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Preface

This book adopts an exegetical approach as well as a pedagogic model, making it attractive
agriculture and environmental economics teachers, professional practitioners and scholars. It is
eschews pedantry and lays bars the issues in such clarity that conduces to learning. The book
elaborates on contemporaneous climate change, food security, national security and environmental
resources issues of global significance and at the same time, is mindful of local or national
perspectives making it appealing both to international and national interests. The book explores
the ways in which climate change, food security, national security and environmental resources
issues are and should be presented to increase the public’s stock of knowledge, increase awareness
about burning issues and empower the scholars and public to engage in the participatory dialogue
climate change, food security, national security and environmental resources necessary in policy
making process that will stimulate increase in food production and environmental sustainability.

Climate Change, Food Security, National Security and Environmental resources: Global issues
and Local Perspectives is organized in four parts. Part One deals with Climate Change with Six
Chapters, Part Two is concerned with Food Security with Nine chapters, Part Three deals with
National Security with Five Chapters, while Part Four pertains Environmental Resources, has Five
Chapters.

Ahmed Makarfi / Eteyen Nyong
April 2024
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Chapter 28

Environmental Resources Policy: Water Management, Pollution, Floods,
and Climate Challenges in Forestry

Timothy Adewole ADEDIGBA. and Lukuman Lekan, ADELAKUN

Introduction

Environmental Resources Policy is a set of guidelines and strategies developed by governments to
manage and address environmental issues effectively. It aims to promote sustainable development,
conservation of natural resources, and ecosystem protection. Policies focus on responsible use of
resources, preserving biodiversity, and addressing climate change challenges. They also encourage
greener technology, reduce pollution, and manage trash appropriately. Environmental Impact
Assessments (EIAs) are a useful tool for identifying and reducing harmful environmental
consequences. Policies may provide procedures for ensuring compliance, include local populations
in decision-making, and collaborate internationally. Frequent evaluations guarantee that objectives
are fulfilled, promoting a peaceful coexistence of human endeavours and the natural world (Shan
et al., 2023).

Components of Environmental Resources Policy
Sustainable resource use

The goal of policy is to guarantee that natural resources are utilised in a way that satisfies present
demands without endangering the capacity of future generations to satisfy their own. This entails
limiting the negative effects on the environment, encouraging sustainable activities, and
controlling exploitation. The term "sustainable resource use" describes the fair and conscientious
use of natural resources to satisfy current demands without jeopardising the ability of future
generations to satisfy their own. Achieving a balance between environmental preservation and
economic development is necessary for sustainable resource utilisation. It aims to reduce adverse

effects on biodiversity, ecosystems, and the planet's general health. To lessen the environmental
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impact of energy production and use, the focus is on switching to renewable energy sources and
increasing resource efficiency. Sustainable usage of resources comprises actions to preserve
ecosystems, conserve biodiversity, and keep natural areas in good condition. This includes
managing fisheries sustainably, conserving wildlife, and practicing sustainable forestry. One of
the most important aspects of sustainable resource use is moving from a linear economy to a
circular economy, where resources are recycled and reused and waste is reduced. Through the
inclusion of local communities in decision-making processes and the consideration of the needs of
marginalised groups, sustainable resource use policies frequently seek to achieve social justice.
Maintaining water quality, reducing water use, and putting integrated strategies into place to
handle conflicting water demands are all components of sustainable water management techniques
(Moltz et al., 2020).

Biodiversity conservation

Policies often include measures to protect and restore biodiversity, recognizing the importance of
diverse ecosystems for ecological balance and resilience. Biodiversity conservation involves the
protection and sustainable management of the variety of life on Earth, including ecosystems,
species, and genetic diversity. Establishing protected areas and reserves is a common strategy for
conserving biodiversity. These areas help safeguard habitats, prevent habitat destruction, and
provide a refuge for species. Efforts to restore and manage habitats, especially those affected by
human activities, are crucial for supporting biodiversity. This includes reforestation, wetland
restoration, and sustainable land management practices. Conservation programmes often focus on
endangered or threatened species. This may involve captive breeding, reintroduction into the wild,
and habitat protection for the survival of specific species. Managing and controlling invasive
species that can negatively impact native flora and fauna is a key aspect of biodiversity
conservation. Engaging local communities in conservation efforts is essential for long-term
success. Sustainable development practices that benefit both communities and biodiversity are

often emphasized (Xiao et al., 2020).

