Course Code: GEOG-502

FUNDAMENTALS OF NATURAL RESOURCE

MANAGEMENT
M.A./M.Sc. 1% Semester
‘
e
DEPARTMENT OF GEOGRAPHY AND
NATURAL RESOURCE MANAGEMENT

SCHOOL OF EARTH AND ENVIRONMENT SCIENCE
UTTARAKHAND OPEN UNIVERSITY

(Teenpani Bypass, Behind Transport Nagar Haldwani (Nainital), Uttarakhand)




MA/MSc. GEOG-502 Uttarakhand Open University

M.A./M.Sc.GEOG-502

FUNDAMENTALS OF NATURAL RESOURCE
MANAGEMENT

DEPARTMENT OF GEOGRAPHY AND
NATURAL RESOURCE MANAGEMENT
SCHOOL OF EARTH AND ENVIRONMENT SCIENCE
UTTARAKHAND OPEN UNIVERSITY
Phone No. 05946-261123
Toll free No. 18001804025
Fax No. 05946-26424232, E. mail info@uou.ac.in

Website: https;//uou.ac.in



mailto:info@uou.ac.in

MA/MSc. GEOG-502

Uttarakhand Open University

Board of Studies

Chairman
Vice Chancellor
Uttarakhand Open University, Haldwani

Professor R.K. Pande (Retd)
Head & Dean, Department of Geography
DSB Campus, Nainital

Professor Simrit Kahlon
Department of Geography
Panjab University, Chandigarh

Dr. Pradeep Kumar Pant

Department of Geography & NRM
School of Earth and Environment Science
Uttarakhand Open University, Haldwani

Convener

Professor P.D. Pant

School of Earth and Environment Science
Uttarakhand Open University, Haldwani

Professor Subhakanta Mohapatra
Head, Department of Geography
IGNOU, New Delhi

Dr. Ranju Joshi Pandey

Department of Geography & NRM
School of Earth, and Environment Science
Uttarakhand Open University, Haldwani

Mr. Sudhanshu K.Verma

Department of Geography & NRM
School of Earth and Environment Science
Uttarakhand Open University, Haldwani

Programme Coordinator

Dr. Ranju Joshi Pandey

Department of Geography and Natural Resource Management

School of Earth and Environment Science
Uttarakhand Open University, Haldwani




MA/MSc. GEOG-502 Uttarakhand Open University

Unit Writes
SI. No. Units Written By Unit No.
1 Mr. Sudhanshu Kumar Verma 1,2,7&9

Department of Geography and Natural Resource Management
School of Earth and Environment Science
Uttarakhand Open University, Haldwani, Nainital - 263139

2 Dr. Pushpa 3
Assistant Professor

Department of Geography

Kumaun Kesari Pt. Badridutt Pandey, Govt. P. G. College
Bageshwar-263642

3 Dr. Prabuddh Mishra 4
Assistant Professor

Department of Geography

Shivaji College University of Delhi, New Delhi — 110027

4 Dr. Kritika Bora 5,6, &8
Assistant Professor
DSB Campus, Nainital, - 263001

5 Dr. Sonu Kaur 10,11 & 12
Assistant Professor

Department of Geography

Doon University, Dehradun- 248001

Title : Practical

ISBN :

Copyright : Uttarakhand Open University
Edition - first (2023)

Published By : Uttarakhand Open University, Haldwani, Nainital-263139
Printed By  :



MA/MSc. GEOG-502 Uttarakhand Open University

CONTENTS

BLOCK-1 INTRODUCTION TO NATURAL RESOURCE MANAGEMENT
Unit-1  Definition, Nature & Classification of Resources 1-27
Unit-2  Concept, models and approaches to natural resources management 28-57
Unit-3  Problems of resource utilization; population pressure development 58-80

and resource use
Unit-4  Natural hazards and risk management 81-103
BLOCK-2 SPATIAL DISTRIBUTION OF RESOURCES
Unit-5 Global and Indian scenario; historical background 104-117
Unit-6 ~ Resources exploitation, utilization vs exploitation 118-129
Unit-7  Resource depletion; soil, water, minerals, forests 130-168

BLOCK-3 RESOURCE APPRAISAL

Unit-8  Significance of resources appraisal in resource management 169-180

Unit-9  Appraisal of Land resources, geographical, geochemical 181-225
geobotanical

Unit-10 Use of GIS and remote sensing in resource appraisal 226-251

BLOCK-4 RESOURCE DEVELOPMENT AND POLICY MAKING

Unit-11  Gender issue and livelihood issues in natural resource 252-278
management

Unit-12  Community Based Natural Resource Management 279-297



Fundamentals of Natural Resource Management Uttarakhand Open University
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1.1 OBJECTIVES

After studying this chapter you will be able to:

e Providing a clear definition of natural resources.

e Discussing the different types of natural resources, including renewable and non-
renewable resources, and exploring the characteristics of each type.

e Examining the distribution of natural resources around the world, and discussing the
implications of this distribution for economic development and geopolitical relations.

e Discussing the environmental impacts of natural resource extraction and use, and
exploring the various strategies for mitigating these impacts and promoting sustainable

natural resource management.

1.2 INTRODUCTION

Natural resources refer to the materials and substances found in the natural environment
that can be used by humans for economic gain or other purposes. These resources can be either
renewable or non-renewable. Renewable natural resources are those that can be replenished over
time, either through natural processes or through human intervention. Examples of renewable
resources include solar energy, wind energy, hydropower, timber, and fisheries. While non-
renewable natural resources, on the other hand, are finite and cannot be replenished once they are
depleted. Examples of non-renewable resources include fossil fuels (coal, oil, and natural gas),

minerals (such as iron, copper, and gold), and groundwater.

Natural resources are important for economic development and human well-being. They
provide raw materials for industry, fuel for energy production, and food for sustenance. They
also support ecosystems and provide habitat for a variety of plant and animal species. However,
the exploitation of natural resources can also have negative impacts on the environment and local
communities. Overexploitation can lead to the depletion of resources, environmental
degradation, and conflicts over access and use of resources. Therefore, it is important to manage

natural resources sustainably to ensure their long-term availability and benefits.

Natural resource management (NRM) is the process of managing the use and

conservation of natural resources sustainably. It involves the use of scientific, technical, and
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social knowledge to understand and manage the interactions between people and their
environment and to promote the sustainable use of natural resources for the benefit of both
present and future generations. Effective NRM requires a multidisciplinary approach, involving a
wide range of stakeholders such as government agencies, local communities, NGOs, and private
sector organizations. The process involves a range of activities such as resource assessment,
planning, implementation, and monitoring and evaluation. The goal of NRM is to ensure that
natural resources are used in a way that supports ecological sustainability, economic
development, and social well-being. This involves balancing the needs of different stakeholders,
including those of local communities, industry, and the environment. Effective NRM can lead to
improved environmental outcomes, enhanced livelihoods for communities, and increased
economic growth. There are several approaches to NRM, including community-based natural
resource management (CBNRM), integrated natural resource management (INRM), and
ecosystem-based management (EBM). These approaches emphasize the importance of involving
local communities in decision-making, integrating natural resource management across sectors,

and taking a holistic approach to ecosystem management.

One example of a successful NRM is the management of the Great Barrier Reef Marine
Park in Australia. The Great Barrier Reef is the largest coral reef system in the world and is
home to a wide range of marine biodiversity. The Marine Park was established in 1975 to protect
the reef and its ecosystem and has since become a model for effective ecosystem-based
management. The management of the Great Barrier Reef Marine Park involves a range of
activities such as zoning, monitoring and research, and community engagement. Zoning is used
to manage human activities such as fishing, tourism, and shipping, and to protect areas of high
conservation value. Monitoring and research are used to track changes in the ecosystem and to
inform management decisions. Community engagement is used to involve local communities in

decision-making and to promote sustainable use of resources.

UNIT 1 - DEFINITION, NATURE AND CLASSIFICATION OF RESOURCES Page 3 of 297



Fundamentals of Natural Resource Management Uttarakhand Open University

1.3 DEFINITION, NATURE AND CLASSIFICATION OF
RESOURCES

Definitions:

Natural resources refer to the materials and substances that occur naturally in the
environment and are used by humans to fulfill their needs. Here are some key definitions of

natural resources:

Renewable resources: These are resources that are replenished naturally and can be used
indefinitely without depleting their stock. Examples of renewable resources include solar energy,

wind energy, hydropower, and biomass.

Non-renewable resources: These are resources that exist in finite amounts and cannot be
replenished over a human time scale. Examples of non-renewable resources include fossil fuels

(coal, oil, and natural gas), minerals (iron, copper, gold, and silver), and uranium.

Land resources: These are resources that occur naturally on land, such as soil, forests,
grasslands, and minerals. Land resources provide a range of benefits, including food production,

biodiversity, recreation, and cultural heritage.

Water resources: These are resources that occur naturally in bodies of water, such as rivers,
lakes, and oceans. Water resources provide a range of benefits, including drinking water,

irrigation, hydroelectric power, and recreational activities.

Air resources: These refer to the Earth's atmosphere, which is a mixture of gases that surround
the planet. Air resources provide important benefits, including the regulation of the Earth's

climate and the support of life through the provision of oxygen.

Biodiversity: This refers to the variety of life forms that exist in the environment, including
plants, animals, and microorganisms. Biodiversity provides a range of benefits, including food

production, genetic resources, and ecosystem services.

Natural resources are essential for human well-being and economic development, but

their availability and quality can be affected by natural and human-made factors, such as climate
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change, pollution, overuse, and land-use change. Sustainable management of natural resources
involves balancing the needs of current and future generations while minimizing negative

impacts on the environment.

Natural resources management (NRM) is a complex and interdisciplinary field that
involves the sustainable management and conservation of natural resources for the benefit of
both present and future generations. NRM encompasses a wide range of activities, including
planning, monitoring, and evaluation of natural resources, and involves the collaboration of
multiple stakeholders such as government agencies, local communities, NGOs, and private sector

organizations.
Some definitions of natural resources management:

"Natural resources management refers to the use of scientific, technical, and social
knowledge to understand and manage the interactions between people and their environment,
and to promote the sustainable use of natural resources for the benefit of both present and future

generations".

"Natural resource management involves the coordination of multiple sectors, actors, and
interests to achieve sustainable use and conservation of natural resources. This includes

balancing ecological sustainability, economic development, and social well-being".

"Natural resources management is the process of using and protecting natural resources
sustainably, taking into account social, economic, and environmental considerations, and

involving stakeholders in decision-making processes".

Natural resources management and geography are closely related fields, as geography
provides the spatial context and tools for understanding the distribution, availability, and use of
natural resources. The integration of geography and natural resources management is essential

for promoting sustainable use and conservation of natural resources.

Natural resources geography is a branch of geography that focuses on the spatial
distribution, availability, and utilization of natural resources in the environment. Here are some

key definitions related to natural resources geography:
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Spatial distribution: This refers to the pattern of the occurrence of natural resources in space.
Natural resources may be concentrated in certain areas or dispersed throughout a region or the
globe. Understanding the spatial distribution of natural resources is important for their efficient

and sustainable management.

Resource availability: This refers to the extent to which natural resources are present and
accessible for use. Factors such as geology, climate, and land-use change can affect the

availability of natural resources.

Resource utilization: This refers to how natural resources are used by humans for economic,
social, and environmental purposes. Natural resources may be used for energy production, food

production, industrial processes, recreation, or cultural purposes.

Resource management: This refers to the planning, implementation, and evaluation of
strategies for the sustainable use and conservation of natural resources. Resource management
involves balancing the needs of different stakeholders, including local communities,

governments, and industries, while minimizing negative impacts on the environment.

Environmental sustainability: This refers to the use of natural resources in a way that does not
deplete or degrade the environment, and that meets the needs of present and future generations.
Sustainable natural resource management requires the integration of environmental, economic,

and social factors in decision-making processes.

Natural hazards: These are natural events or processes that have the potential to cause harm to
human life, property, or the environment. Natural hazards include earthquakes, floods,

hurricanes, and wildfires, and can have significant impacts on natural resources.

Natural resources geography is an important field for understanding the interactions
between human societies and the natural environment, and for developing strategies for
sustainable natural resources management. By understanding the spatial distribution, availability,
and utilization of natural resources, geographers can help inform policy decisions and contribute

to the development of sustainable societies.
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Some definitions of natural resources management of geography:

"Natural resources management of geography is a field that involves the application of
geographic information and analysis tools to support the planning, monitoring, and evaluation of
natural resources management activities. It includes the analysis of spatial patterns and processes
of natural resources, as well as the social and cultural factors that affect their availability and

n

use .

"Geography plays a critical role in natural resources management, as it provides the tools
and methods for understanding and analyzing spatial patterns and processes. Geospatial analysis
and mapping tools are used to identify and quantify natural resources, to assess the impact of
human activities on the environment, and to plan and implement resource management

strategies".

"Natural resources management of geography is a multidisciplinary field that combines
the physical, social, and cultural dimensions of natural resources management. It encompasses
the integration of ecological, economic, and social perspectives, as well as the participation of

multiple stakeholders in decision-making processes".
Types of Natural Resources

Natural resources can be classified into various types based on their origin,
characteristics, and uses. Here are some common types of natural resources, along with brief

explanations and references:

Renewable resources: These are resources that can be replenished naturally and sustainably,
such as solar, wind, water, geothermal, and biomass energy. They are considered

environmentally friendly and are increasingly being used to meet growing energy demands.

Renewable resources are natural resources that can be replenished naturally and
sustainably over a relatively short period. These resources are considered environmentally
friendly and are increasingly being used as alternatives to non-renewable resources, which are
finite and can have negative environmental impacts. Here are some common types of renewable

resources, along with brief explanations:
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NATURAL
RESOURCES

NON-RENEWABLE
RENEWABLE
RESOURCES RESOURCES

Plants Animals Minerals Fossil Fuels Soils

Fig: 1.1 Types of Natural Resources, Source Google Image

Biofuel Nuclear Wind Power

Fig: 1.2 Renewable resources, Source Google Image
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Solar energy: This is energy derived from the sun, which can be captured and converted into
electricity or heat through solar panels or thermal collectors. Solar energy is abundant and clean,

and its use is rapidly growing worldwide.

Wind energy: This is energy derived from the wind, which can be captured and converted into
electricity through wind turbines. Wind energy is also abundant and clean, and its use is growing

rapidly in many countries.

Hydropower: This is energy derived from moving water, such as rivers or ocean tides, which
can be captured and converted into electricity through turbines. Hydropower is a mature

technology and is the largest source of renewable electricity worldwide.

Geothermal energy: This is energy derived from the heat of the earth's crust, which can be
captured and converted into electricity or heat through geothermal power plants or heat pumps.
Geothermal energy is a reliable and stable source of renewable energy, but its use is limited to

areas with high geothermal activity.

Biomass energy: This is energy derived from organic matter, such as wood, crop residues, or
animal waste, which can be burned or converted into biogas or liquid fuels. Biomass energy is

widely used in developing countries and can help reduce reliance on fossil fuels.

The use of renewable resources is seen as a key solution to addressing the challenges of
climate change, energy security, and sustainable development. However, their deployment and

integration into energy systems require overcoming technical, economic, and social barriers.

Non-renewable resources: These are resources that are finite and cannot be replenished
once they are depleted, such as fossil fuels (coal, oil, natural gas), minerals (iron, copper, gold),
and precious stones (diamonds, rubies). They are essential for economic development but their

extraction and use can have negative environmental impacts.

Non-renewable resources are natural resources that are limited in supply and cannot be
replenished over short periods. These resources are often referred to as finite resources, and their
exploitation can have negative environmental impacts. Here are some common types of non-

renewable resources, along with brief explanations:
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Fossil fuels: These are energy sources derived from ancient organic matter, such as coal, oil, and
natural gas. They are the primary sources of energy for electricity generation, transportation, and
heating. Fossil fuels are finite and emit greenhouse gases when burned, contributing to climate

change.

Minerals and metals: These include metals like copper, iron, and aluminum, and minerals like

gold, silver, and diamonds. They are used in a variety of industrial and consumer products, from

Fig: 1.3 Fossil fuels, Source Google Image

electronics to construction materials. Mining and processing of these resources can have negative

environmental impacts, such as soil erosion and water pollution.

Nuclear fuel: This includes uranium and other radioactive materials used in nuclear power
plants to generate electricity. Nuclear energy is a non-renewable resource that emits low amounts
of greenhouse gases, but the production, transportation, and disposal of nuclear waste is a major

concern.

The exploitation of non-renewable resources poses significant environmental, social, and
economic challenges, including resource depletion, air and water pollution, habitat destruction,

and conflicts over resource ownership and distribution. To address these challenges, there is
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growing interest in transitioning to more sustainable and renewable sources of energy and

materials.

Land resources: These are resources that are derived from land, such as soil, water, and
forests. They are critical for agriculture, forestry, and biodiversity conservation, but their misuse

can lead to land degradation, desertification, and deforestation.

Land resources refer to the natural resources present on the earth's surface, such as soil,
water, forests, minerals, and wildlife. These resources are essential for human survival and
economic development, and their sustainable management is crucial for the long-term well-being

of both humans and the environment. Here are some examples of land resources:

S -

Fig: 1.4 Land Resource, Source Google Image

Soil: Soil is a natural resource that is essential for agriculture and forestry. It is the foundation for
growing crops and supporting natural vegetation. Soil is also important for filtering and storing

water, regulating the climate, and providing habitat for wildlife.

Water: Water is a critical resource for human and animal consumption, agriculture, and
industrial uses. It is essential for maintaining ecosystems and supporting biodiversity. However,
water resources are becoming increasingly scarce due to population growth, climate change, and

pollution.
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Fig: 1.5 Water resource, Source Google Image

Forests: Forests are a vital resource for providing timber, fuelwood, and other forest products.
They also provide ecosystem services such as carbon storage, water regulation, and biodiversity

conservation. However, deforestation and forest degradation are major environmental challenges

that can lead to soil erosion, water pollution, and habitat loss.
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Fig: 1.6 Forest resource, Source Google Image

Minerals: Minerals are non-renewable resources that are extracted from the earth for use in a
variety of industrial and consumer products. They include metals such as iron, copper, and gold,

as well as non-metallic minerals such as salt and gypsum. Mining and processing of minerals can
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have negative environmental impacts, including soil erosion, water pollution, and habitat

destruction.

Wildlife: Wildlife is an important land resource that supports ecological processes and provides
cultural and economic benefits. It includes wild animals, birds, and fish that are hunted, fished,
or harvested for food, recreation, or trade. However, overexploitation, habitat loss, and climate

change are major threats to wildlife populations.

Fig: 1.7 Wildlife, Source Google Image

The sustainable management of land resources is critical for ensuring their long-term
availability and maintaining ecosystem services that support human well-being. This requires
careful planning, monitoring, and regulation to ensure that land use practices are sustainable and

do not cause harm to the environment.

Water resources: These are resources that are derived from freshwater and saltwater sources,
such as rivers, lakes, oceans, and groundwater. They are essential for human consumption,
agriculture, industry, and ecosystem services, but their overuse and pollution can lead to water

scarcity and degradation.
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Water resources are one of the most important natural resources on Earth, and they play a
crucial role in supporting human societies and ecosystems. Water resources refer to all of the
water present on Earth, including surface water (lakes, rivers, and streams), groundwater, and

atmospheric water. Here are some key aspects of water resources:

Availability: Water resources are not evenly distributed around the world, and some regions
experience water scarcity due to physical, economic, or social factors. Climate change is also
expected to affect the availability of water resources in many parts of the world, leading to

increased water stress and competition among different users.

Quality: The quality of water resources is essential for ensuring their suitability for different
uses, including human consumption, agriculture, industry, and ecosystem services. Water quality
can be affected by natural and human-made factors, such as pollution, land use practices, and

climate change.

Management: The sustainable management of water resources is essential for ensuring their
availability and quality for future generations. Water management involves a range of activities,
including water allocation, water treatment and distribution, and water conservation and
efficiency. Effective water management also requires collaboration among different stakeholders

and the use of integrated approaches that consider social, economic, and environmental factors.

Challenges: There are several challenges associated with water resources management,
including competing demands for water, unsustainable use practices, water pollution, and climate
change. These challenges require innovative solutions and policies that balance the needs of

different users and ensure the long-term sustainability of water resources.

Solutions: Some several approaches and technologies can help address the challenges facing
water resources management. These include water reuse and recycling, desalination, improved
irrigation practices, and watershed management. In addition, policies and regulations that

promote sustainable water use and protect water quality are also essential.

The sustainable management of water resources is critical for ensuring their availability

and quality for future generations. This requires a comprehensive understanding of the complex
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interactions between water, society, and the environment, as well as innovative solutions and

policies that balance the needs of different users.

Air resources: These are resources that are derived from the atmosphere, such as oxygen,

nitrogen, and carbon dioxide. They are essential for human survival and climate regulation, but

their pollution by human activities can lead to air quality degradation and climate change.

Air resources refer to the Earth's atmosphere, which is a mixture of gases that surrounds
the planet. The atmosphere provides important benefits, including the regulation of the Earth's
climate and the support of life through the provision of oxygen. Here are some key aspects of air

resources:

Composition: The Earth's atmosphere is composed of several gases, including nitrogen, oxygen,
carbon dioxide, and trace amounts of other gases. The composition of the atmosphere can be
affected by natural and human-made factors, such as volcanic activity, forest fires, and industrial

emissions.

Quality: Air quality is essential for human health and the environment. Poor air quality can
cause respiratory problems, cardiovascular disease, and other health effects. Air quality can be
affected by natural and human-made factors, such as pollution, weather patterns, and emissions

from transportation and industry.

Management: The management of air resources involves the control of emissions and the
monitoring of air quality. Air pollution control measures include the use of emission controls on
vehicles and industry, the promotion of cleaner energy sources, and the enforcement of

regulations and standards.

Challenges: There are several challenges associated with the management of air resources,
including the increasing demand for energy, the need for economic growth, and the impact of
climate change. Addressing these challenges requires innovative solutions and policies that

balance economic, social, and environmental considerations.

Solutions: Some several approaches and technologies can help address the challenges facing air

resources management. These include the promotion of energy efficiency and conservation, the
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use of renewable energy sources, the adoption of low-emission transportation systems, and the

enforcement of regulations and standards to control emissions.

The sustainable management of air resources is critical for protecting human health and
the environment. This requires a comprehensive understanding of the complex interactions
between the atmosphere, society, and the environment, as well as innovative solutions and

policies that balance the needs of different users.
Nature of Natural Resource Management:

The nature of natural resources management (NRM) is complex and dynamic, as it
involves the sustainable use and conservation of natural resources in a constantly changing
environment. NRM is a multidisciplinary field that integrates scientific, economic, social, and
cultural perspectives and involves the participation of multiple stakeholders, including

government agencies, local communities, NGOs, and private sector organizations.

Multidisciplinary: NRM is a multidisciplinary field that integrates knowledge from various
disciplines, including ecology, economics, sociology, anthropology, geography, and political
science, to address the complex and interrelated challenges of managing natural resources

sustainably.

Dynamic: NRM is dynamic, as it involves the management of natural resources in a constantly
changing environment, affected by natural processes, human activities, and global changes such

as climate change and globalization.

Participatory: NRM is participatory, as it involves the participation of multiple stakeholders in
decision-making processes, including local communities, indigenous peoples, women, youth, and

other vulnerable groups.

Sustainable: NRM is focused on promoting the sustainable use and conservation of natural

resources, taking into account the ecological, economic, and social dimensions of sustainability.
Nature of Natural Resources Management special reference to Geography

The nature of natural resources management (NRM) is inherently spatial, and therefore

geography plays a critical role in the study and management of natural resources. Geography
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provides the spatial context and tools for understanding the distribution, availability, and use of

natural resources, and enables the analysis of spatial patterns and processes of natural resources.

Spatial: Geography is a spatial science, and therefore plays a critical role in the study and
management of natural resources. Geography provides the tools and methods for analyzing
spatial patterns and processes of natural resources and enables the identification of resource

hotspots, resource depletion areas, and areas of conflict over natural resources.

Multidisciplinary: NRM is a multidisciplinary field that integrates scientific, economic, social,
and cultural perspectives, and geography plays a critical role in integrating these different

perspectives into a spatially explicit framework.

Participatory: NRM is participatory, and geography provides the tools and methods for
participatory mapping, which enables local communities and stakeholders to participate in

decision-making processes related to natural resources management.

Dynamic: NRM is dynamic, as it involves the management of natural resources in a constantly
changing environment, affected by natural processes, human activities, and global changes such
as climate change and globalization. Geography provides the tools and methods for modeling

and predicting the impacts of these changes on natural resources.
Classification of Natural Resources Management:

Natural resource management (NRM) is a broad term that encompasses the management
of all resources that are derived from natural ecosystems. NRM includes the management of both
renewable resources (such as forests, wildlife, and water) and non-renewable resources (such as
minerals and fossil fuels). There are many ways to classify NRM, depending on the criteria used.

Here are some common classifications:

Based on the type of resource: This classification divides NRM into different categories
based on the type of resource being managed. For example, some common categories include
forest resource management, wildlife management, water resource management, and fisheries

management.
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Natural Resources Management Classification Based on the Type of Resource:

Classification of Natural Resource Management based on the type of resource being

managed includes several categories. Here are some common categories in detail:

Forest Resource Management: Forest resource management involves the conservation,
protection, and sustainable use of forest resources. It includes activities such as forest inventory,
forest planning, forest protection, and forest restoration. Forest resource management also
includes the management of timber, non-timber forest products, and wildlife in forests. The
Forest Stewardship Council (FSC) is one of the organizations that promote sustainable forest

management.

Wildlife Management: Wildlife management involves the conservation, protection, and
sustainable use of wildlife resources. It includes activities such as wildlife population
monitoring, wildlife habitat management, wildlife disease control, and wildlife hunting
regulation. Wildlife management also includes the management of wildlife in protected areas
such as national parks, game reserves, and wildlife sanctuaries. The International Union for

Conservation of Nature (IUCN) is one of the organizations that promote wildlife conservation.

Water Resource Management: Water resource management involves the conservation,
protection, and sustainable use of water resources. It includes activities such as water quality
monitoring, water allocation management, water use efficiency, and water pollution control.
Water resource management also includes the management of water supply for domestic,
agricultural, industrial, and environmental purposes. The World Water Council is one of the
organizations that promote sustainable water resource management.

Fisheries Management: Fisheries management involves the conservation, protection, and
sustainable use of fishery resources. It includes activities such as fish stock assessment, fishing
quota management, fishing gear regulation, and fishing vessel monitoring. Fisheries management
also includes the management of aquaculture, which is the farming of fish, shellfish, and aquatic
plants. The Food and Agriculture Organization of the United Nations (FAO) is one of the

organizations that promote sustainable fisheries management.
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Based on the scale of management: This classification divides NRM into different

categories based on the scale at which the management is being carried out. For example, some

common categories include national-level NRM, regional-level NRM, and local-level NRM.
Natural Resources Management Classification Based on the Scale of Management:

Classification of Natural Resource Management based on the scale of management

includes several categories. Here are some common categories in detail:

National Level NRM: National level NRM involves the management of natural resources at the
country level. It includes activities such as policy formulation, legislation, and coordination
among various government agencies. National-level NRM also involves the management of

large-scale natural resources such as national parks, protected areas, and large river basins.

Regional Level NRM: Regional level NRM involves the management of natural resources
within a region or a sub-national level. It includes activities such as land use planning, watershed
management, and biodiversity conservation. Regional-level NRM also involves the management
of shared natural resources such as transboundary rivers, shared forests, and shared marine

resources.

Local Level NRM: Local level NRM involves the management of natural resources at the
community level. It includes activities such as community-based natural resource management,
participatory forest management, and community-based wildlife conservation. Local-level NRM
also involves the management of small-scale natural resources such as community forests,

community fisheries, and community-based tourism.

Global Level NRM: Global level NRM involves the management of natural resources at the
international level. It includes activities such as international treaties, conventions, and
agreements related to natural resource management. Global-level NRM also involves the

management of global natural resources such as the oceans, atmosphere, and biodiversity.

Based on the approach: This classification divides NRM into different categories based on

the approach used for management. For example, some common categories include ecosystem-

based management, community-based management, and integrated resource management.
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Natural Resources Management Classification Based on the Approach:

Classification of Natural Resource Management based on the approach includes several

categories. Here are some common categories in detail:

Ecosystem-based approach: This approach to natural resource management recognizes the
importance of natural ecosystems and their services in sustaining human well-being. It involves
managing natural resources in a way that maintains the integrity of ecosystems and their
functions. This approach emphasizes the need to address the root causes of ecosystem

degradation, rather than just treating the symptoms.

Community-based approach: This approach to natural resource management involves
empowering local communities to manage their natural resources sustainably. It recognizes that
local communities have a deep knowledge of their environment and the natural resources within
it. This approach involves working with communities to develop their natural resource

management plans and providing them with the necessary support to implement them.

Market-based approach: This approach to natural resource management involves using market
mechanisms, such as payments for ecosystem services, to incentivize sustainable natural
resource management. It recognizes that natural resources have an economic value and that this
value can be harnessed to support sustainable management practices. This approach involves

working with market actors to create incentives for sustainable natural resource management.

Integrated approach: This approach to natural resource management involves considering the
interactions between different natural resources and their management needs. It recognizes that
natural resources are interconnected and that managing them in isolation can lead to unintended
consequences. This approach involves developing integrated natural resource management plans
that consider the needs of different stakeholders and the interactions between different natural

resources.

Natural Resources Management based on the objective: This classification divides
NRM into different categories based on the objective of the management. For example, some

common categories include conservation-oriented NRM, sustainable development-oriented

NRM, and disaster risk reduction-oriented NRM.
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Natural Resources Management Classification Based on the Objective:

Classification of Natural Resource Management based on the objective includes several

categories. Here are some common categories in detail:

Conservation-oriented NRM: This type of natural resource management aims to preserve and
protect natural resources for their intrinsic value and biodiversity conservation. It involves
activities such as protected area management, habitat restoration, and endangered species

conservation.

Sustainable use-oriented NRM: This type of natural resource management aims to use natural
resources in a way that maintains their productivity and ensures their availability for future
generations. It involves activities such as sustainable forestry, fisheries management, and

sustainable agriculture.

Development-oriented NRM: This type of natural resource management aims to use natural
resources to support economic development and poverty reduction. It involves activities such as

mineral extraction, hydropower development, and tourism development.

Risk-oriented NRM: This type of natural resource management aims to reduce the risk of natural
disasters and manage the impacts of climate change. It involves activities such as flood

management, drought management, and adaptation to climate change.

1.4 SUMMARY

Natural resources are materials and substances that exist in nature and have economic,
environmental, and social value. They are essential for human survival, development, and well-
being. Natural resources can be classified into various categories such as renewable and non-

renewable resources, land resources, water resources, and air resources.

Effective management of natural resources is crucial for sustainable development and the
preservation and protection of our planet's ecosystems. The management of natural resources is a
complex and multidisciplinary field, requiring collaboration between different fields such as

ecology, economics, geography, and policy. The classification of natural resources management
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based on the approach, scale, and objectives provides a framework for understanding the

different ways in which natural resources can be managed.

The sustainable management of natural resources requires a balance between the needs of
different stakeholders, including local communities, governments, and industries, while
minimizing negative impacts on the environment. Natural resources geography plays an essential

role in understanding the spatial distribution, availability, and utilization of natural resources.

1.5 GLOSSARY

e Adaptive management: A management approach that involves continuous monitoring
and evaluation of natural resources and adjusting management practices based on new
information and changing conditions.

e Air resources: Natural resources that include the atmosphere, air quality, and climate,
and are essential for human health and the environment.

e Biodiversity: The variety of life on Earth, including the diversity of species, ecosystems,
and genetic variation within species.

e Ecological footprint: The amount of land and resources required to support human
activities and consumption patterns, and the impact of those activities on the
environment.

e Ecosystem services: The benefits that people derive from natural ecosystems, including
provisioning services (such as food, water, and raw materials), regulating services (such
as climate regulation and pest control), cultural services (such as recreation and spiritual
value), and supporting services (such as nutrient cycling and soil formation).

e Ecosystem-based management: A management approach that focuses on the
conservation and management of entire ecosystems, rather than individual species or
resources.

e Integrated natural resources management: A management approach that considers the
interrelationships between different natural resources and integrates multiple
management strategies to achieve sustainable development.

e Land resources: Natural resources that include soil, forests, grasslands, and wetlands,

and provide the basis for agriculture, forestry, and other land-based activities.
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e Natural resources management: The process of managing natural resources sustainably
to meet the needs of the present and future generations.

e Natural resources: Materials and substances that occur naturally in the environment and
have economic, environmental, and social value.

e Non-renewable resources: Natural resources that are finite and cannot be replenished
within a human time frame, such as fossil fuels and minerals.

e Participatory management: A management approach that involves the active
participation of local communities and stakeholders in decision-making processes.

e Renewable resources: Natural resources that can be replenished or regenerated within a
relatively short period, such as solar, wind, water, and biomass.

e Sustainable development: Development that meets the needs of the present without
compromising the ability of future generations to meet their own needs.

e Water resources: Natural resources that include surface water, groundwater, and

precipitation, and are essential for human survival, agriculture, and industry.

1.6 ANSWER TO CHECK YOUR PROGRESS

1. What is natural resource management (NRM)?

a. The use and conservation of natural resources

b. The exploitation of natural resources for profit

c. The destruction of natural resources for industrial growth

d. The abandonment of natural resources for environmental protection
Answer: a.

2. What are the two broad categories of natural resources?
a. Renewable and non-renewable

b. Indigenous and foreign

c. Public and private

d. Organic and inorganic

Answer: a.

3. Which of the following is a non-renewable resource?

a. Water

b. Timber
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c. Petroleum

d. Wind

Answer: c.

4. Which of the following is an example of sustainable natural resource management?
a. Clear-cutting a forest for timber production

b. Overfishing a lake for commercial purposes

c. Implementing rotational grazing practices on a ranch

d. Polluting a river for industrial development

Answer: c.

5. What is the goal of natural resource management?

a. To exploit natural resources for profit

b. To destroy natural resources for industrial growth

c. To conserve natural resources for future generations

d. To abandon natural resources for environmental protection

Answer: c.

6. Which of the following is an example of a renewable resource?

a. Fossil fuels

b. Minerals

c. Solar energy

d. Natural gas

Answer: c.

7. What is the relationship between natural resource management and sustainable
development?

a. Natural resource management is the opposite of sustainable development

b. Natural resource management is an important component of sustainable development
c. Natural resource management has no impact on sustainable development

d. Natural resource management is detrimental to sustainable development

Answer: b.

8. What is the role of government in natural resource management?

a. To exploit natural resources for profit

b. To regulate the use and conservation of natural resources
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c. To destroy natural resources for industrial growth

d. To abandon natural resources for environmental protection

Answer: b.

9. Which of the following is a common challenge in natural resource management?
a. Lack of public awareness and involvement

b. Overuse and depletion of natural resources

c. Insufficient funding for natural resource management programs

d. All of the above

Answer: d.

10 Which of the following is a type of natural resource management?
a. Wildlife management

b. Climate change denial

c. Industrialization

d. Deforestation

Answer: a.
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1.8 TERMINAL QUESTIONS

1. What are renewable natural resources, and how are they different from non-renewable
natural resources?

2. What are some examples of non-renewable natural resources, and how are they extracted
and used?

3. What are the different types of energy resources, and how do they impact the
environment?

4. How do we manage water resources, and what are some of the challenges associated with
water resource management?

5. How do we manage land resources, and what are some of the environmental and social
impacts of land use?

6. What are some of the most important biodiversity hotspots in the world, and how can we
protect them?

7. What are some of the key issues associated with managing natural resources in developing
countries, and how can we address these issues?

8. How do we balance economic development and natural resource management, and what

are some of the key strategies for achieving sustainable development?
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10.

11.

12.

13.

14.

15.

What are some of the ethical considerations associated with natural resource management,
and how can we ensure that natural resources are managed in a just and equitable way?
How can we engage local communities in natural resource management, and what are
some of the benefits of community-based natural resource management?

What is the definition of a natural resource, and how do we classify different types of
natural resources?

How do natural resources contribute to economic development, and what are some of the
challenges associated with managing natural resources for sustainable development?

How are natural resources distributed around the world, and what are some of the
geopolitical implications of natural resource distribution?

What are some of the key drivers of natural resource extraction and use, and how do these
drivers vary across different regions and sectors?

How do natural resources interact with the environment, and what are some of the

environmental impacts of natural resource extraction and use?
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2.1 OBJECTIVES

Reading this Unit will help the students in clearing their concepts as regards the following:

Introduce the concept of natural resource management.
Explore different models and approaches used in natural resource management.

Highlight the benefits and challenges associated with each approach.

YV V VYV V

Promote a holistic perspective that considers the interconnections between natural
resources, human communities, and the environment.

» Provide a foundation for further exploration and study of natural resource management.

2.2 INTRODUCTION

Natural resources management (NRM) is a critical field that encompasses the planning,
implementation, monitoring, and evaluation of the sustainable use and conservation of natural
resources. Geography plays a vital role in NRM by providing a spatial context for understanding
the distribution and characteristics of natural resources and the human activities that impact
them. There are several models and approaches to NRM, including the ecosystem approach,
adaptive management, community-based natural resources management (CBNRM), and
integrated natural resources management (INRM). Each approach has its strengths and
weaknesses, and the choice of approach depends on the specific context and objectives of

management.

This chapter will provide an in-depth analysis of the concept, models, and approaches to
NRM with special reference to geography. It will explore the role of geography in NRM and the
tools and techniques used in the field, such as geographic information systems (GIS), remote
sensing, and spatial analysis. The chapter will also examine case studies of successful NRM

implementation and discuss the challenges and opportunities for NRM in the future.
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2.3 CONCEPT, MODELS AND APPROACHES TO NATURAL
RESOURCES MANAGEMENT

Definition of Natural Resources Management from a Geographical

Perspective:

Natural resources management (NRM) refers to the sustainable use and conservation of
natural resources, such as water, land, forests, wildlife, and minerals, in a way that meets the
needs of present and future generations. Geography plays a crucial role in NRM by providing a
spatial context for understanding the distribution and characteristics of natural resources and the

human activities that impact them.

From a geographical perspective, NRM involves the identification, mapping, and analysis
of natural resources and their distribution across landscapes, regions, and countries. It also
involves the consideration of the physical, biological, and social processes that shape natural
resource systems and the interactions between these processes and human activities. Geographic
information systems (GIS), remote sensing, and spatial analysis are among the tools and

techniques used in NRM to collect, process, and analyze spatial data.

The concept of NRM from a geographical perspective emphasizes the importance of
understanding the spatial patterns and processes that influence natural resources and their
management. This understanding can help to identify areas of high conservation value, areas of
high resource use, and areas where conflicts may arise between different stakeholders. By
integrating spatial information with socio-economic data, NRM can facilitate the development of
effective policies and management strategies that balance conservation and development

objectives.

Spatial Distribution of Natural Resources and its Implications for

Management:

The spatial distribution of natural resources refers to their arrangement across the
landscape or region, including their abundance, diversity, and accessibility. Understanding the

spatial distribution of natural resources is essential for effective natural resources management
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(NRM) as it can help identify areas of high conservation value, areas of high resource use, and
areas where conflicts may arise between different stakeholders. In this section, we will discuss
the implications of spatial distribution for NRM and provide examples from different natural

resource sectors.

Water resources: The spatial distribution of water resources varies greatly depending on factors
such as climate, topography, and hydrology. In arid and semi-arid regions, water is often scarce,
and its availability is unevenly distributed. Understanding the spatial distribution of water
resources can help identify areas of high water stress and inform water allocation and
management decisions. For example, the Water Poverty Index (WPI) is a spatial analysis tool
that combines various indicators to assess water availability, access, use, and environmental

sustainability at a local level.

Forest resources: The spatial distribution of forest resources depends on factors such as climate,
topography, and human activities. Forests provide a range of ecosystem services, such as carbon
sequestration, biodiversity conservation, and water regulation. Understanding the spatial
distribution of forest resources can help identify areas of high conservation value and prioritize
forest management activities. For example, the Forest Landscape Restoration (FLR) approach
aims to restore degraded forest landscapes and enhance their capacity to provide multiple

ecosystem services.

Mineral resources: The spatial distribution of mineral resources depends on geological factors
and exploration activities. Minerals are essential for economic development, but their extraction
can have negative environmental and social impacts. Understanding the spatial distribution of
mineral resources can help identify areas of high mineral potential and inform land use planning
and mineral exploration activities. For example, the Marine Spatial Planning (MSP) approach
aims to manage the use of marine resources in a way that balances economic, social, and

environmental objectives.
Regional Variations in Natural Resources Management Practices:

Natural resources management practices vary across regions depending on several

factors, including cultural norms, economic conditions, political systems, and environmental
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conditions. In this section, we will discuss some examples of regional variations in natural

resource management practices.

Africa: In many African countries, natural resource management is closely linked to rural
livelihoods and subsistence agriculture. Traditional community-based approaches to natural
resources management, such as community forestry and customary land tenure systems, are
prevalent in many parts of Africa. However, the rapid growth of population and urbanization is
putting pressure on natural resources, leading to increased conflicts between different
stakeholders. In recent years, there has been a shift towards more inclusive and participatory
approaches to natural resources management, involving different stakeholders in decision-

making processes.
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Asia: In many Asian countries, natural resource management is closely linked to economic

development, particularly in the extractive industries. Large-scale mining, logging, and

hydropower projects are prevalent in many parts of Asia, leading to significant environmental
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and social impacts. However, there is also a growing recognition of the importance of sustainable
natural resources management, particularly in the context of climate change. There has been a
shift towards more integrated approaches to natural resources management, such as landscape-
level planning and management, to balance economic development with environmental and

social objectives.
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Latin America: In many Latin American countries, natural resource management is closely
linked to indigenous peoples' rights and environmental conservation. Traditional indigenous
knowledge and practices are often incorporated into natural resources management, particularly
in the context of community-based conservation and protected areas. However, there are also
significant challenges related to land tenure, conflicts between different stakeholders, and

environmental degradation due to the rapid expansion of agriculture and mining activities.
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The Role of Geography in Understanding the Complex Interactions Between

Natural Resources and Society:

Geography plays a critical role in understanding the complex interactions between natural
resources and society. This is because natural resources are distributed unevenly across the
globe, and their availability, accessibility, and utilization are influenced by physical, social,
economic, and political factors that vary across space and time. In this section, we will discuss
the role of geography in understanding the complex interactions between natural resources and

society.

