruliya, Paschim Medinipur, and Jhargram, alto-
gether known as Jangal Mahal Districts (Fig. 5.1). The rationale behind selection of
these six districts remains in the sub-humid dry deciduous forest, the distribution and
density of which are relatively higher. Also, the percentage of forest land shared by
the forest dwelling tribal communities in total population is higher than any other
districts of West Bengal. This coexistence is significantly self-convincing that the
forests and the tribes have an intricate link to form a distinct ecology and social
systems attuned to that ecology.

5.2.3 Geographic Specialty

West Bengal is characterized with three forest belts: the northern Himalayan foot-
hills which are significantly destroyed to accommodate tea gardens since the colonial
period; the sub-humid dry deciduous forests in the southwestern plateau-plain fringe
area; and the mangrove forest zone of the southeast coastal belt. Among these, the
Himalayan foothill forests of the Terai region do not show affinities to the Tibeto-
Burmese tribal groups who rather practice terrace cultivation but follow their own
culture and belief in which forests have very less sway (Munshi 2012). The man-
grove forests of the coastal southern West Bengal are inhabited and not by tribes but
people of various castes from ancient times. The people in this particular forest
ecosystem are dependent much on aquatic resources compared to forest resources.
Historically, the southwestern forested tract is significantly inhabited by a number of
tribal communities who have been reliant substantially on the forests (Siddique
2012) for material, social, and spiritual needs, influencing them to develop their
own belief systems, social systems, and worldview. Figure 5.2 will be helpful to
understand the distribution of forests and tribes and the forest-tribe association in
southwestern West Bengal.

Gondwanaland, the ancient landmass of India, is named after the Gond tribe who
were the oldest settlers. The Bhils, the Kols, the Mundas, and others are the other
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Fig. 5.1 The location of the tribal Districts of West Bengal: Birbhum, Paschim Bardhaman,
Bankura, Puruliya, Paschim Medinipur, and Jhargram, altogether known as Jangal Mahal Districts

major tribal groups of the same antiquity. Ethnologists from India and other coun-
tries have confirmed that the tribal communities of India are the oldest settled people
of the Indian subcontinent. India has been ascribed as a “centroid” of the early
human prehistory and a series of migration for Anatomically Modern Human
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Fig. 5.2 The forest-tribe association of western West Bengal

(AMH) from Africa to Australia during the Late Pleistocene period (Petraglia and
Allchin 2007; Borkar et al. 2011). In contemporary science, the lineage of popula-
tion can be easily traced by associating historic events like migration, linguistic, and
archeological data. Human colonization of the Indian subcontinent by tribes and
castes representing different genetics provides unique source for the understanding
of human evolution (Kivisild et al. 2011; Borkar et al. 2011) in India, and the

Mundary-speaking people of the current Jangal Mahal districts of West Bengal are
their distant relatives.

5.2.4 The Human Communities

The tribal population of the southwestern West Bengal, partially influenced by
Aryan, may rightly be designated as “aboriginals.” The term “aboriginal” does not
indicate that they were or are the original autochthones of this land. It implies that
these people were non-Aryans, less exposed to admixture of the Aryan blood and
culture, which has left its impressions upon the residents of Bengal’s riverine plains
(Hunter 1882). With the waves of immigration of different races, most of the tribes in
India had been successively pushed on, endangering their existence. The aboriginals
currently settled in this tract had followed the same fate (Dalton 1872). The tribes,
who first immigrated in this area before a few thousand years, were first pushed on
by the Aryanized intruders from the north, and later by the plains’ agriculturists from
the east, ultimately outcasted to the rugged plateau-hill forests (Chakraborty 1982).
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Table 5.2 District wise Trible population in the selected districts of west Bengal

Paschim Purba
District Purulia | Bankura |Jhargram | Midnapore Bardhaman Birbhum
Tribal popula- 18.40 10.20 30.50 10.90 5.00 6.80
tion (%)

Source: Census Handbook of West Bengal, Census of India 2011

The following tables demonstrate the district level (Table 5.2) and block level
(Table 5.3) presence of the tribal people within the area under review. It is important
to mention that the sects and groups of the tribal communities could not be placed as
such is not readily available and could not be enumerated because of the COVID-19
situation.

The people belonging to the Santal, the Bhumij, the Birhore, the Lodha, etc.
communities are pre-Dravidian in physical characteristics like stature, nasal, and
cephalic structure, color of the skin, and coarse hair and Austric and Dravidian in
linguistic features. But it should be noted that the aboriginals of this area may be
grouped into the “forest tribes” (Kol, Santal, Bheels, etc.) and Dravidians (the other
tribals and semi-tribals) (Dalton 1872).

The forests and the tribes in this lateritic tract of the southwestern West Bengal
has a readily observable association shown in Fig. 5.3. This type of logistical union
is hardly present in other forest areas of West Bengal. Various records and analyses
shows that the aboriginal tribes in this tract are prone to this area in the long past as
they were driven out from the forests of central Indian highlands by the Aryans and
Aryanized high-caste people (Dalton 1872) and were also driven back by the plains’
agriculturists, toward the plateau-hill-forest complex (Chakraborty 1982). Still now,
this tract has retained a considerable forest cover and tribal habitations in several
locations, though the original tribal populations were much higher in number in the
past. The people in this area now exhibit a variety of associations, beginning from
forest-covered hills to the cultivated river valleys, though essentially it was a hill-
plateau-forest complex in the past.

5.2.5 Biodiversity as Base of Ecological Systems

Biological diversity or simply biodiversity refers to the diversity of plants and
animals, along with other living organisms in a particular area or region. Biodiversity
is the totality of the genes, species, and ecosystems in a region (UNEP), which is
otherwise defined as a bioregion. Literally and metaphorically, bioregion may be
defined in short as “natural countries that cannot be found in Atlas” with “soft
borders” which are “populated by native plants and animals that have endured since
the last Ice Age” (Clark et al. 2018). Everything that lives in an ecosystem is part of
the web of life, including humans which altogether constitutes the foundation of a
bioregion. Each species of vegetation and each creature of an ecosystem has a place
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Table 5.3 Community development block wise Trible population in the study area

District CD BLOCK TOTAL_POP TRIBAL_POP %
Jhargram BINPUR-2 164,522 65,722 39.95
BINPUR-1 156,153 43,962 28.15
JAMBONI 113,197 32,369 28.60
JHARGRAM 170,097 38,625 22.71
GOPIBALLAVPUR-2 104,996 24,562 23.40
SANKRAIL 115,418 28,825 24.97
GOPIBALLAVPUR-1 108,254 36,819 34.01
NAYAGRAM 142,199 56,887 40.00
Purulia JHALDA-1 137,143 15,608 11.38
JHALDA-2 148,156 18,917 12.77
BAGHMUNDI 135,579 34,038 25.11
ARSHA 154,736 33,568 21.69
JOYPUR 133,349 13,074 9.80
PURULIYA-1 151,188 12,655 8.37
BALARAMPUR 137,950 43,738 31.71
PURULIYA-2 169,488 8213 4.85
BARABAZAR 170,564 33,096 19.40
PARA 200,621 10,335 5.15
RAGHUNATHPUR-2 113,790 7302 6.42
NETURIA 101,427 22,616 22.30
SANTURI 78,515 25,083 31.95
RAGHUNATHPUR-1 117,760 12,599 10.70
KASHIPUR 200,083 49,537 24.76
HURA 143,575 36,561 25.46
PUNCHA 123,855 30,641 24.74
MANBAZAR-1 154,071 33,942 22.03
MANBAZAR-2 97,164 47,580 48.97
BANDWAN 94,929 49,232 51.86
Paschim Medinipur GARHBETA-2 148,410 29,669 19.99
SALBONI 188,653 32,771 17.37
MIDNAPORE 191,705 33,869 17.67
KHARGAPUR-1 258,040 42,453 16.45
KESHIARY 149,260 51,128 34.25
DANTAN-1 172,107 28,183 16.38
MOHANPUR 111,901 6026 5.39
DANTAN-2 155,017 10,861 7.01
NARAYANGARH 302,620 68,080 22.50
SABONG 270,492 16,818 6.22
PINGLA 194,809 19,332 9.92
DEBRA 288,619 59,122 20.48
DASPUR-2 238,529 585 0.25
DASPUR-1 203,987 5695 2.79

(continued)
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Table 5.3 (continued)

District CD BLOCK TOTAL_POP TRIBAL_POP Yo
GHATAL 219,555 3861 1.76
CHANDRAKONA-1 136,006 7516 5.53
GARHBETA-1 228,513 18,134 7.94
GARBETA-3 169,528 23,955 14.13
CHANDRAKANA-2 123,269 6841 5.55
KESHPUR 339,248 19,616 5.78
KHARGAPUR-2 183,440 46,899 25.57

Source: Census Handbook of West Bengal, Census of India 2011
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Fig. 5.3 Distribution of forest cover and scheduled tribes in west Bengal

in it and plays a vital role in the circle of life in totality. Plant, animal, microbes, and
insect species together interact and depend upon one another for what each offers,
such as food, shelter, oxygen, and soil enrichment. Any substantial break in the chain
of interaction enforces metabolic rift. Reduction or extermination of species diver-
sity in a bioregion ultimately invites threat to humanity itself, primarily to the local
people. This was perceived and experienced by the indigenous tribal communities,
who are reliant upon distinct ecosystems and whose social systems were attuned
with that natural system. The energy produced by green vegetation is received by
animals which clung at distinct trophic levels in accordance with the second law of
thermodynamics; the energy pyramid determines the number pyramid (Kormondy
1976). The forest ecosystems of tropical belts like the forests of the area under
review are productive ecosystems having the capacity to support a large range of
diverse species from grazing animals to avifauna. All forest ecosystems are essen-
tially biodiversity hotspots where green vegetation forms the base of the system
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(Odum 1971). The tribal forest dwellers are just a community of consumers of
excess energy of all trophic levels. However, it is important to mention that innu-
merable trees, shrubs, herbs, and succulents form the bases of the ecosystem.

5.2.6 Biodiversity as Base of Social Systems

It has been mentioned earlier that the social system is a patterned network of
relationships constituting a coherent whole. The social systems of the forest dwelling
tribal people ensemble all the living and nonliving objects of an ecosystem. They
live within or at the periphery of the boundary of the forest ecosystem as their distant
forefathers continued doing for centuries (Guha 1988). Never have they lived
resource-intensive life, but been experts of a narrow energy balance. They have
developed a belief system in social life that their life will sustain, only if the forests
do sustain without degradation and deforestation (Gadgil and Guha 1995). They
were well aware about the health of the forest vegetation and learnt a lot on the
growth, propagation, and even disease of the forest trees as well their care for. The
basic material needs like shelter, food, fiber, fodder, and fire were all met up with
forest produce. Therefore, their social, fiscal, political (Alier 2014), and spiritual
lives revolved around forest as they either collect or produce their nutrition and
needs from forests at different seasons. Forests supply them all kinds of necessary
nutrients at the time of crisis, and generally they do not have to starve who knows
well the plants that produce bulbs or edible roots. They have vivid knowledge in
replenishment of soil fertility without application of chemical fertilizer and never go
for chemical pesticides.

They have devised a number of norms in their social system which commends the
need to protect, save, and thrive various lives—plants and animals—the purpose
being conservation and regeneration of species and restoration of habitat. The
knowledge on nature and life systems they have accumulated by generation is
acknowledged as traditional ecological knowledge which has enriched their social
systems (Kala 2013). Different norms prescribed by the social system in turn have
been beneficial to conserve biodiversity. For example, the sites of sacred groves
where the souls of their ancestors reside, as they believe, have conserved a plethora
of plants, especially medicinal plant species.

The tribal people dependent upon wild species of fruits, seeds, bulbs, roots, and
tubers, used for edible purposes is a way of conservation and such activities protect
biodiversity.

Tribal communities follow the laws of conservation in harvesting edible plants
which ascertain ecological care. Fruits of edible plants like those of Dioscorea spp.
are harvested only when they become mature (Rai and Nath 2013). The wild tubers
from the forest floor are dug out carefully, saving the associated species. Such
activities are normal, rather than practical, and helpful to species conservation
(Tables 5.4 and 5.5).
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Table 5.4 Tribal communities and the harvesting edible plants in the study area

Local
Scientific name name Family name Uses As per POWO
Aegle marmelos Bel Rutaceae Fruits are roasted and | Aegle marmelos
eaten (L.) Correa
Amorphophallus Suran Araceae Petiole/bulb as Not found
paenonflodium vegetable
Achyranthes Chirchita | Amaranthaceae | Tender shoots as Achyranthes asper
aspera L. vegetable L.
Bauhinia purpurea | Keolar Convolvulaceae | Leaves, flowers, Bauhinia purpurea
bhaji seeds as vegetable L.
Bauhinia vahlii Sehar Caesalpiniaceae | Leaves as vegetable | Bauhinia vahlii
Wight and Arn.
Dioscorea alata Dudhia Dioscoreaceae | Tubers as Vegetable | Dioscorea alata L.
aru
Curculigo Kali Amaryllidaceae | Roots and Tubers as | Curculigo
orchioides musli vegetable orchioides Gaertn.
Xylia xylocarpa Jambu Mimosaceae Seeds as vegetable Xylia xylocarpa
(Roxb.) W.Theob
Entada pursaetha Mimosaceae Seeds as vegetable Entada pursaetha
D.C.
Dioscorea Ratalu Dioscoreaceae | Tubers as vegetable | Dioscorea
bulbifera bulbifera L.

Source: Rajiv Rai and Vijendra Nath (Rai and Nath 2013)

Table 5.5 Plants growing in sacred groves in India

S.no | Name of plant Uses Scientific name
1 Butea monosperma Medicinal, Butea monosperma (Lam.) Kuntze
Dye
2. Cordia dichotoma Food, Cordia dichotoma (Ruiz & Pav.)
Medicinal
3. Rauvolfia serpentina Medicinal Rauvolfia serpentina (L.) Benth. ex
Kurz
4, Alstonia scholaris Medicinal Alstonia scholaris (L.) R.Br.
5. Helicteres isora Medicinal Helicteres isora L.
6. Boswellia serrata Medicinal Boswellia serrata Roxb.
7. Calotropis gigantea Medicinal Calotropis gigantea (L.)
W.T. Aiton
8. Carissa congesta Medicinal Carissa congesta Wight
9. Diospyros montana Medicinal Not found
10. Bambusa arundinacea (wild Miscellaneous | (Retz.) Willd
bamboo)

Source: Jain, S.K. Ethnobiology in Human welfare
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Being determined and equipped with social norms and activities, management,
extension, and re-stabilization of forest cover and forest ecosystems have been
realized in Jhargram District, which has visually extended its services to the forest
dwellers. However, more importance needs to be given on the use of the traditional
knowledge of the forest dwellers to care for the health of the forest ecosystem
through regeneration and restoration of the indigenous tree species of the forest
with its natural fervor. The participation of forest dwellers equipped with such
knowledge helps maintain the balance of the forest ecosystem and also strengthens
the efficiency of the forest management system (Gupta 2016). These ecosystems
establish and follow symbiotic relationships of plants, wild animals, and forest
dwellers. Thus, the traditional knowledge of forest dwellers has been essential for
the sustainable conservation of forests (Parotta et al. 2016). Forests have a direct role
in protecting soil from erosion, increasing soil fertility with addition of humus, and
maintaining micro-climatic situations by controlling local temperature. The destruc-
tion and overuse of forest ecosystems have been directly detrimental to the liveli-
hood of forest dwellers of the districts under study (Atrayee and Choudhury 2013).
Emphasizing and linking social values and proper conservation of forest and animal
species may further be improved by adding together the traditional knowledge of the
indigenous forest dwellers.

The SWOT analysis focusing the ecosystem services rendered by the forest
ecosystem of the area to the forest dwellers is self-explanatory that it embraces the
group priority factors that actually involve direct links to the social, fiscal, societal,
and political questions. Exploration of the avenues for minimizing the threats and
maximizing the opportunities cannot circumvent the society and the social customs,
beliefs, worldview, festivals, and rituals—all insist on the social system.

The analysis has been made based on the data and information collected from five
forest patches located in four blocks of the Jhargram District of West Bengal. The
combined process of SWOT-AHP [analytical hierarchy process] is usually accom-
plished through three functional steps. The first step identifies the four main com-
ponents (strengths, weaknesses, potentials, threats) of SWOT analysis. The
Second step using the pairwise fundamental scale developed by Wind and Saaty
(1980), compares the parallels between each section of the SWOT analysis
(Tables 5.6 and 5.7), and the method is that if attribute S1 is absolutely more
important than attribute S2 and is rated at 3, then S2 must be absolutely less
important than S1. And S1 Value is 3 and S2 is valued is 1/3. The value of another
factor is determined based on the relative importance of one factor for comparisons
(Table 5.8).

The values concentrated in the NW quarter of the diagram represent Opportuni-
ties; similarly the NE quarter highlights Strength, the SW quarter signifies Weak-
ness, and the SE quarter denotes the Threats. It may be recommended that the
varieties of weaknesses and the threats may gradually be eliminated or at least
minimized through restoration and conservation of preferred species that renders
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Table 5.6 Pairwise fundamental scale for comparison
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Magnitude of

importance Definition Explanation

1 Equivalent Two factors contribute equally to the objectives
importance

2 Weak Experience and judgment

3 Moderate importance | Slightly favor one activity one another

4 Moderate plus Experience and judgment

5 Strong importance Strongly favor one activity one another

6 Strong plus An activity is favored very

7 Very strong and Strongly favor, and its dominance is demonstrated
demonstrated in practice

8 Very, very strong The evidence favoring one

9 Excessive importance | Importance of one over another affirmed on the

highest possible order

Comparison scale (Adapted from Wind and Saaty (1980), Birendra (2014))

Table 5.7 Comparisons scale of SWOT factors

Group priority of SWOT

SWOT groups | Strength | Weakness | Opportunities | Threats | categories

Strength (S) 1.000 3.000 1.000 5.000 |-

Weakness 1/3 1.000 1/4 2.000 |-

W)

Opportunities | 1.000 4.000 1.000 2.000 |-

©

Threats (T) 1/5 172 172 1.000 |-

SWOT groups | Strength | Weakness | Opportunities | Threats | Group priority of SWOT
categories

Strength (S) 1.000 3.000 1.000 5.000 |0.421

Weakness 0.333 1.000 0.250 2.000 |0.151

W)

Opportunities | 1.000 4.000 1.000 2.000 0.336

©

Threats (T) 0.200 0.500 0.500 1.000 | 0.093

Strength = 1 + 3 + 1 + 5 = 10, Weakness = 0.333 + 1 + 0.250 + 2 = 3.583, Opportuni-
ties=1+4+1+2 =8, Threats = 0.200 + 0.500 + 0.500 + 1.00 = 2.2
Sum of SWOT group is 10 + 3.580 + 8 + 2.2 = 23.783

Group priority of strength (S) categories is 10/23.783 = 0.421
The values of the other three categories will come out in the same way

single- or multiple-ecosystem service (Fig. 5.4). In most cases, these are achieved
through participation of the local beneficiaries, habitually the local tribal dwellers
equipped with traditional ecological knowledge even passed on to their social norms

and traits like festivals, rituals, etc.
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Table 5.8 SWOT factors overall priority scores for the ecosystem service framework of Jhargram
District

Priority Overall
Group factor within | priority
SWOT group | priority | Factors of group priority (SWOT) the group factor
Strength 0.421 (S1) Coexistence of forest people 0.208 0.088
(S,) Social and cultural values of forest 0.199 0.084
dwellers
(S3) Worship of trees as a religious insti- | 0.385 0.162
tution of forest dwellers
(S4) Use of traditional knowledge for for- | 0.114 0.048
est management by forest dwellers
(Ss) Sustainable use of timber and 0.094 0.040
non-timber forest resources
Weakness 0.151 (W) Efforts to reduce the rights of forest | 0.209 0.034
dwellers
(W,) Widespread poverty in the STs and | 0.249 0.038
OTFDs Communities
(W3) Use of forest resources by the gov- | 0.110 0.017
ernment for commercial use
(W,) Decreased power to access forest 0.265 0.040
production for forest dwellers
(Ws) Traditional knowledge of forest 0.166 0.025
resources of STs and OTFDs is not used
Opportunities | 0.336 (O) Increasing reforestation activities by | 0.240 0.081
the use of traditional knowledge of forest
dwellers
(0O,) To recognize the coexistence of for- | 0.091 0.031
ests and forest dwellers
(O3) Improving the socioeconomic status | 0.240 0.081
of forest dwellers
(Oy) Participation of forest dwellers in 0.189 0.064
improving eco-tourism development
(Os) Use of participatory management in | 0.240 0.081
conservation of forest resources
Threats 0.093 (T,) Illegal exploitation of forest resources | 0.150 0.014
by exogenesis people
(T,) Loss of biodiversity 0.100 0.009
(T53) Lack of lucid discussion on forest 0.250 0.023
right of forest dwellers in the forest policy
(T4) Control of collection of dried wood 0.300 0.028
from the forest
(Ts) Political instability 0.200 0.019
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Fig. 5.4 Graphical representation of the model with factor and value more clearly reveals the
forest-people relationship in the Jhargram District

5.2.7 Forces and Factors of Biodiversity Depletion

Our planet is losing numbers of biodiversity in every moment, and several species of
plants and animals are either becoming extinct, endangered, or facing threats. The
region under review is accruing similar experiences because of certain forces and
factors. Here, the natural processes, mainly related to climatic shifts, and seasonal
temperature extremities are deemed as factors of depletion. In reality, the pre-and
post-independence revenues and forest policies combined with market economy
need to be reckoned as forces of biodiversity depletion facilitated by forces of
deforestation. However, the forest people or the tribal residents who are never part
of it have been successful in conserving a number of species (Pallavi 2015).
Threats to biodiversity are largely caused by:

* Habitat destruction: Is enforced with both public and private organizations,
though the public concern is more powerful involving mainly infrastructure
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development—Ilike extension of transport corridors, setting up industrial units,
dam building, etc. that obliterates a large forest area. A number of dams built in
the area under the management of Damodar Valley Corporation (DVC) may be
mentioned.

e Overharvesting of local species: Demand of indigenous vegetable and animal
products within and outside the area impacts the supply by causing
overharvesting which leads to threat.

* Overexploitation and non-replenishment of soil nutrients: Reduction in area
increases the density of species pressing upon the demands of nutrients of soil
of a limited area, and disruption of the nutrient cycles invites metabolic rift for
other species in the same food chain, ultimately causing degradation of the
ecosystem and retardation of species.

* Climatic uncertainty: Irregular or scanty rainfall and prolonged dry spells some-
times harm the growth and health of local species.

e Displacement of native species and invasion of exotic species: The regional
ecosystem and the material needs of the local people attached to that ecosystem
are mainly reliant upon the indigenous plants and animal species. Invasion of
exotic varieties of plants causes harm to the ecosystem and food chain.