Climate change mitigation
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Reducing greenhouse gas emissions, boosting renewable energy, and supporting adaptation
measures are the ways that environmental policies tackle the problems caused by climate change.
Mitigation of climate change refers to actions and plans meant to cut down on or stop the release
of greenhouse gases into the atmosphere, as well as other actions that fuel global warming. A
crucial tactic to lower carbon emissions is to switch from fossil fuels to renewable energy sources,
including hydropower, wind, and solar. Greenhouse gas emissions and total energy consumption
can be decreased by increasing energy efficiency in buildings, transportation, and industry. Forest
restoration and tree planting both function as natural carbon sinks, taking up carbon dioxide from
the atmosphere. Carbon capture and storage, or CCS, is a technology that seizes carbon dioxide
emissions from power plants and industrial activities and keeps them from going into the
atmosphere. Using sustainable farming practices, such as agroforestry and precision farming,

improves soil carbon sequestration and lowers emissions from land usage (Oderinde, 2020).
Pollution control

Policies establish guidelines and rules to manage different types of pollution, like pollution in the
air and water. These could involve taking steps to enforce environmental regulations, encourage
waste management, and lower emissions. Implementing plans and techniques to stop, lessen, or
limit the release of pollutants into the environment is known as pollution control. Regulations and
environmental regulations that establish guidelines for pollutant emissions, discharges, and waste
management are frequently the foundation of pollution control efforts. Controlling car exhaust,
industrial emissions, and promoting cleaner technology are some methods for reducing air
pollution. Enforcement and monitoring are essential. Watershed management, point and non-point
source pollution control, and the treatment of urban and industrial wastewater are examples of
strategies for reducing water pollution. Appropriate methods for managing garbage, recycling, and
trash reduction, for example, are crucial for reducing pollution and the negative effects of discarded
goods on the environment. One of the most important aspects of pollution control is regulating the
use and discharge of dangerous substances, particularly hazardous chemicals. This entails
implementing regulations, switching to safer substitutes, and disposing of waste properly (Zheng
etal., 2021).

Land and water management
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Policies guide the responsible use of land and water resources, addressing issues such as
deforestation, watershed management, and sustainable agriculture practices. Land and water
management are critical components of sustainable environmental practices, involving responsible
use, conservation, and protection of these vital resources. Implementing sustainable agricultural
practices, such as agroforestry, organic farming, and precision agriculture, helps minimize
environmental impact while maintaining productivity. Proper land use planning involves zoning
and regulation to balance urban development, agriculture, and natural habitats, ensuring
sustainable land use. Techniques like contour ploughing, cover cropping, and terracing aim to
prevent soil erosion, enhance soil fertility, and promote sustainable land use. Integrated Water
Resource Management (IWRM) involves the coordinated development and management of water,
land, and related resources to maximize economic and social welfare without compromising
sustainability. Implementing measures to control water pollution, ensure water quality, and protect
aquatic ecosystems is crucial for sustainable water management. Managing watersheds holistically
involves activities such as reforestation, erosion control, and sustainable land use to protect water

resources (Jan, Adamowski, & Biswas, 2019).
International cooperation

Given the global nature of many environmental challenges, policies often involve collaboration at
the international level. Agreements like the Paris Agreement on climate change exemplify this
collaborative approach. International cooperation is essential for addressing global challenges,
including environmental issues, climate change, and sustainable development. International
cooperation often involves the development and implementation of multilateral agreements and
treaties. Examples include the Paris Agreement for climate change and the Convention on
Biological Diversity. International organizations such as the United Nations Environment
Programme (UNEP) play a crucial role in coordinating global efforts, setting standards, and
facilitating collaboration on environmental and sustainable development issues. Developing
countries often require support in technology transfer and capacity building to implement
sustainable practices. International cooperation includes initiatives to facilitate the exchange of
knowledge and technologies. Financial assistance and funding mechanisms, such as the Green

Climate Fund, are established to support developing countries in their efforts to mitigate and adapt
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to climate change and promote sustainable development. International collaboration in scientific
research is vital for understanding and addressing global challenges. Researchers and institutions
from different countries often work together on projects related to environmental conservation,

climate science, and sustainable development (Elsayed Eissa, 2017).
Forestry and Climate Challenges