Spatial analysis: Geography provides a set of tools and techniques for analyzing spatial patterns,
relationships, and processes related to natural resources and society. Spatial analysis allows us to
examine how natural resources are distributed, how they are used and managed, and how they
interact with social and economic systems. For example, geographic information systems (GIS)
can be used to map the distribution of natural resources, model the impacts of human activities

on the environment, and identify areas that are vulnerable to natural hazards or climate change.

Contextualization: Geography provides a context for understanding the complex interactions
between natural resources and society. This involves examining the physical, social, economic,
and political factors that influence the availability, accessibility, and utilization of natural
resources in different regions and communities. For example, geography can help us understand
how cultural norms, land tenure systems, and governance structures influence natural resource

management practices in different parts of the world.

Multidisciplinarity: Geography is a multidisciplinary field that brings together different
perspectives, theories, and methods for understanding natural resources and society. This
includes insights from ecology, economics, sociology, anthropology, and political science,
among others. Multidisciplinary approaches are essential for understanding the complex
interactions between natural resources and society, as they allow us to examine the social,
economic, and political drivers of environmental change and identify potential solutions that

address multiple objectives.
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Importance of Sustainable Management of Natural Resources:

The sustainable management of natural resources is of critical importance to ensure the
well-being of both present and future generations. Natural resources such as water, forests,
minerals, and biodiversity provide essential goods and services that support human life and
economic activities. However, the overuse, degradation, and depletion of these resources have
negative impacts on ecosystems, economies, and societies. In this section, we will discuss the

importance of sustainable management of natural resources.

Environmental sustainability: Sustainable management of natural resources is essential to
maintain the ecological balance and the functioning of ecosystems. It ensures that the natural
resources are used in a way that does not exceed their regenerative capacity, minimizes pollution
and waste, and preserves biodiversity and ecosystem services. This is important for mitigating

the impacts of climate change, protecting habitats, and preserving the natural heritage for future

generations.
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Economic sustainability: Sustainable management of natural resources is essential for economic

development and poverty reduction. Natural resources provide inputs for many economic
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activities, including agriculture, forestry, mining, and tourism. However, overexploitation,
degradation, and depletion of natural resources can undermine economic growth and human
well-being. Sustainable management of natural resources can enhance economic productivity,

create employment opportunities, and promote sustainable livelihoods.

Social sustainability: Sustainable management of natural resources is essential for social equity
and justice. Natural resources are often a source of conflict and competition between different
users, such as communities, governments, and corporations. Sustainable management of natural
resources can ensure that the benefits and costs of resource use are distributed fairly and

equitably and that the rights of marginalized and vulnerable groups are protected.
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Fig: 2.4 Social sustainability, Source Google Image
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Principles of Natural Resources Management:

Natural resources management (NRM) involves the use, protection, and conservation of
natural resources for the benefit of present and future generations. To achieve sustainable
management of natural resources, several principles have been developed based on the scientific
understanding of the complex interactions between natural systems and human activities. In this

section, we will discuss the key principles of natural resource management.

Adaptive management: Adaptive management is a process that involves monitoring, evaluation,
and adjustment of natural resources management strategies and interventions based on new
information and feedback. It recognizes that natural systems are complex, dynamic, and
uncertain and that management interventions must be flexible and responsive to changing
conditions and feedback. Adaptive management promotes learning, innovation, and continuous

improvement in natural resources management.

Ecosystem-based approach: Ecosystem-based approach (EBA) is an approach that recognizes
the fundamental role of ecosystems in supporting human well-being and livelihoods. It aims to
maintain or restore the functioning and resilience of ecosystems by addressing the underlying
drivers of ecosystem change and by taking into account the interconnections and feedback
between different ecosystem components. EBA promotes the integration of ecological, social,

and economic considerations in natural resource management.

Participation and stakeholder engagement: Participation and stakeholder engagement are key
principles of natural resources management that recognize the importance of involving and
empowering local communities, indigenous peoples, and other stakeholders in decision-making
and management processes. It promotes transparency, accountability, and social equity in natural
resources management and enhances the legitimacy and effectiveness of management

interventions.

Precautionary principle: The precautionary principle is a principle that guides natural resources
management by promoting caution and preventive action in the face of scientific uncertainty and
potential risks to the environment or human health. It recognizes that the absence of scientific
certainty should not be used as an excuse for inaction and that management interventions should

err on the side of caution to prevent irreversible harm.
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Models of Natural Resources Management:

There are various models of natural resources management (NRM) that have been
developed over the years to guide the planning and implementation of sustainable management
practices. In this section, we will discuss some of the commonly used models of natural

resources management.

Integrated Natural Resources Management (INRM) Model: The INRM model is a
participatory approach that aims to integrate different natural resources sectors, such as forestry,
agriculture, water management, and biodiversity conservation, to achieve sustainable
development goals. This model emphasizes collaboration and communication between different

stakeholders to promote holistic and sustainable natural resources management.

Adaptive Co-management (ACM) Model: The ACM model is a collaborative approach to
NRM that involves the sharing of power and responsibility between different stakeholders,
including local communities, government agencies, and non-governmental organizations. The
ACM model emphasizes adaptive management practices that allow for flexibility and learning,

as well as the development of social capital and trust between stakeholders.

Ecosystem-based Management (EBM) Model: The EBM model is a holistic approach to NRM
that emphasizes the integration of ecological, social, and economic considerations to achieve
sustainable management of ecosystems. This model recognizes the interdependence between
human societies and the natural environment and seeks to balance ecological integrity with

human needs and aspirations.

Payments for Ecosystem Services (PES) Model: The PES model is a market-based approach to
NRM that involves the provision of financial incentives to landowners or communities for the
provision of ecosystem services, such as carbon sequestration, water regulation, and biodiversity
conservation. This model seeks to create economic incentives for sustainable natural resource

management practices and promote the recognition of the value of ecosystem services.

Community-based Natural Resources Management (CBNRM) Model: The CBNRM model
is a bottom-up approach to NRM that involves the active participation of local communities in

the management and conservation of natural resources. This model emphasizes community
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empowerment, ownership, and participation in decision-making processes, and recognizes the

importance of local knowledge and practices in natural resource management.

These models of natural resource management have been developed to address different
challenges and contexts of sustainable development. They emphasize the need for collaborative
and participatory approaches to natural resource management and recognize the interdependence

between human societies and the natural environment.

Geographic Variations in the Application of Different Models of Natural

Resources Management:

Geographic variations exist in the application of different models of natural resources
management due to differences in the availability and types of natural resources, institutional
frameworks, cultural values, and socio-economic conditions across regions. Here, we discuss
some examples of geographic variations in the application of different models of natural

resources management:

Community-Based Natural Resources Management (CBNRM): CBNRM is an approach that
involves local communities in the management and conservation of natural resources. It has been
widely applied in Africa, where it is effective in promoting the sustainable use of natural
resources, improving livelihoods, and reducing poverty. However, the success of CBNRM
depends on the capacity and willingness of local communities to participate in decision-making
processes and implement management plans. In some regions, such as Latin America, CBNRM
has not been widely adopted due to the lack of supportive legal frameworks and weak

institutional structures.

Integrated Water Resources Management (IWRM): IWRM is an approach that aims to
balance competing demands for water resources by integrating social, economic, and
environmental considerations in decision-making processes. It has been applied in various
regions, including Europe, Asia, Africa, and Latin America. In Europe, IWRM has been
promoted as a means of achieving the objectives of the European Water Framework Directive,
which aims to protect and restore the quality of surface waters and groundwater. In Africa,

IWRM has been adopted as a means of addressing the challenges of water scarcity and
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improving water security. However, the implementation of IWRM has been hindered by a lack

of political will, inadequate institutional frameworks, and weak stakeholder engagement.

Payments for Ecosystem Services (PES): PES is an approach that involves the payment of
monetary incentives to landowners and communities for the provision of ecosystem services. It
has been applied in various regions, including Latin America, Asia, and Africa. In Latin
America, PES has been used to promote the conservation of forests, which provide critical
ecosystem services such as carbon sequestration and water regulation. In Asia, PES has been
used to address the challenges of soil erosion and improve soil fertility. However, the
implementation of PES has been hindered by a lack of financial resources, weak governance

structures, and conflicts between different stakeholders

Case Studies of Successful and Unsuccessful Applications of Different Models

in Different Regions:

Approaches to Natural Resources Management:

There are several case studies of successful and unsuccessful applications of different

models of natural resources management in various regions. Here are a few examples:

Successful Case Study: Joint Forest Management in India: The Joint Forest Management
(JEM) approach in India is considered a successful case study of natural resources management.
Under this approach, local communities are given the right to manage and use forest resources,
which has led to an improvement in forest health, increased biodiversity, and reduced conflicts
between local communities and the government. The success of JFM has been attributed to the
active participation of local communities, the creation of legal frameworks for community forest

management, and the provision of financial incentives.

Unsuccessful Case Study: Water User Associations in Nepal: The Water User Association
(WUA) approach in Nepal is an example of an unsuccessful application of natural resources
management. The WUA approach was intended to promote community participation in the
management of water resources, but the approach has been criticized for being elitist and
excluding marginalized groups. The approach also did not address the power dynamics between

different stakeholders, leading to conflicts and ineffective management of water resources.
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Successful Case Study: Marine Protected Areas in Mexico: The establishment of Marine
Protected Areas (MPAs) in Mexico is another example of a successful approach to natural
resources management. MPAs were created to protect marine biodiversity and promote
sustainable fishing practices. The establishment of MPAs has resulted in increased fish

populations, improved ecosystem health, and increased economic benefits for local communities.

Unsuccessful Case Study: Payment for Ecosystem Services in Costa Rica: The Payment for
Ecosystem Services (PES) approach in Costa Rica is an example of an unsuccessful application
of natural resources management. The PES approach was intended to provide financial
incentives for conservation efforts, but the approach has been criticized for prioritizing
conservation over social equity. The approach has also led to the exclusion of marginalized
groups and the commodification of nature. These case studies highlight the importance of
context-specific approaches to natural resources management and the need for continuous

evaluation and adaptation of management models.
Benefits and Drawbacks of Natural Resources Management:

Natural resources management has both benefits and drawbacks, and these can vary
depending on the specific approach, model, and context. Some of the potential benefits of natural

resources management include:

» Sustainable use of resources: By sustainably managing natural resources, it is possible
to ensure that they are used in a way that does not deplete them or cause long-term
damage to the environment.

» Economic benefits: Proper management of natural resources can provide economic
benefits through the creation of jobs, revenue from resource extraction, and increased
trade.

» Environmental benefits: Proper management of natural resources can also have
environmental benefits, such as the conservation of biodiversity and the protection of
ecosystems.

» Social benefits: The management of natural resources can also have social benefits, such

as improved access to clean water and food security.
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Regional Differences in the Challenges Faced in Natural Resources

Management:

Natural resources management is a complex process that involves the effective and
sustainable use of natural resources. It is influenced by various factors such as social, economic,
cultural, and environmental conditions. Therefore, challenges in natural resources management
can vary from region to region. In this response, I will describe the regional differences in the

challenges faced in natural resources management with references.

Sub-Saharan Africa: Sub-Saharan Africa faces several challenges in natural resources
management such as poverty, political instability, and limited technological resources. These
factors have led to the degradation of natural resources such as forests, water resources, and
wildlife habitats. Climate change is another significant challenge affecting natural resources
management in the region. It has led to declining agricultural productivity, water scarcity, and

increased risk of natural disasters.

Fig: 2.5 Poverty in Sub-Saharan Africa, Source Google Image

South Asia: In South Asia, natural resources management faces challenges such as population
growth, poverty, and food security. The region is highly populated, and the increasing demand
for food, water, and energy has led to overexploitation of natural resources. Climate change is
also a significant challenge in South Asia, with extreme weather events such as floods, droughts,

and cyclones becoming more frequent.
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Table-2.1: Measures in Poverty and Shared Prosperity Report 2018.

Survey Populat Number Poverty Poverty Poverty
Country ear(s) ion of poor rate (%) ap (%) gap/rate
y (millions) gap (%)
India 2011.5 1311.19 175.7 13.42 2.4 17.7
Bangladesh Z2UDEL 160.53 24.4 15.16 2.8 18.1
2016
. 2013.5 and
Pakistan 2015.5 190.38 9.9 5.23 0.7 13.2
Nepal 2010.17 28.57 2.0 7.03 1.4 19.8
. 2012.5 and
Sri Lanka 2016 25.00 0.2 0.77 0.1 11.7
2012 and
Bhutan 2017 0.81 0.0 1.66 0.3 16.3
Maldives 2009.5 0.37 0.0 4.08 0.8 20.3
Afghanistan NA 35.53 NA NA NA NA

Latin America and the Caribbean: The region faces challenges such as deforestation, land

degradation, and water scarcity. The exploitation of natural resources for economic development

has led to the destruction of forests, loss of biodiversity, and soil erosion. Climate change is

another significant challenge in the region, with rising temperatures affecting agriculture, water

resources, and human health.

North America: In North America, natural resources management faces challenges such as

climate change, habitat loss, and water scarcity. The exploitation of natural resources such as oil
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Fig: 2.6 Deforestation dynamics and drivers in different forest types in Latin America: Three decades of
studies (1980-2010)
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and gas has led to environmental degradation, affecting the health of ecosystems and human
populations. Climate change is a significant challenge in the region, with rising temperatures

affecting agriculture, water resources, and human health.

Europe: In Europe, natural resources management faces challenges such as climate change, land
degradation, and water pollution. The region has experienced a decline in biodiversity due to the
exploitation of natural resources for economic development. Climate change is also a significant
challenge in the region, with rising temperatures affecting agriculture, water resources, and

human health.

Climate Change Effects on European Countries

Based on the scale from 0 to 100. The higher the score, the more the country has been affected.
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Fig: 2.7 Climate Change Effect on European Countries map, Source Google Image

In conclusion, natural resources management faces regional differences in challenges due

to various factors such as population growth, poverty, political instability, and climate change.
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Addressing these challenges requires the implementation of effective policies and strategies that

are tailored to the specific needs of each region.

Strategies for addressing geographic challenges in natural resources

management:

Natural resources management is a complex task that involves various challenges,
including geographic challenges. Addressing these challenges requires strategic planning and
implementation of appropriate strategies. In this section, we will discuss some strategies for
addressing geographic challenges in natural resources management, with references to relevant

literature.

Collaborative approaches: Collaborative approaches involve working together with
stakeholders, including local communities, governments, and private organizations, to develop
and implement natural resources management plans. Such an approach is crucial in addressing
geographic challenges as it enables local people to participate actively in the management
process, making it easier to identify and address geographic issues. Collaborative approaches
have been successful in various natural resources management initiatives, such as forest

management and marine protected areas.

Adaptive management: Adaptive management involves a continuous process of learning,
monitoring, and adjusting management plans based on feedback and new information. This
approach is particularly useful in addressing geographic challenges, such as climate change,
which can lead to unpredictable changes in natural resources. Adaptive management has been
used in various natural resources management initiatives, such as fisheries and water resources

management).

Geographic information systems (GIS): GIS is a powerful tool that enables the analysis,
visualization, and interpretation of spatial data. It has been widely used in natural resources
management to address geographic challenges, such as mapping and monitoring natural
resources, identifying and assessing threats, and predicting future changes. GIS has been applied
in various natural resources management initiatives, such as forest management and water

resources management.
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Payment for ecosystem services (PES): PES is a market-based mechanism that involves paying
individuals or communities for the provision of ecosystem services, such as carbon sequestration
and water regulation. This approach can help to address geographic challenges by providing
incentives for natural resource conservation and management. PES has been used in various
natural resources management initiatives, such as forest conservation and watershed

management.

Capacity building: Capacity building involves developing the skills and knowledge of local
people to manage natural resources effectively. This approach can help to address geographic
challenges by empowering local people to identify and address issues specific to their area.
Capacity building has been used in various natural resources management initiatives, such as

community-based forest management and wildlife conservation.
Benefits of natural resources management:

Natural resources management (NRM) has numerous benefits for both the environment

and society. Some of the key benefits are as follows:

Conservation of natural resources: NRM is aimed at the sustainable use and conservation of
natural resources, which helps to protect biodiversity and maintain ecological balance. Proper
management practices can prevent over-exploitation and depletion of natural resources, thus

ensuring their availability for future generations.

Improved productivity: Effective NRM practices can lead to improved productivity in
agriculture, forestry, and other natural resource-based industries. This can result in increased

income for rural communities and contribute to poverty reduction.

Climate change mitigation: NRM practices can help to mitigate climate change by reducing
greenhouse gas emissions, increasing carbon sequestration, and improving adaptive capacity to

climate change impacts.

Enhanced ecosystem services: Proper management of natural resources can lead to enhanced
ecosystem services, such as improved water quality, soil health, and pollination. This, in turn,

can support sustainable livelihoods and economic development.
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Social benefits: NRM can also provide social benefits, such as improved health and well-being,

community cohesion, and empowerment of marginalized groups.

2.4 SUMMARY

The Unit "Concept, Models and Approaches to Natural Resources Management"
provides an overview of the various concepts, models, and approaches used in natural resource
management (NRM). The chapter begins with a discussion of the concept of NRM, which refers
to the sustainable use and conservation of natural resources to meet the needs of present and
future generations. The chapter then goes on to describe different NRM models, including the

systems approach, the sustainable development approach, and the resilience approach.

The Unit also highlights several NRM approaches, including community-based natural
resource management (CBNRM), integrated natural resource management (INRM), ecosystem-
based management (EBM), market-based approaches, and adaptive management. CBNRM
involves the participation of local communities in decision-making and resource management,
while INRM recognizes the interconnectedness of natural resources and their management. EBM
seeks to manage natural resources at the ecosystem level, while market-based approaches use
market mechanisms to promote sustainable resource use. Adaptive management emphasizes

learning and flexibility in NRM decision-making.

The unit concludes by emphasizing the need for a holistic approach to NRM that
recognizes the complex interactions between natural resources, human communities, and the
broader environment. The chapter provides a comprehensive list of references that readers can

use to explore the topic of NRM further.

2.5 GLOSSARY

e Adaptive management: An NRM approach that emphasizes learning and flexibility in
decision-making, and seeks to monitor and evaluate the impacts of management actions.

e Certification schemes: Market-based approaches that involve third-party certification of
sustainable resource use, such as the Forest Stewardship Council (FSC) and the Marine

Stewardship Council (MSC).
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¢ Community-based natural resource management (CBNRM): An NRM approach that
involves the participation of local communities in decision-making and resource
management.

e Ecosystem-based management (EBM): An NRM approach that seeks to manage
natural resources at the ecosystem level.

e Integrated natural resource management (INRM): An NRM approach that recognizes
the interconnectedness of natural resources and their management.

e Market-based approaches: NRM approaches that use market mechanisms to promote
sustainable resource use.

e Natural resource management (NRM): The process of managing natural resources
sustainably to meet the needs of present and future generations.

e Resilience approach: An NRM model that seeks to promote the ability of natural
systems to withstand and recover from disturbances.

e Sustainable development approach: An NRM model that seeks to meet the needs of the
present generation without compromising the ability of future generations to meet their
own needs.

e Systems approach: An NRM model that considers the natural resource system as a

whole, including the various components and their interrelationships.

2.8ANSWER TO CHECK YOUR PROGRESS

1. What is natural resource management?

a) The process of exploiting natural resources without considering their sustainability

b) The process of managing natural resources sustainably to meet the needs of present and future
generations

¢) The process of conserving natural resources without considering their economic value

d) The process of managing natural resources without considering the needs of future
generations

Answer: b)

2. Which NRM model considers the natural resource system as a whole?

a) Sustainable development approach

b) Resilience approach
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¢) Systems approach

d) Ecosystem-based management approach

Answer: ¢)

3. Which NRM approach involves the participation of local communities in decision-
making and resource management?

a) Integrated natural resource management

b) Ecosystem-based management

¢) Community-based natural resource management

d) Sustainable development approach

Answer: ¢)

4. Which NRM approach seeks to manage natural resources at the ecosystem level?
a) Community-based natural resource management

b) Ecosystem-based management

¢) Market-based approaches

d) Adaptive management

Answer: b)

5. What do market-based approaches use to promote sustainable resource use?

a) Command-and-control mechanisms

b) Third-party certification schemes

¢) Regulations and legislation

d) Government subsidies

Answer: b)

6. Which NRM approach emphasizes learning and flexibility in decision-making?
a) Sustainable development approach

b) Resilience approach

¢) Adaptive management

d) Market-based approaches

Answer: ¢)

7. What is the primary goal of certification schemes?

a) To promote unsustainable resource use

b) To monitor and regulate resource use
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¢) To promote sustainable resource use

d) To reduce the economic value of natural resources

Answer: ¢)

8. What is the main advantage of the resilience approach?

a) It promotes sustainable resource use

b) It is easy to implement

c¢) It promotes the ability of natural systems to withstand and recover from disturbances

d) It does not consider the needs of future generations

Answer: ¢)

9. What does the sustainable development approach seek to do?

a) Exploit natural resources for economic gain

b) Promote the ability of natural systems to withstand disturbances

c) Meet the needs of the present generation without compromising the ability of future
generations to meet their own needs

d) Promote the use of market mechanisms to manage natural resources

Answer: ¢)

10. What does the systems approach consider when managing natural resources?

a) Only the economic value of natural resources

b) Only the environmental impacts of natural resource use

c¢) The natural resource system as a whole, including the various components and their
interrelationships

d) The needs of the present generation without considering the needs of future generations

Answer: ¢)
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2.8 TERMINAL QUESTIONS

1. What is the primary goal of natural resource management?

N

What is the difference between the systems approach and the resilience approach in
natural resource management?

How does community-based natural resource management empower local communities?
Explain the concept of integrated natural resource management and its benefits.

What are the key principles of ecosystem-based management?

How do market-based approaches promote sustainable resource use?

What is adaptive management and why is it important in natural resource management?

® N kW

Discuss the role of certification schemes in market-based approaches to natural resource

management.

9. How does the sustainable development approach balance the needs of the present and
future generations in natural resource management?

10. Explain the concept of adaptive co-management and its significance in natural resource

management.
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3.1 OBJECTIVES

After having the detailed study of this unit you will be able to:
e To identify the problems of resources utilization.
¢ Know about the Strategies for Sustainable Resource Utilization.
e To describe different types & importance of natural resources.
e To identify the effects of population pressure on resource utilization.
e To give reasons for unequal utilization of resources and their availability.
e To suggest various methods of conserving resources.

e To assess the methods of managing resources in consonance with our policies and plan.

3.2 INTRODUCTION

Anything which has some utility for us is called a resource. Some resources have
economic value, while some do not. A resource is any physical material consisting part of Earth
that people need and value. Anything that exists in nature and has utility to mankind is a
resource. Natural materials become resources when humans value them (fig.1). The uses and
values of resource change from culture to culture and from time to time. There are two most
important factors that can turn any substance into a resource- time and technology. With the help
of technology, innovation humans can transform a natural or man- made substance into a
resource. Three basic resources-land, water and air are essential to survival. Natural resources:

anything and everything that is available naturally on earth is a natural resource.

Man-made resources: when humans use natural things to make something new that
provides utility and value to our lives, it is called human made resources. For instance, when we
use metals, wood, cement, sand, and solar energy to make building, machinery, vehicles, bridges,
roads etc. they become man made resources. Likewise, technology is also a man made resources.
These resources are mostly renewable. Humans have the skills, intelligence and knowledge, and
use technology to transform a natural resource into usable and valuable things, they themselves

become a resource.
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Types of Resources
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Fig. 1 flow chart of types of resources.

Utilization of resources: Resources become usable when they are processed. For example,
cotton is converted into yarn. On further processing, it is converted into fabric, then finally into
garments. Thus, at various stages value addition is possible by applying skill and technology.
Generally, the utilization of resources depends upon various factors, such as: Availability of
resources, Skill of human beings, Availability of capital, water, Advancement of technology
(tools, machines, etc.) and Availability of transport and communication facilities, etc. In the
initial stages of economic development, availability of resources played a very important role.
With the advancement of technology, availability of capital and skilled labour became a
necessity for the utilization of resources. For example, USA is termed as a developed country
because it is economically self-sufficient and technologically advanced. On the other hand, India
is still in a developing stage. Though resources are essential for development, but their mere
presence does not guarantee development. Other factors also play a crucial role. After
independence, the fisheries industry, particularly the marine sector, has witnessed a

massive transformation from a traditional and subsistence type enterprise to market driven
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multi core industry. Currently, India exports nearly 55 categories of marine products to

South Asian, and European countries and U.S.A.

3.3 PROBLEMS OF RESOURCES UTILIZATION; POPULATION
PRESSURE, DEVELOPMENT, AND RESOURCE USE

Population Pressure and its Implications

Due to the increase in the human population, natural resources are being used up at a
more rapid rate than in the past. Although renewable natural resources can be replenished, when
they are used too rapidly they cannot replenish fast enough to meet the human demand.
Population growth and natural resources are intricately linked and play role in climate disruption
and farmers' ability to adapt to climate change especially in developing countries with rapid
demographic changes and economies mostly dependent on natural resources. Although literature
exists on population issues, emphasis was given to positive roles of population growth providing
only incomplete picture for stakeholders and policy makers. This constrained climate change
adaptation and mitigation strategies, improving food security and attaining sustainable
development goals. Rapid population growth continues to be a major underlying force of
environmental degradation and a threat to sustainable use of natural resources. It reduces the
quality and quantity of natural resources through overexploitation, intensive farming and land
fragmentation. Regions with high population pressure face scarcity of arable land, which leads to
shortened/removed fallow period, declining soil fertility and farm income due to farm

subdivision.

The remedial measures may be taken as disseminating encouraging active
participation of all for the conservation process. The remedial measures may be taken is

follows:

1) In the rural areas, the family welfare programs should be initiated honestly and

sincerely.

2) To meet the demand of fuel, fodder and timber for increasing population,

implementation of horticulture or agro-forestry system is the need of the hour.
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3) Infrastructural development is compulsory, so the forest department has to undertaken

more plantation programs in the degraded areas of the region.

4) Environmental Awareness Programs at all levels should be sponsored by Governmental
and Non- Governmental agencies engaged in environment development. They should create

awareness about the importance of forest among the villagers.

5) Programs should be organized to create awareness about harmful effects of burning of fuel
wood on health. Interactive workshop to promote the usages of bio-gas plants, LPG and pressure

cookers are also equally important.

6) The new policy of the state preservation and restoration of ecological balance wherever
needed, conserving natural heritage of Assam by preserving forests checking, erosion in
catchment areas of rivers increasing forest cover in the forest deficient areas and meeting

benefited livelihood need for the poor people including tribal.
Effects of Population Pressure on Resource Utilization

Population growth, combined with other direct factors such as poverty, corruption, and
weak property rights, contributes to forest loss and severe environmental degradation. In
recent years, integrated management of population pressure and natural resources are
widely implemented by researchers. Intense population pressure on the environmental
resources is the leading factor in modifying the land use pattern of an area. Forest resource is a
vital element that supports life on the surface of the earth, but human pressure on land has raised
several environmental problems and created a huge impact on forests. There is a strong link
between demographic and socio-economic trends on one hand, and the depletion of
resources and environmental degradation, on the other (Sinha, B.K and Choudhary, S.
2008). Growing demand for forest and agricultural products to feed increasing rural and urban

populations will continue to put pressure on forests.

The World Health Organization, the World Economic Forum and other organizations
have pointed to air pollution, climate change and water scarcity (fig.2) as some of the biggest

threats to human well-being. These are environmental challenges that also intersect with threats

UNIT-3 PROBLEMS OF RESOURCES....... Page 62 of 297



Fundamentals of Natural Resource Management Uttarakhand Open University

to biodiversity. By 2050, the world’s population is projected to be 10 billion. We’ll see
accelerated impacts on natural resources that intensify this challenge and others, such as the
already harsh impacts of climate change on both people and nature. The question of whether we
can advance both conservation and human development is the driving force behind a jnew
study by 13 institutions, including The Nature Conservancy and the University of Minnesota.
Together with the University of Minnesota and 11 other institutions, The Nature Conservancy

designed a study based on realistic assumption about how the world will change between now

and 2050. Below is the projection we used, followed by a contrast of the two paths. (Fig. 3)

PROJECTED GROWTH IN POPULATION AND RESOURCE DEMANDS BY 2050

’— GROWTH | | DEMAND
INCREASE BY 2050 INCREASE BY 2050
#2010 ©2050 @201 @2050

317% 4% 33% 56% 234%

GDP grows to Population grows to Cropland Calarie Demand Energy Demand Domestic Water Demand
292 trillion USD 3.7 billion people rises to 19.6 quadrillion rises ta 1,004 million T rises to 194 km® annual
Fral per year peryear consumptive use

Fig. 3 Projected Growths in Population and Resource Demands by 2050.

Fig .2 Population Growths Affects Water Scarcity.
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The facet of forest cover has been changing continuously in all parts of North East
India. The changes have been increased in last few decades mainly due to human activities. As
the population pressure is very high and consequently the scarcity of food has been
increased day by day so the result is agricultural expansion. Simultaneously illegal cutting of
trees mainly depletes the forest land. Deforestation not only affects the areas of occurrence,
but also has a long affect in environmental perspective. Cutting or felling of trees, shifting
cultivation in the hilly areas, cleaning of forest areas for settlement, clearing of forest land for
establishment of small tea gardens and human encroachment for other reasons are the
major causes of declining or negative changes of area under forest. Burning the forest for
shifting cultivation or “slash and burn” also called jhoom cultivation, which is widely practiced
in the hilly tribal dominated areas. Thus the practice of shifting cultivation is also responsible for
progressive loss of forest cover. The main reasons for deforestation are felling of trees,
along with illegal encroachment in the forest areas. Deforestation has also increased in a
large scale in insurgency affected areas specially in the Bhutan Himalayan region. The
landholding size and frequency of rotation in Jhoom cultivation has been shrinking, as a

result, a forestation cannot be done adequately.

In the present century, environmental degradation due to deforestation along with
increasing trend of population have emerged as a major global concern for human survival.
The whole world 1is facing the problems of environmental degradation due to
technological, scientific development on one hand, and over population, urbanization and
industrialization on the other. Environmental pollution is the result of mass unplanned and
unwise use of technology. Thus, the impact of rapidly growing population manifests in the
environmental disasters are discussed in the following few heads. a) Impact on human health
is the most striking direct implications of growing densities of population are its impact upon
human health. It has led to large scale undernourishment and malnutrition, particularly in the
backward regions of the study region. The root cause of human health hazard is the improper
disposal of sewage and wastes which lead to the spread of disease causing micro- organisms

(Kalita and Sarma, 2017).
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Reduction of agricultural production is caused due to increase rate of soil erosion
caused due to deforestation results in colossal loss of fertile topsoil and agricultural
production. The natural vegetation has been cleared extensively for agricultural use; the land use
has changed significantly. Moreover, large numbers of new settlements have came up over the
time; and the demand for land for various non- agricultural uses has been increasing (Kalita and

Sarma, 2017).

Soil Erosion and Flooding is another affect of deforestation. In addition to their
previously mentioned roles, trees also function to retain water and topsoil, which provides
the rich nutrients to sustain additional forest life. Without them, the soil erodes and
washes away, causing farmers to move on and perpetuate the cycle. The barren land which is
left behind in the wake of these unsustainable agricultural practices is then more susceptible to

flooding, specifically in coastal areas (Kaushik and Kaushik, 2004).

Biodiversity loss is one of the prime threats to the living being due to growing population
4253 Journal of Positive School Psychology© 2021 JPPW. All rights reserved by directly or
indirectly endangering the extinction of certain species and thus reducing the biological
diversity of the planet. Deforestation is a major cause of bio-diversity loss and species
extinction; some of life forms have totally vanished, while some others are categorized as

endangered (Kalita and Sarma, 2017).

The concept of population pressure and deforestation is tried to explain that
growing population pressure is a vital factor and can be regarded root cause for affecting the
forest cover area in North — East India. Along with population pressure, urbanization is also
increasing and putting additional pressure on forest to accommodate habitation and also
collecting food, fuel, fodder, shelter, etc. This has adverse effect on the quality of forest,
changing dense forest into open forest or scrub. Economic growth is important to meet the
demand of increase population but not at the cost of natural resources, which is important
to protect the environment and ecosystem. The existing mode of infrastructural development
is posing major threat to the prospect of sustainable development. The Changing nature of
forest area has directly being been effecting on environment, which is very detrimental to our

future generation. So all-out effort is necessary at all levels to make people aware about the
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preservation of forest. So, appropriate steps including rules and regulation to be
implemented in true sense. Strategies for future forest protection to be taken and new
policies for decreasing population to be work out to reduce population pressure on the study
region. Agro-forestry should be implemented to meet the demand of the increasing population
instead of clearing forest for cultivation. Hence, more attention need to be given to forest
management and appropriate and useful steps to avoid further deforestation and conservation of

biodiversity are needed to be taken expeditiously.
Relationship between Development and Resource Utilization

An Introduction to Resources and Development Resources are the greatest blessing of
nature. These resources help in the existence of human life along with the development in all the
spheres. If we talk about human life or other forms of life, these resources play a vital role. Here,
we've provided a summary of resources and development. Go through it to find out why resource
utilization and development planning is important. Resource development means the
development of natural resources effectively and efficiently without harming the environment or
human existence. The benefits of resource development are not only for the present but also for
future generations. National Resources are those which come under the territory of any nation.
Resources coming under 12nm from the coast of the country are called national resources. A
nation can acquire private property as well for public welfare. International Resources are those
which do not belong to anyone particular country such as open sea and space etc. These
resources are managed by international institutions. In Terms of Status of Development -
Potential, Mineral Reserves and Stock these can be classified into the following four categories:
Potential Resources are those resources of any region which have great potential but have not
been utilized. Such as oil reserves of the Middle East, dark soil of the Deccan plateau, etc.
Developed Resources are those which have been surveyed for the determination of their presence
but their development is based on technology or their feasibility levels. Stock is a form of those
resources which are abundant in nature but human beings do not know how to utilize them. For
example, Hydrogen can be a great source of energy but we don't know how to use it. Reserves
are considered to be part of stocks. These resources can be used with presently available

technology but have not been started yet. For example water in the dams is a reserve.
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Development of Resources is the vital gift of nature which is most important for human survival
on this earth. The world has developed so much because of the availability of a wide range of
resources. Extreme usage of natural resources for centuries led to the major problems:
continuously depletion of resources for the fulfillment of greedy human needs, division of the
society into two parts. Haves and have not because of the accumulation of major resources in a
few rich hands, the emergence of global crises such as pollution, global warming, ozone
depletion, and climate change etc. If we continue to use and exploit the resources, then the future
of the earth and human existence is in danger. Therefore, resource planning is necessary for
equitable distribution and proper utilization as well as the development of the resources. It plays
an important in a country like India. There are regions that have huge resources but lack other
facilities. For example, there are huge water resources available in Arunachal Pradesh but it lacks
infrastructural development. Rajasthan also has great potential for solar energy development but
has not been yet utilized. Thus, resource planning is required at local, regional, state, and
national levels. Steps in resource planning: identification and documentation of the various
resources of the country through survey, mapping, measurement, etc. Creation of planning
structure to implement the resource development plans with the help of skills, technology, and
set up institutions. Complement the resource plans with national plans. Conservation of
Resources extreme usage of resources will lead to various problems for the environment and
human existence. Therefore, the conservation of resources is necessary to conserve them for
future generations. The lithosphere is an important part of the biosphere where life actually
exists. The land is utilized for various purposes like forests, agriculture, non-agriculture
purposes, houses, etc. Following land conservation and planning steps can be taken to protect the
land resource: Keeping a check on the various human activities such as deforestation,
overgrazing, mining, etc. Waste disposal is done by the industries in water which leads to land
degradation also needs to be check, managing and using the waste Lands, usage of barren land
for non-agricultural purposes. Soil Conservation It takes a number of years for the formation of
the soil which helps in plant growth and is the home of various living organisms. Excessive use
of soil leads to soil erosion and degradation. The following methods can be adopted for the
conservation of the soil. Ploughing should be done in the right way as per the form of the soil

Contour ploughing can be done to decelerate the flow of water down the slopes. Terrace farming
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can be adopted in hilly areas Strip cropping can be done by forming strips of grass in large areas.
We have read the summary of resources and development. Now, let us find out an interesting
fact about it. The first-ever environmental summit at the international level was done in the year
1992 in Rio de Janeiro in Brazil where more than 100 states participated to discuss and finding

solutions to environmental problems. This summit is called Earth Summit 1992 as well.

Challenges and opportunities in balancing development and resource use

The exploitation of natural resources is an essential condition of human existence,
throughout the history of mankind; humans have exploited natural resources to produce the
materials they needed to sustain growing human populations. Natural resources utilization,
mining and processing have caused different types of environmental damages. Sustainable
development is a dynamic process and it necessitates continual adjustments to cope with changes
in the economy and the environment. It is recommended that to ensure environmental
sustainability and sustainable development in the exploitation of natural resources, the concept of
material stewardship should be adopted and implemented. To encourage study and adapt
techniques for risk assessment, resource pricing and exploitation which are favorable to the
environment. Environmental Impact Assessment (EIA) should be well documented, guide lines
for implementation should be put in place and undertake monitoring and evaluation of
environmental degradation and carryout environmental reports so that natural resource
exploitation bodies should carry out mandatory precaution, remedies or compensation for
damage done. To establish a system for continuous monitoring of natural resources by the
government and social groups in order to encourage public participation in the activities aimed at
sustainable development of natural resources like: recycling, waste reduction, afforestation,
pollution control, bioremediation and game reserves, and to set up a mechanism for coordination
or elimination of discrepancies arising during the implementation of some policies related to

utilization of natural resources and provide appropriate sanctions.

Strategies for Sustainable Resource Utilization: There are several strategies that can be used

to promote the sustainable use of natural resources. Here are some of them:
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1. Conservation and Protection: One of the most important strategies for promoting the
sustainable use of natural resources is conservation and protection. This includes
measures such as establishing protected areas, enforcing regulations against illegal

activities such as poaching, and promoting sustainable land-use practices.

2. Sustainable Harvesting: Another strategy is to promote sustainable harvesting practices.
This involves using natural resources in a way that allows them to regenerate naturally
and not be depleted beyond their capacity to recover. This can include measures such as

setting quotas for fishing or harvesting timber and ensuring that they are not exceeded.

3. Recycling and Reusing: Recycling and reusing natural resources is also an important
strategy for promoting sustainability. This can include measures such as recycling paper,
plastic, and other materials, as well as using renewable energy sources like solar and

wind power.

4. Education and Awareness: Educating people about the importance of sustainable use of
natural resources and the impact of their actions on the environment is also critical. This
can include programs in schools and communities, as well as public awareness

campaigns.

5. Collaborative Management: Collaboration among different stakeholders, including
government agencies, local communities, and private organizations, is also essential for
promoting sustainable use of natural resources. This can include partnerships to manage
protected areas, sustainable tourism initiatives, and sustainable resource management

practices.

6. Incentives: Providing incentives for sustainable practices can also be effective. For
example, offering tax breaks or other financial incentives for businesses that use
sustainable practices or promoting eco-tourism can encourage sustainable use of natural

resources.
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Overall, promoting sustainable use of natural resources requires a combination of
measures, including conservation, sustainable harvesting, recycling and reusing, education,

collaboration, and incentives.

Sustainable Development Principles and Practices

Sustainable development is the economic development process that seeks to satisfy the
requirements of the present generation without affecting the needs of future generations. It is
maximizes the well-being of current and future populations. Sustainable consumption is using
resources efficiently to minimize environmental impact, protecting the ecosystem for future
generations. Explore the complexities of this concept, evaluating the balance between the

economy and environment. The five principles of sustainable development are as follows:

e Conservation of the ecosystem or the environment.
e Conservation of biodiversity of the planet.

o Sustainable development of the society.

e Conservation of human resources.

e Population control and management.

Natural resources are limited which makes it crucial to utilize them efficiently. Sustainable
development aims at restoring the environmental deterioration while developing competent
techniques to meet the primary demands of the population. Some of the steps towards sustainable
development are harvesting energy from renewable sources, crop rotation, sustainable transport,
etc. Different approaches, evaluations, methodologies and advanced studies on this subject have
been included in this book. It is appropriate for students seeking detailed information in this area

as well as for experts.

Renewable Energy and Alternative Resource Options

The main objective of the Natural resources management is to promote, develop the ideas
of renewable resources, the renewability criterion care for the resource -classification

automatically develop the relation of an exploitation strategy on resources.- Community Based
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Approach challenges the assumption that conservation is only possible through the exclusion of
human activities. This is a new people centered thinking in conservation and management which
gradually emerging quite important among the developing countries including India, mainly
derived from a political reaction against the environmental authoritarianism of the state. - The
resulting picture of the future availability of natural resources is: Critically important to
stakeholders: Despite exhortations by some to decouple economic growth from the increasing
use of resources, the world’s current economic systems require reliable access to natural

resources to deliver populations with even a minimal quality of life.

Resources can be classified in several ways: on the basis of renewability, origin and
utility. Generally, the energy sources that are freely available are considered as the non-
commercial energy sources. The examples of non- commercial energy sources are straw, dried
dung, firewood. The non- commercial energy sources are known as renewable sources of energy.

The examples include solar energy, bio-energy, tidal energy and wind energy (fig.4).