* Associated social and economic conditions: The rural tribal communities espe-
cially those who are dwelling in and around the forested tracts are essentially
economically poor and socially marginal. The forests in India from the colonial to
the present times have been managed by the people who lived outside the forest
regime; the policies and acts of forests passed by the non-tribal rulers have always
excluded the tribal people who are protective about forests and reliant upon the
energy excess of forest ecosystem—the minor forest produce. As a consequence,
fragmentation of forest habitats, degradation of forest, despeciation, and defores-
tation are gradually occurring.

5.2.8 Social System, Norms, and Customs as Forces
of Biodiversity Conservation

The belief systems and worldview of the forest dwelling tribal groups nowadays
needed to be reviewed with ecological and sociopolitical connotation. Each species
of the forest ecosystem is viewed as an indivisible entity together forming the unified
whole which is a common resource pool for the members only; matter or energy
excess of the ecosystem may be taken out of the ecosystem boundary. Thus, they
have developed certain norms, customs, etc. to protect and conserve all the plant and
animal species (Kala 2011a, b) in their ecosystem that they belong to. Some of the
unique social group or community activities in the form of festivals have helped
understand the importance of a single species and its conservation. For example:

1. Karam Puja: A festival followed by the tribal communities of Chhattisgarh,
Bihar, Jharkhand, Odisha, and West Bengal. This festival is celebrated for a good
harvest of local traditional cereal, seeds, and legumes. The ecosystem people visit
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the jungle accompanied by groups of drummers and cut one or more branches of
the Karam tree (Neolamarckia cadamba). After worshiping, the branches are
brought to the village. Thus, it conserves indigenous vegetation species, the patch
of forest housing the vegetation and the cultivators. The reality is the festival
indirectly facilitates the conservation of local genetic resources.

2. They believe that the dense old forest patches or original dense groves contiguous
to or reside beside their hamlets are the abodes of their predecessors; thus, these
are “sacred” and honored as “sacred groves.” Such types of groves, one or more,
are rooted almost in each village. These certainly are the sites that embrace in situ
conservation of local biodiversity playing the role of small biodiversity hotspots.
Even these provide shelter to a number of rare birds, lizards, insects, and
medicinal herbs.

3. A number of higher trees like Shorea robusta, Schleichera oleosa, and
Terminalia elliptica have special importance in the cultural practices of the tribal
communities. They oppose cutting of these trees and worship them. Especially
Shorea robusta is connected with their economic and social life. They use its
leaves for making wrappers and plates, while its flower is used for natural aroma
and resins as insect repellent. Beyond such traditional knowledge, the tribal
communities have special honor to this climax species in their mind and are
always in favor of its conservation. Liquor from flowers and oil from the seeds of
Madhuca longifolia have importance in the social life of the tribal communities.
Different rituals are protective to different tree species.

4. In general, the tribal communities are nature worshipers, and some taboos
followed by these communities have helped conservation of a number of species
that are not allowed to kill and consume. Based on their belief and practice, they
usually do not kill snakes. Some lizards are on their diet list but do no harm to
them unless they are compelled to do so, rather utter repentance before they kill
a life.

5. Based on their belief system and rich traditional ecological knowledge, they have
developed therapeutic healthcare and disease control methods with application of
medicinal plants, herbs, and lianas. Use and offerings of a number of leaves and
flowers in various festivals and rituals as part of their customs have helped
preservation of plants and herbs, those plants even unknown to common people.

5.3 Conclusion

Human society, from the stage of its emergence, has been associated with other
species for its survival and progress. The forest-dwelling tribal communities still
prefer the affinity of forest not for their habitual livelihood, rather than the forests and
its innumerable plants and animal communities are living unharmed because of the
presence of those tribal people in and around the forests. Their social system,
customs, and rituals are oriented to the conservation of all lives sharing the forest
ecosystem. Their belief system, worldview, moral, and societal life have blended
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together as traditional ecological knowledge that always works for coexistence of all
species—presence of forest species has become synonymous with presence of
resident forest people. Inclusion of those people in the forest protection committees
has been proved with the forest health of various forest belts West Bengal, as well as
of India.
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Chapter 6 )
‘Green Placemaking’ in Kolkata: Role Shex
of Urban Greens and Urban Forestry

Anindya Basu, Lopamudra Bakshi Basu, Vasco Barbosa,
and Hashem Dadashpoor

Abstract Widespread urbanisation has depleted green cover increasing vulnerabil-
ity to climate change, especially in the developing countries with India being no
exception. While a handful of cities have been able to come up with integrated urban
greenery provisions; the megalopolis of Kolkata having rich colonial legacy have
failed to hold on to its green spaces due to rampant urbanisation waves. Urban greens
and urban forestry are probable ways to bridge the gap between city dwellers and
their much-needed greenery, which has now been actively taken up by the govern-
mental agencies. But urban greenery development relies largely on the attitude and
involvement of urban residents. The apt species selection for plantation in the
heavily built-up milieu is lacking in the city. Kolkata is trying hard to have its
desired share of man-made urban forest through the sprawling greens of over 7 acres,
in New Town Rajarhat-east Kolkata, mirroring the centralised ‘Nagar Van’ scheme.
This paper attempts to describe the global, national urban green scenario and
specifically concentrates on Kolkata’s Urban Green Spaces (UGS) through prepa-
ration of tree-inventory, analytical study of spatio-temporal changing green cover
with the help of land use and land cover (LULC), Normalized Vegetation Index
(NDVI) and Enhanced Vegetation Index (EVI) analysis from LANDSAT imageries.
The indices clearly show the declining trend of the green cover (1980-2020), and the
regression analysis of NDVI and land surface temperature (LST) shows a strong
negative correlation. After investigating the loopholes in arboricultural practices,
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zones for peri-urban forest development have been chalked out. The perception
studies of urban dwellers about the diverse role of urban forestry bring out that the
residents are aware of the dire need to protect the green and have been taking part in
developing the green spaces in the city.

Keywords Green cover - Species selection - Urban Green Spaces (UGS) - Urban
forestry - Arboricultural practices

6.1 Introduction

In the era of global climate change and rapid urbanisation, innovations in the urban
system are a critical requirement for tackling the serious environmental challenges it
is facing. It is foreseeable that almost two thirds of the world’s population will live in
the urban areas by 2025 (Schell and Ulijaszek 1999). In the developed countries,
presently, most of the population dwells in the cities, like more than 80% of the USA
(Wolf 1998) and about 85% of Australia (Brack 2002) are urbanised. On the other
hand, in the developing countries, about 44% of the population currently resides in
urban areas and is likely to increase sharply over a span of a decade (UN-Habitat
2009; Montgomery 2008). Rapid urbanisation in India has brought complex changes
to ecology, economy and society (DeFries and Pandey 2010). Urban greenery and
forestry are one of the possible ways to bridge the gap between the people and their
environment. Numerous policy instruments over the past two decades have stressed
the critical requirement of the green zones within the urban socio-ecological systems
to address several problems related to city living. Urbanisation, a human-induced
process, refers to the gradual alteration in the land use/land cover (LULC) of a city,
especially in the peri-urban areas which occurs due to the evolving societal priorities
emphasising more on built-up segment (Maiti and Agrawal 2005). Pull migration
creates immense pressure on urban land and housing, and the availability of green
space becomes scarcer for the urbanites (Ministry of Environment and Forest 2010).
But in case of such rapid urbanisation, urban forestry, through mixed plantations,
needs to play a vital role in the urban renewal programmes. Importance of urban
vegetation and forest has been harped by many, but most of the forest managers do
not have much idea about appropriate species selection, care and maintenance
(Chacalo et al. 1994) and even lack the information about the streets to formulate
holistic urban forestry plan (Jim and Chen 2008). Chaudhry et al. (2011) compared
the urban forest scenario of Indian cities with that of the counterparts in Europe and
America and highlighted the need of increased urban greenery in the Indian cities to
bridge the gap. The authors suggested to follow the Chinese model where similar
high population density has been negotiated while enhancing the urban greenery
through formation of over hundred ‘National Garden Cities’ along with that of
Singapore.
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6.2 Previous Works

Konijnendijk (2008) noted that the idea of urban forestry was germinated long back
in 1894. The most inclusive definition of urban forestry was provided by Grey &
Deneke (1986) who defined that urban forestry is all about tree management
involving woodlands, tree groups — parks and greenbelts, standalone trees along
the streets and utility corridors, in the urban fringes and in every nook and corner of
the city be it public or private land which ultimately contributes positively to the
ecological, physiological and economic well-being of urban society. To make the
concrete jungles habitable in the long run, the concept of urban forest seemed
befitting for the developed countries. The trend was followed in the developing
world too as urbanisation wave hit them; the potential of urban forest in generating
livelihood options was also harnessed (Carter 1995). There is a contentious issue
regarding the jurisdiction on which urban forestry is developed, i.e. the government
initiated and community/private owned (Brendler and Carey 1998). Urban forestry
was first theorised in North America during late 1960s (Miller 1988). Konijnendijk
(2000) pointed out a very important distinction between classic and urban forestry —
urban forestry has come up as a response to specific demands (social, environmental,
aesthetic) of the local urban community, while traditional forestry is more focussed
on the economic value generated through the timber and non-timber forest produces.
In recent times there have been reinvigorated efforts by the government to create
urban forestscape for ecological benefits leading to the development of ‘eco-cities’
(Hall 2002). leading to development of ‘eco-cities’. to more accessible public-space
greenery can be documented (Konijnendijk 2008) which has made urban parks
representatives of ‘social forest’ where community and vegetation interact directly.
Gerhold penned down the all-inclusive definition of urban forestry which highlights
the importance and utilities of greenscape in urban societies. Urban forestry thus
embraces the supervision of individual as well as groups of trees, and arboriculture is
an important section of urban forestry (Krishnan 2007).

Urban trees provide both tangible and intangible benefits to the city dwellers
(Table 6.1). Tangible benefits include food, fodder, fuel wood, etc. and parks, shades
and shelter are the intangible benefits enjoyed by the city residents. As various
scientific studies on urban green space stressed on the manifold benefits of green
areas (Lyytiméki and Sipild 2009), worldwide, there have been consorted efforts to
set up parks and squares under the aegis of International Federation of Parks and
Recreation Administration, World Urban Parks Initiative. Green infrastructure is
indispensable for enhanced quality of urban life. The services rendered by urban
forests are myriad — helps in pollution reduction, noise abatement, improvising
micro-climate, providing local recreation, increasing real estate values, etc. (Jones
et al. 2008). In 2006, the Food and Agricultural Organisation (FAO) threw light on
how urban greens generate economic activities around them like amusement park-
related small businesses, and another interesting aspect which also surfaced is that of
food security involving urban forests and urban agriculture (Basu and Kar 2021).
Preservation or creation of green spaces is important in urban areas for leisure or
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Table 6.1 Manifold benefits reaped from urban greenery

Parameters

Beneficial aspects

Ecological

Acts as source of oxygen, absorbs pollutants improving air quality (Brack 2002;
Nowak et al. 2006)

Plays important role in carbon sequestration through carbon storing (McPherson
and Simpson 1999)

Helps in lowering temperature, reducing urban heat island impact (Gill et al. 2007)

Improves micro-urban climate in general (Vailshery et al. 2013)

Preserves limited urban biodiversity (Attwell 2000)

Reduces surface water runoff, flood control (Armson et al. 2013)

Mitigates effects of climate change (Munang et al. 2013)

Controls the noise impact in urban regions (Fang and Ling 2003)

Social

Provides refreshing contrast in the monotonous urban landscape creating aesthetic
appeal (Attwell 2000)

Acts as space for social interaction for people of different age groups like youngsters
and elderlies (Konijnendijk et al. 2013)

Encourages persuasion of cultural life through local festivals, fairs leading to social
cohesion and boosting of local economy (Konijnendijk 2000)

Helps refresh the health and minds of the urban dwellers through creation of
recreation spaces reducing stress and anxiety and helping in general wellbeing
(Maas et al. 2006)

Economic

Plays a vital role in alleviating poverty, advancing livelihoods and improving
wellbeing for the marginalised poor people in developing countries by offering
environmental services like grazing and fuelwood collection (Kuchelmeister and
Braatz 2001).

Helps in creating pricier residential units with neighbourhood parks where posh
urban dwellers are eager to pay a fortune to live within or nearby urban greenery
(Grinspan et al. 2020)

Aids in reducing building air-conditioning load by keeping the surroundings cool
through shady trees (Simpson 1998)

Boosts the local economy with increased paid leisure visits to the parks generating
urban leisure and tourism (Konijnendijk et al. 2013)

Provides shelter to the roadside vendors under the shady trees (Bhattacharya and
Nigam 2010)

Source: Compiled by authors, 2021

recreation purposes; it is also essential to maintain the biodiversity chain (Zaman
et al. 2014). However, creating only isolated green pockets is not the actual purpose;
to make the crowed cities truly sustainable, the UGS need to be systematically
integrated with the urban landscape.

To maintain a minimum level of urban green spaces (UGS), there are several
recommendations regarding standardised quantum of green space (20—40% of total
area); most of the developed countries have adopted a policy of having 20 sq.km of
green space per capita, while the World Health Organization (WHO) prescribed 9 sq.
m of open green space for each inhabitant, so that all residents can have access to an
open space within a walking distance of 15 min (Town and Country Planning
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Table 6.2 E§timelltest0§ u.rPan City Per capita green space (sq.m/inhabitant)

i;elir:j is;)aces in selected cities  ~-- dhinagar 162.80
Varanasi 24.78
Nagpur 31.00
Allahabad 24.06
New Delhi 2143
Chandigarh 54.45
Noida 16.49
Ahmedabad 3.90
Kanpur 3.76
Bengaluru 17.79
Amritsar 0.95
Chennai 1.03
Trivandrum 0.55
Jaipur 2.30
Hyderabad 0.50
Vishakhapatnam 0.18
Mumbai 2.01

Data Source: Govindarajulu 2014; Town and Country Planning
Organisation 2014; Chaudhry 2016; and Imam and Banerjee 2016

Organisation 2014). Leadership in Energy and Environment Design Neighbourhood
Development (LEED ND) went a step ahead to recommend a green cover of >20 sq.
m per capita or to maintain a minimum of 1.25 ha of open space per 1000 residents to
ensure that within a distance of 200 m of residential area, there is some sort of urban
green space (Govindarajulu 2014). Konijnendijk (2001) carried out a survey on
26 large European cities which had an average 18.5% green coverage with per capita
being around 104 sq.m. In case of Paris, France and Canberra, Australia Moigneu
(2001) and Brack (2006) noted that per capita green space was around 80 sq.m. But
for unprecedented urban growth with very high population density, it becomes
difficult for the Indian cities to maintain a high urban green space percentage barring
few to maintain the WHO prescribed norm (Table 6.2).

Few worth mentioning studies are on Bangalore (Nagendra and Gopal 2010),
Chandigarh (Chaudhry and Tewari 2011) and Delhi (Khera et al. 2009). A compar-
ative study by Chaudhry (2016) shows that Gandhinagar in Gujrat state has the
maximum per capita green space.

At a regional scale, West Bengal too is facing the problem of rapid urbanisation
and population rise. The urban population of the state rose from 27.8% in 2001 to
31.8% in 2011 (Census of India 2011a). This kind of urban population explosion has
led to emergence of about 35 million-plus cities (Ministry of Housing and Urban
Affairs 2011), several smaller cities and towns causing widespread depletion of
green cover impacting biodiversity and climate in the long run. Foreseeing the rapid
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rise in urban population, the government published the township policy emphasising
sustainable, eco-friendly, resilient and affordable housing. Kolkata, like any other
speedily growing metropolis in the country, is facing critical glitches of rapid
urbanisation and, therefore, needs the enactment of a strategic regional planning
(Kolkata Metropolitan Development Authority 2005). Mukherjee et al. (2018) while
dealing with urban water scarcity scenario in Kolkata, highlighted the changing
LULC of the city and emphasised on the uncontrolled urbanisation leading to
decreasing green cover too. Apart from expansion of cities, other factors that
contributed to the shrinking of green space are increasing population, reduction in
residential gardens and kitchen gardens giving way to skyscrapers. This leads to
concretized surroundings which ultimately snatches away the wee bit of urban green
cover (Gangopadhyay and Balooni 2012). In case of Kolkata, the per capita green
space is not readily available, but as per a World Bank study of 2011, the city had
only 9.5% in the form of parks and open spaces. As per municipal records, there are
711 parks in total of varying sizes in the city. As per the study conducted by a
research group from the Indian Institute of Science based on satellite imageries, it
was derived that Kolkata including a 10 km buffer zone surrounding the city had a
sharp declining tree cover from 33.6% in 1980 to 7.36% in 2010 and was predicted
to become as low as 3.37% in 2030 (Padmanabhan 2016). Ramachandra et al. (2014)
carried out a temporal LULC on Kolkata while modelling the urban structure and
exposed a decline of vegetation from 33.6% in 1980 to 7.36% in 2010.

Mandal et al. (2019) studied the spatio-temporal land use/land cover changes
(1991-2018) in the megacity of Kolkata and predicted the future urban growth
trajectory. They emphasised the negative relationship between urbanisation and
vegetation cover and expressed concern over further decreasing green cover as
derived from prediction through CA-Markov chain model. Kundu et al. (2020)
focused on urban change detection analysis at Kolkata (1978-2017) through usage
of multi-temporal satellite data highlighting that at the expense of urban built-up
area, other land use categories including vegetation suffered a setback. Rahman
et al., 2019 Sahana et al., 2018 and Sahana et al., 2019 has assessed the landscape
fragmentation and its relation with the urban green space in Kolkata Urban
agglomeration. Mallick et al., 2021 explore the impact of future urban growth and
its impact on the urban green space for a small city near Kolkata. The impact of
roadside vegetation on air pollution in the megacity of Kolkata has been studied by
Karmakar et al. (2021) and showed that increasing vehicular pollution had reciprocal
correlation with species richness and species diversity highlighting the few selected
tolerant species. Dinda et al. (2021) adopted an integrated simulation approach to
predict the LULC dynamics of 2025 and 2035 and prior to that examined the loss in
urban green space in Kolkata (1980-2018). The study projected a loss in urban
vegetation of about (—)17.42% and (— )11.69% for the period of 2025-2035,
respectively.
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6.3 Rationale of the Study

From the above discussion, it is clear that there has been extensive research about
UGS at global and national scale along with a handful studies on megacity of
Kolkata identifying the gradual shrinkage of urban greenery. There have been a
number of studies on the changing LULC and shrinking UGS of the city, but the
novelty of the present study is that it is not limited to the use of geospatial techniques
to inspect spatio-temporal LULC changes and declining vegetation health. The study
attempts to address few lesser discussed aspects like calculation of person-park ratio,
preparation of tree inventory and investigation of loopholes in arboricultural prac-
tices within the city limits. Besides, identification of suitable zones for peri-urban
forest development and perception studies of urban dwellers about the diverse role of
urban forestry adds to the holistic overview.

6.4 Study Area

Kolkata (formerly Calcutta), the city with rich colonial heritage, is tenth-largest
urban agglomeration of the world, the largest metropolitan city of eastern India and
the second highest populated one in the entire country. The study area encompasses
the Kolkata Municipal Corporation (KMC), located at the eastern bank of the
Hooghly river along with the satellite urban entities like Bidhannagar municipality
and New Town, Rajarhat, situated in the lower deltaic plains of the Ganga-Bhagirthi-
Hooghly river system. The region experiences tropical wet and dry climate [Aw as
per Koppen’s climatic classification system] (Maplecroft 2016).

KMC having an approximate area of 206.08 sq.km comprising of 144 wards
(141 wards till August, 2016) grouped into 16 boroughs (previously 15),
i.e. administrative units, is a part of the greater identity Kolkata Metropolitan Area
having an area of 1887 sq.km (Fig. 6.1). It is one of the densest cities of the world
with population density of 24,306 per sq.km (Census of India 2011b). With the
increasing urbanisation, there has been overcrowding within city of joy and causing
change in LULC and continuous environmental degradation. Keeping in mind the
TUCN Aichi Biodiversity Targets, Paul and Bardhan (2017) felt that it was high time
to benchmark the urban biodiversity of the city of Kolkata and carried out an index-
based survey which revealed Kolkata being a ‘Brown city in Green Background’
having rich native biodiversity but facing random deforestation alongside introduc-
tion of exotic species due to high urban sprawl. This necessitates the need for a
comprehensive urban land use planning giving due importance to create and sustain
urban greenery.
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Fig. 6.1 Introducing the study area — Kolkata Municipal Corporation with ward boundary and

sample survey sites

Table 6.3 Details of satellite imageries taken into account

Satellite type Sensor ID Path/row Date of capture Spatial resolution (m)
Landsat_8 OLI_TRS 138/44 15/11/2020 30
Landsat_7 ETM (+) 138/44 17/11/2000 30
Landsat_3 MSS 148/44-45 14/11/1980 80

Source: USGS, 2020

6.5 Database and Methodology

This paper is based on secondary data collected from different literature sources,
reports, etc. as well as on intensive field based primary observations. Both qualitative
and quantitative data have been used for the analysis. Satellite images of over a
period of time (1990, 2010 and 2020) have been collected for determining the
evolving scenario of urban greenery in the study area. Three cloud free Landsat
images of the month of November are selected and downloaded from the US
Geological Survey (USGS) website for further processing (Table 6.3).

For the digital image processing of the satellite imagery, ArcGIS v10.3 has been
used. To minimise the different errors of standard images from varied sensors, noise
from different sources and lens distortions, etc., geometric and radiometric correc-
tions were done, and in this case, after necessary atmospheric corrections and
instrumental error removals, image enhancement techniques like histogram
equalisation and contrast enhancement were carried out. Besides, the images were
co-registered to match the overlay with sub-pixel accuracy; then for resampling,
nearest neighbourhood technique were applied. The transformation error recorded
was (.45 pixel in all instances. On the basis of Survey of India, topographical sheets
of 1:50,000 and municipal ward map of Kolkata Municipal Corporation, the study
area was delineated, and a vector layer of the KMC region was used for clipping and
subsetting.
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Table 6.4 Land use and land cover changes in Kolkata Municipal Area, West Bengal, India (1980
to 2020). Spatio-temporal land use/land cover statistics LST

1980 2000 2020
Land use and land cover Sq.km. % Sq.km. % Sq.km. %
Built-up 91.63 49 132.77 71 151.47 81
Water bodies 14.96 8 9.35 5 7.48 4
Vegetation 57.97 31 374 20 20.57 11
Open field and others 13.09 7 5.61 3 5.61 3
Bare land 9.35 5 1.87 1 1.87 1

Source: Computed by authors from satellite imageries of Landsat 3, Landsat 5 and Landsat 8 for
1980, 2000 and 2020, respectively

Then supervised classification of the desired area from the pre-processed images
was done with the help of maximum likelihood algorithm on the basis of training sets
(signature) assigned by the user on the basis of reflectance characteristics and
corresponding ground truth verification.

The training data given by the user guides the software as to what types of pixels
are to be selected for certain land cover type. The classification yielded the land
use/land cover image of the area with five main classes, namely, built-up, water
bodies, vegetation, open field and others and bare land (Table 6.4).