Forestry is the science and practice of managing and caring for forests, including the conservation
and sustainable use of forest resources. It encompasses a range of activities, from planting and
managing trees to harvesting timber and maintaining the ecological health of forest ecosystems.
Forestry plays a crucial role in mitigating climate change by absorbing carbon dioxide during
photosynthesis and storing it in its biomass and soil. It also provides ecosystem services like
regulating water cycles and preventing soil erosion. Sustainable forestry practices can provide
renewable resources like timber and biomass, reducing reliance on fossil fuels. However, climate
change presents challenges such as increased wildfire risk, pests and diseases, altered habitat
suitability, water stress, and loss of biodiversity. To address these challenges, sustainable forestry
practices like selective logging, reforestation, and natural regeneration can enhance resilience.
Effective fire management strategies, adaptation planning, and international collaboration are
essential for protecting forest ecosystems and reducing the risk of catastrophic wildfires.
Recognizing the importance of forests in mitigating climate change and implementing these
strategies can lead to a more sustainable and resilient future (Zhu & Lo, 2021).

The challenges and their interconnections with forest Deforestation and Carbon

Sequestration
Deforestation refers to the large-scale removal or clearing of forests or trees from a land area, often

for the purpose of converting the land for agricultural, industrial, or urban use. It is a significant
environmental issue with wide-ranging impacts on biodiversity, climate, and ecosystem services.
Deforestation occurs through processes such as logging, clear-cutting, slash-and-burn agriculture,
and the expansion of infrastructure. Deforestation results in the loss of habitat for numerous plant
and animal species, leading to a decline in biodiversity. Many species may become endangered or
extinct as a result. Forests act as carbon sinks, absorbing and storing large amounts of carbon

dioxide (CO2) through photosynthesis. When trees are cut down or burned during deforestation,
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the stored carbon is released back into the atmosphere as CO2, contributing to greenhouse gas
emissions and climate change. Forests provide crucial ecosystem services such as regulation of
water flow, maintenance of soil fertility, and support for pollination. Deforestation can disrupt
these services, leading to issues such as altered water cycles and increased soil erosion. Indigenous
communities often rely on forests for their livelihoods, cultural practices, and sustenance.
Deforestation can have severe consequences for these communities, leading to displacement, loss
of resources, and cultural disruption. Deforestation is a global environmental concern because of
its impact on climate change, biodiversity, and sustainable development. International efforts, such
as the United Nations' REDD+ programme (Reducing Emissions from Deforestation and Forest

Degradation), aim to address and mitigate deforestation (Lady, 2018).
Carbon Sequestration

Carbon sequestration is the process by which carbon dioxide (CO2) is removed from the
atmosphere and stored in carbon sinks, such as forests, oceans, and soil. Forests play a crucial role
in carbon sequestration through the absorption of CO2 during photosynthesis. Forests act as carbon
sinks by absorbing CO2 during photosynthesis and storing carbon in trees, vegetation, and soil.
This helps mitigate the impact of rising atmospheric CO2 levels, a major driver of climate change.
Practices such as afforestation (planting trees on land without forests) and reforestation (replanting
trees in areas that were previously deforested) contribute to carbon sequestration. Sustainable
forest management ensures that the rate of carbon sequestration exceeds carbon emissions. Carbon
sequestration in forests is a critical component of climate change mitigation strategies. It helps
offset greenhouse gas emissions from human activities, contributing to efforts to limit global
temperature increases. Protecting existing forests and restoring degraded or deforested areas are
essential strategies for enhancing carbon sequestration. This involves preventing further
deforestation and implementing reforestation projects. International agreements, such as the Kyoto
Protocol and the Paris Agreement, recognize the importance of carbon sequestration in forests as
part of broader efforts to combat climate change. Deforestation contributes to the release of stored
carbon into the atmosphere, exacerbating climate change, while carbon sequestration in forests is
a vital process for mitigating the impacts of climate change by capturing and storing atmospheric

carbon. Efforts to address deforestation and promote sustainable forest management are crucial for
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maintaining the balance of carbon in the atmosphere. Challenge: Deforestation contributes to
increased greenhouse gas emissions, as trees act as carbon sinks. The loss of forests reduces the
planet's capacity to sequester carbon. Mitigation: Sustainable forestry practices, afforestation, and
reforestation efforts are essential to enhance carbon sequestration and mitigate climate change
impacts (Dezécache et al., 2018).