Renewable energy sources
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Fig. 4 Renewable Energy Sources.
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Classification Based on Renewability: Renewable resources are also known as
inexhaustible resources. Resources, which can be renewed either naturally or by human efforts,
are known as renewable resources, for example, solar energy, air and water. Some of the
renewable resources are always available and do not get exhausted by human activities, for
example, solar and wind energy. The quality of these resources can be affected by improper
usage. Resources, which take millions of years to form or renew, are known as non-renewable
resources. They are also known as exhaustible resources as they cannot be renewed. Energy
resources, such as coal, petroleum, natural gas and other minerals are the examples of non-
renewable resources. There is a concern about their over-exploitation. They are available in
limited amount on the earth’s surface and complete utilization of such resources would result in
their exhaustion. These Resources have to be used very carefully as complete exhaustion of these

resources would have an adverse.

We can reduce the environmental pressure by following the concept named 3R's, which means

to Reduce, Recycle, and Reuse.

Reduce: It means to use the natural resources less, which can be done by: like,
o Switching off the electrical appliances when they are not in use.
e Saving fuel by walking or using public transport.

e Saving food by cooking limitedly or not wasting it, and so on.
Recycle: It is defined as the processing or recycling of waste to form new products. Practicing

the concept of recycling saves resources, costs, and also reduces the piling of waste materials.
Reuse: It is defined as using an item more than once like,
o Reuse the envelope.

e The containers of jams and pickles should be reused by storing other food items or

groceries.

o Use cloth/jute bags instead of the polythene ones, and so on.
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3.4 SUMMARY

Man develops natural elements and objects in resources. Unless utilized by men,
resources remain inert as a neutral stuff. Man has utilized natural elements and forces of nature
for his benefits in several ways. To satisfy their needs, humans have been using resources
for time immemorial. This process is called resource utilization. Human skills, technical
know-how, and hard work convert the neutral stuff into a commodity or service to serve
material and spiritual needs of the human society . Thus, resources are created by man.
But he needs the help of culture to convert the neutral stuff into valuable resources.
Culture includes all the equipment and machines, means of transport and communication
as well as efficient management, group cooperation, recreation, intellectual work,
education, training, improved health, and sanitation. Without culture, man has only a
limited capacity to work and produce. In the modern age, the application of science and
technology has increased the human capacity and capability to use resources in efficient
manner for production purposes. For example, united States of America and west
European countries have high developed economies for efficient use of their natural
wealth with advanced technologies. On the other hand, several countries in Africa, Asia
and Latin America are lagging far behind in development level in spite of abundant
natural resources there. Since, these countries are lagging behind in terms of advanced
technology. Extent of resource utilization in India the natural resources have played a
significant role in the socio-economic development of our country. Today, India is the
second largest agricultural giant in the world. It is because India has varied climatic
conditions and an endless growing season to grow different crops. India’s large mineral
wealth has enabled India to be industrially developed. In recent decades, in our desire not
only to feed the rapidly growing population but also to accelerate economic well-being
to vast Indian population, the exploitation of resources has increased phenomenally. This
has led t o environmental and ecological imbalances as resources were used on
unsustainable basis. Production of resources has been motivated by the maximization of
output and profit maximization rather than the optimization of net social benefits. The

precious resource of land is under the threat of degradation, because of soil erosion,
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deforestation, overgrazing, and careless management of forests. Unscientific farming
practices like Jhuming in northeast India and an excessive use of chemical fertilizers
and pesticides coupled with over irrigation result in loss of soil nutrients, water logging,
and salinity, under the pressure from rapid population growth, the available resources of
water are being exploited and depleted at a fast rate. Due to lack of technology only
37% of total annual flow of Indian rivers and equal proportion of the available ground
water resource is available for use. Now, let’s review human population growth and how it is
influencing resource consumption. The human population has been steadily increasing and
reached over eight billion people in 2023. All human require resources for survival, and this
rapid population growth is putting a great deal of stress on natural resources, which are

substances and energy sources that we take from the environment and use.

3.5 GLOSSARY

Afforestation: The action of planting trees on an area of land in order to make a forest.
Agro forestry: Agriculture incorporating the cultivation of tree.

Bio-diversity: The diversity of species of plants and animals in an ecosystem with specific

environmental conditions is called bio-diversity.

Concentration of resources: This has divided the society into haves and have not or the rich and

the poor.

Depletion: When quantity or number of something continuously reduces.
Deterioration: Process of gradually becoming worse.

Development: The process of becoming bigger, stronger, better etc.

Environmental degradation: It is a process through which the natural environment is
compromised in some way, reducing biological diversity and the general health of the

environment.

Global ecological crisis: Over-utilization of resources has led to the global ecological crisis such

as global warming, depletion or ozone layer, pollution and land degradation.
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Irrigation: Watering the land or crops through canals, tube wells, drip or sprinkler method, etc.
Navigation: Movement of ships, boats, etc., from place to place through waterways.

Over exploitation: The action or fact of making excessive use of a resources. It refers to

harvesting a renewable resource to the point of diminishing returns.
Population growth: The increase in the number of the people in a given areas.

Population pressure: Rapid population growth continues to be a major underlying force of

environmental degradation and a threat to sustainable use of natural resources.

Renewable energy: Energy from a source that is not depleted when used, such as wind or solar

power.
Resource scarcity: A low supply and high demand of a limited resource.

Resource utilization: Resource utilization is the measure of how much available resource are

currently using.

Resources: A resource is any physical material constituting part of earth that human need and

value.
Skill: Ability to perform certain task with efficiency.
Static: Lacking in movement or not changing.

Sustainable resource utilization: Natural resource management refers to the sustainable
utilization of major natural resources, such as land, water, air, minerals, forests, fisheries and

wild flora and fauna.

Sustainable: Involving the use of natural products and energy in a way that does not harm the

environment.

3.6 ANSWER TO CHECK YOUR PROGRESS

1. Some regions of India are rich in certain resources and poor in some other resources. E.g.

Rajasthan is poor in water resources but rich in solar and wind energy.
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10.

11.

12.

Some regions are self sufficient while other regions very poor in important resources, ex.

Madhya Pradesh is rich in many resources but Ladakh is poor in resources.
Wastage of resources can be avoided by planning.

Environmental pollution can be reduced.

Over exploitation of resources can be avoided.

Depletion of resources- Over utilization has led to the depletion of the resources for
meeting the greed of few individuals. For example, over utilization of petroleum products

has led to a situation where most of the countries of the world are facing energy crisis.

Rising population is pressure on natural resources: natural resources are the constant
things required for the growth and development of mankind. However, the availability of
natural resources is limited. An increase in population directly increases the need for such

natural resources.

Agro-forestry is a collective name for land-use systems and technologies where woody
perennials (trees, shrubs, palms, bamboos etc.) are deliberately used on the same land
management units as agricultural crops and animals, in some form of spatial arrangement

or temporal sequence.

Resource Planning is a technique or skill of proper utilization of resources. There are two

stages of resource planning:-

Identification and listing of resources: Surveying, mapping and the measurement of the
qualities and the quantities of the resources ate the important activities undertaken at this

stage.

Planning for exploitation: Develop a planning structure with suitable technology, skill

and institutional setup.

Match resource development plans with national development plans.
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3.8 TERMINAL QUESTIONS

Answer the following questions.

1-What is resource utilization?

2-What are the best strategies and approaches for efficient resource utilization?

3- How does population affect the environment and natural resources?

4- How rising population is a pressure on natural resources?

5- Population explosion is the root cause for depletion of natural resources. Explain.
6- How is the utilization of natural resources linked with development?

7- What strategies can be used to promote the sustainable use of natural resources?

8- Discuss the problem which has been caused due to over utilization of resources? Suggest any

two ways to save the resource?

9- A. Tick (\/) the correct option.

1. Future generations will depend on solar energy because it is—
(a) Biotic (b) man-made

(¢) Inexhaustible (d) non-renewable

2. Which one of the following resources can be recycled?

(a) Gold (b) coal

(c) Land (d) natural gas
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3. All the a biotic resources include—

(a) Living beings (b) non-living things

(c) Inexhaustible resources (d) renewable resources

4. Available resources which are not being tapped fully for the time being are called—
(a) Actual resources (b) man-made resources

(c) Biotic resources (d) potential resources

5. Which one does not promote conservation of resources?

(a) Use resources more efficiently. (b) Optimum utilization of resources.

(c) Use as much resources as required. (d) Reduce wastage of resources.

B. Fill in the blanks.

B Can be used again and again after processing.
2. On the basis of occurrence, resources are classified into two categories --— and
3. With advancement of technology, availability of--------------- and ----------- labour are

necessary for resource utilization.

4. Developed countries are economically self-sufficient and------------- advanced.

5. The------------- resources need a detailed survey for estimating their quantity and quality.
C. Write a technical term or an appropriate word for each of the following statements.

1. Any material which is used to satisfy human needs.

2. Resources which cannot be renewed.

3. Resources which are created by human beings.

4. The resources which are surveyed and developed.

5. Sustainable and optimum utilization of resources.

D. Answer the following questions in brief.
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1. “Utility and value of a resource vary from time to time and place to place.” Give any three

examples to support the statement.

2. Why are human beings considered the most important resource for development?
3. Differentiate between biotic and a biotic resources. Give examples for each.

4. Why is there a need for resource planning? Give any three reasons.

5. Mention any six factors on which the utilization of resources depends.
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4.2. OBJECTIVES

After reading this unit you will be able to understand:

e Difference between the concept of hazard, hazard event, secondary hazards, multiple
hazards.
e The classification of natural hazards and types of natural hazards.

e The causes that is responsible for the occurrence of various types of natural hazards.

4.1 INTRODUCTION

Since 1995, the world has experienced the deadliest tsunami caused by a massive Indian
Ocean earthquake and devastating tsunami in Japan caused by the largest and the costliest
earthquake in the history. Heavy and catastrophic flooding situation in Venezuela, Pakistan and
central Europe, Haiti earthquake, deadliest hurricanes and tornados in North America and
wildfires in various parts of the world are the some of the examples of world’s biggest natural
hazards. Volcanic eruptions cause by active volcanos has led to shut down of various domestic as
well as international airports. Every year natural hazards are affecting millions of people’s lives.
For the occurrence of a hazardous event various natural process are involved which eventually
becomes turns into a big disaster like volcanic eruptions, earthquakes, flooding, landslides etc.
Some of the process takes place deep inside the earth and some process takes place on the earth
surface. For example volcanic eruption and earthquake events are the outcome of some events
that take place inside the earth, while events like flood, drought, cyclone phenomenon occur on
the earth surface due to external process. Some events involve both internal and external process
for their occurrence. In this unit you will learn about all these natural hazards and their processes

in detail. You will also learn the ways of disaster risk management or disaster risk reduction.

Data from world Meteorological Organization of major natural hazards shows that
cyclones and flood has causes maximum damage during 1963-2002. (Table4.1) Each continent
in the world, is effected by natural hazards resulting in millions of deaths and loss of property
every year. Asia’s (41%) share to natural hazard is the maximum among all the continents,

followed by Americas (25%), Europe (15%), Africa (14%) and Oceania (5%) (fig.4.1)
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Table: 4.1 Damage caused by Natural Hazard worldwide

Natural Hazard Types in the world Damage due to Natural hazards (%)
Floods 32
Tropical Cyclones 30
Draught 22
Earthquakes 10
Other Hazards 6

Source: World Meteorological Organization

The United Nation Disaster Relief Coordinator (UNDRCO) report reveals that about
90% of all the reported natural hazards take place in the regions of developing countries. These
types of observation may not be true because of the fact that natural hazards do not know any
political, social-economic boundaries and do not consider any of them at all. These observations
and research is based on the fact that most of the developing countries face natural disasters due
to their location in tropical or subtropical region. In these regions most of the atmospheric
process occurs and they cause numerous types of natural hazards such as floods, draught,
cyclones, forest fire etc. Natural hazards like earthquake, volcanic eruption is also widespread in

the region due to tectonic processes.

B Europe

B Asia
Americas

B Africa

B Oceania

Fig: 4.1. Worldwide Distribution of Natural Hazards

In the developing countries, factors such as rapid rate of urbanization, expansion of
industrial areas, agricultural development, increasing population and social development

continuously accelerating the magnitude and frequency of natural hazards. Due to high
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frequency of such hazards it can be said that developing countries are continuously facing or
living with natural hazards. The development program in these countries have often been
destroyed and, therefore, disturb their progress level and their future plans also get halted due to
the funds that are to be needed for the relief and recovery activities. It is to be noted, that a single

hazard can damage a nation’s social infrastructure to a great extent (Hewit, 1997).

India is vulnerable to many natural hazards. The most commonly experienced natural
hazards in India includes flood, cyclone, earthquake, cloud burst, tsunami, landslide, drought,
snow avalanche, forest fire, heat wave, coast line erosion and inundation and lightning. Besides,
these natural hazards, like other countries in the world, India is also vulnerable to other new and
emerging hazards such as biological, chemical, radiological and nuclear emergencies but these
hazards are not to be included to study in deep in this unit as these all are man-made hazards and
we are discussing only about natural hazards. It has been found that developing countries all
around the world are most affected and there exist very high average annual loss to lives and
properties. India is also affected by some of the very deadliest natural disasters due to its

geographical location, climate and geological settings.

In india cyclones and flood hazards has caused maximum amount of damage and also
millions of people each years which also claims huge loss of lives and livelihood. Both cyclones
and flood hazards affect 8% and 12% landmass respectively each years in which more than 40
million hectare and is affected by flood only. In India eastern coastal regions are mostly affected
due to cyclones and associated flooding. Tamilnadu, Andhra Pradesh and Odisha are the most
affected states in India in which super cyclone in Odisha in 1999 have affected millions of
people with large number of human casualties. Similarly in 1997, 1990and 1996 Andhra Pradesh
was badly affected by the cyclones with estimated loss of more than 20 billion. Bihar, Odisha,
Uttarakhand, Karnataka, Assam, Andhra Pradesh J&K are most flood prone states in India. In
north Bihar Kosi flood in 2008 has affected more than 3.3 billion people and damaged more than
2,23,00 houses, death of 527 people and more than 19,323 livestock perished. Every years events
like flood and draught covert thousands of hectares into infertile land. In india more than haft of
the landmass which is nearly 58.8% is prone to earthquakes of moderate intensity to very high
magnitude. India has 7516 kms long coastline out of which about 5700 kms coastline is prone to

tsunamis and cyclone. At the same time about 68 % of the cultivable area which consists of
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around 116 districts is vulnerable to draught. In india a large portion of hilly areas are under

continuous risk of landslide. (NIDM, 2018)

4.3 NATURAL HAZARDS AND RISK MANAGEMENT

Concept and Definition of Natural Hazards:

The frequent occurrence of various natural hazards/disaster of different magnitudes and
intensities in the recent past has brought the situation, where the basic concepts of Hazards,
Disasters, Vulnerability, Risk, Mitigation and Management need to be discussed and should have
clear understanding. A natural hazard is a natural event or process which has the potential threat
to damage the life, property, people’s livelihood, and environment socio-economic structures.
These events or process are not hazard in them but they become hazard when they occur in area
areas which affect people and associated livelihoods due to their close proximity to these events.
The word hazard owes its origin from a classic old French word ‘hasard’ and an Arabic word

‘azzahr’ meaning chance or luck.
Difference between the concept of hazard event, secondary hazard and multiple hazard:

Hazard event: Environmental events become hazardous only when they threaten to affect human
and his surroundings. If these events do not affect human beings, they are simply called as
natural phenomena, not natural hazards. Any natural phenomenon, even or process that occurs in
populated areas and causes serious damages is called as hazardous event. Magnitude, frequency
and intensity of a hazard determine the level of harm it can cause to human and his surroundings
at the point of its occurrence (Singh, 2006). The frequency and severity of a natural hazards can
be increased by the intervention of human.

Secondary hazards: The hazards that follow other hazards or are the outcomes of any pervious
hazard are called as secondary hazard. For example there are various secondary hazards
associated with an earthquake such as Tsunami, landslide, Collapse of Buildings, dam failures
etc.

Multiple hazards: When more than one hazard event impacts the same area, there arises a
multiple hazard situation. These different hazard events may occur at the same time or may be
spaced out in time. For example earthquake, tsunami and landslide all together can impact the

same area in a single day or in a week.

UNIT 4: NATURAL HAZARDS AND RISK MANAGEMENT Page 85 of 297



Fundamentals of Natural Resource Management Uttarakhand Open University

Natural Hazards and Types and Causes:

Natural Hazards are classified into following categories:

Geological Hazards Landslide, Earthquake, Volcanic eruption, Laher Avalanche,

Tsunami

Hydrological Hazards Flood, Draught, Wave action, Glacial Avalanche

Atmospheric Hazards Cyclones , Hurricanes ,Tornados , Hailstorm, Heatwaves

Wildfires, Blizzards, Thunderstorm

Landslides:

The term landslide describes various types of down slope movement of rocks, soil or
other materials such as artificial fills by sliding, falling or flowing due to gravitational pull . This
event may occur very rapidly or slowly depending upon the material. Landslides are generally
associated with the movement of rocks in mountainous areas but it also can occur in the areas of

open pit mining or surface excavation for various activities.

Types of Landslides: The definition of landslide various for various professionals such as
engineers, geologist or planners. There is a large diversity in the definition of landslide hazards.

There are various types of landslide given below.

1) Slides: In the term ‘landslide’ several kinds of mass movement is included. There are
two major type of slides given below.

a) Rotational landslide: In this type of landslide the downward or outward movement

of mass takes place through a slip surface which is concavely upward which is

commonly in spoon shape. The materials of the failed blocks tend to rotate on an axis

parallel to the slip surface. fig. 4.2 (a)

Rotational landslide Translational landslide

Fig: 4.2. Source: Prepared by Author
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b) Translational landslides: In this type of slide movement of mass takes place

c)

iii)

through a roughly planner and inclined slip surface with very less rotational
movement or backward inclination. Transitional landslide involves movements of
materials such as loose and unconsolidated soil or at some instance large slabs of
rocks. Fig 4.2 (b)

Block slide: This type of slide involves the movement of a large single unit of mass
or some relatively or closely coherent mass. Fig. 4.3 (¢)

Falls: The free fall, rolling and bouncing movements of detached materials from the

cliffs of steep slopes. Fig. 4.3 (d).
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Block slide Rockfall

Fig: 4.3 Source: Prepared by Author

Topple: The fall, bounce or downward rolling movement of a block of a rock which

rotates or tilt forward. Fig. 4.4 (E)

Flows: Mass movements of several types such as debris avalanche, earthflow, debris

flow, mudflow and creeps are included in a wider term known as flows.

a) Debris Flow: It involves rapid mass movements in the form of slurry which is
mainly caused by heavy surface water flow which erodes and mobilises loose

soils, and organic matters and rocks. Fig 4.4 (F)
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Figd4.4 Source: Prepared by Author

b) Debris avalanche: This is mainly an advanced or another form of extremely
rapid debris flow. Fig 4.5 (C)
¢) Earth flow: This has a hourglass shape characteristics in which liquefied material

runs down and a hollow depression is formed at the head. Fig. 4.5 (H).

Debris avalanche Earthflow

Fig: 4.5 Source: Prepared by Author
d) Mud flow: Mud flow is a flow of comparatively smaller size materials in which
more than 50 percent of the material is consists of sand, silt or fine clay sized
particles.
e) Creep: The movement of soils, rocks or any other material through very slow or

steady process or speed is called as creep. Fig. 4.6 (I).
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f) Lateral spreads: The horizontal movements of materials which takes place on a
more gentle slopes which usually occurs due to liquefaction of saturated

sediments. Fig 4.6 (J)

I

Curved tree trunks

Tilted pole

. Firm clay

:lay with
-bearing silt
Bedrock and sand layers

Creep Lateral spread
Fig: 4.6 Source: Prepared by Author

V) Complex movements: It is the combination movements such as topple, slides, falls,

flows and spreads.

Causes of Landslides: There are multiple causes of a landslide which can be classified under
geological, hydrological and human induced causes. Geological causes of landslide involves
weak or sensitive materials, weathered, sheared, fissured or jointed materials. Stiffness of any
material or adversely oriented discontinuity also leads to landslides. The morphological causes of
landslide involves tectonic or volcanic uplift, glacial rebound, various types of erosions and
weathering due to freeze and thaw actions. The human activities that leads to landslide are
excavation and loading of slopes, deforestation, mining, artificial vibrations, drawdown of

reservoirs or leakage of water from the utilities.

Earthquake:

Earthquake is one of the most destructive natural hazard in which crust of the earth starts
suddenly shaking. Earthquakes come without any warning any time in day or night which is near
impossible to predict. It can cause damage to infrastructures and buildings within seconds. It
does not only cause damage to life and property but it also disrupts the normal functioning of the

society, economy and government.
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Cause of Earthquake: The earth on which we like and perform various activities is consists of
three different layers. These three layers are named as core, mantle and crust. Core is the
innermost layer of the earth which mantle layer is situated between core and the crust which is
the uppermost and comparatively a thin layer. The thickness of the uppermost layer of the earth
varies at different continents and oceans. It ranges from 10 kilometers under the sea and 65
kilometers under the continents. The study of earth’s interior becomes important to study here
because it provides us with numerous shreds of evidence to study about the causes of earthquake.
The uppermost layer of the earth is not in one single piece. It is consists of different small and
large portions which vary from a few kilometers to hundreds of kilometers. The plate tectonic
theory of Alfred Wegener suggests that these small and large portions are like plates. According
to this theory these tectonic plates are floating on more mobile layer of upper mantle. These
plates are driven by some mechanism of thermal convection currents. Due to movements of these
plates when they come in the contact of each other, some kind of stress arises which causes
sudden shake in the earth’s crust. According to movement of these plates these stresses can be
classified as;

a) Divergent plate boundaries

b) Convergent plate boundaries

¢) Transform plate boundaries

(@) (b) ©
Fig.:4.7: Plate Boundaries Source: Prepared by Author

Earthquakes are generally originated due to movements of plates towards these plate
boundaries. The stress areas of these plate boundaries release huge amount of cumulated energy
due to rupturing or slipping. The zones of stress caused by movement of these plates are known
as ‘faults’. The earth’s crust continuously stresses due to movement of tectonic plates and
reaches to a point of maximum supportable strain point. To release such strain rapture is

generated along with the fault line and the rock starts to rebounds itself by using its own elastic
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stress. Due to occurrence of this fault rapture, a vibration is generated which is called as seismic
waves. These waves radiate in all the direction from its focus. The point from where the energy
is released is called as focus of an earthquake. The focus can be located either very deep inside
the crust or it may be located near the surface. The point which is located directly above the
focus on the earth surface is called ‘epicenter’ of an earthquake. This is also the point where the

earthquake is felt first. (Fig. 4.8)

Epicentral Distance
— l
Focal

Depth

Fault
Rupture

Fig: 4.8 Focus and Epicenter of an earthquake Source: Prepared by Author
The vibrations occurred due to actual rapture varies in terms of velocity and frequency.
Some minor vibrations may last for few seconds while for major earthquake it can last as long as
one minute. The vibration in the surface is mainly caused by ‘surface’ and ‘body waves’.
There are three types of earthquakes according to their focus depth.
e Shallow Earthquake (less than 60 kms deep)
e Medium Earthquake (60 to 300 kms deep)
e Deep Earthquake (300 to 700 kms deep)

Deep earthquakes are less destructive in comparison to medium and shallow earthquakes
because the impact of waves reduces by the time it reaches to the surface. Due to close proximity
to the earth surface shallow earthquakes are more common and extremely destructive.
Earthquakes can be measured on different scales. Generally it is measures by the two different
scales which show magnitude and intensity. Seismograph is the instrument which records the
vibration of the earth surface. It measures the energy or magnitude of the earthquake. The
amount of energy or magnitude of the earthquake is measured by ‘Seismograph’ which is an
instrument that records vibration in the earth surface. This scale which measures the magnitude
of the earthquake is known as Richer scale. This scale was named after a seismologist Charles

Richter who developed this scale. Another type of scale measures the intensity of an earthquake

UNIT 4: NATURAL HAZARDS AND RISK MANAGEMENT Page 91 of 297



Fundamentals of Natural Resource Management Uttarakhand Open University

and its impacts where it occurs. This scale was developed by an Italian seismologist Mercalli in
1902. This scale was modified and extended accordingly to suit present times which are known
as Modified Mercalli Scale. This scale uses the values from I to XII to measure the intensity of
earthquake in terms of its impact on the people, physical structure and earth surface. Earthquake
with intensity of VI on this scale, people tremors can be felt and cracks can be seen on the walls.
Earthquake with an intensity of XII on this scale make the buildings and structures collapse
which leads to total disruption in the people’s lives and normal functioning of society and
governance. Although it is claimed by some scientists that they can predict the earthquake, but
exact and accurate prediction of earthquake is still not possible. Possible risk reduction or
mitigation measures for earthquake hazard include community preparedness, planning, and
public education and improved engineering structures. Enabling community is of vital
importance in earthquake hazards. Earthquake safety guidelines and should be made compulsory

for all physical structures.

Tsunami:

Tsunami is derived from Japanese words, ‘tsu’ meaning harbour and ‘nami’ meaning
waves. Tsunami is consists of a series of many consecutive waves which have a long wavelength
and period. Therefore, it is not a single large wave, and because it consist many waves it is also
called ‘tsunami wave train’. The tsunami is incorrectly and popularly called tidal waves, but
actually there is no relationship with daily ocean tides. Tsunamis can come anytime in day or
night. Tsunami waves are very destructive in nature because they occur due to impulsive or
rapid displacement of the sea bed level. These Tsunami waves are mostly generated by seismic
activities, volcanic eruptions, landslides or due to impact of large meteoroid. The sea water
swells up due to massive displacement and violent motion and eventually surge over the land
with extremely destructive power. Tsunami waves are much different from the ordinary oceanic
waves. Ordinary waves are the result of blowing wind on the water surface. Tsunami waves are
faster than the normal oceanic waves. While ordinary waves mostly travel at a speed of 100kmph
while the velocity of tsunami waves is more than 700kmph in deep water. Even on the shores the
speed of Tsunami is between 30-40 kmph which is much faster than a person can run. Tsunamis
range from few centimeters in height to nearly 30 meters, but most of the Tsunamis are less than

3 meters in height. In deep waters despite of their speed Tsunamis are less than one meter in
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height which cannot be noticed by the ships because of their long wavelength and period. As the
Tsunami moves towards the shallow water, the height of the waves may increase 10 times. These
Tsunami waves also get amplified by some certain sea floor features or shoreline. It has been

noticed that around 1.5 kms land from the sea coast can be flooded by Tsunamis.

Normal situation

Fault ﬁ*J

Disturbance

Overlapping
prmary waves

Fig: 4.9 An earthquake causing Tsunami, Source: Prepared by Author

The tsunami waves have enormous force and they are capable enough to destroy and
structure in the coastal areas. Large rocks, boats and other debris can even move hundreds of feet
inland due to wave activity. Tsunami water can enter into rivers and streams that drain into
ocean. Tsunamis can travel through these channels and can cause flooding in the areas far away
from the coast. It causes a large scale destruction to the lives and property in the area. Tsunamis
have occurred in all the oceans but majority of Tsunami events have occurred in pacific ocean.
Predictability of tsunami is very challenging because exact prediction of earthquake is still not
possible. However, real time monitoring of seismic data and satellite observations have made it
possible to provide some early warnings to general public. Tsunami warning systems can be

classified into two categories.
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D ITWS (International tsunami warning systems)

10) RWS (Regional warning systems)

Prevention of a tsunami event is not possible but some mitigation measures can be taken
to reduce the disaster risk. An extensive programme of building flood gates and tsunami walls
has been implemented by Japan in tsunami prone highly populated coastal regions. Further, a
comprehensive site planning and land management, zoning and designing of tsunami hazards,
elevation of coastal homes, construction of water breaker barriers, flood management and proper

timely evacuation plan can reduce the impact of tsunami in any prone area.

Flood and Dam Burst:

Flood is a hazardous event in which there is significant increase in the water level along
with a river or any costal region which is not usually submerged. Floods sometimes takes place
slowly and takes many hours, while at some instances it takes place suddenly without any
warning. These floods are caused due to heavy rain, breach in the embankments, spill over’s etc.
Floods are of various types like riverine flood, flash flood, coastal flood and urban floods etc.
Floods have always caused destruction and miseries to the people especially in rural areas.
Sometimes it also causes epidemics like malaria and cholera. Flood event causes large scale
destruction of structures, lives and livelihoods of the people. It creates a condition of scarcity for
fresh drinking water. Flood has huge impact on agricultural production because it damages the

crops because water remains standing for a long time.

Flash floods are the results of cloud burst or excess very heavy and torrential rainfall. In
this type of flooding a huge amount of water is rapidly released in less than six hours. This type
of flooding is also caused by the failure of dams. Sudden and rapid release of water due to a dam
failure cause flooding in low-lying areas. It is most likely to damage huge life and property. It
washes away even some big physical structures. Location of dams in high intensity earthquake
prone zones, geological instability, and use of substandard construction material, landslides or
poor engineering can lead t such hazards. It has similar impacts and consequences on human life
and environment like flash flood hazard due to torrential rainfall. The causes for floods are

different for both rural and urban areas. The most common causes of floods are given below;
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a) Very heavy and torrential rain

b) Reduction in water carrying capacity of the rivers due to heavy siltation in the bed.
¢) Blocking in the drains due to landslide in any area.

d) Construction of Reservoirs and dams.

e) Storm surges in the cyclone prone areas.

Floods are very devastating and entire system get collapse in the region affected by flood.
It becomes very important to have a concrete mitigation and risk reduction plan for flood
disaster. Flood prone area mapping and land use control in risk prone zone can be one of the
most effective mitigation programme. Flood hazard mapping based on historical records provide
a clear-cut indication of inundation areas. Timely evacuation or relocation of people to safer
places, vegetation protection, removal of excess silts from the rivers and other sources can help
in minimizing risk of flood hazard. Flood proofing and flood diversion provides some other

methodologies for flood hazard mitigation and management.
Draught:

Draught is a condition of deficiency in rainfall from its normal pattern or complete
absence of rainfall for a long period of time. This condition for long period causes shortage of
water both for domestic and agriculture purposes leading to social distress. The condition of
imbalance between demand and natural supply of water creates draught like situation. Draught is
also defined as a negative balance between amount of rainfall and use of water in a geographical

area. Similarly, improper distribution of rainfall in the time and space also causes drought.

Draught is a natural hazard which is very different from other hazards as its onset is very
slow. Sometimes it takes months or years for its onset. Demarcation of its onset, severity and end
of this hazard is very difficult. Sometimes shortage of natural water supply due to unusual dry
period also create situation of water stress. The impact of drought gets intensified due to event of
successive draught periods. Draught affects a large geographical extent but causes less structural
damage. It can be very devastating because drying of water sources leads to crop failures, death

of animals, malnutrition and ill health of people becomes widespread.

Types of Draught: According to National Commission on Agriculture in India, draught can be

classified into three categories.
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a) Metrological Draught: It is the condition when there is reduced or absence of rainfall as
compared to its normal pattern. This type of draught is considered less severe draught
which can be identified in hot weather or in sunny days.

b) Hydrological Draught: This type of draught condition often leads to reduction in the
natural flow of streams or reduction in ground water level and stored water supplies.

c) Agricultural Draught: This type of draught occurs when there is insufficient soil moisture
which leads to redetection in the crop yield. Initially there is reduced sessional yield of
crops but later it may result into severe shortage in the food supply leading to a situation

of famine, malnutrition and ill health.

There are some mitigation strategies which can be helpful to manage risk for draught.
General awareness campaigns and education about water conservation techniques and water
harvesting system through various communication platforms can reduce half of the problems.
Draught monitoring, runoff management though water harvesting, contour bunds and contour
cultivation can help in increased sustainable agriculture production. Expansion of irrigation
facilities, livelihood and draught planning with a better coordination can reduce the vulnerability

towards draught.

Cyclones, Hurricanes and Tornadoes:

Cyclones mostly occur in tropical region, therefore they are known as tropical cyclones.
They travel at a very high wind velocity which can range from 65Kmph to 75 Kmph for a
cyclonic storm to 160 to 190 Kmph for a extremely severe cyclone. Cyclone is an intensive low
pressure region where very strong swirling wind starts blowing in anticlockwise in northern
hemisphere and clockwise direction in southern hemisphere. Cyclones with the strong winds an
exceptional rain causes heavy destruction in the nearby coastal areas. It damages the houses and
there is complete disruption due to heavy downpour causing rise in the seas and water intrudes
hundreds of kilometers in the land. Cyclones causes’ huge loss to life, livelihoods and property
and economy also get impacted badly. It can devastate lakh of hectares of fertile land and
destroys trees, houses and vegetation’s. Tropical cyclones are known by different names in
different regions of the world. Cyclone can be studied through its different stages of

development. Development of a cyclone requires some necessary conditions.
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e Formation of cyclones takes place in the region where sea temperature is more than 26 °C
because tropical cyclones require abundant amount of water vapour which can be
supplied through the process of evaporation.

e [t also requires a very high relative humidity in the atmosphere for an altitude of more
than 7000 meters so that process of condensation and cloud formation can take place.

e Instability in the atmosphere is required.

e Location should be in tropical region where Coriolis force can affect the direction of the

wind circulation.

After satisfying the above mentioned conditions a cyclone starts to develop and reaches
to finally mature stage. A strong spiral wind pattern forms and tend to move inwards to a
comparatively calm zone. This centrally located calm area is a very low pressure area which is
also known as ‘eye’ of a cyclone. (Fig. 4.10) After reaching to a fully matured stage cyclone
begins to weaken in the next stage as it moves towards the land. When the cyclone moves
towards the land or hit the land it gets cut off from the source of warm moist air. Cyclones also
start to weaken when it reaches to very high altitude where there is less turbulence. Generally, a
cyclone may last for less than 24 hrs. to more than 3 weeks. The life cycle of a cyclone on an

average takes six days to complete but cyclone can take more time than average.
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Fig: 4.10 Formation and Development of a cyclone, Source: Prepared by Author

UNIT 4: NATURAL HAZARDS AND RISK MANAGEMENT Page 97 of 297



Fundamentals of Natural Resource Management Uttarakhand Open University

It becomes very important to implement a detailed risk reduction plan for cyclones which
is merciless and destructive in nature. The most possible risk reduction measures for cyclone is
coastal belt plantation and hazard mapping through meteorological records. This helps in timely
evacuation and relocation of people at safe sites. Further, land use control in the risk prone areas
and improved engineering structures through scientific site planning can be of a great
importance. Flood managements for torrential rainfall and storm surges can be incorporated in
cyclone mitigation measures. Improving vegetation cover and shelterbelt plantation can

minimise the devastative and impacts of cyclone hazard.

Hurricanes: Tropical cyclones are named differently in various regions of the world. Cyclones
are known by the name of ‘Hurricane’ in USA and Eastern pacific Ocean. These are also a
cyclonic storm which forms on the oceans. A hurricane can travel with the speed more than 74

miles per hours. It seasonally begins in Atlantic ocean in the months between June to November.

Tornados:Tornados are a very violent form of a windstorm which has a very rapidly rotating
column of an air with funnel shaped clod. Tornados are deadly and difficult to predict which
damages millions of dollars property each year. Eastern part of UAS has more tornados than any

other part in the world.

Volcanic eruption and Laher

There are various natural hazards associated with volcanic eruptions. It includes flow of
lawa, falling of bombs and blocks, pyroclastic flows, debris avalanche (landslides), lightening,
ash falls and lahars. In addition, fumaroles and poisonous gas eruptions can occur, and some
large volcanic eruptions can produce tsunamis and climate changeln a laher huge amount of
volcanic materials like rocks, muds, ashes flows downwards from a volcano with a rapid paces

which can destroy structures and also can be very devastating. (Fig. 4.11)

Blizzards, Hailstorms and Thunderstorms

Blizzards is a condition of reduced visibility due to a very strong snowstorm in winter

seasons. It can cause road accidents, disruption in power and fuel distribution system.
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Hailstorms are very hazardous which occurs due to thunderstorms and they damage the
areas where the hailstones fall. They are very dangerous to houses, wild animals crops and fields
etc.

Thunderstorms are one of the most hazardous atmospheric phenomenon. It cause heavy
lightening, reduced visibility, hails, turbulence and even damage to many physical structures.
They are formed by the process of convection in the atmosphere when the atmosphere is heated
unevenly. Sufficient moisture level, lifting of air and instability are some of conditions for the

development of a disastrous thunderstorm.

Umbrella Region

Pyroclastic flows
Debris avalanche

Fumaroles

Magma chamber

Fig: 4. 11 Hazards associated with volcanic eruption, Source: Prepared by Author

Risk Management and Mitigation Measures

In the above portion of this chapter you have learned about concepts and definition of
hazards. At the same time now you are familiar with various types of hazards and causes of those
hazardous events. These events cause huge structural and non-structural damage in the society.
Therefore this becomes an important aspect how to reduce, manage or minimize impacts of such
hazardous events. In this section of the chapter you will learn about risk management and
mitigation measure for some natural hazards. Disaster risk management embraces two

interrelated ways;

UNIT 4: NATURAL HAZARDS AND RISK MANAGEMENT Page 99 of 297



Fundamentals of Natural Resource Management Uttarakhand Open University

Preparedness: The measures that can be taken by all the stakeholders to minimize and
reduce the damage to life, property and critical services before the occurrence of a
hazardous event

Mitigation: Mitigation involves certain measures to minimize or reduce the impact of a
disaster and at the same time it also tries to improve the vulnerable condition of a

community from a potential disaster.

Disaster Management Cycle

Disaster management cycle is a holistic term approach which includes planning for a

potential disaster before its occurrence, at the time of occurrence as well as post disaster

responses. The activities and the measures that are taken before the occurrence of a disaster is

known as pre disaster response. The activities such as search, rescue and relief operations,

rehabilitation and reconstruction are post disasters responses. Disaster management or disaster

risk management activities are carried out in three different stages.

1.

Pre-disaster stage of disaster management cycle includes the activities to minimise the
losses can be caused by a potential disaster. Before the occurrence of a disaster various
awareness programmes, preparation of a concreate disaster management programme at
community and household level are carried out. In the broader sense these activities are
known as preparedness and mitigation activities.

During disaster stage: This is the second stage in the disaster management cycle the
emergency response activities are carried out in order to minimise the sufferings of the
disaster victims and to ensure their needs at that time.

Post-disaster stage: This is the third stage in the disaster management cycle which
includes the activities that are carried out after a hazardous event. In this stage activities
such as search operations, rescue measures, providing medical aid, safe drinking water
and food, rehabilitation of people are carried out. In this stage mainly recovery and

response activities are taken into account.
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Fig: 4.11: Disaster management cycle, Source: Prepared by Author

4.4 SUMMARY

After reading this chapter about natural hazard now you must have good understanding
about the concept of Natural hazards and disaster risk management. You have also learned that
hazards are very destructive in nature which affects the normal functioning of our society. Entire
system gets affected due to its impact and it also leads to large scale damage to life, property and
peoples livelihood. Natural disasters have impacted India since time immemorial. Flood
disasters cause damage in thousands of hectares every year. In the sates like Bihar, Uttar
Pradesh, West Bengal are most flood prone areas in northern India. Similarly the recants flood
events in Chennai, Patna and Mumbai shows another picture of flood disaster. Flash floods due
to cloud burst caused huge damage in the mountainous state Uttarakhand. Draught conditions
due to monsoon failure and depletion of water level has impacted farmer communities in
Bundelkhand and Vidarbha region of India. Earthquake in India has also caused similar kind of
damage previously. Super-cyclone in Odisha is considered one of the most destructive disasters

that have ever taken palace in India. Therefore, vulnerability and risk management becomes a
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necessary aspect for reducing impact of hazards on structure and society, peoples life and
livelihoods. In order to better preparedness and mitigation coordination among concerned
agencies and various stakeholders involved needs to contribute in order to address increasing
hazards and risks in a planned and systematic manner. It will further strengthen the communities
and by enabling their coping capacities an making them resilient from the impacts of various

kind of natural and anthropogenic hazards.

4.5 GLOSSARY

Capacity: It is the overall strength of a community to prevent, cope with or withstand or recover
from a hazard.

Hazard: It is dangerous natural or anthropogenic event or phenomenon which has a potential to
cause large scale damage to life, property structure or a society.

Mitigation: In simple words it is way to minimize the adverse impact of disaster.

Preparedness: Preparedness includes the planning for the response of a disaster. It includes
preparedness plans, warning systems to reduce the destruction and loss of life and property from
a potential disaster.

Risk: It is the probability and estimation of a damage which may be caused by any hazards and
its negative consequences on a given period of time.

Vulnerability: It is the degree to which any area, services or structures are likely to be affected

from a potential hazard.

4.6 ANSWER TO CHECK YOUR PROGRESS

1. Landslides generally occur in;
a) Desert areas b) Hilly areas ¢) Forest areas d) Tundra areas
2. The word ‘Tsunami’ has been derived from
a) German wordb) Chinese word c) Japanese wordd) Tamil word
3. Tornadoes and Hurricanes generally occur in
a) US.A b) China ¢) Bangladesh d) India
4. Disaster management includes;

a) Mitigation b) Reconstruction ¢) Rehabilitation d) All of the above
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5. The instrument which records earthquake waves is called as;

a) Climograph b) Seismograph c) Hythergraph d) None
6. Vulnerability analysis comes in which part of the disaster management cycle?
a) Mitigation b) Preparedness ¢) Response d) Recovery
b)
Answers: 1 (b) 2 (c) 3(a) 3(d) 5 (b) 6 (a)
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4.8 TERMINAL AND MODEL QUESTIONS

1. What do you mean by the term hazard?

Discuss different types of hazard in detail.

Differentiate between natural and human induced hazards.

Discus about the concepts of Hazard, Secondary hazard and multiple hazards.

What you understand by disaster risk management and disaster management cycle?

AN

Distinguish between preparedness and mitigation.