Table 6.4: Land use and land cover (LULC) classification schemes

Class name Description

Built up Residential areas, functional areas, utilities zones, industrial, roadways, rail-
ways, other built-up or urban land

Water bodies Rivers, canals, lakes, ponds, reservoirs and wetlands

Vegetation Mixed trees, scrublands, grasslands, urban agriculture

Open field and Permanent fallow land, unused land, landfill sites

others

Bare land Barren land

Source: Classified by authors from satellite imageries of Landsat 3, Landsat 5 and Landsat 8 for
1980

Accuracy assessment has been done to ensure the performance quality of the
classifiers. To assess the accuracy level of the classification, ground truth verification
has been done with the help of handheld GNSS device (Garmin GPS Etrex-30) with
a positional accuracy of 3 m through field surveys held in two phases and high-
resolution Google Earth imagery of similar corresponding periods from Google
Earth Pro. By using the random sampling method, a total of 200 points are selected
from different LULC classes with a minimum 40 points from each class for each
year, and then it is reviewed with Google images. Kappa coefficient (k) [k = (Po —
P)/(1 — P.)] is used to measure inter- and intra-reliability for categorical entities
(Cohen 1960), where the score varies from O to 1; the higher the value, the greater is
the degree of agreement. Error matrix is computed to reflect the overall accuracy and
the Kappa coefficient value for each year concerned.



140 A. Basu et al.

To have an idea about the health of the urban greens, Normalized Difference
Vegetation Index (NDVI) has been used, which has proved to be an efficient
technique in vegetation change detection and derivation of canopy biophysical
characteristics of a particular region. The NDVI is calculated as a ratio between
measured reflectivity in the red and near-infrared portions of the electromagnetic
spectrum. The NDVI transformation is computed as the ratio of the measured
intensities in the red and near-infrared (NIR) spectral bands (ones most affected by
the absorption of chlorophyll by the green plants).

NIR — Red
(NDVI " NIR + Red)

The value of NDVI ranges from 0 to 1. A value closer to 1 represents healthy
vegetation, and a value closer to O represents unhealthy vegetation.

The Enhanced Vegetation Index (EVI) is an advanced vegetation index created with
higher sensitivity to biomass, atmospheric background and soil condition. It is contem-
plated as the modified version of NDVI with high potentiality of vegetation monitoring
by correcting all the external noises. Vegetation indices are calculated from the bilateral
surface reflectance that has been concealed for cloud, smoke, aerosols, water, cloud
shadows, etc. EVI uses the blue and red NIR band (band 1, 3 and 4 for Landsat 5 TM
and band 2, 4 and 5 for Landsat 8 OLI) with the correction coefficient C1, C2 and L
(Gao and Li 2000). In recent times, EVI has proved to be an efficient technique in
vegetation change detection and derivation of canopy biophysical characteristics of a
particular region, so it has been applied in the study area for vegetation analysis.

Besides, intensive field survey in two phases (January—March 2020 and August—
October 2020) was carried out to cover the entire city at length keeping the season and
COVID-related movement restrictions in mind to classify urban greens and prepare a
detailed inventory of the urban greens of the city along the major thoroughfares and
locate the few major pockets of urban greens and forests within the city limits. During
the surveys, identification of common loopholes in arboriculture practices was noted
too. To access how the citizens of Kolkata are involved with urban greenery amidst
their busy daily schedules and through dendrogram, key factors for generating people’s
perception on urban greenery have been analysed. To understand the people’s percep-
tion regarding urban forestry and its management practices, online questionnaire survey
was conducted on randomly selected residents (n = 1410).

6.6 Results

6.6.1 Spatio-temporal Change Analysis

The supervised classification has been applied to detect the LULC changes within
KMC area (Fig. 6.2). It can be identified that the spatial pattern of the city shows
major changes in built-up area, vegetation cover and water bodies along with open
spaces and bare land.



6 ‘Green Placemaking’ in Kolkata: Role of Urban Greens and Urban Forestry 141

mTe "o Tl e wwore T

Land Use and Land Cover Classification of Kolkata - 1980 Land Use and Land Cover Classification of Kolkata - 2000
N

A

N

A

weN
N

N
N

TN
TN

0T
roeN

B e vy D Vegetation [ W uterbodies |

pen Fiekds | Oubers B pereland |

B ven vy N Vegeoation [ Wotertntics

O Vi | ey I eee Land B

Ty e T -1 wrary L]
wISTE WRTE a"ETE

Land Use and Land Cover Classification of Kolkata - 2020
N

A

=ETN

(i"ka
]

-

B ven e B Vegctation Wt hadies
pen Fiekds | Otiers | e
T WTE oy

Fig. 6.2 Gradual transformation in land use and land cover of Kolkata, West Bengal. The LULC
maps (1A, 1B, 1C) with the help of satellite imageries of Landsat 3, 5 and 8 for 1980, 2000 and
2020, respectively, show the extent of growing urbanisation and diminishing vegetation in the
region

The land use classes have been mapped covering the period of 1980, 2000 and
2020. Distinct changes can be observed in the major LULC classes (Table 6.4). In
1980, the built-up area covered 49% (91.63 sq.km.) of the total KMC area, while in
2020, it almost engulfed the whole KMC area covering 81% (151.47 sq.km.) of the
total area. The rate of urbanisation was much rapid during the phase 1980-2000
(22% increase in built-up) than that of the time frame 2000-2020 (10% increase in
built-up). This has resulted in decrease in the vegetation patches throughout the city.

The vegetation cover includes roadside trees, green fields and other green
patches. During the 1980s, the vegetation of the city comprised mainly of big trees
which covered an area of 31% (57.97 sq.km.) of the total KMC area. In the year
2000, the green cover drastically shrank to 20% (37.40 sq.km.) of the total KMC
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Table 6.5 Error matrix for land use and land cover changes in Kolkata Municipal Area, West
Bengal, India (1980-2020)

Number
of
Reference | Classified | correct Producer’s | User’s Kappa

Year | Class name total total points accuracy accuracy | statistics
1980 | Built-up 46 42 38 82.61 90.48 0.88

Water body | 30 24 20 66.67 83.33 0.80

Vegetation 54 58 40 84.21 64.00 0.56

Open fields | 28 34 26 92.86 76.47 0.67

and others

Bare land 42 40 34 88.24 78.95 0.68

Total 200 200 158 79.00 0.72
2000 | Built-up 48 54 46 95.83 85.19 0.81

Water body | 32 34 32 100.00 94.12 0.93

Vegetation 52 44 34 68.18 75.00 0.67

Open fields | 30 34 20 52.63 83.33 0.93

and others

Bare land 38 34 32 76.47 76.47 0.64

Total 200 200 164 82.00 0.76
2020 | Built-up 96 104 98 100 94.23 0.88

Water body |28 35 28 100.00 77.78 0.74

Vegetation 46 26 22 52.63 83.33 0.79

Open fields 13 7 6 84.21 64.00 0.82

and others

Bare land 17 28 20 92.86 76.47 0.72

Total 200 200 174 87.00 0.81

Computed by the authors from satellite imageries of Landsat 3, Landsat 5 and Landsat 8 for 1980,
2000 and 2020, respectively

area and ultimately to 11% (20.57 sq.km). It is interesting to note that vegetation
patches showed a slight increase in the eastern part of the city along with the
southern fringes where scattered vegetation pockets could be located. Sharp decline
in vegetation and consequent increase in built-up can be seen in the boroughs X, XI
and XII between 1980 and 2020. The changes for the vegetation patches were major
in the boroughs of II, VI and V.

For accuracy assessment of the classification, user’s accuracy and producer’s
accuracy for each land cover types have been conducted along with kappa statistics
for each land cover types (Table 6.5). The kappa statistics has been used to verify the
inter-rater reliability. The higher observer accuracy highlights the overall agreement
level. In general, the overall accuracy of the imagery interpretation ranges from 72%
to 81%.

With the growing urbanisation process, the green cover in Kolkata has shown a
declining trend. Rapid population growth leading to rigorous urbanisation has led to
the clearance of a fair share of the green areas of the city. The population growth
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mostly due to pull-factor-based migration and the resultant hanging nature of the
LULC within KMC area cause a sharp decline in the urban greenery in the city
which is gradually becoming a ‘concrete jungle’ acting home for more than 4.5
million residents.

6.6.2 Urban Green Space Analysis

In this study attempt has been made to identify the urban green spaces which are at
high risk due to rapid growth of urbanisation. The risk vulnerability of the urban
greenery has been highlighted using NDVI values categorised as low, high and very
high (Fig. 6.3). The values ranging within 0.2-0.4 indicate sparse vegetation cover.

based on NDVI Values (2020}

C

Fig. 6.3 Classifying urban green spaces based on NDVI values (1980-2020), Kolkata, West
Bengal, with the help of satellite imageries of Landsat 3, 5 and 8 for 1980, 2000 and 2020,
respectively
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Fig. 6.4 Borough-wise graphs showing negative co-relation between NDVI and LST (2020)

It is well established that since 1980, the vegetation cover has shown a decline. The
zones having value above 0.6 are the areas that are stable and are expected to survive
the stress of the rapid urbanisation.

Land surface temperature (LST) refers to the ‘skin’ temperature of the surface,
which depends on insolation alongside the nature of the surface. It indicates the
terrestrial thermal behaviour; normally vegetated areas, water bodies are cooler in
comparison with sand or concretised surfaces. So, a positive relation exists between
LST and urbanisation. In case of Kolkata too, the LST (of 2020) approximately
varies from 15 °C to 23 °C; the lower temperatures are located where presence of
vegetation is higher, i.e. predominantly in the southern and eastern parts (Fig. 6.4).

The growing population and extreme exploitation and utilisation of natural
resources result in a severe change in land use and land cover pattern in the urban
areas. The connection between the land use and land cover pattern and the different
materials like bricks, asphalt, concrete, etc. used in urban areas has become necessity
to understand its impact on the environment (Stone and Rdgebers 2001). All these
materials have high thermal inertia, greater absorption of solar radiation and high
thermal conductivity (Arrau and Pefia 2010). The evaporation regime gets altered
due to the conversion of vegetated areas into concrete surfaces. The lowest LST
values are found in areas with high NDVI. The regression analysis of LST and NDVI
shows a linear negative correlation which becomes an important parameter for
studying urban climate. For all the 15 boroughs, the relationship is negative to
strongly negative where correlation coefficient ranges between —0.89 and — 1.
North Kolkata and parts of central and western Kolkata show a strong negative
correlation. This indicates that areas with least vegetation are experiencing higher
land surface temperature.

Constant monitoring of vegetation is necessary to get an overview about the
strength and dynamics of canopy structure which may indicate the change due to
developmental activities and climate change. EVI similar to NDVI corrects the
noises — background, atmospheric noise and saturation — and can be used to quantify
vegetation greenness. EVI is similar to Normalized Difference Vegetation Index
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(NDVI) and can be used to quantify vegetation greenness. The Enhanced Vegetation
Index (EVI) has been done to augment the vegetation signal with a better sensitivity
in the areas of green cover. The improved green monitoring is possible by separating
the canopy background signal and reducing the atmospheric influences. It incorpo-
rates an ‘L’ value to adjust for canopy background, ‘C’ values as coefficients for
atmospheric resistance and values from the blue band (B). These enhancements
allow for index calculation as a ratio between the R and NIR values while reducing
the background noise, atmospheric noise and saturation in most cases (USGS 2019).
EVI has been calculated using below formula:

EVI = G x { (NIR — Red) }

(NIR+Cl)x (R—C2%B+1L)

The green cover for the three selected years 1980, 2000 and 2020 has been shown
in Fig. 6.5. The increasing urbanisation is the most important factor that has led to
the continuous decrease in the green cover in the urban area like Kolkata. The 2020
EVI map clearly shows the decrease in the green cover in Kolkata compared to 1980.

The city is dotted with many parks of varying sizes (small, medium and large)
though there is a kind of underlying inequality in distribution. Based on the
municipal records, it was calculated that the average value of number of persons
served by a single park was as high as 9081. Borough X, followed by boroughs of XI
and XIII all in south Kolkata, provides the least value of persons served by a single
park — having a value ranging between 3000 and 4000. North Kolkata (boroughs IV,
V and VII) has lesser scope for urban greens as the degree of urbanisation is very
high providing higher person-park ratio. Borough XV shows an exceptionally
skewed ratio of 30,891 as not much effort has been taken in developing formal
urban green spaces (Fig. 6.6).

Li et al. (2005) developed an integrated ecological network for green, sustainable
development of Beijing, China; Uy and Nakagoshi (2007) created a framework for
urban green space development in Hanoi City, Vietnam; and Kong et al. (2010)
developed green space network for Jinan City, China. Scholars like Teng et al.
(2011) emphasised on integrated green space planning involving recreation and
conservation side by side. This sort of approach is needed for Kolkata too to do
away with the gross areal disparities and ensure somewhat equal access to greenery
for all its citizens.

6.6.3 Preparation of Tree Inventory

Apart from the planned green spaces, avenue and median plantations also play an
important role in maintaining the green cover of the city. But taking a close look at
the prominent species involved will help in understanding the treescape (Table 6.6).
Intensive field survey in two phases (January—March, 2020 and August—October, 2020)
was carried out across the city, and on the basis of their canopy structure, characteristics
and predominant locational presence, classification has been done (Fig. 6.6).
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Classifying Urban Green Spaces of Kolkata Municipal Classifying Urban Green Spaces of Kolkata Municipal
Corporation Area based on EVI Values (1980) Corporation Area based on EVI Values (2000)

g Als A

Classifying Urban Green Spaces of Kolkata Municipal
Corporation Area based on EVI Values (2020)

3 L

& —

Fig. 6.5 Classifying urban green spaces based on EVI values (1980-2020), Kolkata, West Bengal,
with the help of satellite imageries of Landsat 3, 5 and 8 for 1980, 2000 and 2020, respectively.

In a city like Kolkata where automobile pollution and dust smoke are highly
prevalent, certain species are highly suitable and are commonly seen like Sirish/rain
tree (Samanea saman), white Sirish (Albizia procera), Indian Sirish (Albizzia
lebbek), Bael/wood apple (Aegle marmelos), Palash/flame of the forest (Butea
monosperma), Bakul/Spanish cherry (Mimusops elengi), etc. However, an attempted
detailed inventory would help in having a clearer overview (Fig. 6.7).

e —
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Fig. 6.6 A. Borough-wise population density of Kolkata Municipal Corporation Area with
corresponding park distribution; B. skewed park presence and high population density leading to
unsatisfactory person-park ratio in Kolkata Municipal Corporation Area. Data Source: Kolkata
Municipal Corporation 2020

6.6.4 People’s Perception on Urban Greenery

UGS assists in various primary functions mostly preservation and nourishment of
natural processes like the biogeochemical cycles, sustenance of flora and fauna and
upkeeping of mental health through remodelling and enhancement of the appearance
of any area. Theoretically, among the academicians, there is a consensus that
increased citizen involvement in urban forestry initiatives will increase its efficacy.
To facilitate such involvement for the state of Pennsylvania, Thompson et al. (2005)
recommended techniques like stakeholder mapping, key informant interview and
snowball sampling. To further investigate the matter of citizens' concern for urban
greenery and the resultant municipal eagerness to involve locals in urban forestry
initiatives of various municipalities have been studied. Scholars like Reeder and
Gerhold (1993), Ricard (1994) and Kuhns et al. (2005) tried to gauge about the
perception of both the stakeholders and mostly highlighted a gap indicating lesser
empowered role of the citizens in terms of decision-making involving wise-
practices, management, budgetary allocation, etc. In case of Indian cities, such
studies are conspicuous by their absence.

The dendrogram represents the relationship of similarity among the response
collected from the primary survey (Fig. 6.8). The diagram has four clades with seven
leaves. The height of the dendrogram indicates the order in which the clusters were
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Table 6.6 Treescape of Kolkata City, West Bengal, India

Trees with roundish crown

Scientific Common name Location

name

Mimusops Bakul Avenue plantation

elengi

Azadirachta Neem Avenue plantation and private garden

indica

Neolamarckia | Kadamba/burflower | Avenue plantation

cadamba

Ficus religiosa | Peepal/Bodhi Avenue plantation, exceptionally beneficial for carbon

storage

Swietenia Spanish mahogany | Avenue plantation

mahagoni

Terminalia Arjun Avenue plantation

arjuna

Mangifera Mango Avenue plantation and private garden
indica

Trees with umbrella-like crown

Scientific Common name Location

name

Ficus Banyan Parks

benghalensis

Lagerstroemia | Banaba/Pride of Median plantation with ornamental flowers
speciosa India

Thespesia Indian tulip tree Avenue plantation

populnea

Delonix regia

Gulmohar/flame tree

Though popular as avenue plantation is highly suscep-
tible to strong winds and thus more suitable for parks
and private garden providing vibrancy

Alstonia Saptaparni/Devil’s Though popular as avenue plantation is highly suscep-

scholaris tree tible to strong winds and thus more suitable for parks
and private garden

Sterculia Wild almond tree Scattered avenue plantation

foetida

Samanea Rain tree Avenue plantation

saman

Tamarindus Tamarind Avenue plantation

indica

Averrhoa Kamranga/starfruit Median plantation

carambola

Eugenia Jamun Avenue plantation

operculata

Trees with columnar crown

Scientific Common name Location

name

Putranjiva Putranjiba/lucky Avenue plantation
roxburghii bean tree

(continued)
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Spathodea African tulip tree Ornamental purpose

campanulata

Peltophorum Copper pod Avenue plantation though susceptible to strong winds
pterocarpum

Terminalia Indian almond tree Avenue plantation though susceptible to strong winds
catappa

Bombax ceiba | Simul/silk cotton Parks

Swietenia Honduras mahogany | Parks

macrophylla

Alstonia Saptaparni/Chhatim/ | Avenue plantation

scholaris Blackboard tree

Ficus religiosa

Peepul/sacred fig

Avenue plantation

Diverse flowering trees

Scientific Common name Location

name

Cassia fistula | Amaltas/golden Brightening avenue scenario
shower

Bauhinia Kanchan/purple

purpurea orchard

Colvillea Kilbili/Colville’s

racemosa glory

Peltophorum Swarnachura/yel-

ferrugineum low flame

Spathodea Rudrapalash/foun-

nilotica tain tree

Jacaranda Nilkantha/blue

acutifolia Jacaranda

Grevillea Rupashi/silver oak

robusta

Source: Primary Survey (2020) and Sarkar (2016)

joined. The arrangement of the clades highlights the similarity among the leaves.
The greater the height of the branch, the greater is the difference. In this dendrogram,
seven basic questions were enquired regarding the surrounding green space, and thus
seven chunks were derived. In this diagram chunk, one which represents the distance
of park from home has been separated and is categorised as simplicifolious. The
separation of this category from the others indicates that most respondents were of
opinion that the green spaces are always not at walkable distance. As the distance of
the first parameter increases, it denotes a common general view of the respondents
that most parks are located at a distance that is often difficult to travel. The second
clade shows a separate branching highlighting people’s acceptance of aesthetic
values of the greenery. With people admitting to the need for the green space, the
recurring constructional works and growing urbanisation have made it difficult to
maintain the greenery. The third clade has three branching with a separated
branching highlighting the green space like parks for pets. Shading and privacy
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Fig. 6.7 Glimpses of greenery from across the city: A. Subhas Sarovar; B. Park Circus Maidan;
C. Southern Avenue; D. Maddox Square; E. Maidan; F. Elliot Park; G. KMC Park, Behala; H. Sarat
Bose Road; 1. Javadpur Yuba Sangha Ground

Distance of park from home

Aesthetic/recreational

Shading and cooling effect

Screening/privacy control

Pet friendly

Environment amelioration

Frequency of use

Fig. 6.8 Analysing the key factors for generating people’s perception on urban greenery. Source:
Primary Survey, 2020

issues show similarity indicating a dissimilarity with the first two parameters. People
are, however, less acquainted with environmental amelioration. Frequency of use is
often affected by the distance of the parks from the residences. This distance has
shown a separate branching indicating the most vital criteria for usage of green
space.

Through contingent valuation method (CVM), the annual recreational usage
value of UGS of Chandigarh was estimated to be around 120 million rupees taking
2002-2003 as the base year, and Willingness to Pay method indicated that mainte-
nance cost of the existing greenery per family per year agreed to pay little over
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150 rupees (Chaudhry 2006). In Kolkata also, it can be very well gauged that urban
greenspace can provide the least requirements of natural setting to avoid psycholog-
ical isolation of people from their immediate environment. The respondents have
opined that establishment of new parks, roadside plantation and adoption of mass
tree plantation programmes can be beneficial for developing urban greens. There has
been a positive attitude toward environmental development, its management and
protection. The optimal carrying capacity of the urban greens and recreational areas
can be improved if more trees are planted alongside the maintenance of the
greenspaces.

6.7 Discussion

6.7.1 Classifying Urban Greens

Like any other urban centre, urban greens in Kolkata comprise an extensive range of
different components — planted forests, parks, tot lots, woodland, street tree and
square plantings, avenue planting, green strip, cemeteries, private gardens, commu-
nity gardens, green roofs, playgrounds, sports complexes, green belts and so forth
(Helms 1998). According to Urban Development Plans Formulation and Implemen-
tation (UDPFI) Guidelines (Ministry of Urban Affairs and Employment 1996), the
percentage of this recreational space to total developed area needs to be 12—-14% for
small towns, 18-20% for medium and small towns and 20-25% in case of million
plus cities; but for the city concerned, it is only around 15%.

6.7.2 Urban Greens and Forests Within Kolkata

Tree plantation was initiated since the inception of Calcutta Municipal Corporation
in 1727 (Kolkata Municipal Corporation 2020). Initial tree plantation was mainly
adopted by the local residents, which soon gained importance. Planting of trees
along the streets of Kolkata officially started in the year 1869 (Goode 1916).
Thereafter, successive legislature made provisions to facilitate the planting of trees
within the city of Kolkata. In the early eighteenth century, Maidan and Eden Gardens
were created along with Dalhousie square and other large park and greens. Conser-
vators were appointed by the corporation during 1905 for maintaining the greens in
public places involving arboriculture (Kolkata Municipal Corporation 1997). In
1911, after the establishment of Calcutta Improvement Trust (CIT), the brainchild
of Lord Curzon, stressed on expansion and improvement of Kolkata and its sur-
roundings which mainly included parks and open spaces (Kolkata Improvement
Trust 2015).

Historical facts have suggested a fair share of vegetation cover in and around
Kolkata. The paleontological evidences of the peat depositions which was found at a
depth of 70 to 80 feet in and around Kolkata found in and around Kolkata at a depth
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of 72-82 feet have revealed the presence of both arboreal and non-arboreal pollen
types, the latter comprising both wild and cultivated grass of fluctuating concentra-
tions (Nair 1986). Studies have shown that the Sundari trees have been found in
different parts of Kolkata at the very initial stages. During 1702, the East India
Company had built floristic rich gardens encircling the ponds (Ghosh et al. 2013).
The growth of the city has been unplanned and haphazard, thus leading to clearing of
the green cover. The British period saw much of clearing of forest for expanding
settlement and construction of roads. During 1790, much of the forests were cleared
for giving a new cityscape for the then Calcutta (Ghosh 1988). The first detailed
documentation of vegetation of Kolkata was carried out by Benthal (1946), who
provided a comprehensive account about the location, characteristics and evolution
of the trees available (enlisting 276 varieties) in the then city and its neighbourhood.
At a later date, Ghosh (1991) and Ghosh et al. (2013) threw light on the status of
urban vegetation of Kolkata, highlighted the ecosystem services rendered by them
and compared the present situation with that of the Benthal’s time — identifying that
almost 56 species (21%) have disappeared from the city’s urbanscape and
emphasised on the need of conserving the species.