Forest Degradation and Biodiversity Loss

Forest Degradation: Forest degradation refers to the reduction in the overall quality of a forest
ecosystem, often resulting from human activities. While not as severe as deforestation, which
involves the complete clearing of forests, degradation involves the deterioration of key ecological
components within the forest. This can include the loss of biodiversity, changes in forest structure,

and a decline in ecosystem services.

Biodiversity Loss in Forests: Biodiversity loss in forests occurs when the variety of life within
an ecosystem, including plant and animal species, is significantly reduced. This can result from
various factors, including habitat destruction, pollution, climate change, and unsustainable forestry

practices.
Interconnection of Forest Degradation and Biodiversity Loss

Forest degradation and biodiversity loss are often interconnected. Degradation, even if not leading
to complete deforestation, can still result in the loss of specialized habitats, disruption of ecological
processes, and a decline in the populations of various species. forest degradation and biodiversity
loss is crucial for the conservation and sustainable management of forests. These issues have
significant implications for global ecosystems, climate regulation, and the well-being of both
human and non-human species. Climate change can lead to increased frequency and intensity of
wildfires, pests, and diseases, causing forest degradation and biodiversity loss. Adaptive
management strategies, early detection systems, and conservation efforts are crucial to maintaining

biodiversity and ecosystem resilience (Skogen et al., 2018).

Altered Forest Composition and Species Migration
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Altered Forest Composition: Altered forest composition refers to changes in the types and
distribution of plant species within a forest ecosystem. This can result from various factors,
including climate change, human activities, and disturbances such as wildfires or pest outbreaks
(Skogen et al., 2018).

Species Migration: Species migration refers to the movement of plants, animals, or other
organisms from one location to another. This migration can occur in response to changing
environmental conditions, including shifts in temperature, precipitation patterns, and habitat
availability (Hadjikyriakou et al., 2020).

Interconnection of Altered Forest Composition and Species Migration

Altered forest composition and species migration are interconnected processes. As environmental
conditions change, certain species may migrate to more suitable habitats, leading to shifts in the
composition of forest ecosystems. Changing climate conditions may affect the composition of
forest ecosystems. Species may migrate to more suitable habitats, disrupting established
ecosystems. Conservation planning that considers potential species migrations, the establishment
of corridors, and the protection of critical habitats to allow for natural adaptation (Centeno-
Alvarado et al., 2022).

Extreme Weather Events

Extreme weather events refer to unusual, severe, and often unexpected weather phenomena that
deviate from the norm for a particular region. These events can result in significant and potentially
damaging impacts on the environment, society, and the economy. Extreme weather events are
often characterized by their intensity, duration, or frequency, and they can include various
meteorological, hydrological, and climatological phenomena (Durran, 2020). Examples of

extreme weather events include the following:

I.  Hurricanes and Typhoons: Extremely powerful tropical storms characterized by strong
winds, heavy rainfall, and storm surges. These events are known as hurricanes in the

Atlantic and the northeastern Pacific, and typhoons in the northwestern Pacific.
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ii.  Heatwaves: Prolonged periods of excessively high temperatures, significantly above the
average for a specific region, leading to health risks, drought conditions, and stress on
ecosystems.

iii.  Cold Snaps: Extended periods of unusually cold weather, often accompanied by low
temperatures, frost, and freezing conditions.

iv.  Heavy Precipitation and Flooding: Excessive rainfall over a short period, causing flooding
of rivers, urban areas, and low-lying regions. Flash floods and riverine floods are common
consequences.

v. Droughts: Extended periods of abnormally low precipitation leading to water scarcity,
reduced soil moisture, and negative impacts on agriculture, water supply, and ecosystems.

vi.  Tornadoes: Violently rotating columns of air extending from thunderstorms to the ground,
capable of causing significant destruction in localized areas.

vii.  Wildfires: Uncontrolled and often intense fires in vegetation, forests, or grasslands,
exacerbated by hot and dry conditions. Wildfires can lead to loss of life, property damage,
and ecological impacts.

viii.  Storm Surges: Abnormal rises in sea level during storms, particularly tropical cyclones,
leading to coastal flooding and erosion.

ix. Blizzards: Severe snowstorms characterized by low visibility, high winds, and heavy
snowfall, impacting transportation and infrastructure.

X.  Hailstorms: Severe thunderstorms producing hailstones of significant size, causing damage

to crops, vehicles, and structures.