UNIT 4: NATURAL HAZARDS AND RISK MANAGEMENT Page 103 of 297



Fundamentals of Natural Resource Management Uttarakhand Open University

BLOCK-2 SPATIAL DISTRIBUTION OF RESOURCES

UNIT 5 - GLOBAL AND INDIAN SCENARIO; HISTORICAL
BACKGROUND

5.1 OBJECTIVES

5.2 INTRODUCTION

5.3 GLOBAL AND |INDIAN SCENARIO; HISTORICAL
BACKGROUND

5.4 SUMMARY

5.5 GLOSSARY

5.6 ANSWER TO CHECK YOUR PROGRESS

5.7 REFERENCES

5.8 TERMINAL QUESTIONS

UNIT 5 - GLOBAL AND INDIAN SCENARIO; HISTORICAL BACKGROUND Page 104 of 297



Fundamentals of Natural Resource Management Uttarakhand Open University

5.1 OBJECTIVES

After reading this unit the students will able to understand the following:

1. Definition of resources.
2. Understanding the background of Global and Indian resources.
3. Distribution of resources in India.
4. Uneven distribution of resources and its consequence.
5.2 INTRODUCTION

Natural resources are the backbone of any nation's development and progress. They
provide the necessary raw materials and energy sources that fuel various industries and
support the overall well-being of a nation. When it comes to the global scenario, natural
resources play a crucial role in shaping the economic, political, and social dynamics among
nations. Similarly, in the Indian context, natural resources hold immense importance,
contributing to the growth and development of different sectors in the country. In this unit we
will be studying about the scenario of resources globally and in India and its historical
background. Resources are distributed unevenly all over the world. The variation in
distribution of these resources leads to the enhancement of trade among different countries so
that they fulfill their demand of the resource that is unavailable to them. Countries like Saudi
Arabia, Russia, and the United States are examples of nations heavily dependent on their
natural resources, particularly oil. They possess significant oil reserves, which not only
contributes to their economic prosperity but also affects global energy security and prices.
The control and influence over such resources have even led to geopolitical tensions and
conflicts among nations.

In contrast, there are countries that face resource scarcity, struggling to meet their
domestic requirements. These nations often become dependent on imports, making them
vulnerable to price fluctuations and supply disruptions. Such resource-poor countries may

experience economic setbacks, leading to social unrest and instability.
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5.3 GLOBAL AND |INDIAN SCENARIO; HISTORICAL
BACKGROUND

Historical Background

Until the advancement of technology, land was typically more unexplored in terms of
resources. Land before the advancement of science and technology produced less and the
manual work took the charge. Humans have relied on various natural resources like water,
land, minerals, forests, and more for their survival, development, and progress. These
resources played crucial roles in shaping civilizations, economies, and societies. From early
agricultural practices to the Industrial Revolution, the utilization and exploitation of natural
resources have had profound impacts on human history. Over time, societies have learned to
manage and sometimes overexploit these resources, leading to environmental challenges and
the need for sustainable practices. Throughout history, the distribution of resources has been
influenced by a variety of factors, including geography, technology, trade, and political
power. Early human societies often settled near water sources and fertile land, enabling
agriculture and the growth of civilizations. The development of trade routes, such as the Silk

Road, facilitated the exchange of goods and resources between regions.

The historical development of resources is a complex and multifaceted journey that
has shaped human societies over millennia. Here's a concise overview:

1. Hunter-Gatherer Era: In ancient times, humans relied on hunting, fishing, and
gathering for survival. Natural resources like animals, plants, and water were essential
for sustenance.

2. Agricultural Revolution: The transition to agriculture marked a significant shift.
Access to fertile land and water sources became crucial for settled communities.
Domestication of plants and animals led to surplus food production and population
growth.

3. Industrial Revolution: The use of machinery, powered by coal and later oil,
revolutionized manufacturing and transportation. Access to these energy resources
spurred urbanization and transformed economies.

4. Mineral Extraction: The discovery of valuable minerals, such as gold, silver, and coal,

led to resource-driven exploration, colonization, and conflicts.
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5. Technological Advancements: The 20th century saw advancements in technology,
leading to increased demand for rare metals and minerals used in electronics and
infrastructure.

6. Oil and Energy Dependency: The 20th century also marked a heavy reliance on oil for
energy, driving geopolitical dynamics and conflicts in oil-rich regions.

7. Environmental Concerns: Growing awareness of environmental impact led to shifts in
resource development. Renewable resources like solar, wind, and hydroelectric power
gained importance.

8. Globalization: Modern resource development and distribution are highly globalized,
with supply chains spanning the globe. Trade agreements and geopolitical

considerations influence resource access and utilization.

Colonialism and imperialism played significant roles in resource distribution as
powerful nations exploited colonies for their valuable resources. The Industrial Revolution
further altered the distribution landscape, with the rise of manufacturing centers and the need
for raw materials. Industrialization has had a profound and complex impact on natural

resources:

1. Resource Extraction: Industrialization led to increased demand for raw materials like
minerals, metals, and fossil fuels, resulting in intensified mining, drilling, and
deforestation.

2. Environmental Impact: Rampant resource extraction during industrialization often
caused environmental degradation, including deforestation, air and water pollution,
and habitat destruction.

3. Innovation: Industrialization spurred technological advancements that improved
resource extraction and processing methods, making it possible to access previously
inaccessible resources.

4. Urbanization: Industrialization led to rapid urban growth, necessitating resource-
intensive infrastructure and construction materials.

5. Energy Demand: The industrial revolution drove a surge in energy consumption,
primarily from coal and later oil, impacting natural resources and contributing to air
pollution and greenhouse gas emissions.

6. Transportation: The development of transportation systems like railways and ships

increased the movement of resources, both domestically and globally.
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7. Agriculture: Industrialization introduced mechanized agriculture, relying on synthetic
fertilizers and pesticides, impacting soil quality and water resources.

8. Waste Generation: Industrialization led to increased waste production, including
hazardous materials, further stressing ecosystems.

9. Conservation Awareness: The negative impacts of industrialization raised awareness
about conservation, leading to the establishment of protected areas and environmental
regulations.

10. Sustainable Practices: Over time, industrialized societies recognized the need for
sustainable resource management, resulting in efforts to reduce pollution, conserve

resources, and shift towards renewable energy.

In essence, industrialization has greatly shaped the utilization and management of
natural resources, contributing to both human progress and environmental challenges.
Balancing economic development with sustainable practices remains a crucial consideration
in resource management. Industrialization played a very significant role in the historical
structuring of the resource distribution and exploitation. Rightly said it also shaped the

management of natural resources not just in the western world but globally.

In the modern era, globalization has transformed the distribution of resources,
enabling goods to move across borders more easily. However, this has also led to debates
about fairness, equity, and the environmental impact of resource extraction and consumption.
As societies have become more interconnected, efforts have been made to address resource

disparities and promote sustainable management.
Distribution of Resources

Resource distribution refers to the spatial arrangement of resources. This shows that
some region in the world have rich stock of resources and other tend to be poor. The spatial
distribution of resource usually decides the country’s economic structure. The western
countries and the European nations are endowed with rich natural resources and technology
that helps them to appraise the elements to turn them into resources. Similarly, the African
countries have rich natural resources but lack in knowledge and technology that can allow
them to use these natural resources for their development. The uneven distribution of
resources globally and nationally creates a lot of disparity in the economic and social status

of the nations.
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Resources are often the result of the past geological and atmospheric activity. It is

because of these processes why the resources are located where they are right now. For

example; the Gondwana deposit of India was a part of Gondwana land and therefore, is the

oldest rock present in the country and is rich in ferrous and non ferrous minerals. These rocks

are also a rich source to energy resources. Another good example is the oil reserves of Middle

East region.

Distribution of resources is a feature that is dependent on a lot of factors. In the

following section we would be learning the factors responsible for the distribution of natural

resources on space.

1.

10.

Geological Processes: Earth's geological history affects the distribution of minerals,
metals, and fossil fuels. Plate tectonics, volcanic activity, and sedimentation impact
the concentration and location of these resources.

Climate and Weathering: Climate determines the distribution of vegetation,
freshwater sources, and agricultural potential. Weathering processes affect soil
fertility and mineral deposits.

Topography: Landforms such as mountains, valleys, and coastal areas influence the
availability of resources like minerals, water, and agricultural land.

Biological Factors: Biodiversity and ecosystems determine the presence of flora and
fauna resources, which can impact agriculture, forestry, and pharmaceutical
industries.

Historical Factors: Colonialism, imperialism, and historical trade routes have shaped
the distribution of resources through conquest, exploration, and trade relationships.
Technological Advancements: Advances in technology have enabled the extraction
and utilization of previously inaccessible or uneconomical resources.

Political and Economic Factors: Government policies, property rights, and market
forces impact resource distribution. Political stability can determine investment in
resource-rich regions.

Cultural and Social Factors: Cultural practices and traditions can influence resource
use patterns, affecting things like fishing, hunting, and land management.
Transportation and Infrastructure: Access to resources is influenced by the presence
of transportation networks like roads, railways, and ports.

Globalization and Trade: International trade can redistribute resources globally based

on demand and supply dynamics.
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11. Environmental Concerns: Conservation efforts and environmental regulations can
influence the exploitation and distribution of resources.
12. Human Migration: Movement of people leads to the diffusion of resource use patterns

and knowledge about their extraction and utilization.
Global Distribution of Resources

The global distribution of resources varies widely based on geographic, geological,

climatic, and historical factors. Here's an overview of key resources and their distribution:
1. Fossil Fuels/Energy resource distribution

- Oil: Concentrated in the Middle East (Saudi Arabia, Iraq, Iran), Russia, Venezuela, and
offshore regions.

- Coal: Abundant in China, the United States, India, Australia, and Russia.

- Natural Gas: Found in Russia, Iran, Qatar, the United States, and Canada.

Figure 5.1: share of crude oil over the world by continents.

Middle East 31% Europe 5%
World Crude Oil T Central and South
Former Soviet Production bg America 9%
Union 16% Region
2010 Asia 10%
North America I5%
Africa 13%

Source: https://eschooltoday.com/learn/distribution-of-natural-resources/

2. Mineral resources distribution

e Iron Ore: Major deposits in Australia, Brazil, China, India, and Russia.
e Copper: Significant reserves in Chile, Peru, China, the United States, and Australia.
e Gold: Main producers include China, Australia, Russia, the United States, and Canada.

e Aluminum: Bauxite reserves are in Australia, Guinea, Brazil, China, and India.
3. Agricultural Resources

e Wheat: Main producers are China, India, Russia, the United States, and Canada.
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e Rice: Grown extensively in China, India, Indonesia, Bangladesh, and Vietnam.

e Corn (Maize): Major producers include the United States, China, Brazil, and

Argentina.

e (Coffee: Primarily cultivated in Brazil, Vietnam, Colombia, Indonesia, and Ethiopia.

4. Freshwater resource

e Largest renewable freshwater resources are found in Brazil, Russia, Canada, Indonesia,

and China.

e Water scarcity is an issue in arid and densely populated regions.

5. Forest resources

e Largest forested areas are in Russia, Brazil, Canada, the United States, and China.

e Deforestation and conservation efforts are significant concerns.

Table 5.1: World’s top ten countries by forest area (In Percentage)"

Ranking Country Forest area (%)
1. Russian Federation 20
2. Brazil 12
3. (Canada 9
4. United States of America 8
a. China 5
6. Anustralia 3
7. Democratic Republic of the Congo 3
8. Indonesia 2
9. Peru 2

10. India 2

6. Renewable Energy resources

e Solar and Wind Energy: Distributed globally, with high potential in sunny and windy

regions.

e Hydropower: Utilized in countries with abundant water resources, like China, Brazil,

and the United States.

7. Pharmaceutical Resources

e Biodiversity-rich areas like tropical rainforests (Amazon, Congo) have diverse

medicinal plant species.

! Anonymous. Global forest resource assessment-Key findings, 2020, 1-3.
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8. Fisheries
e Major fishing nations include China, Indonesia, India, Vietnam, and the United States.
9. Tourism and Recreation

e Countries with diverse landscapes and ecosystems attract significant tourism,
contributing to their economies. In this context France, Mexico, the US, Italy, Spain,
Hungary, China, Croatia, Turkey, and Denmark became the most visited countries in

the world for the year 2023.

Resource distribution can influence geopolitics, trade relationships, and environmental
management. Global cooperation and sustainable practices are essential to ensure equitable
access and minimize negative impacts. The way society uses natural resources today will
determine the course of environmental impacts, human well-being and the prosperity of
national and global economies, as well as our success in achieving international

commitments.

Historical Background: India

India's history is deeply intertwined with its rich and varied resources. Like the global
domination, resources in India are also unevenly distributed and the pattern of population in
the country strongly follows that. Throughout the centuries, these resources have played a
pivotal role in shaping the country's economy, culture, and society. Not just this, the
resources have greatly shaped one of the most ancient civilization of the world i.e. Indus
Valley Civilization.

1. Agricultural Resources: India's fertile lands have supported agriculture for

millennia. Ancient civilizations like the Indus Valley Civilization (circa 3300—-1300

BCE) relied heavily on agriculture, cultivating crops like wheat, barley, and cotton.

The Green Revolution in the mid-20th century brought modern agricultural practices

like HYV seeds, Chemical fertilizers, high-tech Machines which increased food

production.
2. Minerals and Metals: India has a long history of mining and metallurgy. The Indus

Valley Civilization had a thriving metallurgical industry, producing copper, bronze,

and gold artifacts. The country's mineral wealth attracted foreign powers, with various

empires exploiting resources for trade and wealth.
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3. Spices and Trade: India's spices, such as pepper, cardamom, and cinnamon, were
highly sought after by ancient traders. The spice trade was a significant driver of
maritime routes and played a pivotal role in shaping global connections.

4. Textiles: India has been renowned for its textiles since ancient times. The production
of fine textiles, including cotton and silk, contributed to its economic prosperity and
cultural influence. The British colonial period witnessed the exploitation of India's
textile resources, leading to significant socio-economic changes.

5. Timber and Forest Resources: India's vast forests have provided timber, fuel, and
other resources for construction and daily life. Historically, forest management was
practiced by various kingdoms to ensure sustainable use.

6. Water Resources: The Indus and Ganges river systems have supported agricultural
and urban development for centuries. Ancient irrigation systems, such as those of the
Mauryan and Mughal empires, enabled efficient water use.

7. Biodiversity: India's diverse flora and fauna have influenced cultural practices,
traditional medicine, and ecological balance. Sacred groves and wildlife sanctuaries
have preserved biodiversity in various regions.

8. Colonial Exploitation: The colonial period saw intense resource extraction by
European powers, impacting India's economy and society. The British Raj exploited
India's resources, leading to famines, economic disparities, and loss of control over
vital industries.

9. Modern Industrialization: Post-independence, India focused on industrialization and
resource development. The nationalization of industries and the establishment of
public sector enterprises aimed to harness resources for economic growth and self-
reliance.

Throughout history, India's resources have played a pivotal role in shaping its
trajectory. From ancient civilizations to modern industrialization, these resources have

influenced India's culture, economy, and interactions with the global community.

Distribution of resources in India

Resources in India are distributed unevenly across its vast and diverse landscape. We
shall now discuss distribution of some key resources.
1. Minerals and Metals
e [Iron Ore: Major reserves in states like Odisha, Chhattisgarh, and Jharkhand.
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e (Coal: Abundant reserves in Jharkhand, Chhattisgarh, Odisha, and West Bengal.
e Bauxite: Found in states like Odisha, Gujarat, and Maharashtra.
e Copper: Concentrated in states like Rajasthan, Jharkhand, and Madhya Pradesh.
2. Agricultural Resources
e Grains: Wheat-producing states include Punjab, Haryana, and Uttar Pradesh; rice-
producing states include West Bengal, Uttar Pradesh, and Punjab.
e Sugarcane: Mainly cultivated in states like Uttar Pradesh, Maharashtra, and
Karnataka.
e (Cotton: Grown in Maharashtra, Gujarat, and Telangana.
3. Energy Resources
e Renewable Energy: States like Rajasthan, Gujarat, and Tamil Nadu are leaders in
solar and wind energy production.
e Hydroelectric Power: Himachal Pradesh, Uttarakhand, and Arunachal Pradesh have
significant hydroelectric potential.
4. Biodiversity and Forest Resources
e Western Ghats and Eastern Himalayas are biodiversity hotspots.
e Forest cover varies across states, with Madhya Pradesh, Arunachal Pradesh, and
Chhattisgarh having substantial forested areas.
5. Water Resources
e Major rivers like the Ganges, Yamuna, Brahmaputra, and Godavari flow through
multiple states, providing water resources for irrigation and drinking. India has a
network of more than 200 rivers in the country besides these major rivers.
6. Industrialization and Urbanization
e Industrialized states include Maharashtra, Gujarat, Tamil Nadu, and Karnataka.
e Urbanization is concentrated in states with major cities like Maharashtra (Mumbai),
Delhi, and West Bengal (Kolkata).
7. Cultural and Historical Resources
e Historical sites and cultural heritage are spread across the country, with notable
examples in states like Rajasthan, Uttar Pradesh, and Tamil Nadu. Besides that the

spiritual base of our country attracts a lot of tourists from abroad.
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Consequences of Uneven Resource Distribution

Having a resource base is an advantage for any nation but the uneven distribution of
resources can lead to socio-economic and political imbalances. For example: social
inequality, economic disparities and even conflicts. It often results in limited access to
education, healthcare and opportunities, widening the gap between the privileged and
marginalized. This often leads to political unrest as well. Let us discuss some significant

consequences of uneven distribution of resources.

1. Human Settlement and population: Human settlement patterns are greatly influenced by
the availability of resources such as water, fertile land, minerals, and energy sources.
Historically, civilizations have developed near water bodies for drinking, irrigation, and
transportation. Rich agricultural land has attracted settlements, while access to minerals and
energy has driven industrialization and urbanization. Resource availability also impacts trade

routes and cultural interactions, shaping the growth and distribution of settlements over time.

2. Economic Activities: Resources significantly impact economic activities. Natural
resources like oil, minerals, and agricultural land can drive industries such as energy, mining,
and agriculture. Access to waterways and ports facilitates trade and transportation. Human
resources, including skilled labor and a well-educated workforce, influence sectors like
technology and services. Additionally, scarcity of certain resources can lead to innovation

and the development of alternative solutions, driving economic shifts and new industries.

3. Trade: Resources play a crucial role in shaping international trade. Countries with
abundant natural resources often export them to earn revenue, while those with specialized
skills might focus on services or high-tech goods. Comparative advantage, where countries
specialize in producing what they're most efficient at, guides trade patterns. Resource-rich
nations can exchange their surplus for goods they lack. Trade agreements, tariffs, and
transportation infrastructure also impact how resources flow between countries, influencing

global trade dynamics and economic relationships.

4. Conquest, Conflict and wars: Many historical conquests and conflicts have originated
from the desire to control valuable resources. The quest for land, minerals, agricultural land,
and strategic locations has driven nations to engage in wars and conquests throughout history.

For example, the colonization of the Americas was driven by the desire for gold, silver, and

UNIT 5 - GLOBAL AND INDIAN SCENARIO; HISTORICAL BACKGROUND Page 115 of 297



Fundamentals of Natural Resource Management Uttarakhand Open University

other resources. Modern conflicts in regions with oil reserves highlight how control over

valuable resources can lead to geopolitical tensions and power struggles.

5.4 SUMMARY

In the paragraphs earlier we studied about the distribution of resources, its historical
development and background throughout the globe and India. Our society has progressed
from hunter gatherer to a modernized and mechanized society and has seen various
developments. Simultaneously we are also facing the ill effects of reckless development and
over exploitation of resources. Some countries in this platform has overshadowed the poor
and under developing countries with their resource base and advanced technologies. There
are instances of powerful and developed countries using and misusing the resources of these
poor economies by purchasing them in worthless prices which creates the situation of
political unrest. Uneven distribution of resources has multiple good and bad consequences
like human migration, unemployment in some region and employment in others, trade and

commerce, climate change and environmental degradation.

5.5 GLOSSARY

Environmental Degradation: The deterioration of the environment through depletion of
resources such as air, water and soil; the destruction of ecosystems and the extinction of

wildlife.

Globalisation: Globalization is a term used to describe how trade and technology have made

the world into a more connected and interdependent place (National Geographic Society).

Political Unrest: A political situation in which people protest through demonstrating violent

behavior.

Regional Disparity: Unequal distribution of economic opportunities and resources across

different regions within a country.

5.6 ANSWERS TO CHECK YOUR PROGRESS

1. What are the causes of regional disparity in the world?

2. Name few oil producing regions and countries in the world.
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5.8 TERMINAL QUESTIONS

1. What are the factors that influence the distribution of resources?

2. Critically analyze the historical development of resources across the world.
3. Explain the distribution of resources in India.
4

. Briefly explain the consequences of uneven distribution of resources.
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6.1 OBJECTIVES

After reading this unit you will be able to understand the following:

1. Definition of Resources.

2. Exploitation of resources.

3. Concept of resource utilization; and
4

Gaining knowledge on Resource status and utilization.

6.2 INTRODUCTION

All of us are well aware of the fact that the diversity of Indian terrain has endowed our

country with various natural resources. These resources have great economic value for the
country and its development. The distribution of resources is greatly uneven like the world
resource base; some regions are relatively blessed in context of resources. For a country like
India, with a huge population, the utilization or resources, exploitation and over exploitation is a
matter of concern. Currently at the global level, utilization of resources and its exploitation is a
prime concern. In order to understand and overcome this situation, the concept of sustainable
development is adopted where the development is forwarded keeping in mind the use by future
generation and to keep a balance between the development and resource utilization. Therefore in
this unit we shall be discussing the resource distribution, its utilization and exploitation through

times.

6.3 RESOURCES EXPLOITATION, UTILIZATION VS
EXPLOITATION

According to the Oxford dictionary of Geography, Resources can be defined as “An
available supply of something that is valued because it can be used for a particular purpose,
usually to satisfy particular human wants or desires.” Resources are available to humans in
abundance in the nature and our surroundings for example air, soil, water, sunlight, plants,
animals and fossil fuels. These elements originate in nature and are transformed into resources
by the appraisal using knowledge and technological interventions of human beings. Therefore it

is said “Resources are not, they become”.
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Therefore, any element can be declared a resource if it fulfills the following three conditions:

a) knowledge
b) technical skills, and

¢) demand for the material and services produced.

This can be easily explained with an example here. The availability of wind is natural and
is abundantly present in our atmosphere, but without the ability and knowledge of human being
the wind could not have been used as a power resource. That being the case, any element needs

to attain these conditions to be designated as a resource.
Classification of Resources

Resources can be classified based on different factors. Some of the important factors are

distribution, origin, actual, potential and stock resources and exhaustibility.

Figure 6.1: Classification of resources

Renewable and Non- Actual, Potential, Reserve &

renewable Resources Stock Resources

Natural
Resources
Classification

Ubiquitous and Localised Biotic and Abiotic

Resources Resources

1. Classification based on distribution: Based on the distribution of resources the resources can
be classified in Ubiquitous and localized resources. Ubiquitous are the resources which are
natural and are distributed all over the world for example land, water and air whereas on the
other hand localized are the natural resources which are found only in specific places and are

localized in nature, the best example of localized resource are petroleum, iron, gold etc.

2. Classification based on origin: On the basis or origin resources can be broadly classified into

Biotic and abiotic. Biotic resource includes all the living beings in the ecosystem like flora and
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fauna and human beings. Abiotic resources include all the non-living/physical resource elements

like air, water, rock etc.

3. Classification based on exhaustibility: Here the resources are divided in two categories i.e.,
Renewable and non-renewable resources. Renewable resources are those resources which can be
renewed or inexhaustible. Non-renewable resources are the ones that cannot be renewed or once
they exhaust it takes million years for them to reproduce. Some of the examples of renewable

and non renewable resources are sunlight, wind etc and minerals and fossil fuels respectively.

4. Classification based on Actual, Potential, Reserve & Stock Resources: Another way of
classifying resources is based on their current status i.e. actual, potential, reserve and stock
resources. Resources that are known to us, are being used, their quality and quantity is known are
called Actual resources. Potential resources are also known to us and the regions that have the
potential of those resources but these resources are not in use as of now but could be brought
under use in the future. Reserve resources are kept intact to be used by the future generation with
more advanced technology and knowledge. Stock resources can be well defined as resources

which exist but we lack sufficient technology to utilize or extract them.

Resources Exploitation

With the advancement of human civilization, exploitation of resources has been a global
concern. As a matter of fact the declining health of the earth’s surrounding is inversely
proportional to the ever increasing population. The increase in population leads to increased
demand of resources and therefore, resulting in exploitation and over exploitation of resources.
Resources are important for human survival and also to run the economy but if these resources
are used faster than their regeneration, which is exactly the case currently, soon these important
assets will be exhausted. In the following section we would be discussing different natural

resources and their pattern of exploitation.

1. Land as a resource: Land is an important resource as it supports different life forms on earth
and also helps in the development of natural vegetation and agriculture. The distribution of
landmass over the globe is magnificent but highly uneven terrain. Therefore the available
landmass ought to be used carefully, keeping in mind the increasing population and its demands

from the land. Land has been under human use ever since their evolution without any
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management planning. Agricultural activities, construction/developmental activities and ill land
use planning have also added to the sharp incline in land degradation. The ill land use planning
has gained ground in the past few decades in our country. With the rising population the fertile
agricultural land has been transformed into urban settlement and industrialized areas. Land use
changes in India have undergone massive transformation over the years and it can be broadly

categorized in the following three categories:

a) With increasing population and economy the demand for land increases and the marginal
land available is used as per the growing needs.

b) For a developing economy like India the land use undergoes a change from primary to
secondary and tertiary sector. Usually the urban agricultural fringe is used for settlement
and industrial purposes. Hence, the concrete forests results in more runoff and urban
flooding.

¢) The third and the final category is the pressure on land. Though the agricultural area

reduces but the demand for agricultural produce does not reduces.
All these changes bring a lot of disturbance to the existing ecosystem and its functioning.

2. Soil as a resource: Soil provides important ecosystem service as it forms the basis of growth
of plans, vegetation, and agriculture and also supports many life forms on it. It does not only
produce food but also absorbs water for evapotranspiration that helps in plant and fibre growth.

Soil also supports the percolation of water through it which replenishes the ground water.

There are many factors that lead to the development of soil like parent rock, relief,
vegetation, climate and time. But with the changing times, changing landuse pattern and
agricultural techniques, soil has also seen degradation in terms of soil erosion, infertility and
productivity. However, soil erosion is a natural process but it is accelerated by human actions as
well. Deforestation, over grazing, mining and road cutting has added to the factor of soil
creeping, erosion and landslides respectively. Soil erosion removes the top layer of the soil
which helps in agricultural growth and productivity and this also results in economic loss. The
advanced agricultural technique not only uses the modern mechanized tools but also chemical
fertilizers and manures. The splash of water which causes top soil removal takes this soluble
chemical fertilizers and nutrients to the sea and end water bodies leading to the deaths of aquatic

animals and aquatic ecosystem. Soil erosion not only disturbs the ecosystem of water bodies but
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also cuts through the clayey soil and develops deep gullies. These landmasses become unfit for
cultivation and are termed as badlands and ravines. A very good example of bad land is Chambal

basin of Madhya Pradesh.

The health of the soil is a global concern for the farmer’s community and economies that
has agriculture as their mainstay. Soil has its own ecosystem and provides multiple services for

the smooth functioning of our surrounding.

3. Forest and wildlife resources: Forest is a major natural resource that not only provides us
the fresh air but also helps to regulate the ecosystem with its production. Forests are home to
many wild flora and fauna and most definitely some massive carbon sinks. The living parts of a
forest include trees, shrubs, vines, grasses and other herbaceous (non-woody) plants,
mosses, algae, fungi, insects, mammals, birds, reptiles, amphibians, and microorganisms living

on the plants and animals and in the soil ( Rafique et.al. 2022).

Table 6.1: World’s top ten countries by forest area (In Percentage)"

Ranking - Country Forest area (%)
1. Russian Federation 20
2. Brazil 12
3. Canada 9
4, United States of America 8
3. China 5
f. Australia 3
7. Democratic Republic of the Congo 3
3. Indonesia 2
9. Peru 2

10. India 2

Forests in India are kept in Union list and therefore any policy and regulation made
related to forests are to be passed by the central government. Therefore, any change or projected
transformation on forest area has to be prior approved by the central government. India is one

amongst 12 biodiversity nations in the world recognized by United Nations because of its rich

! Anonymous. Global forest resource assessment-Key findings, 2020, 1-3.
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biodiversity. The diversity is largely because of the multiplicity in the physical setup of the
country. Keeping in view the aspect of diversity, the forest and wildlife resources has seen a
sharp decline in its coverage and health. The constant incidents of forest fires have resulted in the
extinction of many flora and fauna. According to the Forest Survey of India, about 50% of the

forest area in the country is fire prone and about 6% is prone to severe fire annually.

4. Forest fire Uttarakhand 2016: Forest fire is considered a major source of forest degradation
in India. According to the forest survey of India, about 50% forest area is prone to fire and out of
which 6% is sensitive to very severe wild fires annually. Uttarakhand in particular has faced wild
fires. Forest fires here commonly occur in pre monsoon and late winters as a result of lack in
moisture and humidity. In Uttarakhand State approx. 16.36% of forest area (between 1000 and
1800 m asl) is occupied by Chir Pine forests. This altitudinal zone is considered as the fire prone
zone as well as its adjoining zone with Sal (Shorea robusta) forests towards lower altitudes
(Singh et al. 2016). In Uttarakhand during summer 2016 (till 5 June 2016) a total of 1327 Forest
fire incidents took place with total area affected was 4423 ha (Negi, 2019).

Together these incidents have greatly degraded the forest resource and its ecosystem
services have also reduced over the years which can also be seen in the discharge of springs

lately.

Forest Fires Deforestation

Photo from: National Geographic

Photo from: Times of India

Figure 6.2: Resource Degradation
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5. Water as a resource: Water is an important resource for all life forms on earth. Although the
earth is covered with 70 percent water still there are places which suffer from acute water
shortage. Only 2.5 percent water is fit for drinking or is fresh water. The availability of fresh
water is from rivers, groundwater and glaciers. All these sources are renewed through
hydrological cycle. Of late there have been many places in the world that are facing acute water
shortage because of over exploitation of their groundwater sources. You all must have come
across the news of Several African countries facing water crisis. Water has not only been a

matter of concern but also a very main issue of dispute in geopolitics.

India is an agrarian country and is highly dependent on rainfall for water and irrigation.
There are states which have well developed irrigation system like Punjab, Haryana and western
Uttar Pradesh simultaneously there are also states that entirely wait for the timely arrival of
monsoon to fetch their fields. The availability of water is highly variable. The presence of
Himalayas on the north also feeds our rivers but Himalayas being the third pole of the world
helps more than 3 billion population of south Asia to satisfy its fresh water needs. Over the years

the mountainous urban centers have faced acute water crisis in pre monsoon season.

6. Mineral and Energy Resources: Mineral and energy makes up the backbone of any
economy. As is mentioned in the beginning there are localized resources which exists in local

and regional scale and are unevenly distributed.

Minerals and energy in India have been accumulated in the peninsular region. The
Gondwana deposit of this landmass makes it a hub of minerals and energy resources. This piece
of land is oldest rock found in India. States like Bihar, Chhattisgarh, Jharkhand, West Bengal,
Orissa, Andhra Pradesh, Telangana, Karnataka, and Tamilnadu excels in some this resource
deposits. This region also forms the root of India’s economic development. Peninsular region
consists of both metallic and non metallic minerals, ferrous and non ferrous and Energy
resources. These resources are non renewable and their potential has been estimated. Their
exploitation and continuous extraction is a matter of great concern for the country because if they
exhaust it will take million year to renew them. The pace of industrial growth in India took off
post Independence and as a matter of fact the then conditions did not allow us to cater such a
huge population. Agriculture could not have been possibly the only way to cater such a huge

population and hence the exploitation of our mineral and energy resources started. Over the years
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the extraction of minerals and mining for energy resources has gained pace. If we continue to

extract in the same pace we would leave no trace of such resources for the future generation.

Especially talking about the energy resources, the energy requirement of India is still
fulfilled by thermal energy using coal. The growing consumption of petroleum, LPG and its
rising prices forces us to import more as we lack in the crude oil reserve. If the demand of such
resources tends to hike the same way we surely need to start using the renewable sources of
energy for our day to day needs. Exploitation of energy resources also causes serious
environmental problems, for example mine fires, burning of coal, oil spilling over the water
bodies. They posses great threat to the environment. Therefore, there is an urgent need to use
renewable energy sources like solar, wind, tide, biomass, etc. India is fortunate to have an

abundance of sunlight, water, wind and biomass.
Resource Utilization

So far we have learned that the natural resources are very important for our economic
growth and developmental structure. As a developing country India gained its pace of industrial
growth post independence and especially after 1970s. Late advancement to Industrial activities
was followed by quicker pace of resource extraction and exploitation to meet the demand of
world’s second largest population. The exploitation of resources brings decline in the stock of
natural resources which directly affects the poor as they directly depend upon natural resources

for their livelihood.

Resource utilization is an important part in terms of understanding resource management.
In the earlier section we studied about the type of natural resources where non renewable
resources explain type of exhaustible resources. In order to save these resources from getting
exhausted their judicious utilisation is clearly very important but the question arises as to how
maintain balance between resource base and its utilisation so that it remains for the generations
to come. The answer to that question is Sustainable development. Sustainable Development
‘meets the needs of the present without compromising the ability of future generations to meet
their own needs’. Article 9 of the UN declaration of Human Rights (1948-66) states that all
individual should promote sustainable development and sustainable way of life to assure dignity,
freedom, security and justice for all the people. The need for sustainable development is evident

from the following global statistics:
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1. There will be 2 billion more people on the planet over the next quarter of a century,
nearly two-thirds of the world’s population living in water-scarce or water-stressed areas
by 2025.

2. Food production needs to double over the next 40 years at a time when almost 23 percent
of the world’s agricultural land has been degraded.

3. Almost 12 million hectares of forest are lost each year; there has been overexploitation
and decline of more than 60 percent of the world’s marine fisheries.

4. Small island nations are threatened with annihilation from rising sea levels due to climate

change.

On the Ist of August, the world hit Earth Overshoot Day; this was the moment where we
utilized more resources than what we can recover in one year. According to Global Footprint
Network, a not-for-profit organization, that calculates how the world’s natural resources are
managed, “In the first seven months of the year 2018 we devoured a whole year’s worth of
resources, such as consumption of water for producing food to clothes”. The way we are utilizing
the global resources, the day is not far where we will have to starve for life. The advancement of
technology and exploitation process of resources also puts a great harm to the environment
which is now seen prominently in and around us and our surroundings. Whether it’s Glaciers,
rivers, springs, forests, air quality, soil condition, and vegetation, each of these have shown
drastic changes in their natural functioning. A similar trend of overuse and overexploitation is
seen on other natural resources as well, causing inevitable stress on the creasing demand for

technologies to utilize the available natural resources more effectively and efficiently.

After going through the status and possibilities of the existence of natural resources we
can conclude that sustainable development is the only way out in today’ world. Sustainable
development should be made a part of policy and planning. It does not stop or checks the
development but it surely helps us to understand the optimum utilisation of resources. One of the
best examples of sustainable development is Environment Impact Assessment. This is an
assessment activity taken up before the onset of any mega project and screens the project on

every aspect. The project is approved only if the plan clears all the environmental checks.
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6.4 SUMMARY

In this unit we explained natural resources are the backbone of any nation’s development.
They provide necessary raw materials and energy sources that fuel various industries and support
the overall well being of a nation. India as a developing country faces resource scarcity,
struggling to meet their populations ‘requirements. Therefore, we often have to depend upon
imports for essential resources. The appraisal of these resources can be easily done in developed

world with advanced technologies and research. But for a country like India, the way is still far.

Exploitation of resources is a global scenario; some countries with the earlier advent of
industrial revolution started this journey way ahead of the developing world. But today we all
stand in equity when it comes to the degradation and exploitation of resources. The developed
countries also make the poor nations their prey and use their resources for very little and minimal
amount in order to satisfy their own needs. Be it ubiquitous resources or localized, all these are

subject to exploitation by human beings.

For the judicious utilization of resources, Sustainable development is the only way to
survive and flourish. The rapid increase in population definitely forces the economies to develop
in an unplanned way but if the developmental policies consider sustainable development as a

remedy we would definitely overcome the problem of resources exploitation.

6.5 GLOSSARY

Extinction: the end of the existence of a species or group of taxa, or the end of their ability to

reproduce.

Resources: An available supply of something that is valued because it can be used for a

particular purpose.

6.6 ANSWER TO CHECK YOUR PROGRESS

1) What is resource exploitation?

2) Give an example of sustainable development activity.
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6.8 TERMINAL QUESTIONS

a) What are resources?
b) “Resources are not, they become”. Explain the statement.
¢) Analyze Resources Utilisation and their exploitation.

d) Explain Sustainable Development with example.
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7.1 OBJECTIVES

By the end of this unit you will be able to understand the following :

e To identify and describe the primary causes of resource depletion, including human
activities, climate change, and natural disasters.

e To explain the environmental, social, and economic impacts of resource depletion, such
as loss of biodiversity, reduced soil fertility, water scarcity, and economic instability.

e To explore the complex interconnections between these resources and other
environmental and social issues, such as climate change, food security, and social equity.

e To discuss potential solutions to address resource depletion ,water conservation
sstrategies, and sustainable forestry practices.

e To examine the role of technology and innovation in promoting resource conservation
and management, such as through precision agriculture, renewable energy, and the
circular economy.

e To highlight successful initiatives and policies that have addressed Soil, Water, Mineral
and Forest resource depletion and to explore opportunities for scaling up these

approaches.

7.2 INTRODUCTION

Natural resource depletion refers to the exhaustion of natural resources such as minerals,

fossil fuels, timber, water, and soil beyond their capacity for replenishment. This overuse and
exploitation of natural resources lead to various ecological, economic, and social problems that

have long-lasting and far-reaching consequences.

Fossil fuels are one of the most significant natural resources being depleted. These non-
renewable resources such as coal, oil, and natural gas are finite and cannot be replenished within
a human timescale. The combustion of fossil fuels releases greenhouse gases, leading to climate
change and other environmental impacts. The International Energy Agency estimates that the

world will exhaust its supply of traditional oil resources by 2050.

Another natural resource being depleted is fresh water. Freshwater is essential for human

life, agriculture, and industry. However, overuse and pollution of freshwater sources have led to

UNIT 7 - RESOURCES DEPLETION; SOIL, WATER, MINERAL, FORESTS Page 131 of 297



Fundamentals of Natural Resource Management Uttarakhand Open University

shortages in many parts of the world. The United Nations estimates that by 2025, half of the

world's population will live in water-stressed areas.

The depletion of natural resources has a range of ecological consequences, including
habitat destruction, loss of biodiversity, and soil erosion. These consequences can have
cascading effects on ecosystems, leading to further resource depletion and environmental

degradation.

In addition to ecological consequences, the depletion of natural resources can have
significant economic and social impacts. Resource depletion can lead to increased commodity
prices, reduced economic growth, and social unrest. In some cases, resource depletion can also

lead to conflict between nations over access to resources.

Addressing natural resource depletion requires a comprehensive approach that includes
conservation efforts, sustainable resource management, and the development of alternative and
renewable resources. Governments, businesses, and individuals all have a role to play in ensuring

the responsible use and management of natural resources.

Natural resources are materials or substances that occur naturally in the environment and
can be used for economic gain. These resources include minerals, fossil fuels, timber, water, and
soil. The depletion of natural resources occurs when their use exceeds the rate at which they can

be replenished. This can lead to ecological, economic, and social problems.

One of the most significant natural resources being depleted is fossil fuels. Fossil fuels
such as coal, oil, and natural gas are non-renewable resources, meaning they are finite and cannot
be replenished on a human timescale. The combustion of fossil fuels releases greenhouse gases,
leading to climate change and other environmental impacts. The International Energy Agency

estimates that the world will exhaust its supply of traditional oil resources by 2050.

Another natural resource being depleted is fresh water. Freshwater is essential for human
life, agriculture, and industry. However, overuse and pollution of freshwater sources have led to
shortages in many parts of the world. The United Nations estimates that by 2025, half of the

world's population will live in water-stressed areas.
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The depletion of natural resources has a range of ecological consequences, including
habitat destruction, loss of biodiversity, and soil erosion. These consequences can have
cascading effects on ecosystems, leading to further resource depletion and environmental

degradation.

In addition to ecological consequences, the depletion of natural resources can have
significant economic and social impacts. Resource depletion can lead to increased commodity
prices, reduced economic growth, and social unrest. In some cases, resource depletion can also

lead to conflict between nations over access to resources.

Definition of natural resources depletion:

Natural resource depletion refers to the process of using up or exhausting natural
resources beyond their ability to be replenished. This depletion can occur due to a range of

human activities, including overuse, pollution, and destruction of natural habitats.

Natural resources can be categorized as renewable or non-renewable. Renewable
resources are those that can be replenished naturally, such as water, timber, and crops. Non-
renewable resources are those that are finite and cannot be replenished within a human timescale,

such as fossil fuels, minerals, and metals.

The depletion of natural resources has significant ecological, economic, and social
impacts. Ecologically, the depletion of resources can lead to habitat destruction, loss of
biodiversity, soil erosion, and other forms of environmental degradation. Economically, resource
depletion can lead to higher commodity prices, reduced economic growth, and social unrest.
Socially, resource depletion can also lead to conflicts between nations over access to resources

and affect the livelihoods of communities dependent on natural resources.

To address natural resource depletion, there is a need for sustainable resource
management practices that balance the use and conservation of natural resources. This includes
strategies such as conservation efforts, sustainable forestry and soil management practices, and

the development of alternative and renewable resources.
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Overview of the depletion problem

The depletion of natural resources is a global problem that poses significant ecological,
economic, and social challenges. Here is an overview of the problem, with references to support

each aspect:

Ecological Consequences

Natural resource depletion has far-reaching ecological impacts, such as loss of
biodiversity, soil erosion, deforestation, desertification, and climate change. Deforestation, for
example, contributes to climate change and the loss of habitats for wildlife, and soil erosion can
lead to degradation of soil fertility, water depletion, and reduced agricultural productivity. Loss
of biodiversity has negative consequences for ecosystems and the services they provide, such as
pollination, water filtration, and carbon storage. These ecological impacts of natural resource
depletion can cause significant disruption to ecosystems and undermine their ability to provide

essential goods and services.