The largest patch of green which have been maintained since the colonial times is
the ‘Maidan’ area, central Kolkata, which is popularly referred to as ‘lungs of the
city’. The other prominent green spaces are Rabindra Sarobar Lake with its adjoining
greenery in Southern Avenue, Agri-Horticultural Society of India and Alipore
Zoological Garden in south Kolkata, the grounds of Raj Bhavan in central part of
the city and green patches in and around eastern Kolkata along East Kolkata
Wetlands (Dhali et al., 2019). Besides there are several parks and squares of varied
dimensions, but these cannot be really referred to as forests but mere UGS which
have been carved out. In case of the city of Kolkata, there is no official presence of
urban forest. But on a 1-kilometre stretch of land in south Kolkata between
Majherhat and New Alipore along the railway line spanning over two decades, on
personal initiative a lawyer, Mantu Hait planted around 30,000 trees, encompassing
over 250 varieties — mostly fruit-bearing ones (The Better India 2019).

Atal Mission for Rejuvenation and Urban Transformation (AMRUT) was
launched by the Ministry of Urban Development (MoUD) in June 2015 through
which initiatives were taken to develop green spaces within the cities aiming to
increase the green cover by 15% in a period of 5 years under the aegis of Urban
Local Bodies (Ministry of Housing and Urban Affairs 2019). The areas on which
Department of Municipal Affairs, Government of West Bengal emphasised were
sanctioning building plans of new housing, industrial and other related projects only
if they had a minimum provision of 15% of tree cover in the form of dedicated open
spaces and planation of trees along the driveways, creating sufficient nurseries for
good-quality planting stocks and also taking efforts in protecting the existing greens.
The scheme also noted that to improve the urban quality of life, recreational urban
forest can be developed in the peripheral areas identifying suitable large blocks of
land. Scholars like Teng et al. (2011) emphasised on integrated green space planning
involving recreation and conservation side by side. This sort of approach is needed
for Kolkata too to do away with the gross areal disparities and ensure somewhat
equal access to greenery for all its citizens.
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6.7.3 Identifying Loopholes in Existing Urban Greenery
Management Practices

Several steps have been taken by all stakeholders to improve the green quotient of
the city, but the yielded results have not been much promising. From the prolonged
field observations, quite a few glaring issues were identified:

Type of trees chosen. The policy of ‘right place, right tree’ needs to be followed
while selecting the tree species keeping few criteria in mind — fast-growing,
low-maintenance, wind-resistant, deep-rooted, robust ones are most appropriate
taking into account the varying soil and climatic conditions. But often, aesthetic
preference takes over the other important factors.

Spacing of trees. There is no stringent norm about tree spacing as it depends of the
tree species and the type of area where the plantation is carried out. However, for
avenue trees, the general convention is 10—12 m of spacing.

Unscientific pruning of trees. Regular pruning is done for the tree branches to
maintain a manageable height and also to make way for overhead utility lines, but
often it is done in a lopsided manner by untrained workers affecting the shoot ratio
for which the roadside trees are unable to stand strong winds.

Concretisation of pavements. Of late, a number of Urban Development Author-
ities and Urban Local Bodies have undertaken large-scale concretisation of pave-
ments which has resulted in restricted growing space of the root zone of a number of
roadside tress by first rendering them weak lives and consequently making them easy
prey for uprooting during norwesters or gusty storms, apart from damaging the
foothpath itself. If situation demands, pervious tiles can be used for the purpose
leaving the root zone uncemented.

Maintenance planning. It starts with creating nurseries from where economical
large-scale planting of selected species could be done. After planting of seedlings in
suitably soiled pits — regular watering and periodic manuring need to be done for
healthy growth; then constant supervision is essential for removal of parasites and
unhealthy branches. Modernised technology of transplantation of trees needs to be
emphasised more, trying to improve the survival rate, in urban areas where due to
large-scale constructional activities, often, full-grown trees are chopped off.

Involvement of stakeholders. Since all the burden cannot be borne by the gov-
ernmental agencies, there is need for private players to chip in in creation and
maintenance of urban parks too. In the new urban housing development, a part of
the project area and estimated project cost has to be earmarked for green landscap-
ing. Public participation is another aspect which is weak, active participation of
residents, large private landholders, engineering professionals and
non-governmental organisation are needed to play the role of catalyst to develop a
common vision and review the versions of the plan.

Lack of comprehensive documentation. There is dearth of detailed information
about UGS both quantitatively and qualitatively, regarding species type, age, recent
condition, etc. which stands in the way of further planning regarding urban greenery.
There is a dire need of an inventory of urban biodiversity for proper monitoring and
planning.
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To remove the above said obstacles, help of a central organisation might be
sought with experienced members who can advise the state and local agencies about
horticulture and landscaping. To maintain adequate green cover, ecological devel-
opment of the city has to imbibe certain conscious efforts from urban local bodies
even in some cases through legal provisions like imposing building codes, etc.

6.7.4 In Search of Amendments: Emerging Urban Forest
in the City Fringes

In 2020, on the occasion of World Environment Day, the Ministry of Environment,
Forest and Climate Change announced the Nagar van scheme to develop 200 Urban
Forests across the country in next five with governmental collaboration funded by
Compensatory Afforestation Fund Management and Planning Authority and
supported by people’s participation to nurture ‘lungs’ in congested urban areas
(Ministry of Environment, Forest and Climate Change 2020). For Kolkata, to mirror
such initiatives, open spaces were hard to come by in the main city, so the satellite
townships were the areas offering better living quality with probable planned green
spaces. Several such sub-cities have been proposed by Kolkata Metropolitan Devel-
opment Authority in The Perspective Plan of Kolkata which includes New Town,
Rajarhat, Bidhan Nagar (popularly known as Salt Lake), Kalyani, West Howrah, etc.
with large share of the land earmarked as UGS in the master plans. The planning of
UGS in New town became a key concept with the growing urban sprawl. It aimed at
connecting the greens at sector level and the neighbourhood through walkability.

New Town, Rajarhat, the fast-growing satellite city of Kolkata, is now referred to
as ‘Green City’ as it encourages an eco-friendly lifestyle in an urban area
maintaining the balance between urban development and environment (Ahern
1995). The 480 acre of land and 112 acres of water body have been transformed
into a well-maintained eco-park established in 2012. 99 different species of plants
are found in the eco-park including tropical tree garden, rose garden and bamboo
garden (West Bengal Biodiversity Board 2019). With an aim to increase the green
cover, the Housing Infrastructure Development Corporation (HIDCO) has planned
to set up an urban forest over an area of 7 acres of land in Action Area II. HIDCO and
New Town Kolkata Development Authority (NKDA) have been planning strategies
for plantation.

Urban afforestation and beautification have been continuing for a long period.
The government of West Bengal has considered a comprehensive Plan of Action to
meet the challenges of rapid urbanisation under the project ‘Green City Mission’.
The project aims at urban greening along with ‘Blue-ing’ by conserving water
bodies, waterfront greening and beautification (Urban Update 2020).

The tropical cyclone Amphan (16 May. 2020) shattered Kolkata with heavy rains
and strong winds uprooting more than 4000 trees (Times of India 2020), which made
the planners more concerned about the proper species selection for venue plantation;
to sustain the gusty storms, slender trees like rosy trumpet and foxtail are being
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preferred (The Telegraph 2021). Trees like neem, betel nut, coconut and palm were
considered for plantation. Besides, planting of grape fruits and guava on open lands
was also decided by NKDA (Millennium Post 2020). About 3738 trees have been
restored in New Town, and the State Pollution Control Board has also taken the
initiative to plant 2000 trees on HIDCO land emphasising on species like neem,
arjun, palash, kadamba and Ashoka (Times of India 2020). Slender and flexible trees
have been planted in New Town. Palm, cherry blossom and coconut trees, which are
less likely to topple down, have been planted along the median divider and side-
walks. HIDCO along with the forest department has come up with plantation
planning in New Town where considering the soil character, two types of plantation
have been sought of, one resilient to storms and the other to air pollution.

New Town has come up with the unique idea of creating an urban man-made
forest for a sustainable environment and which enables urbanites to connect with
nature (Fig. 6.9). The initiation of creating an urban forest over 4 acres of land near
Tall Tree nursery, Rajarhat has been taken by HIDCO along with the NGO Green for
Life Foundation and the Forest Department. More than 700 trees have been planted
which included saplings like Bokul, Krishnachura, Akashmoni, Neem, etc. A fair
number of rubber trees have been planted. Over 8000 trees have been planted which
will make a huge difference in absorption of carbon dioxide and help in wildlife
conservation (Biswas 2018).

6.8 Conclusion

The rapid and uncontrolled urbanisation is the major source of the environmental
degradation and decline in the green spaces within the city of Kolkata. Unparalleled
population growth, changing climate, migration and expansion of infrastructure
translate the green scenario of the urban areas. This research work is thus a snapshot
of the effects of land use-land cover change and the continuous decrease in the urban
green space within the city hindering the sustainable urban development. Green
spaces are an indispensable component of a built environment. The presence of
green spaces is an indication of better health and social wellbeing which also helps in
controlling climate change (Tu et al. 2016). Thus, protecting and preserving the
greenery within the urban city is of utmost necessity.

In the developing countries, there are extensive areas where low-income residents
live in congested neighbourhoods without much option of open or green spaces; so,
provision of green walls and roofs can help in cooling the microclimate of the area.
Curtis et al. (2014) flagged caution about the tree species emitting Biogenic Volatile
Organic Compounds (BVOCs), but Singh et al. (1998) pointed out that in Indian
cities, there are several such ornamental avenue trees which emit isoprene
(a common VOC), and those need to be omitted from future plantation programmes.
While shortlisting the suitable species, Air Pollution Tolerance Index (APTI) and
Particulate Abatement Capacity (PAC) can be used as important indicators espe-
cially for roadside plantations to abate the air pollution preferring species like Ficus
benghalensis, Mangifera indica and Carissa carandas (Kuddus et al. 2011).
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Fig. 6.9 Growing urbanising trend identified with the help of Google Earth images (A, B, C) of
2000, 2010 and 2020 corroborating the presence of distinct green cover along with the marked
presence of Eco Park in New Town, Rajarhat area

The management of urban green spaces which are constant under the scrutiny of
the public eye needs to be transparent and efficient. But a lack of up-to-date detailed
inventory of urban forests and other greeneries in the cities often leads to insufficient
financial allocation for maintenance and further expansion. To increase the urban
green space, integration of green patches has to be made at different levels following
a certain hierarchy; in the master plans of cities, maintenance of ecological balance
has to be prioritised with provisions for green belts-corridors and social forestry in
the derelict lands. To reduce the impact of air pollution due to heavy traffic,
regulated, selective greening of transport corridors may be attempted. As per
Town and Country Planning Organisation (2014), the ones which are recommended
to be highly avoided for urban planation are the ones with weak stem which are
prone to easy breakage during windstorms and cause accidents like Eucalyptus and
the thorny varieties which might cause injury to the children and lead to tyre
leakages.

On the 4th of July 2016, the concept of Green City Mission for Kolkata was
approved by the Urban Development and Municipal Affairs Department. The main
areas of concern for it were to increase green areas, conserve water bodies and
beautify public spaces. The schemes were widely accepted by the Urban Local
Body, but the issue of maintaining the assets has been widely debated as most of
these greening schemes are not revenue generating. The scope of involvement of
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private players is being thought of through development of theme parks (New Town
Kolkata Developmental Authority 2019).

As per guidelines of UDPFI, Government of India, protection of open spaces is of
utmost importance from ecological and social perspectives. The current metropolitan
development plans include mandatory green spaces within their schemes. The urban
greenery models can be modified to suit the context of the city of Kolkata, India, in
planning patches and stretches of urban forestry keeping the balance between
developmental needs and environmental concerns. Proposals have been there for
establishing a separate section dealing with urban forestry within the designated
forest regulating authority for better management.

But there has been a kind of lack of comprehensive planning for urban forestry in
developing countries like India, and especially for Kolkata, there is lack of detailed
urban forestry-related database and research which puts the city in a tight spot
(Pataki et al. 2011). Besides, there is inadequate financial support, nominal budget-
ary allocation and bureaucratic red-tapeism for urban forestry programme which
pose a problem for systematic expansion. If the ecological services provided by the
urban forests can be tapped, then the promised economic return will augment the
municipal investment in this green infrastructure (Sharma et al. 2009). There is lack
of skilled researcher in the said field for which networking with seasoned academi-
cians would help in streamlining the programmes of urban forestry.

Moreover, in a diverse megacity like Kolkata, it becomes fairly tough to find
space for development of urban greens. Rapid urbanisation coupled with the
increasing population is making the situation tough as green spaces are at the
verge of extinction. The paper has been an attempt to assess the urban green space
scenario of the city of Kolkata along with a treescape and person-park ratio. A
skewed distribution from person-park ratio can be identified which might help
planners increase the number of parks where the ratio is less favourable. The
methodology also highlights the area where vegetation cover is showing a declining
trend, thus indicating a risk zone. This might help the planners allocate the resources
accordingly. The treescape is a tool that might help planners focus on green assets of
the city and consequently plan the strategies. The ease of computation makes it
advantageous for easily adopting this method by planners and policymakers for a
sustainable development.

The urban environment is continuously developing and growing. Urban greening
has become incredibly important for various reasons. Urban forests are fundamen-
tally human dominated, and therefore, the role of human beings is critical. The level
of education and environmental awareness of the urban residents play a major role in
determining the composition, management and overall development of urban forest.
Thus, urban greenery development not only relies on technology and investment but
largely depends on the attitude and involvement of the residents. Registering and
intermittent monitoring of urban trees besides expansion of green spaces, while
formulating infrastructure-related policies, can improve the urban forestry status.
Thus, nurturing community-based programmes might be beneficial. The perception
study highlighted people’s willingness to protect the green cover in the city.
Strengthening the green cover from household to neighbourhood to the city level
will lead to a stable environment.
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Chapter 7 ®)
Forest Resource Scenario <
in Industrial Town: A Study
of Asansol-Durgapur Region

Jaidul Islam, Partha Pratim Sarkar, Abdur Rahman, and Ram Avtar

Abstract Indisputably forest is one of the most significant natural resources and
one-third of the land area of India is covered by forest which not only contributes
extensively to the social and economic well-being of the rural people but also assures
the sustainable growth of urban development through the preservation of the urban
environment. However, in recent times, forests are being destroyed in the name of
development, and the conversion of woodlands to others is an acute problem in
India. At the same time, due to the lack of proper monitoring, these problems are
increasing day by day. Statistical data on forest cover in India demonstrates the fact
that - the destruction of forest cover largely depends on industrialization and
urbanization. Asansol-Durgapur region of India is experiencing industrialization
followed by urbanization in the last few decades. Though many studies have been
conducted on the urban and industrial growth of the Asansol-Durgapur region,
considering the importance of forest resources in the area. However, there is a
substantial research gap in the study of the forest resource scenario of the study
area. This study is an attempt to assess the forest resources management scenario of
the Asansol-Durgapur (Industrial towns) region using geo-spatial technology. To
conduct this study, satellite images of different periods for the study area have been
acquired and analyzed. Different vegetation indices (e.g. Normalized Difference
Vegetation Index, Soil Adjusted Vegetation Index), Land surface temperature
(LST) have been derived to understand the nature and dimension of forest cover
change in the study area. Supervised image classification of Landsat imageries from
1991 to 2021, measured the forest concentration in the study area, and correlated
with the LST. The results show the reduction of sparse vegetation area (—34.201%),
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protected forest (—6.504%), and cultivated land (—26.142%), in the last 30 years.
Similarly, maximum expansion is of opencast coal mining, industrial area, and, the
built-up area also observed in the study area. The result also reveals that the loss of
green area increases the surface temperature in Asansol and Durgapur industrial
towns. Both the Asansol and Durgapur regions have recorded an increase of
maximum and minimum land surface temperature from 31.64 °C to 39.64 °C and
18.83 °C to 24. °52 C respectively from 1991 to 2021. The overall study reveals that
the forest cover of the study area declined due to, urbanization, and industrialization
activities.

Keywords Forest cover change - Industrial town - Urban green space - Land Surface
Temperature

7.1 Introduction

Forest is, an important natural resource and the greatest charity of nature to human
civilization. It’s home to the maximum world’s terrestrial biodiversity (FAO and
UNEP 2020a, b). Benefits that are available from forest resources vary from fuel for
heating or cooking, raw materials for industrial needs, protection to watersheds to
enable hydroelectric generation, carbon sequestration, climate amelioration, soil and
water conservation, and recreation (Kumar and Saikia 2020). Besides, forest helps to
bring rain, provide a clean air supply for the living creatures (FAO 2015). Forest in
different forms is interlinked to a socioeconomic factor and sustaining ecological
services from the very beginning (Munsi et al. 2012). Considering the global forest
cover statistical data, it is observed that almost 31% of global land is covered by
forest, though forest cover is not equally distributed over different countries, around
66% of the total forest is found only in ten countries (FAO and UNEP 2020a, b).
Currently, deforestation has evolved as a very serious issue all over the
world (Sahana & Ganaie 2017; Sahana et al., 2018). The forest cover has been
changed due to several anthropogenic factors like furtive deforestation, overgrazing,
increasing agricultural, etc. (Barakat et al. 2018). In the name of development,
industrialization, and urbanization, forest covers are unconsciously or sometimes
consciously eliminated (Pokhriyal et al., 2020). The rate of deforestation can be
further correlated with the level of urbanization and industrialization in different
countries of the world (Cuba et al. 2014; Li et al. 2016). In a developed country, the
rapid rate of urbanization is the major cause of deforestation. In the case of
developing countries like India, the major problem of deforestation is due to the
rapid increase in population. Since 1990, approximately 420 million hectares of
forest cover have been pulled down and converted to other land cover types (FAO
and UNEP 2020a, b). Changes to forest cover can result in a variety of negative
environmental consequences (Fuwape 2003; Malek et al. 2015). Deforestation can
affect water balance and can increase the erosion rate, which directly affecting the
landslide activity (Ghimire et al. 2013). Besides, deforestation is threatening the
environment (Duguma et al. 2019), as it leads to a rise in the land surface
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temperature, soil erosion rate, flood frequency, etc.; (Zheng 2006; Laurance 2007)
decrease the rate of precipitation; affect the soil productivity; and ultimately creates
disequilibrium in the ecosystem (Saxena 2010).

India is a tropical country, and it is expected that in 2030, the population of India
will reach nearly 1.5 billion (Munsi et al. 2012). In India, the forest occupies
one-third of the Earth’s land area (FAO 2015). Whereas in West Bengal total forest
cover is 16847 sq. km which is 18.98 percent of the total geographical area (Forest
Survey of India 2019, MSME 2019). The economic history of the Paschim
Bardhaman district of West Bengal begins with industrialization where its two
sub-divisions namely Asansol and Durgapur earn widespread geographical popu-
larity, were previously a part of the Burdwan district. The historical tale of this
industrial district extensively revolves around its dense forested area, which was the
extended part of the forest area of the Dumka district of Jharkhand. This part
maintained the security of its forest cover until the discovery of Coal followed by
the industrialization in this area in the late 19th century (MSME 2018). Asansol
Durgapur Development Authority (ADDA) has acquired land of the district for
infrastructural development to promote industrialization and construction of the
industrial complex in the area (MSME 2019). Maximum industrialization of
Paschim Bardhaman took place along NH 02 of the Asansol and Durgapur region.
Industrialization in the Asansol Durgapur region leads to rapid immigration of
industrial skilled and unskilled labor which directly affects the pace of urbanization.
The vicious cycle of industrialization, population growth, and urbanization leads to
deforestation in the area. Like any other industrial town, the Asansol-Durgapur
region also badly suffers from the abolishment of forest cover for the rapid growth
of urbanization which changes the LULC pattern rapidly in the area (Choudhury
et al. 2019). The forests in this region are very fragmented. In the last three decades,
forest cover has been vulnerable only because of encroachment of the periphery for
settlement construction, road line formation, and alternation of land use due to the
population growth (Dutta et al. 2020). Nowadays, this region reported heat island
phenomenon due to the degradation of forest cover (Choudhury et al. 2019). The
huge destruction of the forest and deforestation due to mining and industrialization
has badly affected the lives of the people of this district (Mukhopadhyay et al. 2014).
The forest resource of Paschim Bardhaman district and the green density of Asansol
Municipal Corporation and Durgapur Municipal Corporation demands the spatial
attention of the researchers (Das et al. 2020; Rehman 2020). To assess the effect of
the shrinkage of urban green space over time in these municipal corporations is
relevant in the context of environmental sustainability and policy recommendation.

Many researchers have already noticed the problems of deforestation globally in
the late twentieth century. So, there is a wide range of literature available that deals
with forest cover change detection and environmental impact due to deforestation.
Being the apparent subject of sky-high prosperity along with economic advancement
due to rapid industrialization and flourishing urbanization, the Asansol Durgapur
region is implicitly a tragic victim of excessive deforestation. Hence, keeping in
mind the geographical importance of forests as well as the pernicious consequences
of the destruction of woodlands in the Asansol Durgapur region. This region has
been taken into account as the study area.
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The present work is an attempt to trace the actual scenario of forest resources of
the Asansol Durgapur industrial region and try to identify the changes of land
use-land cover from 1991 to 2021. At the same time, this work also tries to measure
the dynamics of urban green space and its eventual effect on urban land surface
temperature. This research provides a broad idea about the forest cover change and
its impact on the environment. Various researchers have done individual research on
forest loss and LST, but no comparative assessment has taken place in this study
area. In this study comparative assessment of two regions has been done, making this
paper even more significant. The paper finally strives to propose recommendations
on and policy suggestions for the sustainable persistence of forest cover in the area.