Extreme weather events are a manifestation of the Earth's complex climate system, and their
frequency and intensity can be influenced by natural climate variability as well as human-induced
climate change. Understanding and preparing for extreme weather events are crucial for mitigating
their impacts and building resilience in communities and ecosystems. Increased frequency of
extreme weather events, such as storms and hurricanes, poses a direct threat to forests, leading to
habitat destruction and loss of valuable timber resources. Improved forest management practices,
early warning systems, and community resilience measures can help mitigate the impact of

extreme weather events (Seneviratne, Donat, Pitman, Knutti, & Wilby, 2016).

SAEREM BOOK CHAPTERS2023: First published 2024: ISBN 978-978-60709-9-5

18



CLIMATE CHANGE, FOOD SECURITY, NATIONAL SECURITY and ENVIRONMENTAL

RESOURCES (GLOBAL ISSUES & LOCAL PERSPECTIVES)

Impact on Indigenous Communities

Changes in forestry practices, deforestation, or altered ecosystems due to climate change can
disrupt the traditional livelihoods of indigenous communities, affecting their dependence on forest
resources for sustenance, medicine, and cultural practices. Forestry activities, especially those that
lead to habitat destruction or fragmentation, can result in the loss or degradation of culturally
significant sites, disrupt traditional ceremonies, and erode indigenous knowledge related to forest
ecosystems. Large-scale forestry projects, logging, or land-use changes driven by climate
challenges may lead to the displacement of indigenous communities and encroach upon their
traditional lands, resulting in land rights conflicts and challenges to cultural continuity. Changes
in forest ecosystems, including alterations in flora and fauna, can impact the health of indigenous
communities. Climate-related factors such as the spread of diseases or altered availability of
medicinal plants can affect traditional health practices. Indigenous communities residing in or
dependent on forested areas may be more vulnerable to climate-related hazards such as wildfires,
storms, or changes in precipitation patterns, amplifying existing challenges and necessitating

adaptive strategies (Hansen, 2013).

Understanding the complex interplay between forestry practices, climate challenges, and their
impact on indigenous communities is crucial for developing sustainable and culturally sensitive
strategies for forest management and climate resilience. These challenges highlight the importance
of incorporating indigenous knowledge, ensuring community participation, and respecting the
rights and autonomy of indigenous peoples in climate and forestry policies. Indigenous
communities often depend on forests for their livelihoods, and climate change can disrupt
traditional practices, affecting their well-being. Integrating indigenous knowledge into forest
management plans, ensuring community participation, and supporting sustainable livelihoods can

enhance resilience (Tesfaye, 2017).
Policy and Governance Challenges

Policies related to forestry and climate change are often developed in isolation, leading to a lack

of integration and coordination. Siloed approaches may hinder the effectiveness of strategies in

addressing the interconnected challenges of sustainable forestry and climate resilience
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(Yousefpour et al., 2020). Inconsistencies and fragmentation in policies across different levels of
governance and sectors can create confusion and hinder the implementation of coherent strategies.
Misalignments between national, regional, and local policies may undermine efforts to address
forestry and climate challenges (Cattivelli, 2023). Weak enforcement mechanisms and inadequate
compliance monitoring can undermine the effectiveness of policies. Without proper governance
structures and penalties for non-compliance, forestry and climate policies may lack the teeth
needed for successful implementation (Cattivelli, 2023). Insufficient involvement of local
communities, indigenous groups, and other stakeholders in the policy-making process can lead to
top-down approaches that may not consider the diverse needs and perspectives of those directly
impacted by forestry and climate challenges. Policy decisions influenced by short-term political
agendas may prioritize immediate economic gains over long-term sustainability (Tang, 2020). This
can lead to policies that prioritize resource exploitation rather than conservation and climate
resilience. Challenge: Limited funding and financial mechanisms for implementing forestry and
climate policies can hinder the adoption of sustainable practices. The lack of adequate resources
may limit the capacity for effective mitigation and adaptation measures. Addressing these policy
and governance challenges requires a holistic and inclusive approach, incorporating the
perspectives of all stakeholders, ensuring coherence across different policy domains, and
promoting adaptive and resilient governance structures (O’Hagan et al., 2020). Inconsistent or
inadequate policies and governance frameworks can hinder effective climate adaptation and
mitigation strategies in the forestry sector. Strengthening and implementing comprehensive
policies, promoting sustainable logging practices, and enforcing regulations are essential for

climate-resilient forestry management.
Policies promoting sustainable resource use and conservation