Economic Consequences

Natural resource depletion also has significant economic impacts, such as higher
commodity prices, reduced economic growth, and social unrest. Resource depletion can lead to
increased competition for scarce resources, which can drive up prices and negatively impact
industries that depend on them. Reduced economic growth can occur due to declining
productivity in the agriculture, fisheries, and forestry sectors. In addition, resource depletion can
lead to social unrest, as communities become more vulnerable to economic shocks and resource

scarcity.

Social Consequences

The depletion of natural resources also has significant social impacts, including the
displacement of communities, conflicts between nations over access to resources, and health
impacts due to pollution and resource depletion. Communities that rely on natural resources for
their livelihoods are often most affected by resource depletion, leading to displacement,

migration, and poverty. Conflicts over resources can also arise between nations, leading to
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geopolitical instability and the potential for violent conflict. The health impacts of resource

depletion can manifest as water scarcity, air pollution, and exposure to hazardous chemicals.

Solutions

To address natural resource depletion, there is a need for sustainable resource
management practices that balance the use and conservation of natural resources. This includes
strategies such as conservation efforts, sustainable forestry and soil management practices, and
the development of alternative and renewable resources. Additionally, government policies can
incentivize sustainable practices and penalize unsustainable ones, and businesses can adopt

sustainable practices that balance economic and environmental concerns.

7.3 RESOURCES DEPLETION; SOIL, WATER, MINERAL,
FORESTS

SOIL DEPLETION

Importance of Soil

Soil is an essential component of our planet’s ecosystem, and it plays a critical role in

sustaining life on Earth. Here are some of the key reasons why soil is important:

Plant growth: Soil provides the necessary nutrients, water, and support for plant growth. Plants
obtain nutrients from the soil through their root systems, and soil structure and texture influence

water movement and retention, both of which are important for plant growth and health

Fig.7.1 Plant growth, Source Google Image
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Biodiversity: Soil is home to an incredible diversity of microorganisms, including bacteria,
fungi, and protozoa. These microorganisms play important roles in soil nutrient cycling,
decomposition, and other processes that are vital to maintaining healthy soil and supporting plant

growth.

Fig.7.2 Biodiversity, Source Google Image

Water storage and purification: Soil acts as a sponge, absorbing and holding water after
rainfall or irrigation. This helps to prevent flooding and erosion and also allows for the slow
release of water into streams and groundwater aquifers. Soil also filters and purifies water as it

percolates through the soil layers, removing pollutants and improving water quality.

Carbon storage: Soil is a major reservoir of carbon, holding more carbon than the atmosphere
and all living vegetation combined. Soil organic matter is an important component of soil health,
and it helps to store carbon that would otherwise contribute to climate change if released into the

atmosphere.

Habitat: Soil provides habitat for a wide range of organisms, including insects, worms, rodents,
and other animals. Soil organisms are important food sources for many other organisms, and they

also play important roles in soil nutrient cycling and other ecosystem processes.

Cultural and historical importance: Soil has played a central role in human history and

culture, from providing the foundation for agriculture and civilization to serving as a symbol of
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land ownership and heritage. Soil also holds important archaeological and cultural resources,

including fossils, artefacts, and historical sites.

Types of Soil Depletion:

There are several types of soil depletion, each with its causes and consequences. Here is a

detailed explanation of the different types of soil depletion:

Nutrient depletion: Nutrient depletion occurs when the soil lacks essential nutrients
required for plant growth, such as nitrogen, phosphorus, and potassium. This can be caused
by intensive farming practices, such as excessive use of chemical fertilizers and monoculture

cropping systems.

Soil erosion: Soil erosion occurs when the top layer of soil is removed by water, wind, or
other natural forces. This can be caused by deforestation, overgrazing, and unsustainable land

use practices. Soil erosion reduces soil fertility and can lead to the loss of soil structure.
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Fig.7.3 Soil erosion, Source Google Image

Soil compaction: Soil compaction occurs when the soil becomes too dense, making it
difficult for plant roots to penetrate and access water and nutrients. This can be caused by

heavy machinery, such as tractors, and can lead to reduced soil fertility and poor crop yields.
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Salinization: Salinization occurs when the concentration of salt in the soil becomes too high,
leading to the death of plants. This can be caused by irrigation practices that result in the

accumulation of salts in the soil.

Acidification: Soil acidification occurs when the pH of the soil becomes too low, making it
difficult for plants to grow. This can be caused by acid rain, excessive use of fertilizers, and

other human activities.

Organic matter depletion: Organic matter depletion occurs when the amount of organic
matter in the soil decreases. This can be caused by intensive farming practices, such as

tillage, and can lead to reduced soil fertility and poor crop yields.

Soil Depletion

Soil depletion is the process of losing or reducing the quality and quantity of soil due to
natural and human activities. This problem affects the ability of soil to support plant growth,
leading to lower crop yields, reduced biodiversity, and increased erosion. Here is an overview of

soil depletion, including its causes, impacts, and solutions:

Causes of Soil Depletion:

Soil depletion can be caused by both natural and human factors. Natural causes include
erosion, weathering, and nutrient leaching, while human factors include deforestation, overuse,
and improper agricultural practices. Overuse of soil without proper fertilization or soil
conservation practices can lead to a decline in soil quality, making it difficult for crops to grow.
Deforestation and urbanization also contribute to soil depletion by reducing the amount of

organic matter and nutrients in the soil.

Soil depletion is caused by a combination of natural and human factors that lead to the
reduction of the quality and quantity of soil. Here is a detailed explanation of the causes of soil

depletion:

Erosion: Soil erosion is a natural process caused by wind, water, and other factors that move

the top layer of soil away from its original location. However, human activities such as
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deforestation, overgrazing, and land use changes can accelerate soil erosion, leading to the

loss of fertile topsoil.

Nutrient depletion:Plants require essential nutrients such as nitrogen, phosphorus, and
potassium to grow. However, continuous cultivation without proper nutrient management can

lead to the depletion of soil nutrients, making it difficult for plants to grow.

Pollution: Soil pollution is caused by the accumulation of harmful chemicals such as
pesticides, fertilizers, and heavy metals in the soil. These pollutants can affect soil fertility

and reduce the ability of the soil to support plant growth.

Overuse: Excessive use of soil without proper rest and soil conservation practices can lead to
soil depletion. Overuse of soil can lead to the removal of important organic matter, which is

essential for maintaining soil structure and fertility.

Climate change: Climate change can affect soil health by altering precipitation patterns and
increasing the frequency of extreme weather events such as floods and droughts. These

changes can exacerbate soil erosion and nutrient depletion, leading to soil degradation.

Impacts of Soil depletion

Soil depletion has significant impacts on food security, biodiversity, and the environment.
Reduced soil fertility leads to lower crop yields, increasing food insecurity for communities. In
addition, soil depletion can also reduce the ability of soil to filter pollutants, leading to water
pollution and the loss of aquatic biodiversity. Soil erosion can lead to land degradation, habitat
loss, and desertification. Overall, soil depletion can lead to a reduction in ecosystem services that

support human well-being.

Soil depletion has significant impacts on agricultural productivity, food security, and the

environment. Here is a detailed explanation of the impacts of soil depletion:

Reduced crop yields: Soil depletion leads to a decline in soil quality, making it difficult for
crops to grow. This results in lower crop yields, making it difficult to produce enough food to

feed the growing population.
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Soil erosion: Soil erosion can occur due to wind and water, and it is accelerated by
deforestation, overgrazing, and land use changes. Soil erosion removes the top layer of fertile

soil, leading to a reduction in soil quality and fertility.

Water pollution: Soil degradation can lead to nutrient leaching and the contamination of
water sources. Excess nutrients in water bodies can cause harmful algal blooms, which can

lead to fish kills and the death of aquatic life.

Climate change: Soil degradation can contribute to climate change by releasing carbon
stored in the soil. Soil erosion and degradation can also affect the ability of the soil to

sequester carbon, leading to increased greenhouse gas emissions.

Loss of biodiversity: Soil degradation can lead to a loss of biodiversity by reducing the
number and variety of soil organisms that play important roles in maintaining soil fertility

and nutrient cycling.

Food insecurity: Soil degradation and depletion can reduce agricultural productivity, leading
to food insecurity. This can be particularly devastating in developing countries where

agriculture is the primary source of livelihood and food.

Solutions of Soil Depletion:

To address soil depletion, there is a need for sustainable soil management practices that
promote soil conservation and restoration. This includes strategies such as conservation
agriculture, crop rotation, intercropping, cover cropping, and agroforestry, which improve soil
structure, increase organic matter content, and reduce erosion. Soil restoration techniques, such
as soil amendments, soil reclamation, and the use of organic fertilizers, can also help to restore
soil fertility. Additionally, policies that promote sustainable agriculture, such as subsidies for
sustainable farming practices, can help to incentivize the adoption of sustainable soil

management practices

Soil depletion can be mitigated through a combination of management practices and policies
aimed at improving soil health and fertility. Here is a detailed explanation of some of the

solutions to soil depletion:
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Conservation tillage:Conservation tillage practices such as no-till and reduced tillage can
help to reduce soil erosion and improve soil structure. These practices leave crop residue on

the soil surface, reducing the impact of raindrops and wind on soil erosion.

Crop rotation: Crop rotation involves the alternating of crops on the same piece of land, and
it helps to improve soil fertility and reduce soil erosion. This practice also helps to break pest

and disease cycles, reducing the need for chemical inputs.

Cover cropping: Cover cropping involves planting crops specifically to cover the soil and
improve soil health. Cover crops can help to reduce soil erosion, increase soil organic matter,

and improve soil structure.

Nutrient management: Proper nutrient management is essential for maintaining soil fertility
and preventing nutrient depletion. This involves applying fertilizers and manure at the right

time and rate and using soil testing to determine the nutrient needs of crops.

Agroforestry: Agroforestry involves the integration of trees into agricultural systems, and it
can help to improve soil health, reduce soil erosion, and provide additional income streams

for farmers.

Policy interventions: Governments can play a role in promoting sustainable land use
practices and incentivizing farmers to adopt soil conservation practices. This can be achieved
through policies such as subsidies for conservation practices, land use planning, and

regulation of land use changes.

Soil conservation and management strategies

Soil conservation and management strategies refer to a range of practices that are designed to
protect and enhance the quality of soil, reduce soil erosion, and promote sustainable land use

practices. Here are some of the most common soil conservation and management strategies:

Conservation tillage: Conservation tillage is a method of planting crops without disturbing the
soil. This helps to reduce soil erosion and improve soil quality by leaving crop residue on the soil

surface to protect against wind and water erosion.
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Cover crops:Cover crops are planted between cash crops to protect the soil from erosion and to
improve soil quality by adding organic matter and nutrients to the soil. Cover crops also help to

reduce the need for fertilizers and pesticides.

Crop rotation: Crop rotation is a method of planting different crops in a specific sequence to
help improve soil fertility and reduce soil erosion. Crop rotation can also help to control pests

and diseases by disrupting their life cycle.

Terracing: Terracing involves creating level platforms on steep slopes to reduce soil erosion and
improve water infiltration. Terracing can be combined with other soil conservation practices

such as cover crops and conservation tillage.

Agroforestry: Agroforestry involves integrating trees and crops on the same piece of land to
help protect the soil, improve soil fertility, and promote biodiversity. Agroforestry can also help

to mitigate climate change by sequestering carbon in the soil and trees.

Contour farming: Contour farming involves planting crops perpendicular to the slope of the
land to help reduce soil erosion and improve water infiltration. This method of farming can be

combined with other soil conservation practices such as terracing and cover crops.

Conservation buffers: Conservation buffers are strips of vegetation planted along the edges of
fields to help reduce soil erosion and improve water quality. Conservation buffers can also help

to provide habitat for wildlife and promote biodiversity.
WATER DEPLETION

Importance of Freshwater

Freshwater is a vital resource that supports life on Earth. It is essential for human health,
agriculture, industry, and the environment. Here are some of the key reasons why freshwater is

important:

Human Health:Access to clean freshwater is critical for human health. Freshwater is used for
drinking, cooking, and sanitation, and contaminated water can spread diseases such as cholera,

dysentery, and typhoid fever (WHO, 2021). According to the World Health Organization, around
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2.2 billion people lack access to safe drinking water, which puts their health at risk

(WHO/UNICEF, 2021).

Agriculture:Freshwater is essential for agriculture, which provides food for the world's
population. Irrigation accounts for around 70% of the world's freshwater withdrawals (FAO,
2021), and without freshwater, crops cannot grow. However, agricultural water use can also lead

to water scarcity and water pollution (FAO, 2021).

Industry:Freshwater is also important for the industry, which uses water for cooling, cleaning,
and manufacturing processes. Industry accounts for around 20% of the world's freshwater
withdrawals (UNESCO, 2021). However, industrial water use can also lead to water pollution

and the degradation of freshwater ecosystems (UNESCO, 2021).

Environment:Freshwater ecosystems, such as rivers, lakes, and wetlands, provide habitat for a
wide range of plants and animals. These ecosystems also play a critical role in regulating the
global water cycle and maintaining the quality of freshwater resources (UNEP, 2021). However,
freshwater ecosystems are under threat from water pollution, habitat destruction, and climate

change.

Economic:Freshwater is also important for economic development. It supports tourism, fishing,
and other industries that depend on freshwater resources (UNEP, 2021). In addition, water
scarcity and water pollution can have economic costs, such as reduced agricultural productivity

and increased healthcare costs.
Types of Water Depletion

Water depletion can be broadly categorized into two types: natural water depletion and

human-induced water depletion.

Natural Water Depletion:Natural water depletion occurs as a result of natural processes,
such as evaporation and transpiration. Evaporation is the process by which water is converted
from liquid form to gas, and it occurs when the sun heats the surface of water bodies, such as
lakes, rivers, and oceans. Transpiration is the process by which water is released from plants

into the atmosphere.
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Human-Induced Water Depletion: Human-induced water depletion occurs as a result of
human activities, such as over-extraction of groundwater, irrigation, and industrial and
domestic water use. Groundwater depletion occurs when more water is extracted from an
aquifer than can be replenished by natural processes, such as rainfall and snowmelt.
Irrigation accounts for a significant amount of water use worldwide and can lead to water
depletion in areas where water resources are already scarce. Industrial and domestic water
use also contribute to water depletion, particularly in urban areas where the water demand is

high.

In addition to these two broad types of water depletion, several other factors can contribute to
water depletion, such as climate change, deforestation, and pollution. Climate change is expected
to exacerbate water scarcity in many regions, as rising temperatures and changes in precipitation
patterns are expected to reduce water availability. Deforestation can contribute to water depletion
by reducing the ability of forests to absorb and retain water, leading to reduced water availability
downstream. Pollution, such as contamination of groundwater sources by chemicals and

pesticides, can also lead to water depletion by rendering water resources unusable.

.Water depletion
Water depletion is a serious problem affecting many parts of the world, particularly in
areas with high population densities and limited water resources. Here is a detailed explanation

of water depletion, its causes, impacts, and potential solutions:

Causes of water depletion:
Water depletion can be caused by both natural and human factors. Natural factors include
droughts, climate change, and changes in precipitation patterns. Human factors include overuse

and mismanagement of water resources, pollution, and population growth.

Water depletion is caused by both natural and human factors. Here are some of the main

causes of water depletion with references:

Climate change: Changes in precipitation patterns due to climate change can lead to water
depletion. For example, droughts are becoming more frequent and severe in many parts of the

world, reducing water availability and leading to water scarcity (IPCC, 2014).
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Overuse and mismanagement of water resources: Human activities such as irrigation,
urbanization, and industrialization can lead to overuse and mismanagement of water resources,
causing water depletion. In many parts of the world, water is used faster than it can be

replenished, leading to the depletion of groundwater and surface water resources.

Pollution: Pollution of water resources can also contribute to water depletion, as polluted water
may not be suitable for use. For example, contamination of groundwater resources with
chemicals from industrial activities or agricultural practices can render the water unsuitable for

use.

Population growth: Rapid population growth can also lead to water depletion, as more people
require more water resources for domestic, industrial, and agricultural purposes. In some areas,

population growth has led to the overuse of water resources, causing depletion and scarcity.

Impacts of water depletion

Water depletion can have severe impacts on both human and natural systems. In areas where
water resources are limited, water scarcity can lead to food shortages, conflicts, and social unrest.
It can also result in the loss of biodiversity and ecosystem services, as many species depend on
water for their survival. Additionally, water depletion can have economic impacts, particularly

on agriculture, which is a major user of water resources.

Water depletion can have significant impacts on both the environment and human society.

Here are some of the key impacts of water depletion:

Agricultural impacts: Agriculture is one of the largest consumers of water resources, and
water depletion can have significant impacts on crop yields and food security. In some areas,
farmers are forced to rely on irrigation to maintain crop yields, which can deplete

groundwater resources and lead to land degradation.

Economic impacts:Water depletion can have significant economic impacts, particularly in
areas where water is a key resource for industry and commerce. For example, water shortages

can lead to reduced energy production, as many power plants rely on water for cooling.
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Public health impacts: Water depletion can have significant public health impacts,
particularly in areas where access to clean drinking water is limited. In some areas, water

scarcity can lead to the spread of waterborne diseases and other health issues.

Climate change impacts: Climate change is expected to exacerbate water depletion in many
areas, particularly in regions that are already facing water scarcity. As temperatures rise,
water resources may become even more scarce, leading to greater competition for water

resources.

Solutions to water depletion

Several strategies can be used to address water depletion, including conservation, water reuse
and recycling, desalination, and groundwater management. Conservation strategies involve
reducing water use through improved irrigation techniques, reducing leakage in water supply
systems, and promoting water-efficient technologies. Water reuse and recycling involve treating
wastewater and reusing it for non-potable purposes, such as irrigation or industrial processes.
Desalination involves removing salt from seawater or brackish water, while groundwater
management involves regulating the use of groundwater resources to prevent overuse and

depletion.

Water depletion is a serious issue that requires urgent action to prevent further depletion and

restore the health of our water systems. Here are some of the key solutions to water depletion:

Water conservation: One of the most effective ways to address water depletion is to
conserve water resources. This can include measures such as fixing leaks in water systems,
promoting water-saving technologies, and encouraging individuals and businesses to use

water more efficiently.

Improved water management: Improved water management can help to reduce water
waste and improve the efficiency of water use. This can include measures such as
implementing water pricing policies that incentivize conservation, investing in water
infrastructure to improve distribution and storage, and improving water quality monitoring to

ensure that water resources are protected.
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Sustainable agriculture: Sustainable agriculture practices can help to reduce the water
footprint of farming, reducing the demand for water resources. This can include measures
such as implementing drip irrigation systems, promoting crop rotation and intercropping, and

using drought-resistant crops.

Water reuse and recycling: Reusing and recycling water can help to reduce the demand for
freshwater resources. This can include measures such as using treated wastewater for
irrigation or industrial processes, capturing and reusing stormwater runoff, and implementing

closed-loop industrial water systems.

Restoring ecosystems: Restoring damaged ecosystems can help to improve water quality
and increase the availability of water resources. This can include measures such as restoring
wetlands, planting vegetation along riverbanks to reduce erosion and improve water quality,

and implementing sustainable land management practices.

Water conservation and management strategies

Water conservation and management strategies refer to a range of practices that are
designed to protect and enhance the quality of water resources, reduce water waste, and promote
sustainable water use practices. Here are some of the most common water conservation and

management strategies .

Efficient irrigation: Efficient irrigation systems such as drip irrigation, micro-sprinklers, and
centre pivot irrigation can help to reduce water use by delivering water directly to the roots of

plants. This can also help to reduce soil erosion and improve crop yield.

Rainwater harvesting: Rainwater harvesting involves collecting rainwater from rooftops,
parking lots, and other surfaces to store for later use. This can help to reduce the demand for

municipal water supplies and provide a source of water for irrigation.

Water reuse: Water reuse involves treating wastewater and using it for non-potable purposes
such as irrigation, toilet flushing, and industrial uses. This can help to reduce the demand for

freshwater supplies and reduce the amount of wastewater discharged into waterways.
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Water conservation in households: Simple water conservation practices such as fixing leaky
faucets, taking shorter showers, and installing water-efficient appliances can help to reduce water

waste and lower water bills.

Water-efficient landscaping:Water-efficient landscaping involves planting drought-tolerant
plants, using mulch to retain soil moisture, and reducing the amount of turf grass. This can help

to reduce water use in outdoor spaces and promote biodiversity.

Water pricing and incentives: Water pricing and incentives can encourage water conservation
by charging higher prices for excessive water use and offering rebates for water-efficient

appliances and landscaping.

Watershed management:Watershed management involves protecting and restoring natural
areas such as wetlands and forests to maintain water quality and reduce runoff. This can help to

prevent water pollution and protect drinking water supplies.

MINERAL DEPLETION

Importance of Minerals

Minerals are essential components of the Earth’s crust and play a vital role in human

health and industry. Here are some of the key reasons why minerals are important:

Nutrition: Minerals are essential nutrients for human health, and they are required in small
amounts for a wide range of bodily functions, including bone growth, muscle contraction, and
nerve function. Some common minerals that are essential for human health include calcium, iron,

magnesium, and zinc.

Industrial applications: Minerals are used in a wide range of industrial applications, including
construction, electronics, and manufacturing. For example, minerals such as sand, gravel, and
limestone are used in construction materials, while minerals such as copper and aluminium are

used in electrical wiring and other electronic components.

Energy production: Minerals are also used in energy production, including the production of
fossil fuels and the development of renewable energy technologies. For example, minerals such

as coal, oil, and natural gas are used to generate electricity and power transportation, while
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minerals such as lithium and rare earth elements are used in the production of batteries and other

energy storage technologies.

Job creation and economic development: The extraction and processing of minerals provide
employment opportunities and contribute to economic development in many regions of the
world. Mining and related industries provide jobs for millions of people worldwide and are an

important source of revenue for many countries.

Environmental remediation:Minerals are also used in environmental remediation efforts, such
as the treatment of contaminated soils and water. For example, minerals such as zeolites and
activated carbon are used to absorb and remove contaminants from soil and water, while

minerals such as gypsum are used to neutralize acidic soils.

Cultural and historical importance: Many minerals have cultural and historical significance,
and they have played important roles in human history and civilization. For example, gold and
silver have been used as currency and as symbols of wealth and power for thousands of years,

while diamonds and other gemstones are prized for their beauty and rarity.

Types of Mineral Depletion

Mineral depletion can occur in various forms, including:

Depletion of high-grade ores: As mining activity continues, it becomes increasingly difficult to
access high-grade ore deposits. High-grade ores contain a higher concentration of minerals,
which means less waste material needs to be removed during the mining process. As high-grade
ores become depleted, mining companies are forced to mine lower-grade ores, which require

more energy and resources to extract and process.

Depletion of non-renewable minerals: Non-renewable minerals, such as fossil fuels, are finite
resources that are being depleted at a rapid rate due to their widespread use. Once these minerals

are extracted and used, they cannot be replaced.

Overexploitation:Overexploitation occurs when minerals are extracted at a rate that exceeds the
rate of natural replenishment. This can lead to the depletion of mineral reserves and can also

cause environmental damage.
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Soil depletion: Soil depletion occurs when minerals in the soil are not replaced at the same rate
as they are extracted by crops. This can lead to a reduction in crop yields and can also affect soil

health.

Water depletion: Mining activities and other industrial processes can also lead to the depletion

of water resources, which can have significant environmental and social impacts.

Depletion of Mineral
The depletion of minerals refers to the reduction of available mineral resources due to
human activities such as mining, extraction, and consumption. Here are some of the key factors

contributing to the depletion of minerals:

Causes of Mineral Depletion

The depletion of minerals can be attributed to a variety of factors, including:

Overexploitation: One of the primary causes of mineral depletion is overexploitation, which
occurs when minerals are extracted and consumed at a rate that exceeds their natural
replenishment. This is particularly true for non-renewable resources such as fossil fuels, which

can take millions of years to form.

Unsustainable mining practices: Many mining practices are environmentally unsustainable and
can lead to the depletion of mineral resources. Open-pit mining, for example, can cause soil
erosion, deforestation, and contamination of water sources. Similarly, underground mining can

cause subsidence and instability in the surrounding area.

Pollution: The extraction, processing, and consumption of minerals can result in environmental
pollution, which can further deplete mineral resources. For example, the use of cyanide in gold
mining can contaminate water sources, while the burning of coal can release harmful pollutants

such as sulfur dioxide and carbon dioxide into the atmosphere.

Climate change: Climate change is another factor that can contribute to mineral depletion.
Rising temperatures and changing weather patterns can lead to the degradation of soil and water

resources, which can make it more difficult to extract and use minerals.

UNIT 7 - RESOURCES DEPLETION; SOIL, WATER, MINERAL, FORESTS Page 150 of 297



Fundamentals of Natural Resource Management Uttarakhand Open University

Economic factors: Economic factors such as changes in market demand and fluctuations in
commodity prices can also contribute to mineral depletion. If the price of a mineral rises, it may

become more profitable to extract and consume it, which can lead to overexploitation.

Efforts to address mineral depletion include the development of sustainable mining
practices, the promotion of recycling and reuse of minerals, and the exploration and development

of alternative materials and technologies.

Impact of Minerals Depletion
The depletion of minerals has several impacts on the environment, economy, and society,

including:

Environmental impacts:The extraction and use of minerals can cause a range of environmental
impacts, including soil and water pollution, habitat destruction, and climate change. Mining
operations can lead to the degradation of land and water resources, loss of biodiversity, and

deforestation.

Economic impacts: The depletion of minerals can have significant economic impacts,
particularly for countries that rely on mineral exports as a primary source of income. Depletion
can also lead to higher prices for minerals, which can impact the cost of goods and services that

rely on those minerals.

Social impacts: The depletion of minerals can also have social impacts, particularly for
communities that rely on mining for their livelihoods. Mining operations can cause displacement
of communities, loss of traditional lands and resources, and negative impacts on health and

safety.

Resource scarcity: The depletion of minerals can lead to resource scarcity, particularly for non-
renewable resources. This can impact the availability and cost of minerals, and can also drive

innovation and the development of alternative materials and technologies.

Geopolitical impacts: The concentration of mineral resources in certain countries can lead to
geopolitical tensions and conflicts. Countries with abundant mineral resources may become
targets of resource exploitation and may face pressure from other countries to sell or share their

resources.
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Efforts to address the impacts of mineral depletion include the promotion of sustainable
mining practices, the development of alternative materials and technologies, and the promotion

of recycling and reuse of minerals.

Solutions of Minerals Depletion

There are several solutions to address the issue of mineral depletion, including:

Recycling and reuse:One of the most effective solutions to mineral depletion is to promote the
recycling and reuse of minerals. This reduces the demand for new mineral extraction and
conserves existing resources. Recycling and reuse can be promoted through policies and

regulations that incentivize recycling and through public education campaigns.

Development of alternative materials and technologies: The development of alternative
materials and technologies can help to reduce the demand for minerals and promote sustainable
resource use. For example, the development of renewable energy technologies such as solar and

wind power reduces the demand for fossil fuels.

Sustainable mining practices:Sustainable mining practices can help to reduce the
environmental impact of mining and promote the responsible use of mineral resources. This
includes reducing waste and pollution, minimizing the impact on local communities, and

ensuring that mining operations are conducted safely and responsibly.

Innovation: Innovation can help to reduce the demand for minerals by promoting the
development of new materials and technologies that use fewer minerals. For example, the use of

nanotechnology can reduce the demand for rare earth elements.

Resource conservation: Resource conservation can help to reduce the demand for minerals by
promoting the efficient use of resources. This includes measures such as energy efficiency,

reducing waste, and promoting sustainable agriculture.

Efforts to promote solutions to mineral depletion are ongoing and involve collaboration

between governments, industry, and civil society.
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Mineral conservation and management strategies

Mineral conservation and management strategies aim to ensure that mineral resources are
used sustainably and responsibly, while also minimizing the environmental and social impacts of
mining and other mineral-related activities. Some common mineral conservation and

management strategies include:

Reduce, reuse, and recycle: By reducing our consumption of minerals, reusing materials
wherever possible, and recycling minerals from end-of-life products, we can help to minimize

the demand for new mineral extraction.

Sustainable mining practices: Adopting sustainable mining practices that minimize the
environmental impacts of mining, such as reducing waste generation and improving mine
reclamation and closure, can help to ensure that mineral resources are extracted responsibly and

sustainably.

Technology development: Developing new technologies that reduce our reliance on minerals,
such as developing more energy-efficient technologies and using renewable energy sources, can

help to reduce the demand for mineral resources.

Mineral substitution: Finding alternative materials to replace minerals that are in short supply

or have high environmental impacts can help to reduce the demand for these minerals.

Responsible sourcing: Ensuring that minerals are sourced from responsible and ethical sources,
such as those that prioritize worker safety and minimize environmental impacts, can help to

reduce the negative social and environmental impacts of mineral extraction.

DEPLETION OF FOREST

Importance of Forest

Forests play a crucial role in maintaining the health and well-being of the planet and its

inhabitants. Some of the key importance of forests are:

Carbon sequestration:Forests act as carbon sinks, absorbing and storing carbon dioxide from
the atmosphere through the process of photosynthesis. This helps to mitigate the effects of

climate change by reducing greenhouse gas emissions.
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Biodiversity: Forests are home to a vast array of plant and animal species, many of which are
unique to forest ecosystems. These species contribute to the overall biodiversity of the planet and

play important roles in maintaining the balance of ecosystems.

Water regulation: Forests play a key role in regulating the water cycle by absorbing and
filtering rainfall, regulating stream flows, and maintaining water quality. They also help to

prevent soil erosion and reduce the risk of flooding and landslides.

Timber and non-timber products: Forests provide a variety of valuable products such as
timber, medicinal plants, and other non-timber forest products that are essential for human well-

being.

Cultural and spiritual significance: Forests have cultural and spiritual significance for many
communities around the world, serving as important sites for traditional practices, rituals, and

ceremonies.

Economic benefits: Forests provide a range of economic benefits, such as tourism, recreation,

and employment opportunities in the forestry sector.

Types of Forest Depletion

Several types of forest depletion can occur. Here are some of the most significant types:

Deforestation: Deforestation is the clearing of forests for agricultural, commercial, or urban
development purposes. This can lead to the complete removal of forest ecosystems, resulting in

loss of biodiversity, soil erosion, and disruption of the water cycle.

Fragmentation: Fragmentation occurs when forests are broken up into smaller patches, often as
a result of human activities such as logging or road building. This can lead to isolation of forest

fragments, loss of biodiversity, and increased vulnerability to fire and other disturbances.

Forest degradation: Forest degradation refers to the deterioration of forest ecosystems due to
human activities such as overgrazing, logging, and mining. This can lead to loss of soil fertility,

reduced biodiversity, and increased vulnerability to erosion and other environmental stresses.
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Climate change: Climate change can also contribute to forest depletion by altering the patterns
of temperature and rainfall, causing changes in forest composition and structure. This can lead to

loss of biodiversity and changes in ecosystem function.

Invasive species: Invasive species can also contribute to forest depletion by outcompeting native

species, altering ecosystem function, and increasing the risk of fire and other disturbances.

Forest fires: Forest fires can cause significant damage to forest ecosystems, particularly when
they are large and severe. They can lead to loss of biodiversity, soil erosion, and changes in

ecosystem function.

Fig.7.4 Forest fires, Source Google Image

Forest Depletion
Forest depletion is the loss of forest cover and the resulting changes to the ecosystem. It
is a significant issue that affects both the environment and human well-being in various ways.

Here are some of the key impacts of forest depletion:

Causes of Forest Depletion

Forest depletion is caused by a variety of factors, but they all involve human activities that harm

the forest ecosystem. Here are some of the main causes of forest depletion:
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Deforestation: Deforestation refers to the clearing of forested areas for agricultural, industrial,
or residential purposes. It is one of the primary causes of forest depletion and can have severe

environmental and social impacts.

Unsustainable logging: Logging is another major cause of forest depletion. When forests are
harvested unsustainably, it can lead to the loss of biodiversity, soil erosion, and other

environmental problems.

Forest fires: Forest fires can be natural or human-caused, but they are often exacerbated by

human activities such as land clearing or negligent use of fire.

Mining: Mining activities can have significant impacts on forest ecosystems, particularly when

they involve large-scale operations that require the clearing of large areas of forest.

Climate change: Climate change is causing changes in temperature and rainfall patterns that can
have significant impacts on forest ecosystems. It can also lead to increased risks of forest fires

and other disturbances.

Infrastructure development: Infrastructure development, such as the construction of roads,
dams, and power lines, can have significant impacts on forest ecosystems, leading to

fragmentation and loss of habitat.

Unsustainable agriculture and livestock grazing: Agriculture and livestock grazing can cause

deforestation and other types of forest depletion when land is cleared for farming or overgrazed.

These are just a few examples of the many human activities that can lead to forest
depletion. Addressing forest depletion requires a multi-faceted approach that involves policy and

regulatory measures, community engagement, and sustainable land use practices.

Impact of Forest Depletion

Forest depletion, also known as deforestation, is the removal or destruction of forests,
primarily for human activities such as agriculture, logging, mining, and urbanization. The impact
of forest depletion is significant and far-reaching, affecting the environment, economy, and

society.
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Environmental Impact

Loss of Biodiversity: Forests are home to many plants and animal species, and their depletion
leads to the loss of habitats, reducing the biodiversity of the planet. This, in turn, disrupts

ecosystems and affects the natural balance of the environment.

Climate Change: Trees absorb carbon dioxide from the atmosphere, and their depletion
contributes to the increase of carbon dioxide levels, which leads to global warming and climate

change.

Soil Erosion: Trees help to prevent soil erosion by holding the soil together. The removal of

forests leads to soil erosion, which affects agricultural productivity and the quality of waterways.

Water Cycle Disruption: Trees play a critical role in the water cycle by releasing water vapour
into the atmosphere, which helps to regulate the climate. The removal of forests leads to the

disruption of the water cycle, leading to droughts and floods.

Economic Impact

Loss of Income: Many people depend on forests for their livelihood, and the depletion of forests

leads to the loss of income for those who rely on them for food, fuel, and medicine.

Loss of Resources: Forests provide many resources, including timber, non-timber forest
products, and minerals. The depletion of forests leads to the loss of these resources, affecting

industries and economies that rely on them.

Increased Costs: Forest depletion leads to increased costs for industries, as they have to find

alternative resources and methods to replace those lost through deforestation.

Climate Change Costs: Climate change resulting from forest depletion has significant economic

costs, including damage to infrastructure, increased health costs, and increased insurance costs.

Social Impact

Displacement: Forest depletion can lead to the displacement of indigenous and local

communities who rely on forests for their livelihood and culture.

UNIT 7 - RESOURCES DEPLETION; SOIL, WATER, MINERAL, FORESTS Page 157 of 297



Fundamentals of Natural Resource Management Uttarakhand Open University

Conflict: The depletion of forests can lead to conflicts between communities and industries

competing for the same resources.

Health: Deforestation can lead to health problems such as respiratory illnesses due to increased

air pollution, waterborne illnesses, and diseases transmitted by insects such as mosquitoes.

Cultural Impact: Forests are home to many cultural and spiritual sites, and the depletion of

forests can lead to the loss of these sites, affecting the cultural heritage of communities.

The impact of forest depletion is significant and far-reaching, affecting the environment,
economy, and society. It is essential to take measures to conserve and manage forests sustainably

to mitigate these impacts.

Solution of forest Depletion

There are several solutions to mitigate the impact of forest depletion. Some of these

solutions include:

Sustainable Forest Management: The implementation of sustainable forest management
practices can help ensure that forests are managed in a way that maintains their ecological,

economic, and social benefits while minimizing negative impacts.

Reforestation: The process of planting new trees in areas where forests have been depleted can
help to restore degraded land and increase forest cover. This can be done through various
methods such as natural regeneration, tree planting, and agroforestry.

Protected Areas: The establishment of protected areas such as national parks, nature reserves,

and wildlife sanctuaries can help to preserve forests and the biodiversity they support.

Alternative Livelihoods:Providing alternative livelihoods to communities that rely on forests
for their income can help to reduce pressure on forests. This can be achieved through the
promotion of sustainable agriculture, ecotourism, and the development of alternative income-

generating activities.

Forest Certification: Certification schemes such as the Forest Stewardship Council (FSC) and
the Programme for the Endorsement of Forest Certification (PEFC) promote sustainable forest

management practices and provide a way for consumers to support sustainable forestry.
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Legal Frameworks: The development and implementation of legal frameworks that regulate
forest use and promote sustainable forest management can help to reduce deforestation and

ensure the protection of forests and their ecosystems.

Education and Awareness:Educating communities, industries, and consumers about the
importance of forests and the impact of deforestation can help to create awareness and promote

behaviour change.

The solutions to forest depletion are diverse and require a combination of interventions
that address the root causes of deforestation while balancing the needs of communities,
industries, and the environment. Adopting sustainable practices, protecting forests through legal
frameworks, and promoting alternative livelihoods are some of the solutions that can contribute

to the conservation of forests and their ecosystems.

Mineral conservation and management strategies
Forest conservation and management strategies are critical to maintaining the ecological,
economic, and social benefits of forests. Here are some key strategies for forest conservation and

management:

Sustainable Forest Management (SFM):Sustainable forest management is a holistic approach
to managing forests that balances ecological, economic, and social considerations. It involves
managing forests to meet current needs while ensuring their long-term sustainability. SFM
practices include the use of appropriate harvesting methods, protecting biodiversity, and
maintaining ecosystem services such as carbon storage, water regulation, and soil conservation.
The Forest Stewardship Council (FSC) and the Programme for the Endorsement of Forest

Certification (PEFC) are examples of organizations that promote SFM practices.

Forest Landscape Restoration (FLR): Forest landscape restoration is a process that aims to
restore degraded or deforested land to a healthy and productive forest ecosystem. FLR involves
the planting of trees, the regeneration of natural forests, and the implementation of sustainable
land-use practices. The Bonn Challenge is a global effort to restore 350 million hectares of

degraded and deforested land by 2030.
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Community-Based Forest Management (CBFM):Community-based forest management is a
strategy that involves local communities in the management and conservation of forest resources.
CBFM empowers communities to take ownership of their forests and use them sustainably. This
can help to reduce deforestation and promote sustainable livelihoods. The Community Forestry

Program in Nepal is an example of a successful CBFM.

Payment for Ecosystem Services (PES): Payment for ecosystem services is a market-based
approach that rewards forest owners and managers for the ecosystem services provided by their
forests. This can include carbon sequestration, water regulation, and biodiversity conservation.
PES schemes can provide incentives for forest conservation and management while providing
economic benefits to forest owners and managers. The REDD+ program is an example of a PES

scheme.

Integrated Landscape Management (ILM): Integrated landscape management is an approach
that considers the multiple land uses and stakeholders within a landscape, including forests,
agriculture, water resources, and human settlements. ILM aims to balance competing land uses
while ensuring the sustainable management of natural resources. The Sustainable Landscapes

and Climate Resilience program in Indonesia is an example of a successful ILM.

Forest conservation and management strategies are critical to maintaining the ecological,
economic, and social benefits of forests. Sustainable forest management, forest landscape
restoration, community-based forest management, payment for ecosystem services, and
integrated landscape management are some of the key strategies that can contribute to the
conservation and management of forests. These strategies require collaboration among multiple
stakeholders, including governments, local communities, civil society organizations, and the

private sector, to ensure their success.

7.4SUMMARY

The Unit on resource depletion discusses the impact of soil, water, mineral, and forest

depletion on the environment, economy, and society. Soil depletion leads to the loss of soil
fertility and productivity, resulting in reduced crop yields, increased erosion, and loss of
biodiversity. Water depletion occurs when the water demand exceeds the available supply,

leading to water scarcity, drought, and conflicts over water resources. Mineral depletion is the
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exhaustion of finite mineral resources, leading to higher prices, decreased economic growth, and
environmental damage. Forest depletion is the loss of forest cover due to deforestation, logging,
and other factors, leading to the loss of biodiversity, carbon sequestration, and other ecosystem

services.

Solutions to soil depletion include sustainable agricultural practices such as crop rotation,
cover cropping, and conservation tillage. Solutions to water depletion include improving water
use efficiency, implementing water conservation practices, and investing in water infrastructure.
Solutions to mineral depletion include reducing demand through energy conservation and
promoting the use of renewable energy sources. Solutions to forest depletion include sustainable
forest management, reforestation, protected areas, and alternative livelihoods for forest-

dependent communities.

To address resource depletion, there must be collaboration among multiple stakeholders,
including governments, local communities, civil society organizations, and the private sector. By
adopting sustainable practices, investing in infrastructure, and promoting alternative livelihoods,
it is possible to conserve and sustainably use natural resources, ensuring their availability for

future generations.

7.5 GLOSSARY

Alternative livelihoods: Income-generating activities that do not depend on the depletion of

natural resources, such as eco-tourism, handicrafts, or sustainable agriculture.

Forest depletion: The loss of forest cover due to deforestation, logging, and other factors,

leading to the loss of biodiversity, carbon sequestration, and other ecosystem services.

Mineral depletion: The exhaustion of finite mineral resources such as oil, coal, and metals,

leads to higher prices, decreased economic growth, and environmental damage.

Protected areas: Areas of land and water set aside for conservation purposes, such as

national parks, wildlife reserves, and marine sanctuaries.

Reforestation: The practice of planting trees in areas where forests have been depleted or

degraded.
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Renewable energy: Energy sources that can be replenished naturally and are not finite, such

as wind, solar, hydro, and geothermal power.

Soil depletion: The loss of soil fertility and productivity due to poor agricultural practices,

erosion, and other factors.

Sustainable agriculture: A type of agriculture that promotes the conservation and

sustainable use of natural resources, such as soil, water, and biodiversity.
Water conservation: The practice of using water efficiently and reducing water waste.

Water depletion: The situation where the water demand exceeds the available supply,

leading to water scarcity, drought, and conflicts over water resources.