7.2 Study Area

Paschim Bardhaman is a predominantly mining and industrial district of West
Bengal formed on the 7th of April 2017 with a 1602.17 sq.km geographical area
from the erstwhile Bardhaman district (Govt. of West Bengal, 2021). The geograph-
ical extension of the district is 23°22/30” North to 23°53'59” North and 86°46'25"
East to 87°29’03' East (Fig. 7.1). This district is comprised of two subdivisions,
namely, Asansol and Durgapur, and eight blocks (MSME 2019). Paschim
Bardhaman district is bordered by Dumka district of Jharkhand and Birbhum district
of West Bengal in the north and northeastern side, whereas Bankura district and East
Bardhaman district are located in the south and southeastern part of the district. The
rivers Ajay and Damodar have encircled the district to the north and south
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Fig. 7.1 Location of the study area



7 Forest Resource Scenario in Industrial Town: A Study of Asansol-Durgapur. . . 167

respectively. The climate of this region is characterized by high temperatures in
summer, low to heavy rainfall in the monsoon. The maximum and minimum
temperature during the summer and winter periods is 44 °C and 05 °C. The average
annual rainfall of this region is 1408 mm (Choudhury et al. 2018). The soil
characteristics of this region are of three types, viz., lateritic ultisol, red and yellow
ultisol soil, and alfisols older alluvium soil. The maximum part of this region is
comprised of red and yellow types of ultisol soil (Ghorai et al. 2014). As already
mentioned, the district of Paschim Bardhaman is an industrial region, and around
50% of the land is used for non-agricultural purposes in the district. The district has
12% area under forest which is below ideal. The greater segment of this region is
covered with wet deciduous forest type where Sal (Shorea robusta) is categorized as
the principal species. Predominantly three types of forest are traced over this re,
including dry peninsula Sal forest, northern dry mixed deciduous forest, and dry
deciduous scrub (Champion & Seth 1968).

7.3 Materials and Methods

Landsat 5 TM and Landsat 8 TIRS-OLI satellite imageries acquired in 1991 and
2021 were used to analyze the dynamics of the forest cover of the Paschim
Bardhaman district. Detailed descriptions of satellite imageries are followed by the
USGS Landsat data manual (USGS 2019). Two different years, e.g., 1991 and 2021,
have been considered for this study, for understanding the change of forest cover.
LULC map has been prepared using supervised image classification using the
maximum likelihood technique. The Landsat data were classified into 9 classes
based on dominant LULC types. Classified images were validated using Google
earth image and field verification. Several research works are found to have different
types of vegetation indices (NDVI, SAVI, etc.) for assessing the health of vegeta-
tion, vegetation cover, etc. (Labib et al. 2020a, b; Janssen et al. 2018; Kriegler et al.
1969; Rouse et al. 1974; Huete 1988; Huang et al. 2021). This study has adopted two
indices, e.g., NDVI and SAVI, for measuring forest resources. To surpass the
influence of soil brightness on the Normalized Difference vegetation Index
(NDVI)), a Soil Adjusted vegetation Index (SAVI)) has been used in this study.
Field observation derived that there are so many spaces in the study area where
vegetation cover is very low; for those spaces, only NDVI is not sufficient to get an
idea about the forest cover; rather SAVI may open up the reality. LULC and NDVI
have been used to investigate the forest cover losses and forest degradation in the
protected area. For assessing the importance of urban green space on urban climate,
Land Surface Temperature (LST) has been calculated and correlated with the
NDVI (Yin et al. 2019). This gives an idea of how forest cover and LST changes
are taking place in the study area. The urban green space of Asansol Municipal
Corporation (AMC) and Durgapur Municipal Corporation (DMC) is also derived to
understand the natural cooling capacity of the area. The following flow chart
(Fig. 7.2) shows the logical progression of the work.
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7.3.1 Accuracy Assessment

Accuracy assessment is an important tool that helps to correct classification errors.
Consequently, an accuracy assessment index involved with a lucid description of the
sampling design (including samples volume and details of stratification), an errone-
ous matrix, every categorical area or proportion of the area according to the map and
narrative precision such as users, producers, and overall accuracy, is usually accom-
panied (Olofsson et al. 2013). Accuracy shows how closely the results are related to
the actual values. User’s and producer’s accuracy were derived by an error matrix of
referenced data. To check the validity, presumed random 100 sample sites have been
selected from Google earth and crosscheck them concerning the LULC map for
verification. Accuracy assessment has been done using the following equations:

_ Total number of correct samples
Overall accuracy (%) = Total number of samples

% 100 (7.1)

Producer s accuracy (%) = Dlagorg(l)lziie;;gommn x 100 (7.2)

Diagonal value of Row
Row Total

User s accuracy (%) = x 100 (7.3)

Another method for measuring the accuracy is kappa coefficient (K) (Foody
1992). The value of kappa varies from O to 1, where O (zero) represents the worst
and 1 (one) represents the best. K for 2 different years has been calculated for this
study to get the accuracy of the maps. This study has obtained a kappa accuracy of a
value above 0.85 for both years (Table 7.1). As per the suggestion made by kappa’s
value, beyond 0.85 represents excellent accuracy between those two images. Kappa
coefficient is derived by the following equation:

Za _
Kappa coefficient (K) = 1{—72?;]? (7.4)

where ‘a’ is Diagonal frequency

‘N’ is the total number of frequencies
Expected frequency (ef) is calculated using the following equation:

__ Row total x Column total

ef N

(7.5)
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7.3.2 Normalized Difference Vegetation Index (NDVI)

Several mathematical algorithms related to vegetation indices have been proposed
by various researchers for investigating the health of vegetation cover, nature of
forest cover change, distribution of forest, rate of deforestation, climatic change, and
its effect on vegetation and society (Keenan 2015; Huang et al. 2021; Ghebrezgabher
et al. 2016). NDVI is the simple band transformation of two bands — near-infrared
and red (E.7.6) (Kriegler et al. 1969; Rouse et al. 1974).

(NIR — RED)

NDVI = (R + RED)

(7.6)

7.3.3 Soil-Adjusted Vegetation Index (SAVI)

SAVlis considered a vital index to monitoring the green area. It is used to reduce the
impact of soil brightness reflectance in vegetation indices (Huete 1988). SAVI is
integrated as a modified method of NDVI to correct the effect of soil brightness
where vegetation is minimum and sporadic (Qi et al. 1994; Candiago et al. 2015).
Usually, this index depends on red and near-infrared bands, and the algorithm used
for SAVI is shown in (7.7) (Huete 1988).

(NIR — RED)

SAVI=RIR+RED £ L ©

(1 + L) (7.7)

where L is a constant. If L = 0, then SAVI = NDVI, in general, most of the cases
taken L = 0.5

7.3.4 Land Surface Temperature (LST)

LST is popularly used by various researchers for assessing the effect of forest
destruction and shrinkage of urban green space on urban heat islands (Kumari
et al. 2018; Sahana et al. 2019; Prevedello et al. 2019; van Leeuwen et al. 2011).
In this study, for the calculation of surface temperature, band 5 of TM sensor and
Band 10 and Band 11 of OLI/TIA sensor have been used (Sahana et al., 2016). This
study has also calculated LST based on NDVI with the following steps:

Step-1 Conversion Digital number to radiance

(Imax A — Imin A)
dx(Qcalmax — Qcalmin)

x (Qcal — Qcalmin) + / min (7.8)
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where LA = spectral radiance at the sensor’s aperture in (Watts/(m? X sr x pm));
Qcal = quantized calibrated pixel value in DN; LminA = spectral radiance scaled to
Qcalmin in (Watts/(m2 X st X pm)); LmaxA = spectral radiance scaled to Qcalmax
in (Watts/(m”> x sr x pm)); Qcalmin = minimum quantized calibrated pixel value;
and Qcalmax = maximum quantized calibrated pixel value.

Step-II Conversion Radiance to brightness (Temperature in degree Celsius)

K>

BT =ik, i+ 1)

(7.9)

where BT = brightness-temperature; K, = calibration constant 2(1260.56); O = cal-
ibration constant 1(607.76); 14 = spectral radiance in (Watts/(m>*sr* pm)
Step IlI: Calculation of LST:

LST = BT (7.10)

(1 + m(%) x In (e))

where BT = brightness-temperature; /1 = top of atmosphere spectral radiance
(Watts/(mz*srad*pm)); p = h*c/s = 14,380; and e = surface emissivity

e = 0.004 x pv + 0.986 (7.11)

2
PV — (NDVI + NDVImaX> (7.12)

NDVIn.x — NDVInin

7.4 Results and Discussion

7.4.1 Dynamics of Land Use and Land Cover

Supervised image classification technique was used for classification of Paschim
Bardhaman district for the years 1991 and 2021. Nine types of LULC classes were
identified in the study area i.e., fallow land, sand bar, sparse vegetation, opencast
coal mining, industrial area, cultivated land, water body, built-up area, and protected
forest. The statistics of land use-land cover change from 1991 to 2021 is summarized
in Table 7.2 and Fig. 7.3. In the year 1991, cultivated land has covered the maximum
area (910.88 sq.km, i.e., 56.34% of total area) followed by sparse vegetation
(307.36 sq.km, i.e., 19.01%) and built-up area (187.58 sq.km, i.e., 11.60%) in the
year 1991.

Land use-land cover of the study area has been remarkably changed from 1991 to
2021. Cultivated land continuously decreases but still covers the highest, i.e., 672 sq.
km, which is 41.66% of total land. The cultivated area lost 238.12 sq.km between the
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Table 7.2 Dynamics of land use-land cover in Paschim Bardhaman district

J. Islam et al.

1991 2021

Areain | % of areato total | Areain | % of area to total | Overall change
LULC class |sq. km |land use area sq. km | land use area 1991—2021
Fallow land 36.95 2.29 53.17 3.29 16.22
Sand bar 18.27 1.13 9.82 0.61 —8.45
Sparse 307.36 | 19.01 202.24 | 12.52 —105.12
vegetation
Opencast 21.93 1.36 85.21 5.28 63.28
coal mining
Industrial 18.66 1.15 51.7 32 33.04
area
Cultivated 910.88 |56.34 67276 | 41.66 —238.12
land
Water body 24.65 1.52 30.29 1.88 5.64
Built-up area | 187.58 |11.6 42445 |26.28 236.87
Protected 90.51 5.6 85.3 5.28 —5.21
forest

Source: Calculated by authors based on satellite imageries

Area in km2

Fig. 7.3 Changing pattern of land use-land cover during the year 1991 to 2021

LULC type

decades; this land use decreases from 910.88 sq.km in 1991 to 672.76 sq.km in
2021. The sparse vegetation and protected forest recorded a negative change of 6.49
and 0.32%, respectively, between 1991 and 2021 (Table 7.1 and Fig. 7.3). Besides,
the built-up area has recorded a huge increase (236.87 kmz) from 187.58 to
424 0.45 km? and presently it occupies ~26.58% of the total land area of Paschim
Bardhaman district.
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7.4.2 Spatiotemporally of Deforestation and Transformation
Forest Area into Other Land Use

To access the nature of deforestation and vegetation, LULC has been considered
(Lambin et al. 2001), and NDVI and SAVI also played a very important roles in
accessing the same. In the LULC, forest cover has been classified into two catego-
ries, namely, protected forest and sparse vegetation. The government of India
defined protected forest as “any forest-land or waste-land which, is not included in
a reserved forest but the property of Government, or the forest land which is
rightfully owned by the Government. The Government possesses the proprietary
rights of forest lands entirely or partially according to the Indian Forest Act, 1927”
(Gol 1927).

Whereas sparse vegetation is a combination of grass cover, planted tree cover,
street-side tree, gardens, shrub, etc. (Table 7.1 and Fig. 7.4c) depicts the forest
scenario of Paschim Bardhaman district for the years 1991 and 2021 which repre-
sents the high concentration of sparse vegetation along the southern portion of this
district for the successive decades. At the same time (Fig.7.4d) reflects the loss of
huge sparse vegetation in said portion of the district. This study finds 309.33 sq.km
sparse forest and 90.47 sq.km protected forest in 1991. The overall proportion of
sparse vegetation and protected forest area has been decreased with the expansion of

Fig. 7.4 Dynamics of land use-land cover and forest scenario (a) 1991, (b) 2021, (c) forest cover
1991, (d) forest cover 2021
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urban, industrial, and coal mining areas. Presently, the study area recorded
201.41 sq. and 85.52 sq. km sparse vegetation and protected forest, respectively
(Table 7.1). A minute look at the scenario can find that space which was previously
sparse vegetation has been converted into a built-up area (131.02 sq.km) followed by
cultivated land (54.29 sq.km), open cast coal mining (17.38 sq. km), industrial area
(12.10 sq.km), and fallow land (10.64 sq.km), respectively. The study reveals that
protected forest has lost its area; about 15.64 sq.km area converted into cultivated
land, followed by built-up area (6.73 sq.km), fallow land (1.18 sq.km), industrial
area (1.34 sq. km), etc. (Table 7.3 and Fig. 7.4c, d).

7.4.3 NDVI of the Study Area

NDVIis widely recognized in measuring forest health, greenness, the productivity of
the forest, and forest cover change (Meneses-Tovar 2011; Gandhi et al. 2015). Many
studies have been conducted based on NDVI to monitor the forest resources,
landscape changes (Janssen et al. 2018), forest degradation (Meneses-Tovar 2011),
etc. In this study area, NDVI value varies from —0.416 to 0.5539 in the year 1991
and from —0.758 to 0.482 in 2021.

The calculated NDVI for the study is further classified into four categories, i.e.,
very low, low, medium, and high. In the year 1991, it is observed that 12.03% area
was under dense forest having threshold value ranging from 0.172 to 0.656; and
maximum area (47.45%) comes under medium forest with the threshold value
ranging from 0.0795 to 0.171 (Table 7.4). Considering the NDVI value of 2021, it
is viewed that 11.762% area has been detected as dense forest (0.200-0.497) and
40% as a less dense forest with threshold value from 0.071 to 0.137, respectively
(Fig. 7.5a, b). Both the NDVI of 1991 and 2021 reveal that the proportion of non-
forested areas remarkably increased between the decades from 2.481 to 8.661%. In
association with this, the analysis also witnesses a rapid reduction of medium forest
(from 47.45 to 39.33%) and a slight decrease of dense forest from 12.03 to 11.762%.

In the case of Asansol Municipal Corporation, the calculated NDVI witnessed the
presence of stable dense forest over the period (Table 7.5). Table 7.5 further reveals a
slight change of forest cover recorded high NDVI from 26.85 to 20.09% over the
same period, and the change can further be correlated with the low NDVI which
recorded positive changes in the same decades. But when, the NDVI of Durgapur
Municipal Corporation (DMC) is considered (Table 7.6), the scenario is quite
different. The NDVI of DMC depicts proportionally rapid negative changes of
high NDVI which means the amount of healthy vegetation decreased remarkably
in the said period. The overall NDVI of the study area prevails the presence of
fragmented vegetation cover as the value of NDVI ranges from —0.1 to 0.6 (appar-
ently) which means there is no absolute healthy vegetation in the study area as the
NDVI value of 0.6-0.8 can be termed as the presence of healthy vegetation (Bhatta
2020) (Table 7.6).
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Table 7.4 NDVI of Paschim Bardhaman for 1991 and 2021

NDVI 1991 NDVI 2021
Class NDVI value Areakm® | Area % |NDVI value Area km® | Area %
Very low | —0.416 —0.0539 | 40.1121 2481 | —0.231-0.071 140.027 8.661
Low —0538-0.0794 614.884 38.031 0.0715-0.137 | 644.896 39.887
Medium | 0.0795-0.171 767.298 47.458 0.137-0.200 635.972 39.335
High 0.172-0.656 194.509 12.030 0.200-0.497 190.168 11.762

Source: Computed by the authors based on images analysis
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Fig. 7.5 Normalized difference vegetation index (a) 1991, (b) 2021; soil-adjusted vegetation index
(c) 1991, (d) 2021

Table 7.5 NDVI for Asansol Municipal Corporation for 1991 and 2021

NDVI 1991 NDVI 2021

Area in Area Area Area
Class NDVI value sq. km (%) NDVI value sq. km (%)
Very —0.3962-0.009545 16.8444 5.10 | —0.1188-0.066 22.1796 | 6.71
low
Low —0.009544-0.06779 | 69.606 21.07 | 0.06694-0.1203 | 86.2074 |26.09
Medium | 0.0678-0.1193 138.537 4193 |0.1204-0.1621 138.857 | 42.03
High 0.1194-0.193 88.704 26.85 |0.1622-0.2179 66.3813 | 20.09
Very 0.1931-0.5429 16.8768 5.11 |0.218-0.4733 16.7454 | 5.07
high

Source: Calculated by authors based on satellite image analysis
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Table 7.6 NDVI of Durgapur Municipal Corporation 1991 and 2021

NDVI 1991 NDVI 2021

Area Area in Area Area in
Class NDVI value km % NDVI value |km %
Very low | —0.333 to —0.0301 |13.1283 | 8.616 0.115-0.072 | 14.3028 | 9.387
Low —0.03-0.0501 43.6626 | 28.655 0.0721-0.127 |47.3062 |31.047
Medium | 0.0502-0.113 57.0519 |37.443 0.128-0.173 | 55.4183 |36.371
High 0.114-0.2 30.5721 |20.064 0.174-0.237 | 29.3895 | 19.288
Very 0.201-0.556 7.956 5.221 0.238-0.468 5.9397 | 3.898
high

Source: Calculated by authors based on the satellite image

Table 7.7 SAVI of Paschim Bardhaman for 1991 and 2021

SAVI 1991 SAVI 2021
Area Area Area Area

Class SAVI value (sq. km) (%) SAVI value (sq. km) (%)
Very —0.62 to —0.0744 19.3581 1.200 | —0.3469-0.1073 | 112.609 6.980
low

Low —0.0743-0.119 303.283 18.800 |0.1074-0.2059 640.929 39.730
Medium | 0.12-0.255 1027.64 63.702 |0.206-0.3001 661.305 40.993
High 0.256-0.829 262.916 16.298 |0.3002-0.7458 198.356 12.296

Source: Computed by authors based on image analysis

7.4.4 SAVI of the Study Area

Where vegetative cover is below average, due to the dominance of Soil brightness,
Soil-adjusted vegetation index (SAVI) is used to rectify the shortcomings of the
normalized difference vegetation index (NDVI). SAVI, a subject of Landsat surface
inference derived, is an outcome of a calculative ratio between the red and NIR
values with a soil brightness correction factor (L) associated with 0.5 to house most
land cover types (USGS 2020). L = 0 means dense vegetation cover, whereas L = 1
means no vegetation cover. In common parlance, in the time of deriving SAVI, L is
considered as 0.5 (Gilabert et al. 2002). NDVI and SAVI are more or less the same
indices, and in the case of the SAVI, only a constant value of “L” is added to the
denominator of the NDVI equation, and a multiplication factor (1 + L) is needed in
SAVI to maintain the bounded value (i.e., —1 to 1) of NDVI (Huete 1988). In the
present study, ground verification reveals the presence of bare ground which helps
determine the L factor as 0.5 for the calculation of SAVI. SAVI of the study area
both for 1991 and 2021 reveals a noticeable change of vegetation cover. The derived
SAVTI for the study has been categorized into four groups (Table 7.7). It is depicted
from the calculated SAVI that the proportion of high and medium values rapidly
decreased from 1991 to 2021. Table 7.7 reveals that the area with high and medium
SAVI decreased from 16.29 to 12.29% and 63.70 to 40.99% between the said
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Table 7.8 SAVI of Asansol Municipal Corporation for 1991 and 2021

SAVI 1991 SAVI 2021

Area Area
Class SAVI value sq. km Area (%) SAVI value sq. km Area (%)
Very —0.5888 to 16.659 5.011671 | —0.1782-0.1004 | 22.1832 6.673564
low —0.01813
Low —0.01812-0.1026 75.3543 | 22.66949 | 0.1005-0.1805 86.211 25.9356
Medium | 0.1027-0.1794 137.159 41.26273 | 0.1806-0.2432 138.856 41.77325
High 0.1795-0.2892 86.7789 |26.10645 |0.2433-0.3268 66.375 19.96817
Very 0.2893-0.8104 16.4529 4.949668 | 0.3269-0.7099 16.7454 5.037663
high

Table 7.9 SAVI of Durgapur Municipal Corporation 1991 and 2021

SAVI 1991 SAVI 2021

Area Area in Area Area in
Class SAVI value km % SAVI value km %
Very low | —0.495 to —0.0428 | 13.3578 | 8.767 —0.173-0.108 |14.3037 | 9.387
Low —0.0427-0.0714 41.5098 |27.245 0.109-0.19 43.308 |31.047
Medium | 0.0715-0.165 57.0132 | 37.420 0.191-0.259 56.4165 |36.371
High 0.166-0.295 31.6386 |20.766 0.26-0.355 29.3886 | 19.288
Very 0.296-0.829 8.8371 | 5.221 0.356-0.701 5.354 3.514
high

Source: Computed by authors based on image analysis

periods, respectively. The rapid decrease of high and medium SAVI and increase of
low and very low SAVI with the passes of time witness the phenomena of defores-
tation and land use change in the study area (Tables 7.8 and 7.9).

Considering the SAVI of Asansol Municipal Corporation (AMC), it is depicted
that very high SAVI value remains almost stable, but the high SAVI value recorded
remarkable negative change over the period (Table 7.8). The statistics of SAVI of
AMC also authenticate the statistics of NDVI for the same area. Both in the years
1991 and 2021, about 30% of the AMC area recorded negative SAVI which reveals
the presence of other than vegetation cover in the area. On the other hand, in
Durgapur Municipal Corporation, negative growth was also noticed in the case of
SAVI like NDVI. The vegetation pattern here changes over time. Very high vege-
tation has decreased to approximately 3% from 1991 to 2021 (Table 7.9). In the same
way, it is noticed that very low and low vegetation cover have increased by about
approximately 1% and 4%, respectively.
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Fig. 7.6 Land surface temperature in study area (a) 1991, (b) 2021

7.4.5 Spatiotemporally in LST

The spatial distribution of the temperature in the district of Paschim Bardhaman in
the year 1991 varies from 31.640 to 17.474 °C. The lowest concentrations of
temperature are found in the eastern, western, and northwestern sides of the district
both for the years 1991 and 2021 (Fig. 7.6a, b). At the same time, maximum
temperature is located in the southern and middle portions of the study area,
especially in the municipality area. The temporal variation of overall temperature
in the study area is remarkable; both the highest and lowest temperature recorded a
positive increase over time (Fig. 7.6a, b). The concentration of the highest and lowest
temperature of the study area can be correlated with the presence and absence of high
and low concentrations of vegetation cover as derived from the calculation of NDVI
and SAVI of the same area.

7.4.6 Comparison of LST Between AMC and DMC

The difference of change in LST between AMC and DMC has also been observed in
this study. These two areas have been selected because those two areas underwent
the highest rate of urbanization among all the areas of Paschim Burdwan and are
susceptible to a high rate of deforestation and various types of pollution which
makes them have altered LSTs. The highest temperature of the area increases to
40.915 from 31.640 °C, and the lowest temperature increases from 17.474 to
22.963 °C from 1991 to 2021.