Policies promoting sustainable resource use and conservation aim to address environmental
challenges by balancing economic development with the protection of natural resources. These

policies typically involve:

Formulation: Policymakers involve stakeholders in policy formulation, fostering
interdisciplinary collaboration among scientists and experts to understand resource risks and

ecological dynamics. This approach enhances holistic understanding and helps identify key
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resources at risk. Policymakers establish mechanisms for continuous monitoring and adaptive
management, ensuring policies can be adjusted based on real-time data and changing
circumstances (Pemberton, 2022). Policymakers promote interdisciplinary collaboration among
scientists and experts from various fields to understand ecological systems and identify key
resources at risk. They use modeling and predictive tools for evidence-based decision-making,
establish continuous monitoring mechanisms, and collaborate for adaptive management
(D’Aunno, 2023).

Legislation and Regulation: Governments enact laws and regulations to govern resource use, set
standards, and impose restrictions on activities that could lead to resource depletion or
environmental degradation. Legislation and regulation are crucial in shaping environmental
policies and promoting responsible practices. Forest management laws, such as the Forest
Stewardship Council, set international standards for responsible forest management. Protected
areas like national parks and wildlife reserves are essential for biodiversity and habitat
conservation. Wildlife protection laws, like the Endangered Species Act, protect threatened species
and their habitats. Water management laws, like the European Water Framework Directive,
address water quality and allocation. Climate change laws, like the Paris Agreement, aim to limit
global temperature increases. Land use planning laws, like the National Environmental Policy Act,
guide development to minimize environmental impact and protect natural habitats. Countries often
participate in international agreements to promote sustainable resource use and conservation (Di
Fonzo et al., 2017).

Incentives and Subsidies: Governments often provide tax incentives for businesses and
individuals adopting sustainable resource use and conservation practices, such as renewable
energy, energy-efficient appliances, and sustainable building practices. They also offer subsidies
to farmers for adopting sustainable agricultural practices, such as organic farming or agroforestry.
Businesses that achieve green certifications receive incentives to enhance market competitiveness
and consumer trust. Governments may also offer subsidies or feed-in tariffs to encourage
renewable energy production, support conservation projects, and provide grants to fisheries for
responsible resource management. Incentives for water conservation efforts include rebates for

water-efficient appliances and discounts for water-efficient appliances in residential areas. These
SAEREM BOOK CHAPTERS2023: First published 2024: ISBN 978-978-60709-9-5

21



CLIMATE CHANGE, FOOD SECURITY, NATIONAL SECURITY and ENVIRONMENTAL

RESOURCES (GLOBAL ISSUES & LOCAL PERSPECTIVES)

measures aim to promote responsible resource management and reduce environmental impact (Lin
et al., 2018).

International Cooperation: Collaborative efforts at the international level involve the
development of agreements and treaties addressing cross-border environmental challenges.
International cooperation on sustainable resource use and conservation involves treaties,
conventions, certification systems, and organizations working together to address global
environmental challenges. The United Nations' Sustainable Development Goal 15 aims to protect
terrestrial ecosystems, combat deforestation, and prevent biodiversity loss. The CBD, Aichi
Biodiversity Targets, IUCN, FSC, GEF, and Paris Agreement all promote responsible forest
management, biodiversity conservation, and land degradation reduction. These initiatives
emphasize the interconnectedness of environmental issues and the need for a coordinated, cross-

border approach to achieve meaningful results (Lin et al., 2018).

Community Engagement: Policies emphasize the inclusion of local communities in decision-
making processes to ensure the sustainability of resource management practices. Community
engagement strategies are crucial for the success of conservation and sustainable resource use
initiatives. They involve community members in decision-making, integrating traditional
knowledge, providing training, establishing monitoring programs, and sharing benefits. Effective
communication strategies raise awareness about the importance of sustainable resource use and
conservation, fostering a sense of shared responsibility. Collaborating with local institutions and
traditional authorities can leverage existing social structures for sustainable resource management
(Lin et al., 2018).