7.6 ANSWER TO CHECK YOUR PROGRESS

1. What is soil depletion?

a. The loss of soil fertility and productivity due to poor agricultural practices and erosion
b. The situation where the water demand exceeds the available supply

c. The exhaustion of finite mineral resources

d. The loss of forest cover due to deforestation and logging

Answer: a. The loss of soil fertility and productivity due to poor agricultural practices and

erosion

2. Which of the following is a cause of water depletion?
a. Overuse of water resources

b. Excessive rainfall

c. Adequate management of water resources

d. The use of renewable energy sources

Answer: a. Overuse of water resources
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3. What is mineral depletion?

a. The loss of soil fertility and productivity due to poor agricultural practices and erosion
b. The exhaustion of finite mineral resources

c. The situation where the water demand exceeds the available supply

d. The loss of forest cover due to deforestation and logging

Answer: b. The exhaustion of finite mineral resources

4. What is forest depletion?

a. The loss of soil fertility and productivity due to poor agricultural practices and erosion
b. The situation where the water demand exceeds the available supply

c. The exhaustion of finite mineral resources

d. The loss of forest cover due to deforestation and logging

Answer: d. The loss of forest cover due to deforestation and logging

5. Which of the following is a solution to soil depletion?

a. Conservation tillage

b. Clearcutting

c. Overgrazing

d. Excessive use of chemical fertilizers

Answer: a. Conservation tillage

6. What is the consequence of water depletion?

a. Increased rainfall

b. Soil erosion
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c¢. Drought

d. Increased water availability

Answer: c. Drought

7. Which of the following is a solution to mineral depletion?
a. Using non-renewable resources

b. Developing new mining technologies

c. Recycling minerals

d. Encouraging excessive mining

Answer: c¢. Recycling minerals

8. What is the consequence of forest depletion?
a. Increased biodiversity

b. Increased soil fertility

c. Climate change

d. Increased water availability

Answer: c¢. Climate change

9. What is a solution to water depletion?

a. Overuse of water resources

b. Conserving water

c. Encouraging wasteful water use

d. Allowing unrestricted access to water resources

Answer: b. Conserving water

UNIT 7 - RESOURCES DEPLETION; SOIL, WATER, MINERAL, FORESTS Page 164 of 297



Fundamentals of Natural Resource Management Uttarakhand Open University

10. What is a solution to forest depletion?

a. Encouraging clearcutting

b. Encouraging deforestation

c. Implementing sustainable forest management practices

d. Allowing unrestricted access to logging companies in protected areas

Answer: c. Implementing sustainable forest management practices
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7.8 TERMINAL QUESTIONS

1. How can we prevent soil erosion and degradation, and what impact does this have on
agriculture and food security?

2. What are the consequences of over-extraction of groundwater, and what are some
sustainable alternatives for managing water resources?

3. How are critical minerals being depleted, and what are the long-term implications for
technological innovation and economic growth?

4. What are the social and environmental costs of deforestation, and how can we balance
economic development with conservation efforts?

5. How can we promote sustainable forestry practices that ensure long-term timber supply
while also protecting ecosystems?

6. What role do government policies and regulations play in managing natural resources,
and how can they be improved to promote sustainability?

7. How are climate change and other environmental factors affecting soil quality, and what
are the implications for agriculture and food security?

8. How can we reduce waste and promote circular economy principles to minimize resource

depletion and promote sustainability?
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9. What are some innovative technologies and approaches for resource conservation and
management, and how can they be scaled up for wider impact?

10. How can we engage local communities and stakeholders in resource conservation and
management efforts, and what are some successful examples of community-led

initiatives?
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BLOCK-3 RESOURCE APPRAISAL
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8.1 OBJECTIVE

After reading this unit, will help the students in clearing their concepts as regards the following:

Concept of resources appraisal.
Understanding the background of Resource Management.

Understanding the importance of Resource appraisal and management.

8.2 INTRODUCTION

Natural resource appraisal is a systematic process used to evaluate the value, quality, and

sustainability of natural resources such as land, water, minerals, forests, and wildlife. It involves

assessing these resources based on economic, environmental, and social factors to make

informed decisions about their management and use. Appraisals help stakeholders, including

governments, businesses, and conservation organizations, understand the potential benefits and

trade-offs associated with different resource management options. These assessments consider

factors like resource quantity, quality, market demand, ecological impact, and legal constraints to

guide sustainable resource utilization and conservation efforts.

Following are some key aspects and steps involved in natural resource appraisal:

1.

Resource Identification:The first step is to identify and categorize the specific natural
resources being appraised, whether its land, water bodies, minerals, timber, or
biodiversity.

Data Collection:Comprehensive data collection is essential. This involves gathering
information about the quantity, quality, location, and distribution of the resources.
Remote sensing, surveys, and on-site assessments are common methods.

Valuation Methods:Various valuation techniques are used, including market-based,
income-based, and cost-based approaches. For example, the market approach assesses the
resource's value based on comparable sales, while the income approach considers its
potential income or benefits.

Economic Considerations:Economic factors like supply and demand, market trends, and
future projections play a crucial role in determining the resource's value. These factors

help estimate the potential revenue generated from resource use.
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10.

1.

Environmental Impact Assessment:Evaluating the environmental impact of resource
exploitation is vital for sustainable appraisal. This includes assessing potential ecological
harm, habitat disruption, and long-term consequences.

Legal and Regulatory Analysis:Appraisers must consider the legal framework
governing the resource's use, including permits, regulations, and property rights. Non-
compliance with legal requirements can significantly affect resource value.

Social and Cultural Factors:The appraisal process may also consider the social and
cultural significance of the resource, especially for indigenous communities and cultural
heritage preservation.

Stakeholder Engagement:Inclusive stakeholder engagement is important to gather
diverse perspectives and address concerns. It helps ensure that the appraisal process
considers a wide range of interests and values.

Risk Assessment:Evaluating risks associated with resource utilization, such as market
volatility, environmental degradation, or political instability, is crucial for decision-
making.

Sustainability and Conservation:Assessments often aim to promote sustainable
resource management and conservation by identifying strategies that balance resource use
with long-term preservation.

Reporting and Decision-Making:The results of the appraisal are typically presented in
reports or documents that provide a clear overview of the resource's value and associated
findings. These reports are used by decision-makers to make informed choices regarding

resource management.

Natural resource appraisal is a multidisciplinary process that requires collaboration among

experts in economics, ecology, law, and social sciences to ensure responsible and sustainable

use of our planet's valuable resources.
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8.3 SIGNIFICANCE OF RESOURCE APPRAISALRESOURCE
MANAGEMENT

Resource appraisal holds significant importance for various reasons:

1. Informed Decision-Making: It provides decision-makers with valuable data and insights to

make informed choices regarding resource management, allocation, and utilization.

2. Sustainable Resource Management: Appraisals help ensure the sustainable use of natural
resources by assessing the environmental, economic, and social impacts of resource exploitation,

allowing for responsible conservation and management strategies.

3. Economic Planning: It aids in economic planning by quantifying the economic value of

resources, guiding investments, and fostering economic growth through resource utilization.

4. Environmental Protection: By evaluating the environmental impact of resource use, it

supports efforts to protect ecosystems, reduce pollution, and mitigate habitat destruction.

5. Legal Compliance: Appraisals ensure compliance with laws and regulations related to

resource management, helping to prevent illegal or unregulated exploitation.

6. Conflict Resolution: They can resolve conflicts among stakeholders by providing objective

assessments of resource value, reducing disputes over resource allocation.

7. Community Engagement: Appraisals involve stakeholders, including local communities and
indigenous groups, in the decision-making process, promoting inclusivity and considering their

interests and values.

8. Biodiversity Conservation: They contribute to the conservation of biodiversity by assessing
the ecological impact of resource extraction and suggesting measures to protect fragile

ecosystems.

9. Risk Management: Appraisals identify and assess risks associated with resource use,

allowing for risk mitigation strategies and the development of contingency plans.
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10. Market Development: Understanding the market value of resources can stimulate the

development of industries and businesses related to resource extraction and processing.

11. Resource Efficiency: Appraisals encourage efficient resource use by highlighting the value

of conserving and optimizing resource utilization practices.

12. Long-Term Planning: They support long-term planning by considering the sustainability

and resilience of ecosystems, ensuring that resources are available for future generations.

13. Scientific Research: Appraisals generate valuable data and insights that can inform

scientific research and contribute to a deeper understanding of natural systems.

So far we have understood the significance of resource appraisal in our lives and in general,
resource appraisal is a crucial tool for balancing economic development with environmental and
social responsibility. It helps societies make informed, sustainable, and equitable decisions about

how to manage and use their natural resources.

Resource Management

Background: Natural resource management is rooted in the evolving relationship between

humans and the environment over millennia. Here's a brief overview of its historical context:

1. Indigenous Practices:Indigenous communities worldwide have a rich history of
sustainable resource management. They developed systems and knowledge for using
natural resources in harmony with the environment, often based on traditional ecological
knowledge passed down through generations.

2. Agricultural Revolution:The transition from hunting and gathering to agriculture
around 10,000 years ago marked a significant shift in resource management. Humans
began cultivating crops and domesticating animals, leading to more structured land use
and resource allocation.

3. Ancient Civilizations:Early civilizations such as Mesopotamia, Egypt, and the Indus
Valley developed advanced agricultural systems and irrigation methods to manage water

resources for crop production.
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10.

Feudalism and Land Ownership:Feudal systems in medieval Europe introduced
notions of land ownership and resource rights, shaping property rights and resource
management practices that continue to influence modern land use.

Industrial Revolution:The 18th and 19th centuries saw the rise of industrialization,
which dramatically increased the extraction of natural resources, leading to
environmental degradation and resource depletion. This period also gave rise to
conservation movements in response to overexploitation.

Conservation Movement:The late 19th and early 20th centuries witnessed the
emergence of the conservation movement, led by figures like John Muir and Theodore
Roosevelt in the United States. It advocated for the preservation of natural landscapes and
the establishment of national parks and protected areas.

Environmentalism:The mid-20th century saw the growth of environmentalism as a
response to growing concerns about pollution, habitat loss, and species extinction. This
led to the creation of environmental regulations and agencies worldwide.

Sustainable Development:The concept of sustainable development gained prominence
in the late 20th century, emphasizing the need to balance economic development with
environmental conservation and social equity. It was popularized by the 1987 Brundtland
Report.

Modern Resource Management:Today, natural resource management is a
multidisciplinary field that draws on ecology, economics, sociology, and policy analysis.
It focuses on sustainable practices, biodiversity conservation, and equitable resource
allocation.

Global Challenges:Issues such as climate change, deforestation, water scarcity, and
overfishing have elevated the importance of effective resource management on a global
scale. International agreements like the Paris Agreement and the Convention on

Biological Diversity reflect efforts to address these challenges collectively.

In essence, the history of natural resource management reflects humanity's evolving

understanding of the interdependence between ecosystems and society. It has transitioned from

exploitation and overuse to a more holistic approach that seeks to protect, restore, and

sustainably manage the Earth's natural resources for current and future generations.
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Resource management in India
Resource management in India is a complex and multifaceted endeavor due to the country's
diverse ecosystems, large population, and rapid economic growth. Resource management in

India can be well understood in the following section with the help of key points:

1. Water Resources:India faces significant challenges in managing its water resources. The
country relies heavily on rivers and monsoons for freshwater, making water scarcity and
droughts recurring issues. The management of rivers, reservoirs, and groundwater is critical for

agriculture, industry, and domestic use.

2. Agricultural Land:Agriculture is a major contributor to India's economy. Effective land
management, including land reforms and land-use planning, is essential to ensure food security,

sustainable farming practices, and rural livelihoods.

3. Forestry:India has a rich forest cover with diverse ecosystems. Forest management involves
balancing conservation with sustainable timber extraction, promoting afforestation, and
protecting biodiversity. Initiatives like Joint Forest Management (JFM) involve local

communities in forest conservation.

4. Minerals and Mining:India has abundant mineral resources, including coal, iron ore, and
bauxite. Managing these resources involves sustainable mining practices, minimizing

environmental impact, and ensuring equitable distribution of benefits.

5. Wildlife Conservation:India is home to diverse wildlife, including iconic species like tigers
and elephants. Wildlife management aims to protect endangered species, preserve natural

habitats, and combat poaching and illegal wildlife trade.

6. Energy Resources:As India's economy grows, energy resource management is crucial.
Balancing conventional energy sources like coal and gas with renewable energy development is

a priority to meet increasing energy demands while reducing greenhouse gas emissions.

7. Urbanization and Infrastructure:Managing rapid urbanization and infrastructure
development is essential. Efficient land use planning, transportation networks, and waste

management are vital for sustainable urban growth.
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8. Coastal and Marine Resources:India has a long coastline and significant marine resources.
Coastal zone management focuses on protecting fragile ecosystems, managing fisheries

sustainably, and preparing for climate change impacts like sea-level rise.

9. Water Pollution and Air Quality:Controlling water pollution in rivers and lakes and
improving air quality in urban areas are major challenges. Regulations and policies address

industrial emissions, vehicular pollution, and waste disposal.

10. Climate Change:India is vulnerable to the impacts of climate change. Resource management
includes adaptation measures like water conservation, reforestation, and renewable energy

adoption to reduce vulnerability to climate-related events.

11. Legal Framework:India has enacted various environmental laws and regulations, including
the Wildlife Protection Act, Forest Conservation Act, and Water (Prevention and Control of

Pollution) Act, to govern resource management and environmental protection.

12. Community Involvement:Many resource management initiatives involve local communities
to ensure sustainable practices and address their livelthood needs. Community-based

conservation and management programs are prevalent.

Resource management in India is a dynamic and evolving field that requires a balance between
economic development and environmental conservation. It involves coordination between
various government agencies, community participation, and adherence to national and

international commitments related to environmental sustainability and climate action.

Importance of Resource Management

Resource management is of paramount importance for several reasons:

1. Sustainable Development: Effective resource management ensures that resources are used in
a manner that meets current needs without compromising the ability of future generations to

meet their own needs. It promotes long-term sustainability.

2. Resource Conservation: It helps protect and conserve valuable natural resources, including
forests, water, minerals, and wildlife, which are essential for biodiversity, ecosystem health, and

human well-being.
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3. Economic Growth: Proper resource management contributes to economic growth by
optimizing the use of resources, reducing waste, and fostering industries related to resource

extraction, processing, and utilization.

4. Environmental Protection:It mitigates environmental degradation by minimizing the
negative impacts of resource exploitation, such as deforestation, pollution, habitat destruction,

and climate change.

5. Food Security: In agriculture, resource management ensures the sustainable use of land and

water resources, supporting food production and food security for growing populations.

6. Energy Security:Managing energy resources, both conventional and renewable, is crucial for
ensuring a stable and secure energy supply, reducing energy-related conflicts, and mitigating

climate change.

7. Water Management:Responsible water resource management is essential for meeting

domestic, agricultural, and industrial water needs while safeguarding freshwater ecosystems.

8. Resilience to Climate Change: Effective resource management strategies can enhance
resilience to the impacts of climate change, including adaptation measures like water

conservation, reforestation, and renewable energy development.

9. Ecosystem Services:Resource management recognizes the value of ecosystems in providing
services like clean air and water, pollination, and climate regulation, which benefit human

societies.

10. Conflict Prevention: Fair and equitable resource allocation can help prevent conflicts over

scarce resources, which can lead to social unrest and violence.

11. Community Well-being:Community-based resource management empowers local
communities to participate in decisions about resource use, ensuring that their livelihoods and

cultural values are considered.

12.Biodiversity Conservation:Resource management practices that protect and restore

ecosystems are crucial for preserving biodiversity and preventing species extinction.
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13. Efficiency and Productivity:It promotes efficiency in resource utilization, reducing waste
and inefficiencies in production processes, which can lead to cost savings and improved

competitiveness.

14. Legal and Ethical Responsibilities:Many countries have legal frameworks and international
commitments that require responsible resource management to fulfill obligations to present and

future generations.

15. Global Cooperation:In an interconnected world, sustainable resource management is
essential for global cooperation and addressing global challenges like climate change,

deforestation, and overfishing.

After reading and understanding the concept of resource appraisal and management, we have
come to conclude that resource management is vital for achieving a balance between human
needs, economic development, and environmental protection. It ensures that natural resources are
used wisely and responsibly, contributing to the well-being of societies and the health of the

planet.

8.4 SUMMARY

Resource management and appraisal are closely related processes that play a pivotal role in
responsible and sustainable utilization of natural resources. Resource management encompasses
the strategies, practices, and policies employed to efficiently and sustainably use natural
resources, ensuring they meet current needs while preserving them for future
generations. Appraisal identifies and assesses risks associated with resource exploitation, helping
develop risk mitigation strategies. The results of appraisal provide decision-makers with data-
driven insights to make informed choices regarding resource management and conservation. In
summary, resource management focuses on the responsible and sustainable use of natural
resources, while resource appraisal provides the data and analysis needed to make informed
decisions in the management process. Together, they play a crucial role in ensuring the well-

being of societies and the health of the planet.
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8.5 GLOSSARY

1) Appraisal: A systematic process used to evaluate the value, quality, and sustainability of

natural resources such as land, water, minerals, forests, and wildlife.

8.6 ANSWER TO CHECK YOUR PROGRESS

Discuss the concept of resource appraisal.
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8.8 TERMINAL QUESTIONS

1) Discuss the concept of Resource appraisal.
2) Explain the steps involved in the appraisal of natural resource.
3) Analyse the importance of resource management.

4) Explain the nature of resource management in India.
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9.1 OBJECTIVES

After reading this unit, will help the students in clearing their concepts as regards the following.

e To introduce the concept of land resources: The unit aims to provide a basic
understanding of what land resources are and their importance in various sectors and
disciplines.

e To highlight the significance of appraisal in land resource management: The chapter aims
to emphasize the role of appraisal in assessing the quality, suitability, and potential of
land resources for different purposes.

e To explain the key methods and techniques used in geographical appraisal: The chapter
aims to introduce the methods and tools used to assess geographical factors, including
topography, climate, soil characteristics, land use patterns, and other spatial variables that
influence land resource quality and suitability.

e To explore the methods and approaches used in geochemical appraisal: The chapter aims
to discuss the techniques used to analyze soil and water samples for chemical properties,
nutrient content, contamination, and other geochemical factors that impact land resource
assessment.

e To discuss the methods and significance of ge-botanical appraisal: The chapter aims to
explore the study of vegetation types, plant species composition, ecological processes,
and the interaction between plants and soil in assessing land resource quality, ecosystem

health, and biodiversity.

9.2 INTRODUCTION

Land resources appraisal holds significant importance in various aspects of sustainable
land management and development. By assessing and evaluating the characteristics, potentials,
and limitations of land resources, appraisal provides essential information for informed decision-
making and effective planning processes. It helps in determining optimal land uses, considering
factors such as soil quality, topography, climate, and socio-economic considerations. This
information aids in allocating land for agriculture, urban development, infrastructure, and
conservation purposes, ensuring efficient and sustainable utilization of land resources. The

appraisal also plays a vital role in environmental impact assessments, enabling the identification
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and evaluation of potential environmental risks and impacts associated with land development
projects. By assessing factors like habitat loss, soil erosion, water pollution, and air quality, an
appraisal helps in formulating mitigation measures and promoting environmentally sustainable
land use practices. Furthermore, land resources appraisal contributes to natural resource
management by assessing the status and potential of resources such as forests, water bodies, and
biodiversity. It facilitates the identification of ecologically sensitive areas, conservation
priorities, and sustainable harvesting practices. The appraisal also aids in monitoring and
addressing land degradation processes, such as soil erosion, desertification, and contamination,
by identifying degraded or vulnerable areas and implementing appropriate restoration measures.
In the context of climate change, land resources appraisal assists in assessing the vulnerability of
land areas to climate impacts and identifying adaptation strategies. It helps in understanding the
risks associated with flooding, droughts, sea-level rise, and other climate-related hazards, thereby
informing climate-resilient land use planning and management practices. Additionally, appraisal
supports initiatives for carbon sequestration and mitigation by identifying areas suitable for
afforestation, reforestation, and sustainable land use practices that enhance carbon storage.
Overall, through comprehensive land resources appraisal, stakeholders can make informed
decisions, ensure sustainable land management, and contribute to environmental protection,

socio-economic development, and climate change resilience.

The purpose of land resources appraisal is to assess and evaluate the characteristics,
potentials, and limitations of land resources for various purposes. The appraisal serves as a
comprehensive tool to gather essential information about the physical, environmental, and socio-
economic aspects of the land. The primary purpose is to support sustainable land use planning
and management by providing valuable insights into land suitability and capabilities. It helps in
identifying optimal land uses, such as agriculture, forestry, urban development, and conservation,
based on factors like soil fertility, water availability, climate conditions, and socio-economic
considerations. Another purpose is to facilitate effective natural resource management by
evaluating the status and potential of resources like forests, water bodies, and biodiversity. The
appraisal helps in formulating strategies for the conservation, sustainable utilization, and
protection of ecologically sensitive areas. Furthermore, land resources appraisal serves the
purpose of environmental impact assessment, enabling the identification and evaluation of

potential environmental risks and impacts associated with land development projects. It aids in
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the integration of environmental considerations into land use decisions, supporting sustainable
practices and mitigating negative impacts. Additionally, the appraisal plays a crucial role in
monitoring and addressing land degradation processes, such as soil erosion, desertification, and
contamination. It helps in identifying degraded or vulnerable areas and facilitating the
implementation of appropriate measures for land restoration and rehabilitation. Lastly, land
resources appraisal serves the purpose of climate change adaptation and mitigation by assessing
the vulnerability of land areas to climate impacts and identifying strategies for resilience and
carbon sequestration. In summary, the purpose of land resources appraisal is to provide crucial
information for sustainable land use planning, natural resource management, environmental
impact assessment, land degradation monitoring and restoration, and climate change adaptation

and mitigation.

Geographical, geochemical, and geo-botanical approaches are three interconnected
methods used in the appraisal of land resources. Geographical approaches involve the analysis of
spatial patterns and relationships between various geographic factors, such as topography,
climate, land cover, and hydrology. It includes techniques like geographic information systems
(GIS), remote sensing, and spatial modelling, which provide valuable insights into land
suitability, land use planning, and environmental assessment. Geochemical approaches focus on
the chemical properties of the land, including soil composition, nutrient content, and
contamination levels. It involves collecting soil samples and analyzing them for pH, organic
matter, nutrient concentrations, heavy metals, and other contaminants. This information helps in
assessing soil fertility, identifying potential risks to human health and ecosystems, and guiding
appropriate land management practices. Geo-botanical approaches study the vegetation and plant
communities present in a particular area. It involves the identification, classification, and
mapping of plant species, as well as analyzing their distribution patterns and ecological
relationships. Geo-botanical data provide insights into land suitability for various vegetation
types, habitat quality, biodiversity conservation, and ecosystem services. By integrating these
three approaches, land resources appraisal can provide a holistic understanding of the physical,
chemical, and ecological aspects of a land area, facilitating informed decision-making and

sustainable land management practices.
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Importance of Land Resources Appraisal

Land resource appraisal plays a crucial role in sustainable development and effective land
management. It provides valuable information for land use planning, conservation, and decision-
making processes. The following points highlight the importance of land resources appraisal in

detail:

Optimal Land Use Planning: Land resources appraisal helps identify suitable land uses based
on its characteristics, guiding decisions on agriculture, urban development, conservation areas,
and infrastructure planning. It takes into account factors such as soil fertility, topography, water
availability, and environmental conditions to determine the most appropriate land uses, ensuring

efficient and sustainable utilization of land resources.

Sustainable Land Management: Appraisal supports sustainable land management practices by
assessing the potential and limitations of land resources. It aids in preventing soil erosion,
conserving water resources, promoting sustainable agriculture, and protecting natural
ecosystems. By providing information on land suitability, degradation risks, and conservation
priorities, appraisal facilitates the implementation of measures that ensure the long-term

productivity and resilience of land.

Environmental Impact Assessment: Land resources appraisal plays a crucial role in
environmental impact assessments. It evaluates potential environmental impacts associated with
land development projects, such as habitat loss, soil erosion, water pollution, and air quality. By
considering these impacts, an appraisal helps in identifying mitigation measures, promoting
environmentally sustainable land use practices, and minimizing the negative environmental

consequences of land development activities.

Land Degradation Assessment:Appraisal aids in identifying areas at risk of land degradation
processes, including desertification, soil erosion, or salinization. It helps in assessing the extent
and severity of land degradation, determining its causes, and identifying vulnerable areas. This
information is crucial for implementing prevention and rehabilitation measures, such as soil

conservation practices, reforestation, and land restoration efforts.
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Natural Resource Management: Land resources appraisal supports the conservation and
sustainable use of natural resources. It provides insights into the status and potential of resources
such as forests, wetlands, watersheds, and biodiversity hotspots. By identifying areas of high
ecological value and assessing resource availability, appraisal assists in formulating strategies for

their conservation, sustainable harvesting, and protection against unsustainable practices.

Climate Change Adaptation and Mitigation: Appraisal assesses the vulnerability of land
resources to climate change impacts. It helps in understanding the risks associated with
phenomena like sea-level rise, extreme weather events, and changing precipitation patterns. By
identifying vulnerable areas and assessing their capacity for climate change adaptation, appraisal
supports the development of strategies and initiatives for resilience. It also contributes to climate
change mitigation efforts by identifying opportunities for carbon sequestration through initiatives

like afforestation, reforestation, and sustainable land use practices.

Land as a Critical Natural Resource

The land is widely recognized as a critical natural resource due to its fundamental role in
supporting various ecological, social, and economic functions. Here is an overview of why land

is considered a critical natural resource, supported by references:

Ecosystem Services: Land provides a wide range of ecosystem services that are essential for
human well-being. These services include soil formation and fertility, water filtration and
purification, carbon sequestration, habitat provision for biodiversity, and the maintenance of
ecological processes. Land-based ecosystems contribute to climate regulation, water supply,

pollination, and nutrient cycling, making them vital for sustaining life on Earth.

Food Security: Land is the foundation of global food production. Agricultural land supports
crop cultivation and livestock grazing, providing the necessary resources for food production.
With the growing global population, ensuring sustainable land use for agriculture is crucial for

achieving food security and meeting the nutritional needs of people.

Habitat and Biodiversity Conservation: Land serves as a habitat for diverse plant and animal
species, supporting biodiversity. Natural and semi-natural ecosystems, such as forests, wetlands,

grasslands, and coastal areas, provide critical habitats for countless species. Preserving and

UNIT 9 - APPRAISAL OF LAND RESOURCES, GEOGRAPHICAL.... Page 186 of 297



Fundamentals of Natural Resource Management Uttarakhand Open University

managing land for conservation purposes is essential for maintaining biodiversity, protecting

endangered species, and preserving ecological balance.

Water Resources: Land plays a significant role in water resource management. It serves as the
source and catchment area for rivers, lakes, and groundwater. Proper land management practices,
such as protecting riparian zones, maintaining soil quality, and minimizing pollution, are

essential for ensuring water quality and availability.

Socio-economic Development: Land is closely tied to socio-economic development. It provides
space for human settlements, infrastructure development, and economic activities. Land
resources are utilized for housing, industry, commerce, transportation, and recreational purposes.
Proper land use planning and management are crucial for balanced urban development,

sustainable economic growth, and improved quality of life.

Cultural and Spiritual Value: Land has deep cultural and spiritual significance for many
communities around the world. It is tied to cultural heritage, traditional practices, and indigenous
knowledge systems. Landscapes, sacred sites, and natural landmarks hold cultural and spiritual

value, contributing to the identity and well-being of communities.

Land's critical importance as a natural resource underscores the need for responsible and

sustainable land management practices to ensure its long-term availability and productivity.

9.3 APPRAISAL OF LAND RESOURCES, GEOGRAPHICAL,
GEOCHEMICAL, GEO- BOTANICAL

GEOGRAPHICAL APPRAISAL OF LAND RESOURCES

Geographical appraisal of land resources involves the analysis of spatial characteristics
and relationships to understand the suitability, potential, and limitations of land for various
purposes. It utilizes geographic information systems (GIS), remote sensing, and spatial modeling
techniques to gather and analyze geospatial data. Here is a detailed overview of the geographical

appraisal of land resources:

Spatial Analysis: Geographical appraisal involves spatial analysis to assess the physical and

environmental characteristics of the land. It considers factors such as topography, climate, land
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cover, hydrology, and proximity to infrastructure and urban centres. By mapping and analyzing
these spatial variables, helps in identifying suitable land uses, land suitability for agriculture,

urban planning, conservation areas, and infrastructure development.

Land Suitability Assessment: Geographical appraisal enables land suitability assessments by
integrating various spatial layers and data. It helps in identifying areas suitable for different types
of land use, such as agriculture, forestry, and urban development. By considering factors like soil
quality, drainage, slope, and climatic conditions, it assists in determining the most appropriate

land uses that maximize productivity while minimizing environmental impacts.

Environmental Impact Assessment: Geographical appraisal plays a crucial role in
environmental impact assessments of land development projects. Integrating spatial data on land
characteristics, land cover, and natural resources, helps in identifying potential environmental
impacts, such as habitat loss, water pollution, and soil erosion. This information supports the
evaluation of environmental risks and aids in the development of mitigation measures to

minimize adverse impacts.

Land Degradation Assessment:Geographical appraisal contributes to the assessment and
monitoring of land degradation processes. It helps in identifying areas at risk of soil erosion,
desertification, salinization, or other forms of land degradation. By mapping and analyzing
spatial patterns and indicators of land degradation, it supports the implementation of measures

for soil conservation, land restoration, and sustainable land management.

Spatial Planning and Decision-making: Geographical appraisal provides crucial information
for spatial planning and decision-making processes. Visualizing and analyzing geospatial data
facilitates informed decision-making related to land use allocation, zoning regulations,
infrastructure planning, and urban development. This spatial perspective enhances the

effectiveness of land management practices and supports sustainable land use.

Scope of Geographical Appraisal

Geographical appraisal refers to the systematic assessment and analysis of land resources
based on spatial characteristics, relationships, and geographic factors. It involves the use of
geographic information systems (GIS), remote sensing, and spatial modelling techniques to

gather, integrate, and analyze geospatial data for understanding land suitability, land use
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planning, and environmental assessment. The scope of geographical appraisal encompasses
various aspects related to land resources, including physical, environmental, and socio-economic

factors that influence land use and management decisions.
The scope of the geographical appraisal can be summarized as follows:

Physical Characteristics: Geographical appraisal considers the physical characteristics of land
such as topography, soil properties, climate conditions, hydrology, and vegetation cover. These
factors are crucial in determining land suitability for different uses, assessing natural resource

availability, and understanding the physical constraints and potentials of the land.

Land Use Planning: Geographical appraisal plays a significant role in land use planning by
identifying suitable land uses based on the physical and environmental characteristics of the land.
It assists in determining optimal land allocations for agriculture, forestry, urban development,
infrastructure, and conservation areas. Through spatial analysis and modelling, it supports
decision-making processes related to land use zoning, spatial allocation, and land management

practices.

Environmental Assessment: Geographical appraisal helps in assessing the environmental
impacts of land development projects and land use changes. Integrating geospatial data on land
cover, vegetation, ecosystems, and natural resources, enables the identification and evaluation of
potential environmental risks, such as habitat loss, water pollution, and soil degradation. This
information aids in environmental impact assessments, providing insights into the potential

consequences of land use decisions.

Spatial Analysis and Modeling: Geographical appraisal involves spatial analysis and modelling
techniques to analyze and visualize geospatial data. It utilizes GIS, remote sensing, and spatial
modeling tools to integrate and analyze data layers, identify patterns, relationships, and trends,
and generate maps and spatial models for decision-making purposes. This allows for a
comprehensive understanding of land resources, their interactions, and the implications for

sustainable land use.
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Geographical Appraisal of Land Resources Case Studies and Examples in

detailed with references

Geographical appraisal of land resources is a diverse field with numerous case studies
and examples demonstrating its practical applications. Here are some detailed examples of

geographical appraisal in the context of land resources, along with references:

Land Suitability Assessment for Agriculture: Geographical appraisal is commonly used to
assess the suitability of land for agricultural purposes. For instance, a study by Bahadur et al.
(2018) conducted a land suitability analysis in Nepal using GIS and remote sensing techniques.
The study integrated factors such as soil properties, slope, rainfall, and temperature to determine
the suitability of land for various crops. The results aided in identifying suitable areas for crop

cultivation and supporting agricultural planning and decision-making.

Urban Land Use Planning: Geographical appraisal plays a crucial role in urban land use
planning. For example, a study conducted by Alcald et al. (2020) in Spain utilized GIS-based
techniques to evaluate land use conflicts and identify suitable locations for urban expansion. The
study integrated data on land cover, infrastructure, environmental sensitivity, and population

density to assess land suitability and support decision-making for sustainable urban development.

Environmental Impact Assessment of Mining Activities: Geographical appraisal is also
applied to assess the environmental impacts of mining activities. For instance, a study by
Esrafilzadeh et al. (2019) conducted an environmental impact assessment of a gold mine in Iran
using GIS and remote sensing techniques. The study evaluated factors such as land cover change,
soil erosion, and water quality to identify potential environmental risks associated with the
mining operation. The findings informed decision-making and mitigation strategies for

sustainable mining practices.

Land Degradation Monitoring:Geographical appraisal is employed to monitor and assess land
degradation processes. For example, a study by Yengoh et al. (2018) conducted a land
degradation assessment in Nigeria using GIS and remote sensing techniques. The study

integrated data on land cover change, vegetation health, and soil erosion to identify areas at risk
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of degradation. The results supported land management strategies and interventions to combat

land degradation and promote sustainable land use.

These examples illustrate the practical applications of geographical appraisal in land
suitability assessment, urban planning, environmental impact assessment, and land degradation
monitoring. They highlight the importance of integrating spatial analysis and geospatial data to

inform land management decisions and promote sustainable land use practices.

Geographical Appraisal of Land Resources Understanding the relationships

between physical and human factors:

Geographical appraisal of land resources involves understanding the relationships
between physical and human factors that influence land use and management decisions. Here is a

brief overview of these relationships, along with references:

Physical Factors: Physical factors encompass the natural characteristics of the land, including
topography, climate, soil properties, water resources, and vegetation. These factors play a crucial
role in determining the suitability of land for various uses such as agriculture, forestry, and urban
development. For example, soil quality and drainage influence agricultural productivity, while

topography and slope affect land suitability for construction and infrastructure development.

Human Factors: Human factors refer to the socio-economic and cultural aspects that shape land
use decisions and patterns. These factors include population density, land tenure systems,
economic activities, technological advancements, and policy frameworks. For instance,
population growth and urbanization drive the conversion of agricultural land into urban areas,
while economic factors influence the intensity and type of land use practices adopted by

communities.
Geographical Appraisal of Land Resources Field surveys and data collection:

Geographical appraisal of land resources involves field surveys and data collection to
gather essential information for analysis and assessment. Here is a brief overview of field

surveys and data collection methods used in geographical appraisal, along with references:
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Field Surveys: Field surveys involve direct observation and data collection on-site. They
provide firsthand information about land characteristics, land cover, vegetation, soil properties,
and other physical features. Field surveys may include techniques such as ground-based
measurements, soil sampling, vegetation surveys, and land cover mapping. These surveys
provide valuable data for validating remote sensing data, calibrating models, and capturing local-

scale variations.

Remote Sensing: Remote sensing involves the acquisition of information about the Earth's
surface from a distance using satellite or airborne sensors. Remote sensing data, such as aerial
photographs and satellite imagery, provide valuable spatial information on land cover, land use,
vegetation health, and other physical characteristics. These data are crucial for mapping,

monitoring, and analyzing land resources over large areas.

Geographic Information Systems (GIS): GIS technology is used to capture, store, analyze, and
display geospatial data. It integrates various data sources, such as satellite imagery, aerial
photographs, and field data, to create detailed maps and perform spatial analyses. GIS allows for
the visualization and manipulation of data layers, enabling the identification of patterns,

relationships, and trends in land resources.

Questionnaires and Interviews: In addition to physical data collection, questionnaires and
interviews are often employed to gather information on socio-economic factors related to land
use and management. Surveys and interviews with local communities, landowners, and
stakeholders help understand land tenure systems, land use practices, economic activities, and

cultural perspectives that influence land resource management decisions.

These data collection methods, including field surveys, remote sensing, GIS, and
interviews, provide essential information for the geographical appraisal of land resources,
allowing for comprehensive analysis and assessment of land characteristics, land use patterns,

and the factors influencing land management decisions.
Geographical Appraisal of Land Resources Topographic Analysis

Topographic analysis is an essential component of geographical appraisal of land

resources. It involves the examination and interpretation of the topographic features and
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characteristics of a land area. Here is a brief description of topographic analysis in the context of

land resources, along with references:

Topographic analysis refers to the study of the physical land surface and its elevation
variations. It focuses on understanding the shape, slope, aspect, and relief of the land, which play
a crucial role in land suitability assessment, land use planning, and environmental management.
The topographic analysis provides valuable insights into the physical constraints and potentials
of the land, influencing decisions related to agriculture, infrastructure development, and

conservation.
Methods used in topographic analysis include:

Digital Elevation Models (DEMs): DEMs are digital representations of the land surface,
capturing elevation data at regular intervals. They are derived from remote sensing technologies
such as satellite imagery and LiDAR (Light Detection and Ranging). DEMs enable the
generation of slope, aspect, and elevation contour maps, which help in identifying areas prone to

erosion, understanding drainage patterns, and determining land suitability for various uses.

Slope Analysis: Slope analysis involves the calculation and mapping of slope angles across a
land area. It helps in identifying areas with steep slopes, which may be unsuitable for certain
activities such as agriculture or construction. Slope analysis is crucial for assessing erosion
potential, and landslide susceptibility, and determining suitable locations for infrastructure

development.

Aspect Analysis: Aspect analysis focuses on the compass orientation of slope surfaces. It helps
in understanding the direction in which slopes face, which influences factors such as solar
radiation, temperature distribution, and vegetation patterns. Aspect analysis is particularly
important in assessing microclimatic conditions and understanding ecological processes related

to land resources.

The topographic analysis provides valuable information for land resource assessment and
decision-making processes. It helps in identifying land suitability, assessing natural hazards,

understanding ecological processes, and optimizing land use planning.
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Geographical Appraisal of Land Resources Hydrological modelling and

watershed analysis

Hydrological modelling and watershed analysis are important components of the
geographical appraisal of land resources. They involve the study and simulation of water flow,
precipitation, and runoff patterns within a watershed. Here is a brief description of hydrological

modelling and watershed analysis, along with references:

Hydrological modeling refers to the process of simulating and predicting the movement
and distribution of water within a watershed. It involves the use of mathematical models and
computer simulations to understand various hydrological processes such as rainfall, evaporation,
infiltration, surface runoff, and groundwater flow. Hydrological modelling helps in assessing
water availability, estimating runoff volumes, and understanding the impacts of land use changes

on water resources.

The watershed analysis focuses on the study of a specific geographic area where all the
water within that region converges to a common point, usually a river or a lake. It involves the
assessment of land characteristics, land use patterns, and hydrological processes within the
watershed. Watershed analysis helps in understanding the impacts of land management practices,
such as agriculture, deforestation, or urbanization, on water quantity and quality. It also aids in

identifying areas prone to flooding, erosion, or water pollution.

Hydrological modelling and watershed analysis play a crucial role in land resource
appraisal by providing insights into the water dynamics within a watershed. They help in
assessing the impacts of land use changes, identifying areas susceptible to water-related hazards,

and supporting water resource management and planning decisions.
GEOCHEMICAL APPRAISAL OF LAND RESOURCES

Geochemical appraisal of land resources involves the detailed assessment and analysis of
the chemical composition and characteristics of soil, rocks, minerals, and other geological
components of a land area. It focuses on understanding the distribution, abundance, and

behaviour of chemical elements and compounds in the Earth's crust to evaluate the quality,
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fertility, and potential uses of land resources, as well as to assess the presence of contaminants or

pollutants that may impact human health and the environment.
The key aspects of the geochemical appraisal of land resources include:

Soil Chemistry: Soil plays a crucial role in land resources and agricultural productivity.
Geochemical appraisal of soils involves the analysis of various chemical properties, including
pH, nutrient content, organic matter, and trace element concentrations. Soil chemistry
assessments provide insights into soil fertility, nutrient availability, and potential limitations for
agricultural activities (Alloway, 2013). Chemical analysis of soil samples can be conducted
through techniques such as atomic absorption spectrometry, inductively coupled plasma

spectrometry, or X-ray fluorescence spectroscopy.

Mineral Exploration: Geochemical appraisal is extensively employed in mineral exploration
and mining activities. It involves the analysis of soil, rock, and stream sediment samples to
identify geochemical anomalies and patterns associated with mineral deposits. Geochemical
surveys help in locating potential mineral resources, defining exploration targets, and
determining the economic viability of mining projects. Techniques such as multi-element
geochemical analysis, isotopic analysis, and mineralogical studies aid in the identification and

characterization of mineralization.

Environmental Geochemistry: Environmental geochemistry focuses on assessing the impact of
human activities on land resources and the environment. It involves the analysis of soil, water,
and vegetation samples to detect the presence of contaminants, heavy metals, or pollutants
resulting from industrial processes, agriculture, or urbanization. Geochemical appraisal assists in
identifying sources of contamination, assessing environmental risks, and developing remediation
strategies. Techniques such as sequential extraction, leaching tests, and speciation analysis are

used to characterize the behaviour and mobility of contaminants in the environment.

Geochemical appraisal of land resources provides valuable information for land
management, resource planning, and environmental decision-making. Understanding the
chemical composition and behavior of soils, rocks, and minerals, helps in optimizing land use
practices, mitigating environmental impacts, and ensuring the sustainable utilization of land

resources.
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Geochemical Appraisal of Land Resources Assessment of soil, water, and air

quality

Geochemical appraisal of land resources includes the assessment of soil, water, and air
quality to understand the chemical composition and potential contaminants present in these
environmental media. Here is a description of the assessment of soil, water, and air quality in the

context of geochemical appraisal, along with references:

Assessment of Soil Quality: Soil quality assessment involves analyzing the chemical properties
of soil to evaluate its fertility, nutrient content, and potential for agricultural productivity. It also
includes the identification and quantification of contaminants or pollutants that may affect soil
health and ecosystem integrity. Soil quality assessments often encompass parameters such as pH,
organic matter content, nutrient levels, and the presence of heavy metals or other pollutants.
Various analytical techniques, such as atomic absorption spectrometry, X-ray fluorescence

spectroscopy, and chromatography, are employed for soil analysis.