In 2021, this region has recorded a huge increase in temperature which varies
from 40.91 to 22.96 °C. Considering the statistics of AMC and DMC, it is observed
that like the whole study area, both have recorded a noticeable increase in temper-
ature over the period. The average highest temperature in AMC and DMC increased
from 31.64 to 39.62 °C between the decades of 1991 and 2021. AMC has recorded
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the increase of average lowest temperature from 18.831 to 24.527 °C, whereas DMC
recorded a slightly minimum increase of average lowest temperature from 18.831 to
22.96 °C in the said period (Fig. 7.7c, d). From the discussion, the overall huge
increase of average highest and lowest temperature has been noticed. The average
increase of temperature can further be correlated with the rapid expansion of built-up
area, coal mine area, as well as lowing of forest cover and cultivated area. At the
same time, the pace of temperature increase may be considered as the warning for the
future development of the area.
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7.4.7 Urban Green Space of AMC and DMC

Urban green spaces are generally those public or private open spaces clothed with
scattered green plants in urban areas which offer the blessings of multifunctional
benefits directly or indirectly to the city dwellers and consumers (Manlun 2003).
Urban green space helps improve the quality of life in an urban ecosystem, partic-
ularly high densely populated countries like India (Chaudhry 2016).

Urban green spaces can also help maintain the water quality, reducing stormwater
runoff, reducing the heat island effect and sequestering carbon dioxide reducing air
pollution. So, green spaces in an urban the area is very significant from an environ-
mental point of view. WHO and FAO recommended norms for 9 square meters of
green open space per person in urban areas (Dhali et al., 2019; Kuchelmeister 2000);
but many Indian cities except Gandhinagar and Chandigarh already fall short of per
capita green space availability. In India, the rapid expansion of urban areas and the
increase of urban population caused lowering of green space. At present, the concept
of urban green space can be gained and managed by different models and remote
sensing techniques. Different researchers are using different indices such as NDVI,
LAI (Leaf Area Index), LST (Land Surface Temperature), and LSE (Land Surface
Emissivity) for understanding the condition of the urban green spaces as well as
different factors that would be related to urban green space. For the favorable
management of urban green space landscape ecological approach, integrated
approach, urban forest effect model, etc. are used. In common parlance, every
industrial town is highly urbanized, suffering for the space in those towns which
caused the removal of urban green space in those areas. A comparative analysis of
the two images shows that in both Asansol and Durgapur subdivisions, urban green
spaces are declining (Fig. 7.8). At the core region of the two cities, the presence of
trees is significantly observed very low. The study brings out that the green space of

a) b)

Fig. 7.8 Urban green space of (a) AMC and (b) DMC
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the cities is transformed into a buildup area over time. The main reasons behind these
changes in urban green space in the Asansol-Durgapur region have been identified
firstly as the rapid rate of urbanization secondly rapid economic development, and
thirdly huge population pressure. At present, the administration of these cities must
give prior importance to increasing the green cover of these cities to recover the
living environment as well as to stop further degradation of the same.

7.4.8 Correlation of LST with Urban Green Space Density
and NDVI

This study has been measuring the relation between the urban green space density of
Asansol Municipal Corporation (AMC) and Durgapur Municipal Corporation
(DMC) with LST and NDVI. The relation between urban green space density and
LST is negative for both the years 1991 (R2 = 0.027) and 2021 (R2 = 0.029),
respectively (Fig. 7.9a, b); the result also shows the negative relationship between
NDVI and LST. Whereas the relation between NDVI and LST in AMC is also
negative for 1991 (R* = 0.1453) and 2021 (R* = 0.1582), respectively (Fig. 7.9c, d).
Furthermore, in the case of DMC, the relation between urban green space density
and LST is also negative both in the years 1991 (R* = 0.0668 and) and 2021
(R* = 0.0251), respectively (Fig. 7.9a, b). From the above discussion, it is derived
that the LST is inversely proportional to urban green space. Similarly, in these
corporations, the urban green space is declining gradually leading to an increase in
LST.

Deforestation in the Paschim Bardhaman districts is mainly triggered by a few
anthropogenic activities. Expansions of urban and industrial areas are the most
responsible anthropogenic factors of forest cover reduction which have been
discussed in the following sections.

7.4.9 Growth of Urban Areas of Paschim Bardhaman
and Loss of Urban Green Space

The pace of growth of Asansol and Durgapur led to the formation of a second
metropolis within the state. Industrial and urban growth are mainly focused on these
two centers. These centers are undergoing a rapid transformation of intermediate
rural hinterland into urban. The swift urban growth of the Asansol-Kulti-Jamuria
region is the result of its geographical location, i.e., on the eastern bank of river
Barakar and the northern bank of river Damodar. Besides, the G.T. road, as well as
the Durgapur-Dhanbad railway linkage also adds extra momentum to the growth of
this region (ADDA 2010). More than 77% of its total population is urban comprising
about 2.4 million. About 88% of the erstwhile Bardhhaman district’s urban
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Fig. 7.9 Correlation between green density and LST DMC and AMC (a) 1991, (b) 2021;
correlation between NDVI and LST (¢) 1991, (d) 2021

population resides in the ADPA (Asansol Durgapur Planning Area) according to the
2011 census (Chaudhuri 2001).

A remarkable expansion of settlement areas has been observed in the Paschim
Bardhaman district. The expansion of built-up area from 1991 to 2021 has been
recorded from 187.58 to 424.45 km?, and presently it covers ~26.58% of the total
land area of Paschim Bardhaman district. Remarkable deforestation is recorded in
the Asansol, Raniganj, Andal, Jamuria-1, and Durgapur C.D. block. Moreover, AMC
and DMC also suffer from the lowering of green space. Asansol Municipal Corpo-
ration (AMC) is the 2nd largest urban center of West Bengal after Kolkata. AMC is
formed by the merging of erstwhile four municipalities, namely, Asansol, Jamuria,
Kulti, and Raniganj (MSME 2019) have recorded the tremendous growth of the
built-up area and the lowering of the green cover area. DMC emerged as an industrial
town during the second 5-year plan, in the time of development of basic industrial
development of this country after getting freedom from the colonial government and
due to rapid industrialization, the same problem of AMC also found here.
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7.4.10 Industrial Expansion and Reduction of Forest Cover

The district is renowned for its rich mineral base coupled with power sources. The
traditional industrial base in this district is principally founded by the supply of huge
indigenous coal resources. The rapid development of industries has been experi-
enced for the iron and steel industry, but recently engineering, coal-based chemicals,
and fertilizers are also found emerging at significant number. The main industrial
areas of this district are primarily located in AMC and DMC. A large reservoir of
coal and consequential extraction activities, favorable environment, and proximity to
ores have influenced large iron and steel industries to set up in this region. Besides,
other extraction-based industries like heavy engineering works, chemical industries,
distilleries, refractories, etc. have been set up here as well. Some of the most noted
are the IISCO plant in Kulti and Burnpur, Chittaranjan locomotive factory, Hindu-
stan cables factory in Chittaranjan, and Sen-Raleigh cycle manufacturing unit, etc.
(Basu 2018). However, over time, decline in the use of production technology has
led to the collapse of many significant manufacturing units. In recent times, both the
public and private sectors helped in strengthening the industrial climate by making
fresh investments. IISCO Burnpur has experienced a remarkable transformation after
its merger with Steel Authority of India Limited (SAIL). Apart from these sev-
eral, medium small-scale industries like private iron and steel plants, coal-based
plants are being set up here as well (ADDA 2010).

The rapid development of the large, medium, and small-scale industries requires
more land acquisition, availability of raw materials, infrastructure, e.g., roads and
railway networks, etc. Therefore, the conversion of forest land into other land use
especially into the industrial area has become an important environmental
issue (Rahaman et al., 2019; Ghebrezgabher et al. 2014). Moreover, deforestation
as a result of the rapid expansion of coal mining areas in this area has become
another significant anthropogenic activity causing the vulnerability of landscape
ecology and degradation of forest resources (Dutta et al., 2017).

7.5 Recommendation and Policy Suggestions

There is no panacea for the lowering of the green space in the study area, but a
holistic approach toward the same can minimize the problems to a great extent. As
the study area is highly urbanized and industrialized, overpopulation is a major
problem of the area. The expansion of the region in the fringe area in a planned way
can reduce the problem of overpopulation which indirectly reduces the further
lowering of green space. Besides, good governance can overshadow the lowering
of green space. If diffident existing provisions and new provisions can be
implemented to restrict the demolition of green cover in the area, it will automati-
cally rejuvenate the previous glory of the urban space. Replanting of few parts of the
area and replanting trees can act as a helpful measure for the same.
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7.6 Conclusion

It appears from the above discussion that the gradual decrease of green space in these
two major subdivisions directly affects the environment. Since Asansol and
Durgapur are two important industrial zones, the level of pollution in these two
areas is increasing at an alarming rate. This study also witnessed that urban green
space has a direct impact on the temperature of the urban areas as greater urban
density in association with lesser green density is the cause of greater land surface
temperature (LST) and vice versa in Asansol, as well as Durgapur M. Corp. Urban-
ization, which is occurring all over the world, and developing countries evidenced a
great surge in the urban population. Along with the development of the city, the
planner should increase the urban green space so that it can protect the dwellers from
various environmental issues. Therefore, this kind of research is much more signif-
icant especially from an environmental point of view. For future sustenance of
urbanites, these two municipal corporations have to conserve the urban green
space and increase the urban green space through tree plantation, social forestry,
urban forestry, etc. Though utmost dedication has been given to weed out this work,
this work is not free from lacuna. The pandemic situation caused by the COVID-19
virus hindrance us from getting present ground verification of the study area. The
present work can be concluded by emphasizing the need for continuous monitoring
of forest resources of the study area to ensure a sustainable environment for society.
Therefore, planning and deep research on urban green space for these industrial
urban areas are very essential.
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Chapter 8 ®)

Floristic Composition and Inventorization e
of Forest Resources in Some Selected Forest
Areas of Paschim Bardhaman District, West
Bengal, India

Saikat Mondal, Pinaki Chattopadhyay, Arnab Banerjee, and Debnath Palit

Abstract Forests are the treed-dominated Earth’s terrestrial ecosystem. Human
culture and forests both have positive and negative effects on one another. The
key focus of this study is to analyze the plant phytosociology and diversity of two
selected forest areas (Pardaha and Rupganj) of Paschim Bardhaman district, West
Bengal, India. The forest area is mainly affected by massive population growth, land
use shift in irrigated areas, and rapid urbanization in agricultural land, in recent
decades. The floristic composition and phytoclimatic attributes are certainly the most
important forest ecology research areas for the conservation, regeneration, and
protection of the forest. Floristic study of the two forest patches (Pardaha and
Rupganj) has shown that they have collectively accommodated as many as 101 dif-
ferent species under 89 different genera. The generic coefficient value, which is
about 88 percent, reflects the large range of biodiversity within the studied patches.
Azadirachta indica, Cassia siamea, Shorea robusta, Cynodon dactylon,
Clerodendrum viscosum, and Holarrhena antidysenterica can be considered as
very important plant species in terms of IVI, and these species can be utilized for
effective forest management. This chapter revealed the high resource potentiality of
the studied forest which can contribute to the economy and livelihood of forest
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dwellers. It also provides an insight into various forest-based resources of the
concerned region. The results reflect a tentative effort toward formulating
eco-floristic strategies for increasing and maintaining the forest patches addressed.

Keywords Forest - Phytosociology - Diversity - Generic coefficient - Livelihood

8.1 Introduction

Forests are vast reservoirs of species and habitat (Noble and Dirzo 1997). Human
activities on forest lands will have a significant impact on local, regional, and global
biodiversity, along with natural ecosystem viability and functioning (Kimmins
1997). Several forests are severely impacted by human activity, which necessitates
management intervention to ensure total biodiversity, production, and long-term
sustainability (Kumar et al. 2002). To analyze the diversity and resources of these
forests, it is necessary to understand species diversity and population structure
(Kumar et al. 2006). Most fundamental investigations in tropical natural environ-
ments, such as anticipating trends of species richness or understanding species
distributions, need a floristic inventory (Phillips et al. 2003). In many places of the
world, several research on floristic diversity have been performed. A great deal of
research is focused on inventory (Sagar et al. 2003; Padalia et al. 2004; Appolinario
et al. 2005). Apart from inventory, floristic assessment is also used to investigate the
impact of disturbance on regeneration (Kennard et al. 2002), as well as to track
changes in the environment (Sukumar et al. 1992). As a result, it’s no surprise that a
variety of researchers all over the world undertake floristic studies at various levels,
and a range of sampling and measuring approaches has been employed. Forests play
a vital role in the lives of forest inhabitants, contributing to their social and economic
well-being, as well as providing adequate livelihood alternatives and ecological
services. Forests are an important part of nature that provide a variety of ecosystem
services in both physical and intangible forms, including hardwood, fuelwood,
firewood, medicinal and aroma plants, and so on. Besides food and nutritional
security, rural and tribal peoples gather these items to meet their basic requirements,
which play a vital role in socioeconomic upliftment and livelihood security. Poor
farmers’ and indigenous peoples’ livelihoods, on the other hand, are intertwined with
a variety of forest products, which they sell on the market (Mukul et al. 2016).
Several scholars have calculated the proportion of tribal reliance on forests in
developing nations. According to Belcher et al. (2005), household income created
by forest resources is used for various consumptive purposes across the Asian
continent. For instance, 72.5 percent of families gathered forest-based timber, and
82.5 percent collected fuelwood for domestic use. Similarly, forest-dependent tribal
peoples in Nepal receive around 22 percent of total yearly household income from
forest-based resources (Baloch et al. 2015). In Jharkhand, firewood alone generated
50% of total family yearly revenue (Belcher et al. 2005). Furthermore, many works
have reported a significant role of different forest resources in improving the
subsistence of rural and tribal inhabitants (Akanni and State 2013; Angelsen et al.
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2014; Soe and Yeo-Chang 2019), and it is not limited only to livelihood creation but
also retains species richness and diversity, improves conservation efforts, and
intensifies ecosystem services (Areendran et al., 2020) such as soil enrichment and
climate security through carbon sequestration (Babbar et al., 2021; Jhariya and Singh
2020). Therefore, it enhances total soil-food-climate resilience, ensuring sustainabil-
ity and environmental equilibrium (Ndangalasi et al. 2007; Chidumayo and Gumbo
2013; Solomon 2016; Dao and Holscher 2018). As a consequence, these are some
potential instances of forest contributions to forest inhabitants’ livelihoods. So, we
can’t deny the multifarious role of forests in livelihood generation; however, we
can’t achieve the goal of maximum and quality production forest for livelihood and
sustainable development without emphasizing on sustainable utilization of forest
products. In this context, sustainable forest management (SFM) becomes a good
strategy that increases productivity as well as forest health (Yadav et al., 2022).

There are little or no research studies to address the floristic picture of forests in
the Durgapur forest region (Bhattacharya and Mukherjee 2006; Bouri and
Mukherjee 2011). This chapter aims to demonstrate the composition of flora and
species diversity pattern in two different patches of the Durgapur Forest Range, as
well as analyze the life form structure to gain a better understanding of the concur-
rent biological spectrum, which will aid in controlling the forest structure through
revegetation and effective management strategy of the forest. Moreover, in this
chapter, we also prepare an inventory of the different forest products extracted in
the region. This study, the first of its type in the area, describes and analyses floristic
composition as well as different non-timber uses of plants linked primarily with the
lives of forest dwellers. Accurate documentation of the forest’s plant resources is
required to ensure the conservation status of the studied forest and to enable
sustainable administration (Dutta et al., 2021). In this regard, understanding the
floristic composition, structure, and natural regeneration of the investigated forest
regions is essential. Ecological data acquired in this respect would be beneficial for
implementing sustainable forest management practices.

8.2 Materials and Methods
8.2.1 Study Area

The study was undertaken in Pardaha and Rupganj forest located in Paschim
Burdwan, West Bengal, India. The Pardaha forest is located between
23°32/49.29”N latitude and 87°19'23.34"E longitude (Fig. 8.1). The Rupganj Forest
is located between 23°32'1.37” N and 87°23'13.16"E. The nearest town to these
forests is Durgapur. This is a dry deciduous natural forest. The Rupganj forest is a
North Peninsular Dry Sal Forest of Purba Durgapur which is half artificial and half
natural. The climate of the Pardaha and Rupganj forest areas is tropical. The
temperature ranges from 34 °C to 45 °C in the summer and 8 °C to 15 °C in the
winter. Annual rainfall ranges from 120 to 150 cm. A red lateritic type of soil is
present in the selected study area. Various types of anthropogenic activities were
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Fig. 8.1 Location of the Pardaha and Rupganj forest in the context of India, West Bengal and (a)
Paschim Bardhaman District and a satellite imagery (Google Earth Pro) of the study area. (b)
Rupganj forest, (¢) Pardaha forest

performed in these forests such as fuelwood extraction and cattle grazing; a part of
these forests is used as agricultural land, and the other part is also used as dumping
areas.

8.2.2 Data Collection and Sampling

The inquiry was founded on primary data gathered over a 2 years’ survey in the
subject region. The quadrat technique was used to analyze the vegetation diversity
for 2 years (2018-2020). Throughout the research period, a floristic survey was
conducted to properly document and depict the plant species of the study sites. From
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2018 to 2020, frequent field visits were made to the Pardaha and Rupganj forests.
During the fieldwork, plant species were observed, some specimens were gathered,
and pictures were taken (Fig. 8.2). Plant species were identified by Cook (1996) and
Prain (1963).

For vegetation sampling, three locations representing diverse types of natural
forests and plantations were chosen. To quantify distinct strata, 30 quadrats
(1 x 1 m) were placed at each location. The size of the quadrat utilized in this
investigation was determined using Misra’s species-area curve technique (1968).
Individual plants, herbs, and trees were counted in each quadrat. Whitford’s index
was used to establish the pattern of distribution (Tripathi et al. 1991; Jhariya et al.
2012).

8.3 Data Analysis

Phytosociological characters like relative density, relative frequency, relative abun-
dance, and importance value index (IVI) were estimated for each layer of vegetation
(tree, herb, and shrub) following the methods of Misra (1968). The abundance-to-
frequency ratio was calculated to analyze the species distribution pattern (A/F)
(Curtis and Cottam 1956). Different diversity indices such as Shannon Wiener
diversity index (Shannon and Weaver 1963), Simpson’s index of dominance
(Simpson 1949), evenness (Pielou 1966), and species richness index (Marglef
1958) were estimated.

frequency of each species
total frequency

Relative frequency (RF) x 100

density of each species

Relative density (RD) total density

x 100

abundance of each species

total abundance x 100

Relative abundance (RA)

Importance value index (IVI) = RF + RD + RA

($—1

Species Richness (SR) = In ()

where § is the number of species and N is the total number of individuals in the
sample.
Shannon Wiener diversity index, (H') has been calculated as:

H' =" Si=pi Inpi

where pi represents the potential abundance of the ith species in the community.
Simpson’s index of dominance, (CD) has been calculated as:
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Fig. 8.2 Glimpses of the two studied forests and some plant species identified during the field
study. (a) and (b) field study and sample collection, (¢) Pardaha forest, (d) Rupganj forest, (e)
Holarrhena antidysenterica, (f) Mimosa pudica, (g) Synedrella nodiflora, (h) Tridax procumbens,
(i) Euphorbia hirta, (j) Oldenlandia corymbosa, (K) Ruellia tuberosa, (1) Lantana camara
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Fig. 8.2 (continued)
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CD =) Si= 1(Pi)’

where Pi is the same as for the Shannon Wiener diversity index.
Evenness index (e), has been calculated as:

€= HylogS

where H' is the number derived from the Shannon diversity index and S is the total
number of species.

8.4 Result

A total of 92 species belonging to 81 genera and 51 families were revealed during the
vegetation assessment of Pardaha forest (Table 8.1). Out of a total of 38 families in
the study area, the dominant families were Fabaceae (10 species) and Asteraceae
(10 species). 67 species belonging to 63 genera and 44 families were identified
during the vegetation assessment of Rupganj Forest (Table 8.1). Out of a total of
44 families in the study area, the dominant families were Asteraceae (7 species) and
Poaceae (5 species). Information on life span, life form, flowering, and fruiting time
of plants were recorded (Table 8.2). Raunkiaer (1934) provided a comprehensive
system of plant life form classification based on their adaptations for surviving the
unfavorable season. It can be distinguishing to phanerophytes, chamaephytes,
hemicryptophytes, cryptophytes, and therophytes. The comparison of the biological
spectrum of the Pardaha forest is presented in the graph in Fig. 8.3. The vegetation of
the study area showed the highest percentage of phanerophytes (40%); other groups
of life forms in order of importance are therophytes (36%), chamaephytes (12%),
hemicryptophytes (11%), and cryptophytes (1%) (Fig. 8.3). A summary of phyto-
sociological data is summarized in Tables 8.3, 8.4, 8.5, 8.6, 8.7, and 8.8. In the
Pardaha forest, Cassia siamea exhibits the highest IVI (68.94). In the Rupganj forest,
Shorea robusta exhibits the highest relative density and IVI (44.49 and 96.76,
respectively). The clumped type distribution pattern was observed in most of the
plant species in the selected forest areas (>0.5).