Assessment of Water Quality: Water quality assessment focuses on analyzing the chemical
composition and contaminants present in water bodies such as rivers, lakes, and groundwater. It
includes the measurement of parameters like pH, dissolved oxygen, nutrient levels, heavy metals,
pesticides, and other pollutants. Water quality assessments play a crucial role in evaluating the
suitability of water for drinking, irrigation, and ecological purposes. Techniques such as
spectrophotometry, chromatography, and atomic absorption spectrometry are commonly used for

water analysis.

Assessment of Air Quality: Air quality assessment involves the analysis of atmospheric
pollutants and the measurement of their concentrations in the air. It includes the assessment of
gases, particulate matter, volatile organic compounds, and other air pollutants that may have
environmental or human health impacts. Air quality monitoring is critical for understanding
pollution sources, evaluating compliance with air quality standards, and developing mitigation
strategies. Techniques such as gas chromatography, mass spectrometry, and optical particle

counters are commonly used for air quality analysis.
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Assessing the soil, water, and air quality through geochemical appraisal provides insights
into the presence and levels of contaminants, helps identify potential risks to human health and
the environment, and supports the development of appropriate management and remediation

strategies.

Geochemical Appraisal of Land Resources Identification of chemical elements

and contaminants

Geochemical appraisal of land resources involves the identification and analysis of
chemical elements and contaminants present in the soil, water, and other environmental media.
The identification of these elements and contaminants is crucial for understanding the
composition, distribution, and potential impacts on land resources. Here is a description of the
identification of chemical elements and contaminants in the geochemical appraisal, along with

references:

Identification of Chemical Elements: Geochemical appraisal aims to identify and quantify
various chemical elements present in land resources. This includes major elements, such as
nitrogen, phosphorus, potassium, calcium, and magnesium, as well as trace elements like heavy
metals (e.g., lead, cadmium, arsenic) and metalloids (e.g., selenium, antimony). These elements
play important roles in soil fertility, nutrient cycling, and potential environmental risks.
Analytical techniques commonly used for their identification and quantification include atomic
absorption spectrometry, X-ray fluorescence spectroscopy, and inductively coupled plasma mass

spectrometry.

Identification of Contaminants:Geochemical appraisal focuses on the identification and
characterization of contaminants that may be present in land resources. Contaminants can
include heavy metals, pesticides, organic pollutants, hydrocarbons, and radioactive substances.
These contaminants may originate from industrial activities, agricultural practices, or natural
sources. Techniques such as gas chromatography, liquid chromatography, mass spectrometry,
and spectroscopic analysis are commonly employed to identify and quantify contaminants in

soil, water, and air samples.
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By identifying the chemical elements and contaminants in land resources, geochemical
appraisal provides insights into the potential risks associated with land use, ecosystem health,
and human exposure. It helps in assessing the impacts of contaminants on soil quality, water
resources, and overall environmental integrity, thus guiding appropriate management strategies,

remediation efforts, and land use planning.
Geochemical Appraisal of Land Resources Sampling and Analysis Techniques

Geochemical appraisal of land resources involves sampling and analysis techniques to
assess the chemical composition, contaminants, and elemental concentrations in soil, water, and
other environmental media. These techniques provide valuable information for understanding
land resource quality and potential environmental impacts. Here is a description of some
commonly used sampling and analysis techniques in the geochemical appraisal, along with

references:

Soil Sampling: Soil sampling is conducted to collect representative soil samples for analysis.
Various sampling methods, such as grid sampling, random sampling, or targeted sampling based
on land use patterns, are employed. The collected soil samples can be further processed and
prepared for analysis using techniques like sieving, air-drying, and grinding to obtain

homogeneous samples for chemical analysis.

Water Sampling: Water sampling involves collecting water samples from rivers, lakes,
groundwater, or other water bodies for chemical analysis. The sampling methods vary depending
on the specific water source and the parameters of interest. Common techniques include grab
sampling (instantaneous collection), composite sampling (collected over a time period), and
depth-integrated sampling (representing different water depths). Proper sample handling,

preservation, and storage are crucial to maintaining sample integrity.

Elemental Analysis: Elemental analysis is performed to determine the concentrations of various
chemical elements in soil, water, and other environmental samples. Techniques commonly used
for elemental analysis include atomic absorption spectrometry (AAS), inductively coupled
plasma optical emission spectrometry (ICP-OES), and inductively coupled plasma mass

spectrometry (ICP-MS). These techniques provide quantitative data on the concentrations of
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elements of interest, including major elements (e.g., nitrogen, phosphorus, potassium) and trace

elements.

Contaminant Analysis: Contaminant analysis involves the identification and quantification of
pollutants or contaminants present in land resources. Techniques such as gas chromatography
(GCO), liquid chromatography (LC), mass spectrometry (MS), and spectroscopic analysis are
commonly used for the detection and characterization of contaminants. These techniques enable
the identification of various organic pollutants, heavy metals, pesticides, and other contaminants

present in soil, water, and air samples.

The selection of appropriate sampling and analysis techniques in geochemical appraisal
depends on the specific objectives, environmental media being studied, and the parameters of
interest. Proper sample collection, handling, and analysis methodologies are essential to ensure

accurate and reliable results for informed decision-making and land resource management.

Geochemical Appraisal of Land Resources Soil Sampling and Laboratory

Analysis

Geochemical appraisal of land resources involves soil sampling and laboratory analysis
to assess the chemical composition, nutrient content, and presence of contaminants in soil. Soil
sampling and laboratory analysis provide valuable information for understanding soil fertility,
nutrient availability, and potential environmental risks. Here is a description of soil sampling
techniques and laboratory analysis methods commonly used in geochemical appraisal, along with

references:

Soil Sampling Techniques: Soil sampling aims to collect representative soil samples for

analysis. Several soil sampling techniques are employed, including:

Grid Sampling: Dividing the area into grids and collecting soil samples at predetermined

locations within each grid.

Random Sampling: Collect soil samples from randomly selected locations within the study

area.
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Targeted Sampling: Collecting soil samples from specific areas of interest based on land use

patterns, suspected contamination sources, or known variations in soil properties.

The selection of the sampling technique depends on the specific objectives of the study
and the variability of soil properties within the area. Proper soil sampling protocols, such as
appropriate sample depth, sample volume, and spatial distribution, are followed to ensure

representative sampling.

Laboratory Analysis: After soil samples are collected, they undergo laboratory analysis to

determine various parameters, including:

Soil pH:Measuring the acidity or alkalinity of the soil, which affects nutrient availability and soil

microbial activity.

Nutrient Content: Analyzing the concentrations of essential nutrients such as nitrogen,

phosphorus, potassium, calcium, and magnesium.

Organic Matter: Determining the percentage of organic matter present in the soil, which

influences soil fertility and water-holding capacity.

Contaminant Analysis: Assessing the presence and concentrations of contaminants, such as
heavy metals, pesticides, and organic pollutants, which may have environmental or human health

implications.

Laboratory analysis techniques used for soil analysis include spectrophotometry, atomic

absorption spectrometry, X-ray fluorescence spectroscopy, and chromatographic methods.

Accurate soil sampling and laboratory analysis are essential to obtain reliable data on soil
properties, nutrient status, and potential contaminants. The results from soil sampling and
laboratory analysis help in understanding soil fertility, making informed land management

decisions, and implementing appropriate soil remediation strategies if necessary.
Geochemical Appraisal of Land Resources Water Sampling and Analysis

Geochemical appraisal of land resources involves water sampling and analysis to assess

the chemical composition, nutrient content, and presence of contaminants in water bodies. Water
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sampling and analysis provide valuable information for understanding water quality, potential
pollution sources, and environmental impacts. Here is a description of water sampling techniques

and analysis methods commonly used in geochemical appraisal, along with references:

Water Sampling Techniques: Water sampling aims to collect representative water samples for

analysis. Several water sampling techniques are employed, including:

Grab Sampling: Collecting water samples at a specific point in time, providing a snapshot of

water quality. This technique is commonly used for routine monitoring and quick assessments.

Composite Sampling: Collecting water samples over a period of time, integrating variations in
water quality. Composite sampling is useful for understanding temporal trends and average water

quality over a specific duration.

Depth-Integrated Sampling: Collecting water samples at different depths to capture vertical
variations in water quality. This technique is employed when studying stratification and potential

contaminant profiles in water bodies.

Proper sampling protocols, including the use of clean sampling equipment, appropriate
bottle types, and correct sample preservation techniques, are followed to ensure representative

and uncontaminated water samples.

Laboratory Analysis: After water samples are collected, they undergo laboratory analysis to

determine various parameters, including:

pH: Measuring the acidity or alkalinity of the water, which can influence the solubility and

mobility of chemical elements.

Nutrient Content: Analyzing the concentrations of nutrients, such as nitrogen and phosphorus,

which play a critical role in aquatic ecosystems and can contribute to water pollution.

Contaminant Analysis:Assessing the presence and concentrations of contaminants, including
heavy metals, pesticides, organic pollutants, and microbial indicators, which may pose risks to

water quality and human health.
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Laboratory analysis techniques used for water analysis include spectrophotometry,
atomic absorption spectrometry, gas chromatography, liquid chromatography, and

microbiological.

Accurate water sampling and laboratory analysis are essential to obtain reliable data on
water quality, nutrient concentrations, and potential contaminants. The results from water
sampling and analysis help in understanding water resource health, identifying pollution sources,

and implementing appropriate water management and remediation strategies.
Geochemical Appraisal of Land Resources Air Quality Monitoring

Geochemical appraisal of land resources also involves the monitoring of air quality to
assess the presence of pollutants and their potential impacts on the environment and human
health. Air quality monitoring provides valuable information on atmospheric concentrations of
various gases, particulate matter, and volatile organic compounds. Here is a description of air

quality monitoring in the geochemical appraisal, along with references:

Monitoring Stations: Air quality monitoring is conducted through the establishment of
monitoring stations strategically located in different areas within the study region. The selection
of monitoring stations takes into account factors such as population density, industrial activities,
traffic patterns, and geographical characteristics. These stations are equipped with instruments to

measure air pollutants in real-time or through periodic sampling.
Monitoring Parameters: Various parameters are measured to assess air quality, including:

Particulate Matter (PM): Measurement of particulate matter in different size fractions, such as
PM10 (particulate matter with a diameter of 10 micrometres or less) and PM2.5 (particulate
matter with a diameter of 2.5 micrometres or less). PM is classified based on its size and can

originate from combustion processes, industrial emissions, and natural sources.

Gaseous Pollutants: Measurement of gases such as nitrogen dioxide (NO2), sulfur dioxide
(502), ozone (O3), carbon monoxide (CO), and volatile organic compounds (VOCs). These
gases are emitted from various sources, including vehicle emissions, industrial processes, and

natural activities.
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Air Toxics: Monitoring of specific air toxics or hazardous air pollutants, such as heavy metals,
polycyclic aromatic hydrocarbons (PAHs), and dioxins, which have significant health and

environmental implications.

Continuous monitoring and periodic sampling of these parameters help assess air quality

and identify potential sources of pollution.

Sampling and Analysis Techniques: Air samples are collected using various sampling
techniques, such as high-volume air samplers or passive samplers, depending on the specific
pollutants being measured. The collected samples are then analyzed in laboratories using
techniques such as gas chromatography, mass spectrometry, or spectroscopic methods to

quantify the concentrations of pollutants.

Air quality monitoring helps in identifying areas with poor air quality, understanding
pollutant sources, assessing compliance with air quality standards and guidelines, and guiding air
pollution control measures. The data obtained from air quality monitoring is essential for
evaluating the potential impacts of air pollution on ecosystems, human health, and the overall

environment.

GEO-BOTANICAL APPRAISAL OF LAND RESOURCES

A geo-botanical appraisal is the assessment and analysis of plant communities and their
interactions with the physical environment to understand land resources and ecosystem
dynamics. It combines botanical knowledge, ecological principles, and geographical techniques
to study vegetation patterns, composition, dynamics, and ecological processes. The scope of geo-
botanical appraisal encompasses vegetation mapping, vegetation analysis, identification of
indicator species, assessment of land use and land cover changes, and evaluation of ecosystem
functioning and services provided by plants. This approach provides valuable insights into land

quality, vegetation dynamics, and the impacts of land use practices on ecosystems.

Geo-botanical appraisal of land resources involves the study of plant communities and
their interactions with the physical environment, providing valuable insights into land quality,

vegetation dynamics, and ecological processes. This approach combines botanical knowledge
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with geographical and ecological principles to assess and monitor land resources. Here is a

detailed description of the Geo-botanical appraisal of land resources, along with references:

Vegetation Mapping: Geo-botanical appraisal begins with vegetation mapping, which involves
the identification, classification, and mapping of plant communities within a given area. This
mapping provides spatial information on vegetation types, distribution patterns, and abundance.
Various techniques are used, including field surveys, remote sensing, and Geographic

Information Systems (GIS), to generate accurate and detailed vegetation maps.

Vegetation Analysis: Geo-botanical appraisal involves analyzing vegetation characteristics,
including species composition, diversity, density, biomass, and structure. This analysis provides
insights into the health, productivity, and ecological functions of plant communities. Various
methods, such as plot-based sampling, transect surveys, and aerial photography interpretation,

are employed to collect data on vegetation attributes.

Ecological Indicator Species: Geo-botanical appraisal utilizes ecological indicator species to
assess land resources. Indicator species are plant species that are particularly sensitive to specific
environmental conditions or disturbances. By identifying and monitoring these species, it is
possible to infer the quality and health of the land, detect ecological changes, and assess the

impacts of land use practices.

Assessment of Land Use and Land Cover Changes: Geo-botanical appraisal examines
changes in land use and land cover to understand their impacts on vegetation dynamics. By
comparing historical and current vegetation data, it is possible to assess the effects of land use
practices, urbanization, deforestation, and other factors on plant communities and ecosystem

processes.

Ecosystem Functioning and Services: Geo-botanical appraisal contributes to the assessment of
ecosystem functioning and services provided by vegetation. It helps identify the roles of plant
communities in nutrient cycling, soil stabilization, carbon sequestration, water regulation, and
habitat provision. Understanding these functions and services is essential for sustainable land

management and conservation planning.
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By integrating botanical knowledge, ecological principles, and spatial analysis
techniques, a geo-botanical appraisal provides a comprehensive understanding of land resources,
vegetation dynamics, and ecosystem processes. It aids in land management, conservation

planning, and decision-making processes related to sustainable land use.

Vegetation Sampling and Analysis Techniques in Appraisal of Land

Resources

Vegetation sampling and analysis techniques play a crucial role in the appraisal of land
resources, particularly in assessing ecological conditions, biodiversity, and vegetation patterns.
These techniques help researchers, ecologists, and land managers understand the composition,
structure, and function of plant communities, providing valuable insights into the overall health
and quality of land resources. Here, I will describe some commonly used vegetation sampling

and analysis techniques, along with references for further exploration.

Point Intercept Method: This technique involves systematically placing a sampling point or
line transect across a study area and recording the plant species encountered at predefined
intervals. The frequency of species occurrence is then calculated to assess species composition

and abundance. This method is widely used for estimating plant diversity and vegetation cover.

Quadrat Sampling: Quadrats are fixed or randomly placed frames of specific dimensions used
to sample vegetation in a defined area. By identifying and quantifying plant species within these
plots, researchers can estimate species richness, density, and cover. Statistical analyses such as

species-area curves can be applied to assess diversity patterns.

Transect Sampling: Transects are linear paths established across a landscape, and vegetation
characteristics are sampled at regular intervals along these lines. This method helps in studying
vegetation gradients and assessing changes in plant community composition across different

environmental conditions or disturbance gradients.

Canopy Analysis: Canopy analysis involves quantifying the vertical structure of vegetation,
including height, canopy cover, and layering. Techniques such as hemispherical photography,
LiDAR (Light Detection and Ranging), or drone-based remote sensing can be used to assess

canopy architecture and derive various vegetation metrics.
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Biomass and Productivity Assessment: Biomass and productivity measurements provide
information on the quantity of plant material produced by a given area over a specific time
period. Techniques include destructive sampling (harvesting and weighing plants) or non-
destructive methods such as allometric equations, remote sensing, or point-intercept-based

estimations.

These are just a few examples of vegetation sampling and analysis techniques used in the
appraisal of land resources. The referenced books provide more comprehensive information on
these methods and their applications. Additionally, there are numerous scientific publications
available that delve deeper into specific aspects of vegetation analysis and sampling techniques

in various ecosystems.

Vegetation Surveys and Quadrat Sampling in Geo-Botanical Appraisal of

Land Resources

Vegetation surveys and quadrat sampling are essential techniques in the geo-botanical
appraisal of land resources. They allow for a systematic assessment of plant species composition,
diversity, and abundance within a specific area. These methods provide valuable information
about the ecological condition, land potential, and plant community dynamics, aiding in land
management and conservation efforts. Here, I will describe vegetation surveys and quadrat

sampling in the context of geo-botanical appraisal, along with references for further exploration.

Vegetation Surveys: Vegetation surveys involve the comprehensive documentation and
mapping of plant species within a particular area. These surveys typically include the
identification and recording of plant species, their distribution, abundance, and ecological
attributes. They can be conducted using various methods such as point intercept, line transects,

or aerial surveys, depending on the scale and objectives of the appraisal.

Quadrat Sampling: Quadrat sampling is a widely used technique in vegetation studies for
assessing plant species composition, density, and cover within defined sampling plots. Quadrats
are typically square or rectangular frames of known dimensions randomly or systematically

placed across the study area. Plant species within each quadrat are identified, and various
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parameters such as frequency, density, and cover are measured to analyze the vegetation

community.

Geo-botanical Appraisal: Geo-botanical appraisal combines vegetation surveys and quadrat
sampling with the assessment of soil and other geo-environmental factors. It aims to evaluate the
relationships between vegetation patterns and the physical and chemical properties of the land.
This integrated approach provides insights into the land's capability, potential for agriculture or

forestry, ecological stability, and conservation needs.

These references provide comprehensive information on vegetation surveys, quadrat
sampling, and their applications in the geo-botanical appraisal of land resources. They cover
various techniques, data analysis methods, and case studies to help researchers and land
managers better understand and assess vegetation patterns and their relationship with the broader

land environment.

Species Identification and Mapping in Geo-Botanical Appraisal of Land

Resources

Species identification and mapping are integral components of the geo-botanical
appraisal of land resources. They involve the identification, documentation, and spatial
representation of plant species within a given area. Species identification provides crucial
information about the biodiversity, ecological condition, and habitat suitability of a land
resource, while mapping helps visualize and analyze the distribution patterns of plant species.
Here, I will describe species identification and mapping techniques in the context of geo-

botanical appraisal, along with references for further exploration.

Field Identification: Field identification involves direct observation and recognition of plant
species in their natural habitat. It requires knowledge of botanical characteristics such as leaf
shape, flower structure, and growth habits. Field guides and botanical keys specific to the region

can be helpful resources for accurate species identification.

Herbarium Specimen Examination: Herbarium specimens are preserved plant samples that
serve as a reference for species identification. These specimens are collected in the field, pressed,

dried, and stored in a herbarium for long-term use. By examining herbarium specimens,
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researchers can compare collected plant samples with authenticated specimens, aiding in

accurate species identification.

DNA Barcoding: DNA barcoding is a molecular technique used for species identification. It
involves analyzing a short DNA sequence from a standardized region of the genome that is
unique to each species. DNA barcoding provides rapid and accurate identification of plant

species, especially in cases where morphological characteristics are difficult to distinguish.

Remote Sensing and GIS: Remote sensing and Geographic Information Systems (GIS)
technologies play a crucial role in mapping the distribution patterns of plant species. Remote
sensing data, such as satellite imagery and aerial photographs, can be used to detect vegetation
signatures and classify different land cover types. GIS tools facilitate the integration, analysis,

and visualization of spatial data related to plant species distribution.

These references provide valuable information on species identification and mapping
techniques in the geo-botanical appraisal of land resources. They cover a wide range of
approaches, from field identification to molecular methods and remote sensing applications,
helping researchers and land managers effectively assess and monitor plant species composition

and distribution in diverse ecosystems.

Biomass and Productivity Assessment in Geo-Botanical Appraisal of Land

Resources

Biomass and productivity assessment is an important component of geo-botanical
appraisal as it provides valuable information about the quantity of plant biomass produced and
the productivity of land resources. It helps in understanding the ecological functioning, carbon
storage potential, and overall health of ecosystems. Here, I will describe biomass and
productivity assessment techniques commonly used in geo-botanical appraisal, along with

references for further exploration.

Destructive Sampling: Destructive sampling involves harvesting plant material from sample
plots and measuring their biomass. Plant components, such as above-ground biomass (leaves,
stems) and below-ground biomass (roots), can be collected separately. The harvested material is

then dried and weighed to estimate the biomass production. Allometric equations, which relate
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easily measurable plant attributes (e.g., diameter, height) to biomass, are often used to scale up

the measurements from the sampled plots to the entire study area.

Non-destructive Methods: Non-destructive methods provide indirect estimates of biomass and

productivity without requiring the complete removal of plant material. These methods include:

a. Allometric Equations: Allometric equations relate easily measurable plant attributes (e.g.,
diameter, height) to biomass and are developed based on destructive sampling data. These
equations are then applied to estimate biomass and productivity without harvesting the entire

plant.

b. Remote Sensing: Remote sensing techniques, such as satellite imagery and aerial
photographs, can be used to estimate vegetation biomass and productivity. Vegetation indices,
such as the Normalized Difference Vegetation Index (NDVI) or Enhanced Vegetation Index
(EVI), are derived from remote sensing data and are correlated with biomass and productivity.

These indices provide information on the vigor and health of vegetation across large areas.

Productivity Measurement: Productivity measurement focuses on estimating the rate at which
plants convert solar energy into biomass or the amount of carbon fixed through photosynthesis.
Techniques such as gas exchange measurements (e.g., through leaf-level measurements of
carbon dioxide assimilation) and eddy covariance methods (measuring the exchange of carbon
dioxide between the vegetation and the atmosphere at the ecosystem scale) are used to estimate

primary productivity.

These references provide further information on biomass and productivity assessment
techniques in the geo-botanical appraisal of land resources. They cover a range of methods, from

destructive sampling

Interpretation and Analysis of Geo-Botanical Data in Geo-Botanical

Appraisal of Land Resources

Interpretation and analysis of geo-botanical data are crucial steps in the appraisal of land
resources. These processes involve analyzing collected data, identifying patterns and trends, and

drawing meaningful conclusions about the ecological condition, vegetation dynamics, and land
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potential. Here, I will describe the interpretation and analysis of geo-botanical data in the context

of geo-botanical appraisal, along with references for further exploration.

Data Compilation and Organization: The first step in data analysis is to compile and organize
the collected geo-botanical data systematically. This includes organizing species lists, biomass
measurements, productivity estimates, and other relevant data into a structured format for further

analysis.

Descriptive Statistics: Descriptive statistics provide a summary of the collected data, allowing
for a better understanding of the central tendencies, variability, and distribution of the variables.
Common descriptive statistics include mean, median, standard deviation, and percentiles. These
statistics help in characterizing the vegetation composition, biomass distribution, and

productivity patterns within the study area.

Species Diversity Analysis: Species diversity analysis aims to quantify and understand
the ecological diversity and richness of plant species within the study area. Measures such as
species richness, evenness, and diversity indices (e.g., Shannon index, Simpson index) are
commonly used to assess diversity patterns and compare different sampling units or land

resources.

Multivariate Analysis: Multivariate analysis techniques allow for the exploration of
relationships among multiple variables simultaneously. Methods such as Principal Component
Analysis (PCA), Cluster Analysis, and Canonical Correspondence Analysis (CCA) can be
applied to identify patterns, associations, and gradients among vegetation attributes,

environmental factors, and land resource characteristics.

Spatial Analysis: Spatial analysis involves examining the spatial patterns and relationships of
geo-botanical data across the study area. Techniques such as Geographical Information Systems
(GIS), spatial interpolation, and geostatistics help in visualizing and analyzing spatial patterns,
identifying hotspots or coldspots of biodiversity, and investigating spatial relationships between

vegetation attributes and environmental variables.
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9.4 SUMMARY

The chapter on the appraisal of land resources through geographical, geochemical, and
geo-botanical approaches provides a comprehensive overview of the methodologies, techniques,
and significance of each discipline in assessing land potential and quality. Geographical
appraisal focuses on understanding the physical characteristics, topography, and land cover types
within a given area. By utilizing maps, remote sensing data, and Geographic Information
Systems (GIS), spatial patterns and relationships can be analyzed to inform land management

decisions, identify land-use conflicts, and develop sustainable land-use plans.

Geochemical appraisal involves analyzing the chemical composition and properties of
soils, rocks, water, and other natural resources. Through laboratory analysis and interpretation of
geochemical data, soil fertility, nutrient availability, contamination levels, and potential risks can
be evaluated. This appraisal approach supports land resource evaluation, agricultural planning,
pollution assessment, and the development of effective remediation strategies, thus contributing

to sustainable land use and environmental protection.

Geo-botanical appraisal focuses on studying vegetation, plant communities, and
ecological processes within a specific land area. Techniques such as vegetation surveys, species
identification, biomass estimation, and productivity assessment are employed to understand
ecosystem health, biodiversity, carbon sequestration potential, and the impacts of land
management practices. By analyzing geo-botanical data, researchers can evaluate the ecological
condition of land resources, inform conservation efforts, and guide the sustainable utilization of

Vegetation resources.

The integration of geographical, geochemical, and geo-botanical appraisal approaches
offers a holistic and multidimensional perspective on land resources. By combining information
from these disciplines, land managers, policymakers, and researchers can develop
comprehensive land use plans, make informed decisions regarding land resource allocation, and
implement sustainable practices that balance environmental conservation, social needs, and
economic development. However, challenges such as data availability, technological limitations,

and the complexity of land systems should be acknowledged and addressed in the appraisal
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process. Continued research, technological advancements, and interdisciplinary collaborations

are essential for improving the accuracy, efficiency, and effectiveness of land resource appraisal.

9.5 GLOSSARY

Appraisal: The process of evaluating the value, quality, and potential of land resources based on

various criteria and methodologies.

Biomass Assessment: The estimation of the total amount of living organic matter, such as plants
or plant materials, in a given area, often used to assess carbon storage, productivity, or fuel

potential.

Ecological Restoration: The process of assisting the recovery and rehabilitation of degraded or
disturbed ecosystems through actions such as reforestation, habitat reconstruction, or wetland

restoration.

Ecological Services: The benefits and functions provided by ecosystems, including vegetation,

such as carbon sequestration, soil erosion control, water filtration, and habitat provision.

Ecological Succession: The process of gradual and sequential changes in plant communities and
their associated environmental conditions over time, often following disturbances or changes in

land use.

Ecotone: The transitional zone between two distinct ecosystems or vegetation types,

characterized by a blend of plant species and ecological processes from both habitats.

Floristic Composition: The species composition and diversity of plants within a specific region

or ecosystem, including the identification and inventory of plant species present.

Ge-Botanical Appraisal: The assessment and evaluation of land resources based on their
botanical characteristics, including vegetation types, species composition, and ecological

processes.

Geochemical Anomaly: An area with significantly higher or lower concentrations of certain
elements or minerals compared to the surrounding areas, indicating potential mineral deposits or

geological processes of interest.
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Geochemical Appraisal: The assessment and evaluation of land resources based on their
chemical composition and characteristics, including the presence of elements, minerals, and

contaminants.

Geochemical Mapping: The creation of maps that depict the distribution and spatial variations
of chemical elements, minerals, or contaminants in a particular area, providing valuable

information for land resource management and decision-making.

Geochemistry: The study of the distribution, abundance, and behaviour of chemical elements in

the Earth's crust, rocks, minerals, soils, water bodies, and living organisms.

Heavy Metal Contamination: The presence of toxic heavy metals, such as lead, mercury,
cadmium, or arsenic, in soil or water above permissible limits, usually resulting from industrial

activities, mining, or improper waste disposal.

Indicator Species: Plant species that are sensitive to specific environmental conditions or serve

as indicators of the health or quality of an ecosystem, such as lichens in air pollution monitoring.

Invasive Species: Non-native plant species that have established and spread rapidly in an
ecosystem, often outcompeting native plants and causing ecological imbalances or economic

damage.

Land capability: The inherent capacity of the land to support different land uses based on its

soil properties, topography, drainage, and other factors.

Land classification: The categorization of land based on its characteristics, capabilities, and

potential uses to facilitate land management and planning.

Land degradation assessment: The evaluation of the extent and severity of land degradation

processes and their impacts on land resources and ecosystems.

Land degradation: The deterioration of land resources, usually resulting from human activities

such as deforestation, soil erosion, pollution, and improper land management practices.
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Land resource assessment: The comprehensive evaluation of land resources, considering
various factors such as soil fertility, water availability, biodiversity, and socio-economic

considerations.

Land resources: The natural and physical attributes of the land, including soil, water,

vegetation, minerals, and other features that contribute to its potential uses and value.

Land suitability: The assessment of whether the land is suitable for a particular use or activity

based on its physical, environmental, and socioeconomic characteristics.

Land tenure: The legal or customary rights and responsibilities associated with land ownership,

possession, and use.

Land use:How land is utilized or developed for specific purposes such as agriculture, forestry,

urbanization, conservation, or recreational activities.

Land-use change: The alteration of land use patterns over time, often resulting from socio-

economic factors, technological advancements, and policy decisions.

Land-use conflict: A situation where different land uses or activities compete for the same land

resources, often leading to disputes and challenges in land management and planning.

Land-use planning: The systematic process of determining the most appropriate and sustainable

allocation of land for different uses, considering environmental, social, and economic factors.

Leaching: The process by which water-soluble substances, such as nutrients or contaminants,

are washed out of the soil profile and transported downward through the soil layers.

Organic Matter Content: The amount of decomposed plant and animal materials in the soil,

which affects soil fertility, moisture retention, and nutrient cycling.

Plant Diversity: The variety and richness of plant species within a particular ecosystem, often

measured through indices such as species richness, evenness, and diversity.

Plant Indicator Methods: Techniques or methodologies that use specific plant species or
groups of plants as indicators of particular soil properties, nutrient levels, or land conditions,

aiding in land resource assessment.
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Plant-Soil Interactions: The reciprocal relationships and interactions between plants and soil,
including nutrient uptake, root-soil interactions, and the influence of vegetation on soil properties

and processes.

Pollution Assessment: The evaluation of the extent and severity of chemical contamination in
land resources, including soils, groundwater, or surface water, is often conducted to identify

potential risks to human health and the environment.

Soil pH: A measure of the acidity or alkalinity of the soil, which influences nutrient availability

and affects the growth and development of plants.

Soil Salinity: The concentration of salts, primarily sodium chloride, in the soil, which can

negatively impact plant growth and agricultural productivity.

Soil Sampling: The process of collecting representative soil samples from different locations for

laboratory analysis to determine the chemical composition, fertility, and contamination levels.

Vegetation Analysis: The study of plant communities and their structure, including the

identification, classification, and mapping of different vegetation types in a given area.

Vegetation Mapping: The process of creating maps that represent the spatial distribution and
composition of different vegetation types within a specific area, providing valuable information

for land resource management and conservation planning.

9.6 ANSWER TO CHECK YOUR PROGRESS

1. Which of the following factors is NOT considered in the geographical appraisal of land
resources?

a) Soil fertility

b) Climate conditions

¢) Economic factors

d) Political stability

2. What does land capability assessment evaluate?

a) Soil erosion potential

b) Water availability
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¢) Human population density

d) Land market value

3. Which technique is commonly used to assess land cover and land use?

a) Remote sensing

b) Soil sampling

¢) Interviews with local communities

d) Laboratory analysis

4. What is the purpose of land zoning in land resource management?

a) To promote biodiversity conservation

b) To regulate land use and development

¢) To determine land market prices

d) To assess the economic value of land

5. What is the term used to describe the process of converting land from one use type to
another?

a) Land degradation

b) Land capability assessment

¢) Land cover change

d) Land zoning

6. Which of the following is a common technique used for elemental analysis in geochemical
appraisal?

a) Soil sampling

b) Ecological succession

¢) Remote sensing

d) Land zoning

7. What is the term used to describe the process of identifying and quantifying chemical
elements in soil or rock samples?

a) Biomass assessment

b) Organic matter content analysis

c¢) Leaching

d) Elemental analysis
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8. What does soil pH measurement assess in geochemical appraisal?

a) Heavy metal contamination

b) Nutrient content

¢) Soil acidity or alkalinity

d) Organic matter content

9. What is the primary objective of pollution assessment in geochemical appraisal?
a) Determining soil salinity levels

b) Evaluating soil fertility

c¢) Assessing heavy metal contamination

d) Measuring soil pH

10. What is the process of restoring contaminated land to a safe condition called?
a) Ecological succession

b) Biomass assessment

¢) Remediation

d) Floristic composition analysis

11. Which of the following is a primary focus of ge-botanical appraisal?
a) Soil composition

b) Climate patterns

c¢) Plant diversity and vegetation types

d) Water availability

12. What does ecological succession refer to in ge-botanical appraisal?

a) Changes in plant communities over time

b) Soil erosion and degradation processes

¢) Economic factors affecting land resources

d) Mapping of land cover and land use

13. What is the purpose of vegetation mapping in ge-botanical appraisal?
a) Assessing soil fertility

b) Identifying invasive species

¢) Monitoring air pollution levels

d) Understanding plant community distribution
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14. What term is used to describe plant species that indicate specific environmental
conditions or ecosystem health?
a) Indicator species
b) Invasive species
c¢) Pioneer species
d) Endemic species
15. What is the term for using plants to mitigate or clean up contaminated soils or water
bodies?
a) Ecological restoration
b) Vegetation analysis
¢) Phytoremediation
d) Biomass assessment
Answers:
. d) Political stability
. a) Soil erosion potential
. a) Remote sensing

. b) To regulate land use and development

1

2

3

4

5. ¢) Land cover change
6. a) Soil sampling

7. d) Elemental analysis

8. ¢) Soil acidity or alkalinity

9. ¢) Assessing heavy metal contamination

10. ¢) Remediation

11. ¢) Plant diversity and vegetation types

12. a) Changes in plant communities over time

13. d) Understanding plant community distribution

14. a) Indicator species

15. ¢) Phytoremediation
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9.8 TERMINAL QUESTIONS

1. What is the purpose of land resource appraisal?

Explain the role of geographical factors in land resource assessment.

How does soil sampling contribute to the geochemical appraisal of land resources?
Discuss the significance of plant diversity in ge-botanical appraisal.

What are the main steps involved in vegetation mapping?

Describe the process of elemental analysis in geochemical appraisal.

S A L I

How can remote sensing techniques be used in the geographical appraisal of land
resources?
8. Discuss the importance of ecological succession in understanding land resource
dynamics.

9. Explain the concept of indicator species and their use in ge-botanical appraisal.
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10. What are the key parameters evaluated in soil pH measurement for land resource
assessment?

11. How does land zoning aid in land resource management and planning?

12. Describe the process of phytoremediation and its potential applications.

13. Discuss the challenges associated with assessing and managing invasive species in land
resources.

14. What are the major objectives of biomass assessment in land resource appraisal?

15. How can the integration of geographical, geochemical, and ge-botanical approaches

enhance land resource assessment and management?
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10.1 OBJECTIVES

The reader of this unit will be able to:

e Develop an understanding of Remote Sensing and GIS technologies.

e Learn how to apply Remote Sensing and GIS in Resource Appraisal.

10.2 INTRODUCTION

This unit clarifies the definition and frameworks of GIS (Geographic Information System)
and RS (Remote Sensing) and discusses their role in natural resource appraisal. GIS is a
system that designed to capture, manage, store, analyse and display spatial or geographic
data. GIS combines various forms of data, such as maps, satellite imagery, aerial
photographs, and tabular data, to create layers of information that can be visualized and
analysed. GIScience refers to the field that examines the theoretical and systematic
representations of fundamental geographical ideas and principles. Its primary research
framework encompasses geo-modeling, geo-analysis, and geo-computation.(Pei, T. 2021).
Remote sensing refers to the collection and interpretation of information about an object,
area, or phenomenon without direct physical contact. It involves the use of sensors and
instruments to acquire data from a distance, typically from airborne or satellite platforms. The
data collected by these platforms can be” processed and analysed using various techniques,
including image interpretation, digital image processing, and data fusion. Remote sensing
also involves the use of specialized software and algorithms to extract meaningful
information from the captured data. Natural resource appraisal is a discipline that focuses on
how natural resource management influences the quality of life for both present and future

generations. There is a need for resource evaluation for the following reasons:

o The first stage in developing a sustainable resource development strategy is to assess
the availability and condition of natural resources.

e Natural resources play a crucial role in the welfare of developing countries.

e Degradation, particularly of forest cover, has resulted in decreased soil fertility, soil
erosion, increased severity of drought impact, and a further decline in the ability to
produce food and other biological resources required by the human and animal

populations.
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For the management of natural resources, GIS and remote sensing provide data and
methodological support. They are crucial in promoting the advancement of resources and
associated technologies.

10.3 USE OF REMOTE SENSING & GIS IN RESOURCE
APPRAISALS

Basic Concepts of Remote Sensing & GIS

The science and art of acquiring information (spectral, geographical, or temporal) about real-
world objects without actually touching them is commonly referred to as remote sensing.The
term "remote sensing" was initially introduced in the United States during the 1960s and
encompassed various techniques such as photogrammetry, photo-interpretation, and photo-
geology. Following the launch of Landsat-1, the first earth observation satellite in 1972,
remote sensing gained widespread usage. In India, the utilization of remote sensing began
after the successful demonstration flights of Bhaskara-1 and Bhaskara-2 satellites in 1979 and
1981 respectively. These developments led to the establishment of the indigenous Indian
Remote Sensing (IRS) satellite program. The IRS satellite system was initiated with the
launch of IRS-1A in 1988. Remote sensing involves the extraction of surface characteristics
by analyzing the electromagnetic radiation (EMR) emitted or reflected from the Earth's
surface. It encompasses the collection and interpretation of EMR measurements to determine

various surface parameters.

Electromagnetic Energy: The energy that propagates in the form of an increasing
interaction between electric and magnetic fields is known as electromagnetic energy, often
known as electromagnetic radiation (EMR).It moveswith the velocity of light.Visible light,
ultraviolet rays, infrared rays, heat, radio waves, X-rays all are examples of electro-magnetic
energy. Electro-magnetic energy (E) can be expressed either in terms of frequency (f) or wave

length (3) of radiation as

E=hcforhc/i

where £ is Planck's constant (6.626 x 10°*J oules-sec), ¢ is a constant that shows the
celerity or speed of light (3 x 10% m/sec), fis frequency expressed in Hertz and Ais the
wavelength expressed in micro meters (1pm = 10 m).

In remote sensing terminology, electromagnetic energy is generally expressed in

terms of wavelength, 4. It is the measurement of electromagnetic radiation reflected
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oremitted from an object, is the used to identify the target and to determine its

properties.

Gamma rays
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Visible light
Near Infrared
Thermal infrared
Microwave
Radio waves
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Fig.10.1 Electromagnetic radiation spectrum

o Passive vs. Active Remote Sensing:Remote sensing uses a sensor to capture an
image. A sensor is a device designed to capture the reflected or emitted
electromagnetic radiation from an object. Common examples of sensors include
cameras and scanners. On the other hand, a platform refers to the vehicle that carries
the sensor. Aircraft and satellites are typical examples of platforms used in remote
sensing. Depending on the source of electromagnetic energy, remote sensing can be
classified as passive or active remote sensing. Passive sensors detect natural energy
emitted or reflected by the Earth’s surface, such as sunlight. Active sensors, on the
other hand, emit their own energy (e.g., microwave or laser) and measure the reflected

or backscattered signals.
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Passive sensor Active sensor

~Target —

Figl0.2 Active vs. Passive sensors

Source: https://gisrsstudy.com/remote-sensing-components/

e Remote Sensing Platforms: Remote sensing platforms can be categorized

according to their placement relative to the Earth's surface, based on their elevation.

Table10.1: Types of remote sensing platforms

Ground brone

platform

Ground level remote sensors are very close to the ground
They are basically used to develop and calibrate sensors
for different features on the Earth’s surface

Examples: Ground vehicle, Tower, Air balloon, Kite, and
others.

Height: up to 50 meters.

Aerialbrone

platform

Downward or sideward looking sensors mounted on
aircrafts are used to obtain images of the earth's surface.
Low altitude aerial remote sensing.

High altitude aerial remote sensing

Examples: Aeroplane, High altitude aircraft, Drone,
Helicopters, and others.

Height:above 50 km.

Space borne

platform

In space—borne remote sensing, sensors mounted on Space

shuttles or satellites orbiting the Earth are used.
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e Examples:Polar orbiting satellites
e Geo-stationary satellites.

e Height: around 250- 36000 km.

@
Q
S Satellite
n ks
Airplane high d
i F
e L TNVSS, Reder
Airplane madium
altitude i;_\ :
—— R e 0> "
’ : ~Ccmera, Video.
b M35
Helicopter @<r—‘: )?
i T~Ccmera, Video
Y
Balloon @3
. —Ccmera
e /'/ : Target
§ Camera s
o !

Fig.10.3Remote Sensing Platforms

Source: https://gisrsstudy.com/remote-sensing-components/

e Stages in Remote Sensing:Fig 4illustrates the processes used in remote sensing.

These are as follows:
A. Source of Energy (Sun or Self emission)
B. Transmission of energy from the source to the surface of the earth

C. Interaction of Energy with the object and subsequent reflection and emission
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D. Transmission of energy from the object to the sensor

E. Recording of energy by the sensors (Photographic or non-photographic sensors)
F. Transmission of the recorded information to the ground station

G. Conversion of the data into digital or hard copy image

H. Data Analysis.

N G
® =Lk

Figl10.4 Stages in Remote Sensing.
GIS (Geographic Information System)

GIS is a powerful tool used for capturing, storing, analysing, and displaying geospatial data.
It combines geographic features (locations on the Earth's surface) with attribute data
(information about those features) to provide a comprehensive understanding of the real
world. The term GIS consist three-word Geographic, Information, and system.The term
"Geographic" pertains to objects or features that have a spatial dimension and can be
associated with a specific location on the Earth's surface. These objects or features can be
either physical or natural, as well as cultural or man-made. Similarly, the term "Information"

refers to the extensive amount of data related to a particular object on the Earth's surface.
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This data encompasses various qualitative and quantitative aspects that are acquired by real-
world objects. On the other hand, the term "System" represents an approach that involves
breaking down the complex environment, which consists of numerous objects and features
with intricate characteristics on the Earth's surface, into its constituent parts. This breakdown
facilitates easier comprehension and handling, while still considering the integrated whole for
the purposes of management and decision-making.During the middle of the 20th century, the
field of Geographic Information Systems (GIS) emerged alongside advancements in
computer science. In the 1950s and 1960s, government organizations and universities in the
United States began utilizing computers to analyze geographical data. Dr. Roger Tomlison,

often recognized as the 'Father of GIS,' played a significant role in its development.

Requirements of GIS operation

Computer System Geographic Data

Computer system: GIS comprises both hardware and software components. To ensure

effective operation of GIS, several essential elements are required. These include:

e A powerful processor capable of running the GIS software efficiently.

e Adequate memory capacity to store large volumes of data.

e A high-quality, high-resolution colour graphic screen for clear visualization.

e Input and output devices for data handling, such as digitizers, scanners, keyboards,

printers, and plotters.

Furthermore, there is a wide range of software packages available for GIS analysis. Some of
the notable ones include different versions of ARC View, ARC Info, Map Info, ARC GIS,
AutoCAD Map, and others.

Geographic Data: GIS data can be sourced from various outlets, such as aerial photographs,
satellite images, digital data, traditional maps, Census records, meteorological departments,
and field data gathered through surveys or GPS. The data acquired from these diverse sources

can be broadly classified into two types. The first type is spatial data, which provides
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information about the location of features. The second type is attribute data, which describes

the characteristics associated with those specific locations.

*Spatial data represents features that have a known
location on the earth.
*Point: X & Y Locations ector

Spatial data < eLine: Connected X & Y locations

*Polygon: connected X & Y locations that contain

attribute information.

*Raster: Row and column matrix represent
geographic space.

N~

: : S— Raster
Attribute data { eAttribute data are information linked to the

geographic features that describe features.

INTEXT QUESTIONS:
1. When was the first Indian Remote Sensing (IRS) satellite, IRS-1A, launched?
2. What is Remote Sensing?
3. What are the stages involved in remote sensing according to Figure 47
4

Name some of the software packages available for GIS analysis.

USE OF REMOTE SENSING & GIS IN RESOURCE APPRAISALS

Natural resources are the components of the natural environment, which are the very
foundation of human survival, progress and prosperity. They are not uniformly distributed but
vary spatially and, in consequence, the social and economic development challenges also
vary spatially. The economic, social and cultural viability of any nation is mainly determined
by the land and water resources(Harahsheh, 2001).These natural resources are crucial to a
country's economy since they help to create employment opportunities, provide as a source of
raw materials for a variety of industries, and provide food, money, medicine, and energy.
Due to the world's constantly expanding human population, the world's resources are
currently being utilised to their maximum capacity. The world's forest cover has decreased

due to human encroachment as a result of population pressure.
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Mapping

collection of thematic and quantitative baseline data in
geographic format.

Measuring

Regorous mapping process by quantifying and documenting the
attributes of phenomena.

Modeling

process of describing a system under study through precise and
typically mathematical relations of inputs and outputs, and to
simulate the present, past or futrue behavior.

Monitoring

Regular assessment of the conditions by recording the shifts or

changes in nautral phenomena and human activities.

fallen short of expectations.

Fig.10.5 Resource Assessment Method

Ultimately, the depletion of natural
resources has resulted in an increase
in the cost of life, changes in
weather patterns, and a loss in the
and cultural

economic, social,

benefits derived from their use

(Tiwari,2017).

Given these limitations, it is crucial

to effectively manage these
resources. In the realm of regulated
natural resources, several
management practices have been
proposed with the aim of achieving
this objective. While some practices

have been successful, others have

However, recent advancements in information technology have led natural resource managers

to increasingly emphasize the utilization of remote sensing, GIS, and GPS technologies in

resource management. These technologies offer a platform for managers to gather valuable

data and information, enabling them to make well-informed decisions regarding long-term

resource development. Remote sensing, GIS, and GPS have proven to be powerful tools for

surveying, identifying, classifying, mapping, monitoring, and tracking changes in the

composition and distribution of various types of Earth resources.

Table10.2 Geospatial technologies in Natural Resource Appraisal

Areas

Technology and their Applications

Land

Detection of changes in land use and land cover through the utilization of maps
and information derived from satellite data.

Characterization and management of land resources, as well as land use
planning, achieved by creating soil maps for districts and the entire country.

Management of arid lands, including the mapping of deserts and arid regions
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utilizing satellite data.

Creation of GIS maps for assessing desertification and wind erosion.

Characterized and delineated dryland/ rainfed areas including drought
prone areas of the country.

Developed crop weather relationships and climate-based crop planning.

Soil e Soil resource mapping using image interpretation; field mapping and
laboratory analysis and cartography and printing.
e Satellite /Aerial imagery-based site selection and mapping soil
properties (texture, slope, type).
e QIS based soil maps for analysis and assessments.
Crop ¢ Drone/UAV based monitoring of crop-type and yield.
¢ Onboard automated sensors for crop disease detection.
e Hyperspectral and LIDAR imageries for early disease detection.
e @IS based maps for crop related data.
Fertilizers e Variable rate application for precision farming.
Pesticides e GPS/GNSS based machineryand hand-held devices for spraying,
Insecticides harvesting, distribution, tilling, ploughing, threshing etc.
Nutrients e Satellite based mapping of soil health and nutrient management.
Weed
Water  and e Satellite/ Aerial imagery-based mapping land use, drainage pattern,
Irrigation topography etc.

Water management by rain water harvesting based on satellite
mapping.

Hyperspectral and LIDAR imageries for irrigated area.

Computer based automated irrigation systems

Watershed management by satellite-based mapping and using GIS for

delineation.

Fig.10.6 Basic Requirement for Resources Mapping
Source: Mahesh Gaur, C.B. Pandey, & R.K. Goyal, 2016.
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~

sToposheet are topographical maps that are obtained from survey of India (SOl),
commonly on a scale of 1;50,000. toposheet are used as base maps.

Toposheet

J

eGeoreferenced topomaps such as, forest cover, lithology, vegetation, soil, LULa
derived from IRS ID, PAN + LISS-Ill, Google Earth or some other sources:
e Geological survey of India, National Bureau of soil survey and Land use planning

maps Bangolore. )

~
¢|RS-1C & 1D, LISS-lll, Resolution:23.5m. PAN+LISS llI, resolution:5.8m. Google
earth with 5 meter resolution. some website where satellite data are available:

sadte::"te USGS (united states geological survey), Bhuvan NRSC, data gateway.
ata J

~

swhen the data is downloaded, it would be evaluate with the help of software
o1 like, ArcGIS, QGIS, Erdas imagine, Glober mapper etc.

for analysis J

Fig.10.6: Basic Requirement for Resources Mapping
Source: Mahesh Gaur, C.B. Pandey, & R.K. Goyal, 2016.

10.3.1 LAND USE/LAND COVER MAPPING

GIS and remote sensing data can be used to map various types of land use and land cover,
including agriculture, urban areas, forests, wetlands, etc.This information is essential for
understanding resource distribution, identifying land suitability for various purposes, and

assessing the impacts of land use changes on resources. Here’s how they are used:

e Data Acquisition:The first step in mapping land use and land cover is to gather
satellite images. Choosing a satellite image for mapping entirely depends on the user's
needs. You must choose low resolution imagery from satellites for regional mapping.
However, one must choose high resolution imagery from satellites for detailed
mapping at larger scales. If necessary, a satellite image should be adjusted
geometrically and radiometrically after being acquired. To enhance the quality of a

satellite image, image enhancement can be done.
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Remotely sensed satellite imagery

for LULC mapping
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Fig.10.7 Types of Remotely satellite imagery for LULC mapping.
Source: Zhang,2022.

o Image Classification:Different strategies are used to analyse and categorise
remote sensing data.Image classification algorithms are applied to categorize pixels or
image segments into different land cover classes. This step helps in identifying and
mapping land use patterns and changes over time.The most commonly used

classification include:

1. Unsupervised classification

This kind of classification relies solely on software analysis of an image without user-
supplied sample classes. Grouping pixels with similar traits is required for this. The computer
employs algorithms to identify related pixels and classify them. The user can choose the
software's algorithm and the desired number of output classes, but this does not additionally
assist with categorization.However, the user must have knowledge of the area being classified

(such as marshy land, developed regions, coniferous forests, etc.)
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Activale Spatial

Analyst Extension Generate Clusters Assign classes

Steps involved in unsupervised classification for LULC maps:

2. Supervised classification

In supervised classification, you choose training samples and categorise your image in
accordance with the samples you've selected. Your training samples are essential because
they will determine which class each pixel inherits in your overall image. Training samples
(also known as testing sets or input classes) are selected based on the knowledge of the user.
The user also sets the bounds for how similar other pixels must be to group them together.
These bounds are often set based on the spectral characteristics of the training area, plus or
minus a certain increment (often based on "brightness" or strength of reflection in specific

spectral bands) (venukumar,2022).

steps involved in supervised classification for LULC map.

Enable Image Select training Generate

. . - classif
analysis toolbar areas signature file y

¢ Change detection: The primary focus in generating land use map data is on change
detection. Given the ongoing increase in population and its impact on natural
resources, it is crucial for governments to prioritize the monitoring and proper
management of these resources. Monitoring the transition of land use and land cover
from rural to urban areas is essential for both monitoring current conditions and
forecasting future needs, aiding in effective planning and management. Accurate
change detection analysis necessitates the use of multispectral and multi-temporal
satellite images, as well as high-resolution satellite imagery tailored to project

requirements.
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Fig.10.8 LULC change detection map.
¢ Resource Assessment:Land use and land cover mapping using remote sensing and
GIS support resource appraisal activities. By understanding the distribution and extent
of various land cover classes, it becomes possible to assess natural resources such as
forests, agricultural lands, water bodies, and urban areas. These assessments help in
evaluating the availability and potential of resources and informing planning and

decision-making processes.
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Fig.10.9 Application of LULC maps in different fields.
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10.3.2 ASSESSMENT OF WATER RESOURCES

Remote sensing (RS) and GIS are applied in the assessment, development, and planning of
available water resources. Effective consumption of water resources is important to meet
future demand (khushwaha, 2022). Here are some specific applications of Remote Sensing

and GIS in water resource management.

o Water Availability Assessment: Remote sensing helps monitor water bodies, such as
lakes, reservoirs, and rivers, by providing data on water levels, surface area, and
changes over time. GIS can integrate this information with hydrological models to

assess water availability and predict water scarcity or floods.

e Drought Monitoring and Assessment: Remote sensing data, including satellite
imagery and meteorological data, can be used to monitor vegetation health, soil
moisture, and water stress indicators. GIS tools can integrate and analyse this data to
identify areas affected by drought, assess the severity, and support decision-making
for water allocation and conservation measures.

e Flood Mapping and Prediction: Remote sensing techniques, such as radar and
optical imagery, enable the mapping of flood-prone areas and the monitoring of flood
extents during extreme events. GIS-based flood models and real-time monitoring
systems help in flood prediction, evacuation planning, and emergency response.

e Water Quality Monitoring: Remote sensing can detect and monitor water quality
parameters, including turbidity, chlorophyll-a concentration, and algal blooms. GIS
enables the spatial analysis of water quality data, identifying pollution sources, and
assisting in the design of water treatment strategies.

e Watershed Management: Remote sensing and GIS facilitate the delineation and
characterization of watersheds, including land use/land cover mapping, slope analysis,
and hydrological modeling. This information aids in identifying critical areas for
conservation, managing erosion, and planning the optimal location of reservoirs,

dams, and irrigation systems.
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Fig.10.10 Methodology for watershed delineation in ArcGIS software.

e Water Infrastructure Planning: GIS supports the planning and design of water
infrastructure projects, such as pipelines, canals, and water supply networks. It helps
optimize routing, assess the impact on the environment and socio-economic factors,
and enables efficient maintenance and asset management.

e Wetland Conservation: Remote sensing data and GIS provide valuable information
for mapping and monitoring wetland ecosystems. This includes assessing wetland
extent, biodiversity mapping, and tracking changes over time. It supports the
conservation and management of wetlands for water purification, flood control, and
habitat preservation.

e Groundwater Management: Remote sensing techniques, such as satellite-based
radar interferometry, can monitor changes in land surface elevation and subsidence,
indicating groundwater depletion or recharge. GIS tools can integrate these
measurements with hydrological models to support sustainable groundwater

management practices.
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INTEXT QUESTIONS:

5. Why is change detection important in creating land use maps.

6. How can remote sensing and GIS contribute to drought monitoring and assessment?

10.3.3 MINERALS EXPLORATION

Remote sensing and GIS are extensively used in mineral exploration to identify and map

potential mineral deposits. The following methodology outlines the key steps involved:

e Data Acquisition: Remote sensing data, including satellite imagery and aerial
photographs, are acquired for the study area. High-resolution multispectral or
hyperspectral imagery is preferred to capture detailed spectral information.
Additionally, airborne LiDAR data may be obtained to derive topographic features.

e Pre-processing: The acquired remote sensing data undergo preprocessing steps to
enhance their quality and usability. This includes radiometric and atmospheric
corrections, georeferencing, mosaicking (if multiple images are used), and resampling
to a consistent spatial resolution.

e Geological and Structural Analysis: Remote sensing data are analysed to identify
geological and structural features relevant to mineral deposits. Visual interpretation of
the imagery can help identify lithological variations, fault lines, fractures, and other
geological indicators. Image enhancements, such as band ratioing or principal
component analysis (PCA), can highlight subtle mineral signatures.

e Mineral Mapping: Spectral analysis techniques are applied to identify mineral
signatures from the remote sensing data. Spectral libraries and spectral angle mapping
(SAM) are commonly used to match the spectral signatures of known minerals.
Spectral indices, such as the Normalized Difference Vegetation Index (NDVI) or the
Iron Oxide Index (IOI), can help detect specific minerals, such as vegetation or iron
oxides.

e Image Classification: Supervised or unsupervised image classification is performed
to categorize the land cover into mineral classes. Training samples are selected based
on known mineral occurrences, and classification algorithms, such as maximum
likelihood or support vector machines (SVM), are used to classify the pixels or image

segments into different mineral classes.

UNIT 10 - USE OF GIS AND REMOTE SENSING....... Page 243 of 297



Fundamentals of Natural Resource Management Uttarakhand Open University

Integration with Geological and Geophysical Data: The mineral mapping results
from remote sensing data are integrated with geological and geophysical data, such as
geological maps, geophysical surveys, and drilling data. This helps validate and refine
the identified mineral potential zones and assists in target prioritization.

Field Validation: Field surveys are conducted to validate the remote sensing and
GIS-based findings. Geological mapping, rock sampling, and geochemical analysis
are performed in the identified mineral potential zones to confirm the presence of
minerals and assess their economic viability.

Spatial Analysis and Targeting: GIS tools are utilized to analyse the spatial
relationships between the identified mineral potential zones and other relevant spatial
data, such as infrastructure, land tenure, and environmental considerations. This helps
in prioritizing exploration targets and optimizing exploration planning.

Reporting and Decision-Making: The results of the remote sensing and GIS
analysis, along with the field validation findings, are compiled into reports for
stakeholders, including mining companies and regulatory agencies. The information
generated through remote sensing and GIS analysis aids decision-making processes

related to mineral exploration investments and resource assessment.

10.3.4 FOREST INVENTORY AND MANAGEMENT

Geospatial technologyprovides valuable tools and techniques for collecting, analysing, and

visualizing data related to forests. Here are some detailed analyses where remote sensing and

GIS are utilized in forest resources:

Forest Cover Mapping: Remote sensing data, particularly satellite imagery, can be
used to map and monitor forest cover over large areas. Using different spectral bands
and indices, such as Normalized Difference Vegetation Index (NDVI), vegetation
density, and forest type can be identified and classified.

Change Detection: Remote sensing allows for the comparison of different time
periods to detect changes in forest cover and land use. By analysing multispectral
imagery, GIS can help identify deforestation, forest degradation, regrowth, or land
conversion, providing essential information for forest management planning.

Forest Health Assessment: Remote sensing data, such as hyperspectral imagery, can

provide valuable information about the health and condition of forests. By analysing
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specific spectral signatures, GIS can help identify stressed or diseased trees, invasive
species, or areas affected by pests and diseases.

e Biomass Estimation: Remote sensing data, such as LiDAR (Light Detection and
Ranging) and synthetic aperture radar (SAR), can be used to estimate forest biomass.
By capturing the vertical and structural information of forests, these techniques assist
in quantifying the amount of carbon stored in trees, aiding in carbon accounting and
climate change mitigation efforts.

e Forest Inventory Planning: GIS can be used to design and optimize forest inventory
networks. By considering various factors such as accessibility, topography, and
existing forest information, GIS-based tools can help determine the most effective
sample plots or transects for ground-based inventory data collection.

e Forest Fire Mapping and Management: Remote sensing and GIS can be employed
to detect and monitor forest fires in real-time. Satellite imagery and thermal sensors
can identify active fire locations, monitor fire spread, and assist in post-fire analysis,
enabling timely responses for fire suppression and management activities.

e Habitat Analysis and Biodiversity Mapping: GIS can integrate remote sensing data
with other environmental data, such as topography, climate, and soil characteristics, to
assess habitat suitability for various species. By mapping biodiversity hotspots and
identifying key ecological corridors, these tools aid in conservation planning and
sustainable forest management.

e Forest Planning and Decision Support: GIS-based spatial analysis provides a
platform for integrating diverse datasets and generating actionable insights for forest
management decision-making. By overlaying information on land ownership,
infrastructure, socioeconomic factors, and ecological considerations, GIS can support

forest planning, zoning, and optimizing resource allocation.
10.3.5 AGRICULTURE PRACTICES

Remote sensing and Geographic Information Systems (GIS) play crucial roles in agriculture
by providing valuable tools for mapping and monitoring agricultural practices. Here are some

key applications of remote sensing and GIS in agriculture:

¢ Crop Monitoring: Remote sensing allows the collection of data about crop health,
growth, and vigor. Satellite imagery and aerial photography can capture spectral

information, which helps assess crop conditions, identify nutrient deficiencies, detect
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diseases, and monitor irrigation needs. GIS platforms can integrate these remote
sensing data with field data, weather data, and historical records to create
comprehensive crop monitoring systems.

e Land Use Mapping: Remote sensing and GIS can be used to classify and map
agricultural land use. Satellite imagery with high spatial resolution can identify
different crop types, distinguish between cultivated and fallow land, and detect land
cover changes over time. These maps help in land management decisions, crop
rotation planning, and estimating agricultural productivity.

e Precision Agriculture: Remote sensing and GIS enable precision agriculture
techniques, which optimize input usage and increase efficiency. By integrating remote
sensing data with GIS, farmers can create prescription maps for variable rate
application of fertilizers, pesticides, and water. This targeted approach reduces costs,
minimizes environmental impact, and maximizes yield.

¢ Yield Estimation: Remote sensing, coupled with GIS, facilitates accurate and timely
yield estimation. By analysing crop characteristics such as canopy cover, biomass,
and chlorophyll content from satellite or drone imagery, GIS models can estimate
crop yields at different spatial scales. This information helps farmers in decision-
making processes related to harvest planning, storage, and marketing.

e Soil Analysis and Mapping: Remote sensing and GIS assist in soil analysis and
mapping by integrating satellite or airborne imagery with ground truth data. By
capturing spectral signatures related to soil properties like moisture, organic matter
content, and nutrient levels, GIS models can create soil maps. These maps aid in soil
resource management, site-specific nutrient application, and precision farming
practices.

e Pest and Disease Monitoring: Remote sensing and GIS technologies are valuable for
detecting and monitoring pests and diseases in agricultural fields. Remote sensing
data can identify specific spectral signatures associated with infestation or disease
outbreaks, enabling early detection and targeted interventions. GIS platforms integrate
these data with geographic and climatic information, helping farmers implement
effective pest management strategies.

e Water Management: Remote sensing and GIS assist in monitoring and managing
water resources in agriculture. By analysing satellite data and using GIS models,

farmers can assess soil moisture levels, track water usage, and detect irrigation
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inefficiencies. This information enables efficient irrigation scheduling, water

conservation, and drought mitigation.
10.3.6 COASTAL AND MARINE RESOURCES

Remote sensing and Geographic Information Systems (GIS) play crucial roles in the
assessment, management, and conservation of coastal and marine resources. Here is a

detailed analysis of their uses in these domains:

e C(Coastal and Marine Resource Mapping: Remote sensing data, such as satellite
imagery, aerial photography, and LiDAR, can be utilized to create detailed maps of
coastal and marine environments. These maps provide valuable information about
shoreline dynamics, bathymetry, seafloor characteristics, coastal vegetation, and land
use/land cover patterns. GIS is then used to integrate and analyse these spatial
datasets, enabling better decision-making for resource management.

e Habitat Mapping: Remote sensing and GIS are used to map and monitor various
marine habitats, including coral reefs, seagrass meadows, and mangrove forests. By
analysing satellite imagery and aerial photographs, scientists can identify and classify
these habitats, assess their health, and track changes over time. This information aids
in conservation efforts, identifying areas of vulnerability, and guiding habitat
restoration projects.

e Coastal Erosion and Flooding Studies: Remote sensing data is instrumental in
studying coastal erosion and flooding processes. Satellite imagery helps track
shoreline changes, erosion hotspots, and areas prone to flooding. Combined with GIS
analysis, it enables the identification of vulnerable coastal areas, helps in coastal zone
management, and assists in developing strategies to mitigate erosion and flooding
impacts.

e Water Quality Monitoring: Remote sensing sensors can detect water quality
parameters, such as chlorophyll-a concentration, turbidity, and sea surface
temperature. By using satellite imagery, researchers can assess the spatial and
temporal variations in water quality, monitor harmful algal blooms, identify pollution
sources, and support the management of coastal ecosystems.

¢ Fisheries Management: Remote sensing data and GIS are valuable tools for fisheries
management. Satellite imagery helps identify potential fishing zones by detecting

oceanographic features such as temperature fronts, upwellings, and plankton blooms.
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GIS is used to integrate this information with other spatial data, such as fishing vessel
location, catch data, and oceanographic models, allowing for better understanding of
fish distribution patterns, predicting fish stocks, and implementing sustainable fishing
practices.

e Marine Protected Area (MPA) Planning: Remote sensing and GIS assist in the
design and management of MPAs. Satellite imagery can be used to identify areas of
high biodiversity, coral reef ecosystems, and other important marine habitats. GIS
analysis is then employed to assess the connectivity between different protected areas,
evaluate potential threats, and optimize the location and size of MPAs for maximum
ecological effectiveness.

e Oil Spill Monitoring: Remote sensing data, such as synthetic aperture radar (SAR)
imagery, i1s widely used for oil spill detection and monitoring in coastal and marine
environments. SAR sensors can detect oil slicks and track their movement, assisting

in emergency response efforts and minimizing the environmental impact of oil spills.

INTEXT QUESTIONS:

7. What techniques are commonly used for mineral mapping using remote sensing data?

8. How is remote sensing data, particularly synthetic aperture radar (SAR) imagery, used in

oil spill monitoring?

10.4 SUMMARY

Remote sensing and GIS technologies play a crucial role in facilitating the efficient
acquisition, analysis, visualization, and decision-making processes in resource assessment.
They enhance our understanding of Earth's resources and support the implementation of
sustainable resource management practices. With the growing human population and
increasing demands on natural resources, remote sensing and GIS serve as valuable tools for
effectively and optimally managing these limited and invaluable assets. Geospatial data plays
a significant role in identifying and evaluating the factors that affect resource utilization. By
comprehensively understanding these factors, responsible decisions can be made to ensure
the sustainable utilization of natural resources, meeting the needs of both current and future

generations.

UNIT 10 - USE OF GIS AND REMOTE SENSING....... Page 248 of 297



Fundamentals of Natural Resource Management Uttarakhand Open University

10.5GLOSSARY

Change Detection: Change detection is a geographic information system (GIS) technique
used to analyse and compare the alterations that have occurred in a particular geographical

area between two different time periods.

Digital Image Processing: Digital image processing involves the numerical manipulation of
digital values associated with an image, with the objective of extracting valuable information

about the surface phenomena it represents.

Electromagnetic Radiation (EMR): Electromagnetic radiation (EMR) is the energy that

travels through space or a medium at the speed of light.

Electromagnetic Spectrum: The continuum of EMR that ranges from short wave high

frequency cosmic radiations to long wavelength low frequency radio waves.

GPS:The Global Positioning System (GPS) is a utility owned by the United States that offers
positioning, navigation, and timing services to users. The system is comprised of three

segments: the space segment, the control segment, and the user segment.

Lidar Imagery:Light Detection and Ranging (lidar) is a technology utilized for generating
detailed models of ground elevation, achieving a vertical accuracy of 10 centimetres (4

inches).

Sensor:A sensor refers to any device, whether imaging or non-imaging, that receives
electromagnetic radiation (EMR) and converts it into a signal that can be captured and

displayed as either a photographic or digital image.

Spectral Band: The range of the wavelengths in the continuous spectrum such as the green

band ranges from 0.5 to .6 p and the range of NIR band 0.7 to 1.1 p.

Synthetic Aperture Radar: Synthetic Aperture Radar (SAR) is a form of active data collection
in which a sensor emits its own energy and measures the amount of energy reflected back

upon interaction with the Earth.

UAYV: An unmanned aerial vehicle, is an aircraft that carries no human pilot or passengers on

board.

UNIT 10 - USE OF GIS AND REMOTE SENSING....... Page 249 of 297



Fundamentals of Natural Resource Management Uttarakhand Open University

10.6 ANSWER TO CHECK YOUR PROGRESS

The first Indian Remote Sensing (IRS) satellite, IRS-1A, was launched in 1988.

Remote sensing is the process of gathering information about the Earth's surface and
atmosphere using sensors and instruments located at a distance from the target area. It
involves the detection and measurement of electromagnetic radiation reflected or emitted by

objects on the Earth's surface.

A. Source of Energy (Sun or Self emission)

B. Transmission of energy from the source to the surface of the earth

C. Interaction of Energy with the object and subsequent reflection and emission

D. Transmission of energy from the object to the sensor

E. Recording of energy by the sensors (Photographic or non-photographic sensors)

F. Transmission of the recorded information to the ground station

G. Conversion of the data into digital or hard copy image

H. Data Analysis.

Some notable software packages for GIS analysis include different versions of ARC View,

ARC Info, Map Info, ARC GIS, AutoCAD Map, and others.

Change detection is important in creating land use maps because it helps monitor and manage
natural resources, particularly in response to population growth and urbanization. By
detecting changes in land use and land cover, governments can better plan and manage

resources and forecast future needs.

Remote sensing data, including satellite imagery and meteorological data, can be used to
monitor vegetation health, soil moisture, and water stress indicators. GIS tools can integrate
and analyze this data to identify areas affected by drought, assess severity, and support

decision-making for water allocation and conservation measures.

Spectral analysis techniques, such as spectral libraries and spectral angle mapping (SAM), are
used to identify mineral signatures. Spectral indices, such as the Normalized Difference
Vegetation Index (NDVI) or the Iron Oxide Index (IOI), can also help detect specific

minerals.

Remote sensing data, such as SAR imagery, is widely used for oil spill detection and

monitoring in coastal and marine environments. SAR sensors can detect oil slicks and track
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their movement, aiding in emergency response efforts and minimizing the environmental

impact of oil spills.
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10.8 TERMINAL QUESTIONS

1. What is the definition of GIS (Geographic Information System) and RS (Remote
Sensing), and how do they contribute to natural resource appraisal?

2. What is the role of electromagnetic energy in remote sensing, and how is it measured
in terms of wavelength or frequency?

3. What are the steps involved in the acquisition of satellite images for land use and land
cover mapping, and how does the choice of satellite imagery depend on the mapping
requirements?

4. In the assessment, development, and planning of water resources, what are the
specific applications of remote sensing and GIS?

5. What are the key steps involved in mineral exploration using remote sensing and

GIS?
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11.1 OJECTIVES

After studying this unit, you would be able to:

e To explore how diverse approaches to natural resource management affect livelihood
strategies, with a special emphasis on vulnerable populations.

e To detect and investigate current gender gaps in natural resource access and control,
with the goal of promoting equal opportunities and rights for both genders.

e To examine and understand how gendered dynamics and perspectives affect decision-
making in the regulation of natural resources

e To offer policy ideas and guidance for incorporating livelihood and gender issues into
resource governance frameworks. The aim is to guarantee equity and sustainability in

resource management.

11.2 INTRODUCTION

The role of gender and livelihood issues is of utmost importance when it comes to the
management of natural resources. As societies grapple with the intricate challenges of
sustainable development and environmental conservation, it is increasingly clear that the
dynamics of gender and considerations related to livelihood significantly impact how natural
resources are utilized, distributed, and managed. Recognizing the interconnections between
gender, livelihoods, and natural resource management is essential in order to achieve

inclusive and fair outcomes that promote both environmental sustainability and social justice.

In the past, natural resource management has often disregarded the diverse roles,
needs, and perspectives of women, men, and gender minorities, adopting a gender-blind
approach. However, this lack of attention undermines the effectiveness of resource
management strategies, perpetuates existing inequalities, and fails to harness the full potential
of all members of a community. Gender inequality, unequal access to resources, and the
marginalization of certain groups can hinder efforts towards sustainable development and

worsen environmental degradation.

On the other hand, livelihoods encompass the various ways in which individuals and
communities secure their basic needs, economic opportunities, and social well-being. The
availability and sustainable use of natural resources play a fundamental role in shaping
livelihood strategies, which may involve activities such as agriculture, forestry, fishing, and

other resource-dependent practices. However, the management, allocation, and control of
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these resources can have significant implications for different genders and livelihood groups,
particularly for those who heavily rely on natural resources for their sustenance and economic

stability.

This unit examines the intricate relationship between gender, livelihoods, and natural
resource management. It explores the gendered aspects of accessing and controlling
resources, as well as decision-making processes, highlighting the existing disparities and their
consequences for sustainable development. Additionally, it explores the intersectionality of
livelihoods and natural resource management, recognizing the diverse livelihood strategies
pursued by different gender groups and the challenges they face in the context of changing

environmental conditions.

By shedding light on these issues, this unit aims to contribute to a more
comprehensive understanding of the complexities involved in natural resource management.
It emphasizes the importance of integrating gender perspectives and livelihood considerations
into policy and decision-making processes in order to foster inclusive, sustainable, and
equitable outcomes for both people and the environment. Through such an integrated
approach, we can strive towards a future where natural resources are managed in a way that
respects gender rights, promotes livelihood resilience, and safeguards the well-being of both

current and future generations.

11.3 GENDER AND LIVELIHOOD ISSUE IN NATURAL
RESOURCE MANAGEMENT

The existing literature extensively traces the origins of discussions surrounding the
intersection of gender and the environment. In general, two main threads can be identified,
which align with (1) efforts to address gender-blindness in development policy and practice
through liberal approaches, and (2) relational perspectives that highlight power dynamics
between men and women. Both perspectives acknowledge that gender influences individuals'
environmental experiences due to the distinct daily activities and responsibilities undertaken
by men and women. Consequently, men and women have different interests in natural
resource management due to their specific roles, responsibilities, and knowledge.
Accordingly, gender is recognized as a crucial factor in shaping ecological changes,

sustainable livelihoods, and prospects for sustainable development.
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There are several challenges of gender and livelihood in the perspective of natural resource
management include gender disparities in access to and control over resources, Gendered
division of labour, gender-based violence and insecurity, climate change impacts and many
more. To tackle these challenges, it is necessary to incorporate a gender lens into policies,
programs, and institutions related to natural resource management. This entails promoting
equality between genders and empowering women, while acknowledging and appreciating
their expertise and contributions. It also involves ensuring that women have a meaningful say
in decision-making processes. Additionally, it is important to invest in initiatives that are
responsive to gender issues, granting women access to resources, facilitating skills
development, and offering alternative livelihood options. Such investments can contribute to
strengthening women's resilience and improving their overall welfare amidst evolving

resource conditions.

Unveiling Gender Disparities: Revealing Inequalities in Access and Control of Natural

Resources

In the field of resource management, the existence of gender disparities in accessing and
controlling natural resources has long been disregarded. However, it is imperative to
acknowledge and comprehend these disparities in order to achieve sustainable development,
environmental conservation, and social justice. This section explores the profound gender
inequalities surrounding the access and control of natural resources, shedding light on their

implications for individuals and communities.
Gendered Obstacles to Resource Access

Accessing natural resources often presents significant barriers for women and gender
minorities. Cultural norms, discriminatory practices, and limited decision-making power
frequently constrain their participation in resource-dependent activities. Traditional gender
roles and divisions of labour confine women to domestic realms, denying them access to

economic opportunities and involvement in resource governance processes.
Control and Ownership of Resources

Gender disparities also manifest in the domain of resource control and ownership. Men tend
to exert greater control over critical resources such as land, forests, and water, while women's

rights to property and resource ownership are often restricted or disregarded. This unequal
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distribution of resource control perpetuates gender inequality and reinforces power

imbalances within communities.
Impacts on Livelihoods

Gender disparities in resource access and control have profound consequences for
livelihoods. Women, who frequently serve as primary providers of food and income for their
families, may experience reduced access to land, credit, and technology, thereby limiting their
agricultural productivity and economic opportunities. Gender-based inequalities in resource
allocation can result in disparities in income generation, exacerbating poverty and impeding

livelihood sustainability.
Environmental Stewardship and Gender

Gender disparities in resource management also impact environmental stewardship.
Research has demonstrated that women possess extensive traditional knowledge and skills
related to resource management, playing a vital role in sustainable resource use and
conservation. However, their contributions are often undervalued, and their voices are
marginalized in decision-making processes, leading to suboptimal resource management

practices.
Addressing Gender Disparities

Addressing gender disparities in resource access and control necessitates a multifaceted
approach. This includes empowering women and marginalized groups by providing
education, legal rights, and access to resources and decision-making platforms. Encouraging
gender-responsive policies and programs that promote equitable resource access and ensure
meaningful participation of women in resource management processes is crucial. Engaging
men and challenging gender norms and stereotypes are also vital for achieving transformative

change.

Thus, unveiling gender disparities in natural resource access and control is essential for
promoting inclusive and equitable resource management. Recognizing and addressing these
disparities not only advances gender equality but also enhances outcomes in sustainable
development. By fostering gender-responsive policies, empowering women, and challenging
traditional gender roles, we can pave the way for more inclusive and sustainable resource

governance, benefiting individuals, communities, and the environment as a whole.
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Examining Livelihood Vulnerabilities: Understanding the Impact of Natural Resource

Management on Livelihood Strategies

The realm of natural resource management significantly influences how individuals and
communities secure their fundamental needs, economic prospects, and overall social well-
being. This section explores the vulnerabilities that arise in livelihood strategies due to the
practices of natural resource management, emphasizing the importance of comprehending

these impacts for the sake of sustainable development and fair resource governance.
Dependence on Natural Resources

Numerous communities worldwide heavily rely on natural resources for their livelihoods.
Activities like agriculture, forestry, fishing, and other endeavours reliant on resources form
the backbone of their economic stability and overall welfare. However, the availability and
sustainable utilization of these resources can be influenced by various factors, including
policies regarding resource management, the impact of climate change, and competing

interests, ultimately affecting the strategies employed to sustain livelihoods.
Resource Degradation and Impaired Livelihoods

Practices of unsustainable resource management, such as deforestation, overfishing, and land
degradation, can have detrimental effects on livelihoods. Depletion of resources and
environmental degradation directly impact the productivity and viability of livelihood
activities. For example, deforestation can decrease the availability of timber for construction
and fuelwood, thereby impacting livelihoods dependent on these resources. Reduced access

to resources undermines the resilience and sustainability of livelihood strategies.
Displacement and Land Loss

Large-scale projects involving resource extraction or conservation initiatives can result in the
displacement of communities and the loss of their access to land and natural resources.
Displacement disrupts established livelihood strategies, leading to income loss, food
insecurity, and social dislocation. Additionally, land seizures and the allocation of resources
to powerful entities often marginalize local communities, further exacerbating vulnerabilities

associated with livelihoods.
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Inequitable Allocation of Resources

The allocation of natural resources often exhibits inequalities, particularly concerning access
and control. Power imbalances and discriminatory practices put marginalized groups,
including women, indigenous communities, and small-scale farmers, at a disadvantage.
Unequal access to resources limits livelihood opportunities and perpetuates poverty and
social disparities, underscoring the necessity of addressing these inequities in the allocation

of resources.
Climate Change and Changing Environmental Conditions

Climate change and environmental degradation pose additional challenges to livelihood
strategies. Shifting weather patterns, an increased frequency of natural disasters, and the
decline of natural resources disrupt traditional livelihood activities and diminish productivity.
Vulnerable groups, such as small-scale farmers and coastal communities, are particularly
affected, necessitating adaptive strategies and support to maintain their livelihoods in the face

of changing environmental conditions.
Developing Resilient Livelihood Strategies

To address vulnerabilities in livelihood strategies, it is crucial to cultivate resilience within
communities. This entails diversifying livelihood approaches, promoting sustainable resource
management practices, and providing access to alternative income-generating opportunities.
Support for education, training, and technology transfer can enhance the adaptive capacity of
communities, enabling them to withstand shocks and adapt to evolving environmental

conditions.

Thus, examining the vulnerabilities in livelihood strategies resulting from practices of natural
resource management is imperative for promoting sustainable development and equitable
resource governance. Addressing these vulnerabilities necessitates a comprehensive approach
encompassing sustainable resource management, equitable allocation of resources, and
support for resilient livelihood strategies. By acknowledging and mitigating the impacts of
natural resource management on livelihoods, we can strive towards inclusive and sustainable
development that enhances the well-being of communities and ensures a more equitable

distribution of benefits derived from natural resources.
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Recognizing Intersectionality: Exploring Diverse Livelihood Experiences across Gender

Groups

Livelihood experiences are influenced not only by gender but also by various intersecting
factors like race, class, ethnicity, disability, and other social identities. It is essential to grasp
the intricacies of intersectionality to fully comprehend the diverse obstacles and opportunities

faced by different gender groups regarding their livelihoods.
Intersectionality and Gender

Intersectionality recognizes that individuals possess multiple social identities that intersect
and interact to shape their experiences. When examining the relationship between gender and
livelihoods, it is crucial to consider how other aspects of identity, such as race or class,

intersect with gender, leading to distinct challenges and advantages for different groups.
Gender and Livelihoods

Gender significantly shapes livelihood opportunities and outcomes. Traditional gender roles
often restrict women's access to education, resources, and economic opportunities. Women
may encounter discrimination and exclusion in the labor market, resulting in lower wages,
limited job options, and precarious working conditions. Conversely, men's roles and
expectations also impact their livelihood experiences, including responsibilities to provide for

their families and the pressure to engage in physically demanding or high-risk occupations.
Intersectionality and Livelihood Experiences

Intersectionality emphasizes that gender experiences are not uniform for all women or all
men. For instance, women from marginalized racial or ethnic groups may face multiple layers
of discrimination, making it even more challenging for them to access resources and secure
decent livelihoods. Similarly, men from economically disadvantaged backgrounds may
encounter unique barriers to achieving economic stability. Recognizing these intersecting
dimensions is crucial for understanding and addressing the diverse needs and experiences of

different gender groups.
Implications for Policy and Programming

Intersectional approaches necessitate policymakers and practitioners to move beyond a one-
size-fits-all perspective and develop customized interventions that consider the specific

challenges faced by different gender groups. This involves acknowledging and addressing
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structural inequalities that intersect with gender, such as racial discrimination, economic
disparities, and unequal access to resources. Inclusive policies and programs should promote
equal opportunities, dismantle discriminatory practices, and provide targeted support to

marginalized groups.
Empowerment and Collaboration

Intersectionality calls for empowering individuals and communities across gender groups
through fostering collaborations and partnerships. This includes involving marginalized
groups in decision-making processes, amplifying their voices, and recognizing their
expertise. By embracing diverse perspectives and experiences, stakeholders can work
together to design inclusive strategies that tackle the complex challenges faced by different

gender groups.
Data Collection and Research

Thorough data collection and research are crucial for understanding the intersectional
dynamics of gender and livelihoods. Gathering disaggregated data based on gender, race,
ethnicity, and other relevant dimensions can provide insights into the specific challenges
faced by different groups. Additionally, research studies should explore the intersecting

factors that shape livelihood experiences to inform evidence-based policies and interventions.

By acknowledging intersectionality and gaining an understanding of the diverse livelihood
experiences across gender groups, policymakers, practitioners, and researchers can develop
more inclusive and effective approaches to promote gender equality, social justice, and

sustainable livelihoods for everyone.

Decoding Decision-Making: Uncovering Gender Perspectives in Natural Resource

Governance

Comprehensive comprehension of gender perspectives is crucial for effective governance of
natural resources. By analysing how gender influences resource management, valuable
insights can be uncovered to enhance the inclusivity and sustainability of governance
initiatives.

Gendered Power Dynamics

Gender intersects with power dynamics in natural resource governance. Historically,

decision-making structures have been dominated by men, resulting in the marginalization and
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exclusion of women. Addressing these power imbalances