Table 8.1 Enumeration of different layers of vegetation in Pardaha and Rupganj forest

Pardaha Rupganj

Tree Herb Shrub Total Tree Herb Shrub Total
Family 14 21 16 51 08 21 15 44
Genus 16 44 21 81 08 39 16 63
Species 19 49 24 92 09 41 17 67
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Table 8.2 List of life spans, life forms, and flowering-fruiting times of plants occupying in Pardaha

and Rupganj forest

Plant species Life span Life forms Flowering and fruiting time
Abrus precatorius Perennial Phanerophyte September—December
Abutilon indicum Annual or Chamaephyte January—April and September—
perennial December
Acacia Perennial Phanerophyte January—February and August—
auriculiformis December
Acalypha indica Annual Therophyte June—October
Achyranthes aspera | Annual or Therophyte January and November—December
perennial
Aegle marmelos Perennial Phanerophyte May—-August
Ageratum conyzoides | Annual Therophyte January—February and
November—December
Albizia lebbeck Perennial Phanerophyte January—March and October—
December
Allophylus cobbe Perennial Phanerophyte
Alstonia scholaris Perennial Phanerophyte January and October—December
Alternanthera Perennial Chamaephyte January—December
ficoidea
Alysicarpus Annual Phanerophyte June—August
ovalifolium
Amaranthus Perennial Therophyte January—December
spinosus
Amaranthus viridis Perennial Therophyte January—December
Andrographis Annual Therophyte November—December
paniculata
Anisomeles indica Perennial Therophyte May—October
Argemone mexicana | Annual Phanerophyte January—February
Azadirachta indica Perennial Phanerophyte March-July
Blumea lacera Annual Therophyte January—March and November—
December
Boerhavia diffusa Perennial Phanerophyte June—September
Borassus flabellifer | Perennial Phanerophyte March-May
Calotropis procera Perennial Chamaephyte January—December
Cassia fistula Perennial Phanerophyte March—June
Cassia siamea Annual Therophyte May—August
Cassia sophera Perennial Therophyte October
Cassia tora Annual Therophyte August-December
Chrysopogon Perennial Chamaephyte July—September
aciculatus
Cleome viscosa Annual or Therophyte June—October
perennial
Clerodendrum Annual Therophyte July—October
viscosum
Cocculus hirsutus Perennial Phanerophyte July—October
Perennial Phanerophyte

(continued)
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Table 8.2 (continued)

S. Mondal et al.

Plant species Life span Life forms Flowering and fruiting time
Combretum January—June and November—
roxburghii December
Crotalaria juncea Annual Therophyte May—September
Crotalaria pallida Annual or Therophyte December
perennial
Croton Perennial Therophyte January—December
bonplandianum
Cynodon dactylon Perennial Hemicryptophyte | May—September
Cyperus esculentus Annual or Hemicryptophyte | May—June
perennial
Cyperus rotundus Perennial Cryptophyte January—December
Dalbergia sissoo Perennial Phanerophyte January—December
Eclipta alba Annual Therophyte January—December
Elephantopus scaber | Perennial Therophyte August—October
Eragrostis tenella Annual Hemicryptophyte | March—June
Eupatorium Perennial Chamaephyte January—December
odoratum
Euphorbia hirta Perennial Chamaephyte September—December
Ficus hispida Annual Phanerophyte
Ficus religiosa Perennial Phanerophyte January—May and November—
December
Gamochaeta Annual Therophyte January—December
coarctata
Gomphrena serrata | Perennial Therophyte January—December
Heliotropium Annual Phanerophyte January and November—December
indicum
Holarrhena Perennial Hemicryptophyte | February—June
antidysenterica
Hybanthus Perennial Therophyte October—December
enneaspermus
Hyptis suaveolens Annual Therophyte January and August-December
Ilex sp. Perennial Phanerophyte February—March
Kyllinga nemoralis Annual Therophyte February—June
Lantana camara Annual or Phanerophyte April-October
perennial
Lathyrus sativus Annual or Phanerophyte January—April and September—
perennial December
Leonotis viscosum Annual or Therophyte July-November
perennial
Ludwigia perennis Perennial Phanerophyte June-December
Madhuca longifolia | Perennial Phanerophyte March—April
Mangifera indica Perennial Phanerophyte February—July
Melochia Annual Hemicryptophyte | June-December
corchorifolia
Mimosa himalayana | Perennial Phanerophyte February—July

(continued)
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Table 8.2 (continued)

Plant species Life span Life forms Flowering and fruiting time

Mimosa pudica Perennial Hemicryptophyte | September—December

Murraya koenigii Perennial Phanerophyte January—March and November—

December

Murraya paniculata | Perennial Phanerophyte June—October

Ocimum gratissimum | Annual Chamaephyte September—October

Oldenlandia Perennial Hemicryptophyte | February—May

corymbosa

Oldenlandia Annual or Hemicryptophyte | July-December

herbacea perennial

Parthenium Perennial Therophyte August—October

hysterophorus

Peristrophe Perennial Phanerophyte March-December

bicalyculata

Phoenix acaulis Annual Phanerophyte January—December

Phoenix sylvestris Perennial Phanerophyte January and May-December

Physalis minima Annual Therophyte January and September—

December

Polyalthia longifolia | Perennial Phanerophyte April-June

Portulaca oleracea Annual Hemicryptophyte | September—December

Prunus laurocerasus | Perennial Phanerophyte April-May

Ricinus communis Perennial Therophyte August—-November

Ruellia tuberosa Perennial Therophyte April-June

Saccharum ravennae | Perennial Hemicryptophyte | September—December

Scoparia dulcis Annual or Therophyte September—December
perennial

Sesbania cannabina | Annual or Phanerophyte April-September
perennial

Setaria viridis Annual Hemicryptophyte | January—December

Shorea robusta Perennial Therophyte April-May

Sida cordifolia Annual or Therophyte October—December
perennial

Sida longifolia Annual or Therophyte October—December
perennial

Sida rhombifolia Annual or Therophyte October—December
perennial

Solanum nigrum Annual Chamaephyte July—September

Solanum Annual Chamaephyte July—September

xanthocarpum

Sonchus oleraceus Annual Chamaephyte July—September

Synedrella nodiflora | Annual or Therophyte February—June
perennial

Syzygium cumini Perennial Phanerophyte February—June

Tamarindus indica Perennial Phanerophyte June—September

Tectona grandis Perennial Phanerophyte June—September

(continued)



202 S. Mondal et al.

Table 8.2 (continued)

Plant species Life span Life forms Flowering and fruiting time
Tephrosia purpurea | Annual or Chamaephyte April-May
perennial
Terminalia arjuna Perennial Phanerophyte July—September
Tridax procumbens Perennial Therophyte August
Triumfetta Perennial Therophyte June—August
rhomboidea
Urena lobata Perennial Chamaephyte June—August
Ziziphus mauritiana | Perennial Phanerophyte April-October
Ziziphus oenoplia Perennial Phanerophyte April-October

= Chamaephyte

= Cryptophyte

= Hemicryptophyte
Phanerophyte

= Therophyte

40%

Fig. 8.3 Graphical representation of different life forms of the plants available in Pardaha and
Rupganj forest

There was a variation among tree, herb, and shrub species as per the Shannon-
Weaver diversity index (Table 8.9). In both research areas, herb species have a
higher diversity than other forms of vegetation. The Simpson Dominance Index, or
concentration of dominance, shows variance among the vegetation strata. In both the
forests, the Evenness index and Margalef index for species richness reveal hetero-
geneity among distinct vegetation strata. The highest species richness and heteroge-
neity were observed for the herb layer. The plant species in these two studied forests
produce flowers and fruits around the year. Most of the species’ flowering and
fruiting time is between July and October. The selected forest of this study com-
prised a large number of economically important plants and used for various
purposes such as medicine, food, timber, and ornamental plants (Table 8.10)
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Table 8.3 Phytosociological analysis of tree species in Pardaha forest
Sl. no. | Species Family RD RA RF A/F IVI
1 Acacia auriculiformis | Mimosaceae 6.67 5.49 9.17 |0.05 21.33
2 Aegle marmelos Rutaceae 2.92 4.00 5.50 |0.06 12.42
3 Albizia lebbeck Mimosaceae 1.25 3.43 275 0.1 743
4 Alstonia scholaris Apocynaceae 2.5 5.15 3.67 |0.11 11.32
5 Azadirachta indica Meliaceae 34.17 | 12.79 |20.18 |0.05 67.14
6 Borassus flabellifer Arecaceae 0.83 343 1.83 |0.15 6.09
7 Cassia fistula Fabaceae 1.25 5.15 1.83 0.23 8.23
8 Cassia siamea Fabaceae 32.5 8.92 |27.52 |0.03 68.94
9 Dalbergia sissoo Papilionaceae 3.75 7.72 3.67 |0.17 15.14
10 Ficus hispida Moraceae 1.67 4.57 2775 10.13 8.99
11 Ficus religiosa Moraceae 0.42 343 092 |03 4.76
12 Madhuca longifolia Sapotaceae 0.42 343 092 |03 4.76
13 Mangifera indica Anacardiaceae 1.67 4.57 275 10.13 8.99
14 Phoenix acaulis Arecaceae 1.67 4.57 275 10.13 8.99
15 Polyalthia longifolia Annonaceae 0.42 3.43 092 |03 4.77
16 Syzygium cumini Myrtaceae 3.33 5.49 459 10.096 |13.41
17 Tamarindus indica Fabaceae 0.83 6.86 092 0.6 8.61
18 Tectona grandis Lamiaceae 2.5 4.12 4.59 10.07 11.20
19 Terminalia arjuna Combretaceae 1.25 3.43 275 0.1 743
Table 8.4 Phytosociological analysis of tree species in Rupganj forest
Slno. | Species Family RD RA RF A/E | 1VI
1 Acacia auriculiformis | Mimosaceae 8.13 | 10.61 9.99 [0.08 |28.75
2 Aegle marmelos Rutaceae 11.00 |12.76 |11.25 [0.09 |35.02
3 Azadirachta indica Meliaceae 2536 | 11.51 |28.75 [0.03 |65.62
4 Dalbergia sissoo Papilionaceae 1.44 7.49 249 [0.23 |11.43
5 Phoenix sylvestris Arecaceae 0.96 9.99 1.25 (0.6 12.19
6 Phoenix acaulis Arecaceae 3.35 | 11.65 375 (0.23 |18.75
7 Shorea robusta Dipterocarpaceae | 44.49 |16.01 [36.25 |0.03 |96.76
8 Syzygium cumini Myrtaceae 431 |14.98 375 (0.3 23.04
9 Terminalia arjuna Combretaceae 0.96 4.99 249 [0.15 8.45
8.4.1 Economic Values Plants

The two studied forests comprised a large number of economically important plants
and used for various purposes such as medicine, food, timber, and ornamental plants
which are described in Table 8.10, and the long-term usage of which may create a
path for the indigenous people’s economic well-being.
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Table 8.5 Phytosociological analysis of different herb species in Pardaha forest

S. Mondal et al.

S. No. | Species Family RD RA |RF |AF VI

1 Abrus precatorius Fabaceae 046 |221 049 |045 3.16
2 Acalypha indica Euphorbiaceae 0.85 |1.16 |[1.72 |0.07 3.72
3 Achyranthes aspera Amaranthaceae 2.38 253 221 |0.12 7.12
4 Alternanthera ficoidea Amaranthaceae 431 |343 294 |0.12 10.68
5 Alysicarpus ovalifolium Fabaceae 0.69 |1.65 [098 |0.17 3.33
6 Amaranthus spinosus Amaranthaceae 0.38 |1.84 [0.49 |0.38 2.71
7 Amaranthus viridis Amaranthaceae 1.00 1239 098 |0.24 4.37
8 Andrographis paniculata | Acanthaceae 3.00 | 1.69 |4.17 |0.04 8.85
9 Blumea lacera Asteraceae 146 233 |1.47 |0.16 5.26
10 Boerhavia diffusa Nyctaginaceae 0.54 |1.72 10.74 |0.23 2.99
11 Cassia tora Fabaceae 0.69 |1.65 1098 |0.17 3.33
12 Chrysopogon aciculatus Poaceae 1.15 | 1.58 |1.72 |0.09 4.45
13 Sida cordifolia Malvaceae 4.69 345 3.19 |0.11 11.33
14 Sida longifolia Malvaceae 2.08 | 1.65 [2.94 |0.06 6.67
15 Sida rhombifolia Malvaceae 0.84 |1.62 |1.23 |0.13 3.69
16 Cleome viscosa Cleomaceae 1.00 | 1.91 |1.23 |0.16 4.14
17 Cocculus hirsutus Menispermaceae | 0.23 |1.10 | 0.49 |0.23 1.82
18 Croton bonplandianum Euphorbiaceae 0.54 | 1.72 |0.74 |0.23 2.99
19 Cynodon dactylon Poaceae 19.77 16.29 |7.35 |0.09 33.42
20 Cyperus esculentus Cyperaceae 223 |1.64 |3.19 |0.05 7.06
21 Cyperus rotundus Cyperaceae 931 |3.17 |6.86 |0.05 19.35
22 Eclipta alba Asteraceae 0.69 | 1.65 [098 |0.169 | 3.33
23 Elephantopus scaber Asteraceae 0.85 |1.62 |1.23 |0.13 3.69
24 Eragrostis tenella Poaceae 2.08 |2.84 |[1.72 |0.17 6.63
25 Eupatorium odoratum Asteraceae 0.69 | 1.65 |098 |0.17 3.33
26 Euphorbia hirta Euphorbiaceae 0.54 |1.72 10.74 |0.23 2.99
27 Gamochaeta coarctata Asteraceae 0.62 |1.18 |1.23 |0.09 3.02
28 Gomphrena serrata Amaranthaceae 0.69 | 1.65 |098 |0.17 3.33
29 Heliotropium indicum Boraginaceae 0.85 |2.02 [098 |0.21 3.85
30 Hybanthus enneaspermus | Violaceae 092 |1.26 |1.72 |0.07 3.89
31 Kyllinga nemoralis Cyperaceae 6.23 |2.84 |5.15 |0.06 14.21
32 Lathyrus sativus Fabaceae 0.69 |221 0.74 |0.30 3.63
33 Ludwigia perennis Onagraceae 092 |1.26 |[1.72 |0.07 3.88
34 Melochia corchorifolia Malvaceae 046 |221 (049 |045 3.16
35 Mimosa pudica Mimosaceae 276 221 (294 |0.08 7.92
36 Ocimum gratissimum Lamiaceae 0.69 |1.65 [098 |0.17 3.33
37 Oldenlandia corymbosa Rubiaceae 246 235 [245 |0.09 7.27
38 Oldenlandia herbacea Rubiaceae 0.23 221 |0.25 |0.90 2.68
39 Peristrophe bicalyculata | Acanthaceae 1.31 | 1.39 |2.21 |0.06 4.90
40 Portulaca oleracea Portulacaceae 092 294 [0.74 |0.40 4.60
41 Ruellia tuberosa Acanthaceae 0.69 |3.31 |0.49 |0.68 4.49
42 Scoparia dulcis Plantaginaceae 3.15 | 1.12 [6.62 |0.02 10.89

(continued)
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Table 8.5 (continued)

S. No. | Species Family RD RA |RF |AF VI

43 Setaria viridis Poaceae 223 |1.64 [3.19 |0.05 7.06
44 Solanum nigrum Solanaceae 1.77 | 1.54 |2.6 |0.05 6.00
45 Sonchus oleraceus Asteraceae 2.15 |1.72 |2.94 |0.06 6.81
46 Synedrella nodiflora Asteraceae 0.62 | 196 [0.74 |0.27 3.31
47 Tephrosia purpurea Fabaceae 1.31 | 1.39 |2.21 |0.06 4.90
48 Tridax procumbens Asteraceae 5.31 [2.03 |6.13 |0.03 13.47
49 Triumfetta rhomboidea Tiliaceae 0.54 |1.72 [0.74 |0.23 2.99

8.4.2 Various Forest Resources’ Livelihood Viewpoints

Throughout field studies, the people’s patterns of usage of various forest-based
resources were recorded (Table 8.11), and an overview of this is given here. Even
during the field survey, up to 50 members of the local forest community were
interviewed. Their collection of forest-based products extends from 6 to 14 items.

8.5 Discussion

The presence of 92 species in the Pardaha forest and 67 species in the Rupganj forest
is considerably a good statistic, and the tree Cassia siamea is evergreen. The two
forests were mostly covered by herbs species and are closely followed by trees and
shrubs. A similar trend of the result was reported by Balan and Harikrishnan (2017)
in which herbs showed a maximum number of species (155). Nayak et al. (2016)
also reported 323 plant species genera in Bonaigarh Forest Division, Sundergarh
District, Odisha, in northeast India. Because of the habit-heterogeneity, it may be
assumed that structural organization will lead to the stability of forest communities.
The two forests demonstrate that a high number of genera are found in each. These
parameters are indicators that nature is fully supporting biodiversity. According to
the findings, it is apparent that the examined forests were provided with a diversity of
plant species of various life forms, and their evaluation and recording help enhance
conservation strategies. This research also provides information on species diversity,
composition, and richness, which change depending on terrain, soil properties, biotic
intervention, and climatic conditions. Furthermore, the current study aids in the
exploration of several medicinally blessed plant species and their ability to cure
various ailments. As a result, the evaluation of these floral resources consists of an
inventory of cultivated and non-cultivated plants, woody perennial trees, herbs, and
so on. This evaluation can provide information about the amount and quality of key
plant habitats that support biodiversity in these investigated forests. Shorea robusta
has the highest relative density and IVI in the Rupganj forest. Ganguli et al. (2016)
found a similar type of outcome in Garhjungle, West Bengal. In the current inves-
tigation, the Shannon-Wiener diversity index and Simpson’s dominance index
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Table 8.6 Phytosociological analysis of different herb species in Rupganj forest

S. Mondal et al.

S1. No. | Species Family RD RA RF A/F |1IVI

1 Abrus precatorius Papilionaceae 0.363 |1.94 053 |030 | 2.84
2 Acalypha indica Euphorbiaceae 0.82 |1.25 |1.85 |0.06 | 3.92
3 Achyranthes aspera Amaranthaceae 2.63 |3.13 238 |0.11 | 8.14
4 Alternanthera ficoidea Amaranthaceae 435 |3.89 |3.18 |[0.10 |11.41
5 Amaranthus spinosus Amaranthaceae 0.18 097 053 |0.15 1.68
6 Andrographis paniculata | Acanthaceae 299 |1.89 [449 ]0.03 | 9.38
7 Blumea lacera Asteraceae 1.54 275 |1.59 |0.14 | 5.88
8 Cassia tora Caesalpiniaceae 099 [2.67 |1.06 |0.21 | 4.73
9 Chrysopogon aciculatus | Poaceae 1.54 |236 |1.85 |[0.10 | 5.75
10 Sida cordifolia Malvaceae 535 |441 |344 |0.11 [13.19
11 Sida longifolia Malvaceae 227 1202 |3.18 |0.05 | 747
12 Cleome viscosa Cleomaceae 0997 |2.14 |132 |0.13 | 4.46
13 Cocculus hirsutus Menispermaceae | 0.18 [0.97 |0.5 0.15 | 1.68
14 Croton bonplandianum Euphorbiaceae 0.73 259 079 |0.27 | 4.11
15 Cynodon dactylon Poaceae 2248 |8.03 |7.94 |0.08 |38.45
16 Cyperus esculentus Cyperaceae 2448 |2.018 |3.439 |0.05 | 7.91
17 Cyperus rotundus Cyperaceae 10.79 | 4.13 |7.41 |0.05 |22.33
18 Eclipta alba Asteraceae 0.82 [2.19 |1.06 |0.17 | 4.06
19 Eragrostis tenella Poaceae 2.18 [333 |1.85 |0.15 | 7.36
20 Eupatorium odoratum Asteraceae 0.73 194 |1.06 |0.15 | 3.73
21 Euphorbia hirta Euphorbiaceae 045 |1.62 |0.79 |0.17 | 2.87
22 Gamochaeta coarctata Asteraceae 054 |1.17 |[1.32 |0.07 | 3.03
23 Gomphrena serrata Amaranthaceae 0.6 1.70 | 1.0 0.13 | 3.39
24 Heliotropium indicum Boraginaceae 1.18 |3.16 |1.06 [0.24 | 5.39
25 Hybanthus Violaceae 073 |1.11 |1.85 |0.05 | 3.69

enneaspermus

26 Kyllinga nemoralis Cyperaceae 7.07 |3.61 |556 |0.05 |16.24
27 Lathyrus sativus Fabaceae 0.64 [227 079 |0.23 | 3.69
28 Ludwigia perennis Onagraceae 0.73 | 1.11 1.85 10.05 | 3.69
29 Melochia corchorifolia Malvaceae 045 |243 053 |0.38 | 341
30 Ocimum gratissimum Lamiaceae 073 |1.56 |1.32 |0.09 | 3.60
31 Oldenlandia corymbosa | Rubiaceae 2.63 282 265 |0.09 | 8.09
32 Peristrophe bicalyculata | Acanthaceae 1.72 | 1.85 |2.65 |0.06 | 6.21
33 Portulaca oleracea Portulacaceae 1.27 272 1.32 |0.17 | 5.31
34 Ruellia tuberosa Acanthaceae 0.73 |3.89 053 |0.60 | 5.14
35 Scoparia dulcis Plantaginaceae 299 |1.19 |7.14 |0.01 |11.32
36 Setaria viridis Poaceae 227 |1.87 |344 |0.04 | 7.57
37 Solanum nigrum Solanaceae 190 |1.86 291 |0.05 | 6.67
38 Sonchus oleraceus Asteraceae 2.18 194 |3.18 |0.05 | 7.29
39 Tephrosia purpurea Fabaceae 054 194 (079 |0.20 | 3.28
40 Tridax procumbens Asteraceae 1.18 |1.40 238 |0.05 | 496
41 Triumfetta rhomboidea Tiliaceae 444 |191 |6.61 |0.02 |12.96
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Table 8.7 Phytosociological analysis of shrub species in Pardaha forest

SL

No. Species Family RD RA RF A/F | IVI

1 Abutilon indicum Malvaceae 0.70 3.24 1.10 |0.23 5.05

2 Ageratum conyzoides | Asteraceae 15.26 7.03 11.03 |0.05 |33.32

3 Anisomeles indica Lamiaceae 0.50 3.47 0.74 10.38 4.71

4 Argemone mexicana Papaveraceae 3.72 3.95 478 10.07 |12.45

5 Calotropis procera Asclepiadaceae 2.11 2.43 441 |0.04 8.95

6 Cassia sophera Caesalpiniaceae | 1.91 4.39 221 |0.16 8.51

7 Clerodendrum Lamiaceae 27.81 |1326 |10.66 [0.09 |51.73
viscosum

8 Combretum Combretaceae 1.205 | 3.33 1.84 |0.14 6.37
roxburghii

9 Crotalaria juncea Fabaceae 1.00 3.47 1.47 10.19 5.95

10 Crotalaria pallida Fabaceae 0.80 3.70 1.10 |0.27 5.61

11 Holarrhena Apocynaceae 8.94 6.18 7.35 |0.07 |22.47
antidysenterica

12 Hyptis suaveolens Lamiaceae 4.22 3.89 5.52 |0.06 |13.62

13 Lantana camara Verbenaceae 7.13 352 1029 [0.03 [20.94

14 Leonotis viscosum Lamiaceae 0.70 4.86 0.74 ]0.53 6.29

15 Mimosa himalayana Leguminosae 1.91 2.93 3.31 [0.07 8.15

16 Murraya koenigii Rutaceae 5.72 4.95 5.88 |0.07 |16.55

17 Murraya paniculata Rutaceae 0.80 3.70 1.10 [0.27 5.61

18 Parthenium Asteraceae 5.72 5.65 5.15 ]0.09 |16.52
hysterophorus

19 Physalis minima Solanaceae 0.30 2.08 0.74 ]0.23 3.12

20 Ricinus communis Euphorbiaceae 0.70 4.86 0.74 ]0.53 6.29

21 Solanum Solanaceae 1.51 1.89 4.04 |0.04 7.44
xanthocarpum

22 Urena lobata Malvaceae 3.01 2.19 6.99 |0.03 |12.19

23 Ziziphus mauritiana Rhamnaceae 2.61 2.41 5.52 |0.04 |10.53

24 Ziziphus oenoplia Rhamnaceae 1.707 | 2.622 | 3.309 |0.063 | 7.638

values are within the published range for tropical forests. Earlier researchers found a
diversity (H') range of 0.83—4.1 for Sal forests. Other researchers found that the
concentration of dominance (Cd) ranged from 0.10 to 1 for tropical dry forests
(Krishnamurthy et al. 2010; Kumar et al. 2010; Sahu et al. 2012). As we progressed
from trees to herbs, the species diversity and richness increased. The dominance of
phanerophytes in the two investigated forests is clear, as it is in a tropical monsoon
biome. This is a sign of enough rain and a thriving natural economy. This is
compared to the percentage distribution of phanerophytes in the flora of different
semi-arid and arid regions of India (Mertia and Bhandari 1978) as well as with other
regions (Jain and Singh 1984; Pandey et al. 1985). Chamaephytes’ relatively greater
value suggests a continuous concern for their survival in the face of predation and
trumpling by big herbivores and invading cattle. A low number of cryptophytes
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Table 8.8 Phytosociological analysis of shrub species in Rupganj forest

S1. No. | Species family RD RA RF A/F |1VI

1 Allophylus cobbe Sapindaceae 1.99 | 3.69 | 5.09 |0.09 |10.79
2 Calotropis procera Asclepiadaceae 094 | 280 | 3.19 |0.11 6.93
3 Cassia sophera Caesalpiniaceae | 0.73 | 545 | 1.27 |0.53 | 7.46
4 Clerodendrum viscosum Lamiaceae 1.15 | 2.85 | 3.82 [0.09 | 7.83
5 Eupatorium odoratum Asteraceae 1.26 | 3.74 | 3.19 |0.14 | 8.18
6 Holarrhena Apocynaceae 46.44 2299 |19.11 |0.15 |88.54

antidysenterica

7 Hyptis suaveolens Lamiaceae 0.84 | 249 | 3.19 |0.09 | 6.51
8 Ilex sp. Aquifoliaceae 24.00 |13.21 [17.19 |0.09 |54.41
9 Lantana camara Verbenaceae 0.63 | 3.11 191 10.20 | 5.65
10 Mimosa himalayana Leguminosae 3.88 | 3.60 |10.19 |0.04 |17.67
11 Physalis minima Solanaceae 0.31 | 234 | 1.27 [0.23 | 3.92
12 Prunus laurocerasus Rosaceae 859 | 6.72 |12.10 |0.07 |27.42
13 Saccharum ravennae Poaceae 346 |12.84 | 2.55 |0.62 |18.85
14 Sesbania cannabina Fabaceae 0.73 | 363 | 191 [0.23 | 6.28
15 Urena lobata Malvaceae 1.57 | 2.59 | 573 10.06 | 9.90
16 Ziziphus mauritiana Rhamnaceae 1.68 | 4.15 | 3.82 |0.13 | 9.65
17 Ziziphus oenoplia Rhamnaceae 1.78 | 3.78 | 4.46 |0.10 |10.02

Table 8.9 Diversity index values of different layers of vegetation in Pardaha and Rupganj forest

Shannon Simpson Evenness Margalef Equitability
PARDAHA Tree 1.992 0.7703 0.3857 3.284 0.6764
Harb 3.306 0.9337 0.5566 6.694 0.8494
Shrub 2.533 0.8736 0.5246 3.332 0.797
RUPGANIJ Tree 1.573 0.719 0.5359 1.497 0.7161
Harb 3.088 0.9177 0.5351 5.715 0.8316
Shrub 1.757 0.7156 0.3408 2.332 0.6201

indicate that certain environmental stress factors are prevalent, which is aided by an
open canopy. However, it is unlikely that one could hear the doorbell of a desert
shortly. Therophytes in the region have a numerical strength similar to that of the
normal spectrum. Because hemicryptophytes function as soil binders, their presence
indicates a low degree of soil erosion in these forest areas. Cryptophytes are low,
suggesting that environmental conditions are conducive for the plant species’ devel-
opment. However, the presence of few chamaephytes indicates that the forest has
deteriorated and is on its way to desertification. The strength of cryptophytes shows
the need to save water and improve soil water-holding capacity. Overgrazing,
indiscriminate tree felling, and unreasonable removal of plant parts and products
must be prevented, and additional stressors must be recognized to take suitable
remedial actions. In addition, biodiversity must be sustained collaterally with mod-
ernization via scientific management. Many trees and crops on these two studied
forests can sequester atmospheric carbon and deposit it in plant parts as biomass,
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Table 8.10 Uses of the species in Pardaha and Rupganj forest

S1.
no | Species Uses
1 Abrus precatorius | Seeds are antiperiodic, diaphoretic, purgative. Seeds are used exter-
nally in the treatment of hair loss, leprosy, sciatica
2 Abutilon indicum The juice of the leaves is demulcent and diuretic. Flowers are used to
treating fever, colic
3 Acacia The root is used to treat aches and pains. Acacia contains greater
auriculiformis quality of astringent and tannins
4 Acalypha indica The plant has much traditional medicinal use; shoots and leaves are
edible; the plant shows antifungal activities against plant pathogen
5 Achyranthes It is used in boils, cough; useful in renal dropsy and bronchial
aspera affections. It is useful as purgative and diuretic and for skin eruptions
and snake bite
6 Aegle marmelos Fruits can be eaten. Young leaves have astringent properties and can
be used to heal peptic ulcers
8 Albizia lebbeck Leaves and seeds are used in the treatment of eye problems. The
flowers are applied locally to skin eruptions. The powdered seeds are
used to treat scrofula
9 Alstonia scholaris It is anthelmintic, anticholinergic, astringent
10 | Amaranthus Young shoots are used as a vegetable and as fodder. Roots are used
spinosus in menorrhagia, eczema, colic, and lactation
11 | Amaranthus viridis | Leaves cooked like spinach
12 | Andrographis Leaves or roots are used against stomachache, dysentery, cholera,
paniculata influenza. It is considered to be anti-inflammatory and immunosup-
pressive. Leaves are used in the treatment of fever and for itching
skin eruptions
13 | Anisomeles indica | The plant is used in the treatment of cold fevers, skin sores. Leaves
are used to treat uterine infections, kidney gravel and hypertension
14 | Azadirachta indica | Leaves are edible, used as medicine, antifungal
15 | Blumea lacera Leaves are cooked and eaten as a vegetable. Fresh flowers are given
before meals to treat bronchitis. The leaves are astringent, diuretic,
and stimulant
16 Boerhaavia diffusa | Stems, roots, and seeds are edible. Used in traditional medicine
17 | Borassus flabellifer | Fruits are edible. Young roots are anthelmintic and diuretic. The
whole plant is medicinally important
18 | Calotropis procera | The root bark is an emetic. The leaves are used for the treatment of
asthma. The bark powder is used in the treatment and cure of leprosy
19 Cassia fistula The common cold problem can be relieved by using this plant. It
cures fever. Leaves are used in relieving skin irritation
20 Cassia siamea The leaves, tender pods, and seeds are edible. As a hardwood, it is
used for ornamentation
21 | Cassia sophera An infusion of the bark is used in the treatment of diabetes. Leaves
are anthelmintic, expectorant. Seeds are used to reduce fever
22 | Cassia tora It is very useful in treating skin problems. Leaves and seeds are very

useful in leprosy, colic, cough, and cardiac disorder. Fruit is used in
the treatment of fever

(continued)
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SL
no | Species Uses
23 Chrysopogon The straw is used for weaving mats, hats, brushes, small cases, etc.
aciculatus
24 | Cleome viscosa The leaves are used to treat wounds and ulcers. The seeds are used to
treat piles. Leaves and young shoots are edible
25 | Crotalaria juncea | Source of natural fiber and biofuel, helps in nitrogen fixation
26 Croton Traditional Chinese medicine
bonplandianu m
27 | Cynodon dactylon | The plant is used to treat all types of bleeding and skin troubles. The
shoot apex may produce cyanogenic glycosides
28 Cyperus esculentus | Edible oil is obtained from the tuber. The tubers are said to be
aphrodisiac, carminative, and diuretic
29 | Cyperus rotundus | The roots and tubers have analgesic and antibiotic properties
30 | Dalbergia sissoo The leaves are used as a stimulant and to treat gonorrhea and
wounds. The roots and seeds are used medicinally
31 Eragrostis tenella It is grazed by cattle and water buffaloes in traditional feeding
systems. It has minor agricultural importance
32 | Eupatorium It is used to treat the castration wound in the piglet
odoratum
33 | Euphorbia hirta It is used in the treatment of dysentery, syphilis, skin conditions,
bronchitis, asthma, cough, colds
34 Ficus hispida The bark is anti-periodic, emetic, and tonic. The root is used in the
treatment of fever
35 Ficus religiosa The leaves and twigs are alternative, antidote, astringent, and laxa-
tive. The aerial roots are diuretic
36 Gamochaeta Used in medicines
coarctata
37 | Heliotropium Leaf juice is used in conjunctivitis
indicum
38 | Hemidesmus Root extract is used as a flavoring agent. Roots and leaves are used in
indicus Indian herbal medicine
39 Holarrhena It is used for the treatment of colic, skin disease, dysentery, and
antidysenterica urinary tract infection
40 | Kyllinga nemoralis | It is used in traditional folk medicine to treat many diseases and
disorders
41 Lantana camara The bark is used as a treatment for fevers and inflammations of the
uterus. Leaves and stems are used to treat eczema, measles, and
chicken pox rashes
42 | Ludwigia perennis | Leaves are cooked and eaten as vegetable
43 | Madhuca The bark is used medicinally. Leaves are edible
longifolia
44 | Mangifera indica The roots are diuretic. Fruits are antiscorbutic and antidysenteric.
The stem is used to treat diarrhea
45 | Melochia Stem and leaves are boiled in oil and used in bites of snakes. Stem
corchorifolia gives fiber

(continued)
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Table 8.10 (continued)

S1.
no | Species Uses
46 | Mikania scandens | A tea made from the whole plant is used as a treatment for stom-
achaches and to clean out the uterus. The stem and leaves are used as
a remedy to treat malaria and eczema
47 | Mimosa pudica It helps in the treatment of many disorders like piles, dysentery, etc.
48 Murraya koenigii Leaves are used to flavor curries. Leaves, roots, and bark can all be
used in the treatment of digestive problems
49 | Murraya Leaves are used to flavor curries
paniculata
50 | Ocimum An essential oil obtained from the leaf showed marked antibacterial
gratissimum activity. Leaves are used in the treatment of a cold
51 Oldenlandia The tender young leaves and stems are cooked with other vegetables.
corymbosa The entire plant is used as an anthelmintic, antirheumatic,
depurative, digestive, pectoral, and stomachic
52 | Oxalis corniculata | Leaves — raw or cooked as a vegetable. The whole plant is anthel-
mintic, antiphlogistic, astringent, depurative, diuretic, and it is used
in the treatment of influenza, fever, diarrhea, and poisonous snake
bite
53 | Peristrophe It is used in the treatment of the eye and ear. The plant is antibiotic,
bicalyculata bacteristatic, fungistatic
54 Parthenium Used in traditional medicine to treat fever, diarrhea, dysentery,
hysterophorus malaria, urinary tract infection
55 | Polyalthia The inner bark is a good bast fiber. It has been used in making barrels
longifolia
56 | Portulaca oleracea | Used as a vegetable in scurvy and liver diseases. Seeds are vermi-
fuge, and stem juice is applied to prickly heat
57 | Ricinus communis | Castor oil has many uses in medicines. Used for insecticidal
activities
58 | Scoparia dulcis It is used for treating diabetes, coughs, fever, and skin problems. It is
also used as a sand binder
59 Setaria viridis The seed is diuretic, emollient. The plant is crushed and mixed —
used in the treatment of bruises
60 | Sida cordifolia Leaves are given in diarrhea during pregnancy. Crushed leaves are
applied on cuts and bruises
61 | Sonchus oleraceus | The roots are abortifacient, purgative, and vermifuge. The leaves are
applied to inflammatory swellings
62 | Streblus asper Roots are used to treat diphtheria and toothache. Leaves are
depurative and laxative
63 | Synedrella Crushed leaves have been used as a treatment for rheumatism.
nodiflora Young shoots are edible as a vegetable
64 | Tamarindus indica | The fruit is aperient and laxative. Powdered seeds may be given to
cure dysentery and diarrhea
65 | Tectona grandis The bark has been used in the treatment of bronchitis. The wood is
an excellent timber for bridge building, house building
66 | Tephrosia It is used as a treatment against dyspepsia, colic, and chronic diar-
purpurea rhea. The fruit extract is used to relieve body pain. The roots are

bitter and anthelmintic

(continued)
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Table 8.10 (continued)

S1.
no | Species Uses

67 | Terminalia arjuna | The juice of the bark is used as a tonic. The gum is used medicinally

68 | Tridax procumbens | The leaves are hemostatic and used as parasiticide

69 | Urena lobata The plant is used in traditional medicine as a source of fiber
70 Ziziphus Fruits are edible; leaves are used as fodder, a source of timber
mauritiana

71 | Ziziphus oenoplia Used in herbal medicine

Table 8.11 An account of different forest products used by the forest dwellers

Consumed by the
Collected forest products by the forest dwellers community itself

Leaf of different plants (especially Sal), the flower of Mohul plant, | Yes
fruits, vegetables, wood, ornamental plants, wild animals, various
parts medicinal plants, resin, etc.

Table 8.12 Most important tree species in the two studied forests and their carbon sink values

Different tree species Carbon sink potential References

Dalbergia sissoo (Sissoo) 152.0 tons per tree Bilyaminu and Wani (2016)
Albizia lebbeck (Siris) 158.2 tons per tree Bilyaminu and Wani (2016)
Dalbergia sissoo (Sissoo) 27.3 ton/hectare/year Sheikh et al. (2015)
Dalbergia sissoo (Sisso0) 3.6 Mt per year Raizada et al. (2003)
Tectona grandis (Teak) 181.0 tons per hectare Sreejesh et al. (2013)
Albizia lebbeck (Siris) 12.0 tons per hectare Jana et al. (2009)

Shorea robusta (Sal) 8.9 tons per hectare Jana et al. (2009)
Mangifera indica (Mango) 104.4 tons per hectare Chavan and Rasal (2012)

therefore aiding in carbon balance in the ecosystem and mitigating climate change.
As aresult, these woods are home to several essential species that have a remarkable
potential to store carbon. Dhruw et al. (2009) underlined the carbon sequestration
capacity of several tree/crop species. In these two forests, Dalbergia sissoo, Tectona
grandis, and Cassia siamea, among others, play an important role in microclimate
amelioration through climate change mitigation. Sheikh et al. (2015) also lauded
Dalbergia sissoo (Sissoo), for its better efficiency in preserving environmental
security owing to its high potential for carbon sequestration and climate change
mitigation. However, the two forests were endowed with many leguminous tree
species that differed in carbon sequestration capacity according to various
researchers (Table 8.12). As a result of the existence of these vital species, the two
forest regions have a healthy ecosystem and microclimate.

Forest inhabitants were seen collecting numerous plant components without
falling trees and using them for a variety of purposes including food, medicine,
fodder, fiber, and gums, as well as for agricultural purposes. Different plant
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components such as roots, leaves, whole plant, dried branches, seeds, etc. were
observed to be used by ethnic communities to obtain benevolence from various
species. If any such usage is not restricted, negative consequences will inevitably be
passed on to the people, threatening its sustainability. A lot of species wherein the
vegetation is fully uprooted or the reproductive organs are actively utilized should be
evaluated if these problems are to be managed. Not just due to their destitution but
also for the high instability and inadequacy of agricultural production, the bulk of the
people was observed to rely on a large number of palatable native plants. These
financially disadvantaged people’s traditional knowledge of how to use wild plants
for food and sustenance should be recognized and appreciated. The underlying
concepts of these edible native plants require scientific inquiry not just to solve
food security problems but also to fulfill human nutritional requirements. Arora and
Pandey (1996), realizing this, have promoted the usage and protection of wild food
plants in India. Despite being primarily used as food, the majority of the plant
species contain therapeutic qualities. So, forests must be deliberately restored in
tandem with the economic well-being of the people who live nearby.

8.6 Conclusion

The documentation of floral diversity is gaining traction, and it includes many stages
of research such as phytodiversity assessment, protection and restoration methods,
and sustainable usage among people. The investigated forest region is provided with
a high diversity of plants with diverse life forms of high aesthetic value, resource
value, and ecological distinctiveness. Through the identification of leguminous
plants, the variety of plants in the investigated forests provides several ecosystem
services that aid in the maintenance of food-soil-climate security. The flora of
Pardaha and Rupganj resembles that of the Gangetic plains in general. As a result,
it is fair to infer that frequent vigilance of the flora, as well as the biological
spectrum, is necessary for more productive conservation and sustainable utilization
strategies based on these forests. In terms of floristic diversity, the findings are quite
positive. The forest’s accommodative capacity is fairly broad since it supports a high
level of taxonomic variety, as evidenced by its high generic co-efficient value. The
biological spectrum of the Pardaha and Rupganj forest indicated that they had the
same sort of phytoclimate. Both forests were being dominated by phanerophytes, but
the decreased value of the other life types indicates forest degradation. The decreas-
ing value of chamaephytes and the growing value of therophytes indicates deserti-
fication and habitat fragmentation (Dutta et al., 2017). These forests require rapid
restoration. Surprisingly, several of the forest species have a wider ecological
distribution and are more adaptive. This evolution enhances the likelihood of natural
regeneration in these forests and the capability for it. As a consequence, the findings
of this study have the potential to make a major difference by exposing the current
state of plant variety, vegetation, and the highly competitive character of many
invasive and opportunist species (Lantana sp.). The biological richness of these
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forests is exceptional, implying far-reaching consequences that must be addressed.
This research will aid in the resolution of this problem and give a framework for
other academics and policymakers seeking relevant information on forest inventory
and its recommendations for future conservation initiatives. Forest inhabitants rely
heavily on the forest and its direct services, which are given in the form of a variety
of physical items, and play a significant role in providing vital sources of livelihood
and food to forest-dwelling people. Prioritize research into the nature of different
forest resources, their collecting intensity, marketing mechanisms, processing, and
long-term practices using the optimum management method. These economically
important species from a tribal perspective should be incorporated in new plantation
plans near their habitat to ensure a steady supply in the future. Forests provide a
major economic benefit to forest dwellers in the form of livelihood, though it can
lead to forest resource depletion. So, there should be appropriate forest resource
monitoring and management framework in place. Furthermore, forest-dwelling
people should be educated and trained on sustainable forest harvesting so that forest
resources may be used wisely and managed sustainably. Furthermore, forest fire and
encroachment prevention should be managed in a collaborative strategy involving
forest agencies and local community stakeholders. The availability of markets for
selling products, infrastructure, accessibility, market and trade connection, regula-
tory framework, and other factors all contribute to the sluggish growth and devel-
opment of forest-based enterprises. As a result, it should be addressed through a
well-thought-out strategy for the correct growth and development of forest-based
enterprises, which would provide several opportunities for local stakeholders. Fur-
ther, greater scientific investigation of forest resources with production potential, as
well as the impact of harvesting on this ecosystem, should be conducted to provide
the necessary data for developing action plans and management regimes. For
non-timber forest product extractions, the practice of sustainable harvesting should
be promoted. Further, some relaxation and suitable livelihood options should be
given to the forest-dwelling population whose habitation is nearby protected forest.
Further, the government should explore the opportunities and possibilities toward
tribal developmental policies, plans, and developmental programs for more
economic gain.

International forest policy has recognized the value of traditional forest knowl-
edge, as well as the usefulness and necessity of taking this understanding into
account when developing plans and practices for the protection and conservation
of forests. Furthermore, the study site’s previous history of overexploitation of
forests, primarily for timber; formation of industries and associated capacity devel-
opment; scarcity of water, particularly in the summer; and other factors have slowed
socioeconomic growth. Existing circumstances must be rectified by conserving soil
and native tree species, as well as concurrent eco-restoration and ultimate security of
the forests’ assets. The only hopeful feature noted by the author is the increased
knowledge of ethnic peoples about the current situation of their woods and their
concern for their subsistence. It is not unlikely that their hunger makes them hostile
to forests, and any effort to safeguard existing forests must begin with the protection
of forest inhabitants’ existence. As a result, it is critical to implement an integrated
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resource conservation strategy that allows the tribal economy to flourish in tandem
with the forest economy by making the best possible use of resources while adhering
to natural rules. The proper supervision must include measures for natural resources
and environmental preservation so that forest flora and wildlife can continue to
provide resources while maintaining a high level of diversity, richness, and
usefulness (Gupta et al.,, 2021). It must draw on indigenous tribes’ traditional
wisdom, as well as forest officials’ and scientists’ competence while remaining in
tune with nature’s self-designing potential.
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Chapter 9 )
Assessment of Forest Cover Change, S
Community Responses, and Conservation
Strategy: Evidence from North Sikkim

District, India

Sushmita Chakraborty @ and Arunima Chanda

Abstract In this chapter we are studying three important issues which have global
concerns, i.e., spatiotemporal assessment of vegetation dynamics, responses of local
community in forest management practices, and prospective conservation strategies.
To understand the vegetation dynamics, we have used multi-temporal satellite data
and have found that forest areas are continuously decreasing from south to north in
North Sikkim. Due to strict legal protocols, dense forest cover is least degraded
forest here since the last 30 years. Data shows that moderate and open forest cover
are changing due to increasing anthropogenic and natural disaster. JEMC/EDC acts
as a significant body encouraging local community to participate in forest manage-
ment practices. We have also tried to propose HCV model as a potential conserva-
tion strategy here. The research findings underscore the necessity for further policy
implementation to fight rural poverty, equal forest access, active participation, and
holistic management of biodiversity especially for this biological hotspot.
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FSI Forest Survey of India

GPU Gram Panchayat Unit

HCV High Conservation Value

IIPS Indian Institute for Population Sciences
ISFR India State Forest Report

ITTO The International Tropical Timber Organization
JFM Joint Forest Management

LULC Land Use and Land Cover

NDVI Normalized Difference Vegetation Index
NFHS National Family Health Survey

NP Nagar Panchayat

NTFP Non-timber Forest Product
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SC Schedule Caste

SFM Sustainable Forest Management

ST Schedule Tribe

UN United Nations

UNFCCC  United Nations Framework Convention on Climate Change
WWF World Wildlife Fund

9.1 Introduction

Forests are critical to sustainable development (United Nations 2015; United Nation
Framework Convention on Climate Change 2016). Global loss of tree cover repre-
sents a serious environmental issue (Hansen et al. 2013) and it is the prime cause of
extinction of biotic communities from global biodiversity hotspots. The total area of
degraded forest in the tropic has been estimated at around 500 million hectares and
emphasis has been given to reduce the rate of deforestation (Sahana et al.,
2021; ITTO 2012). Eastern Himalaya, located in a tropical region, is the nucleus
of a variety of flora and fauna where forest cover change is directly linked with
climate change, carbon cycle, loss of biodiversity, and agriculture (Babbar et al.,
2021; Feddema et al. 2005). Out of 34 biodiversity hot spots in the world recognized
by UNESCO, India owns 2, one is in the Western Ghats and second one is in the
Eastern Himalaya. Sikkim owns the country’s 26% of total biodiversity (Forest and
Environment Department, Government of Sikkim, 2017). North Sikkim district is
one of the ecologically sensitive areas. Globally, the diversity of local practices,
community ethos, and social institution contribute to biodiversity management
(Long and Zhou 2001). Comprehensive conservation strategy would help to
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preserve natural resource (Sahana et al., 2018) and will protect the wellbeing and
livelihood of local communities. This chapter tries to highlight two research ques-
tions, i.e., What are the assessment techniques of forest dynamics? And what is the
community participation scenario along with potential conservation strategy?

Assessment of vegetation dynamics by using RS-GIS technique has global
implication to understand the responsible climatic and anthropogenic factors (Suzuki
et al. 2001; Sen and Yuan 2007; Karlsen et al. 2008; Zeng et al. 2013; Wang et al.
2010). This chapter shows a clear gradient of vegetation dynamics from temperate to
alpine ecosystem and temporal variation of v