Monitoring and Enforcement: Monitoring and enforcement are crucial for sustainable resource
use and conservation. Satellite technology and remote sensing enable real-time data collection for
monitoring land use, deforestation, and ecosystem changes. These tools help identify illegal
activities and inform policies and regulations. Biodiversity monitoring programs track changes in
plant and animal species, allowing authorities to protect endangered species and designate
conservation areas. Local communities play a crucial role in enforcing sustainable resource use by
reporting illegal activities. Environmental Impact Assessments (EIAs) assess potential

environmental impacts before major development projects, while dedicated law enforcement units
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monitor areas prone to illegal activities. Legal frameworks and certification programs enforce
sustainability standards. Emerging technologies like blockchain enhance transparency in supply
chains, ensuring compliance with sustainable and ethical standards. Public awareness campaigns
and reporting mechanisms encourage citizens to report illegal activities or violations. International
collaboration facilitates joint enforcement actions against transboundary issues. Building the
capacity of relevant agencies and personnel to use monitoring tools effectively ensures accurate
data collection (UNEP-WCMC, 2018).

Adaptive Management: Adaptive management is an iterative approach that integrates traditional
ecological knowledge from local communities, enhancing understanding and decision-making. It
is crucial for sustainable resource use and conservation, addressing uncertainties and responding
to changing conditions. Regular monitoring, data collection, and measurable targets are essential.
Scenario planning and modeling help anticipate challenges and develop robust strategies. Inclusive
decision-making processes involve stakeholders, bringing diverse perspectives and local

knowledge to conservation initiatives (Smith et al., 2024).

Challenges: Degradation and depletion of ecosystems are caused by unsustainable resource
extraction, habitat conversion, pollution, climate change, inadequate governance, and fast
population increase. Temperature and precipitation patterns are changing due to climate change,
and air, water, and soil are being contaminated by industrial, agricultural, and urban activities.
Responsibly managing the environment is hampered by a lack of knowledge and comprehension
of the significance of sustainable resource use and conservation techniques. Coordinated actions
at the local, national, and international levels are needed to address these issues (Borner et al.,
2017).

Solution: The text emphasizes the importance of integrated policies that consider environmental,
social, and economic aspects, promoting ecosystem-based management, community-based
forestry initiatives, and innovative technologies. It also emphasizes the need for education and
awareness campaigns, international cooperation, and support for research and development
initiatives. The text also calls for strengthening legal frameworks, effective enforcement
mechanisms, and circular economy practices. It also calls for training programs and knowledge

sharing for resource management. The text emphasizes the need for collaboration across sectors,
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engagement with local communities, and a commitment to ecological sustainability (Bozdaglar,
2023). It concludes by stating that ongoing evaluation and adjustments are crucial for long-term

success.
Various forms of pollution and their effects on ecosystem and human health

Air Pollution: Air pollution is the presence of harmful substances in the Earth's atmosphere,
originating from various sources such as industrial activities, transportation, agriculture, and
natural processes. Common air pollutants include particulate matter (PM), nitrogen oxides (NOx),
sulfur dioxide (SO2), carbon monoxide (CO), ozone (03), and volatile organic compounds
(VOCs). PM, primarily produced during combustion processes, causes respiratory and
cardiovascular problems, visibility reduction, and climate impact. NOx, produced during
combustion, contributes to acid rain formation and contributes to ground-level ozone. SO2
produced by fossil fuel combustion, causes respiratory problems and acid rain. CO, produced by
incomplete combustion, impacts oxygen transport and cardiovascular issues. Ozone, a secondary
pollutant, contributes to ground-level ozone and contributes to climate change. Addressing air
pollution requires regulatory measures, technological advancements, and public awareness

initiatives (Paulauskas et al., 2022).

Water Pollution: Water pollution is the introduction of harmful substances into water bodies,
causing harm to aquatic ecosystems and other life forms. Common forms include chemical
pollution, nutrient pollution, pathogen pollution, physical pollution, oil and chemical spills,
sediment pollution, and thermal pollution. Chemical pollution, resulting from industrial
discharges, agricultural runoff, and improper disposal of household chemicals, disrupts aquatic
ecosystems and poses health risks to humans. Nutrient pollution, resulting from agricultural runoff
and fertilizer use, leads to eutrophication, algal blooms, and oxygen depletion. Pathogen pollution,
resulting from untreated sewage, animal waste, and contaminated runoff, causes waterborne
diseases. Addressing water pollution requires regulatory measures, sustainable land and water
management practices, wastewater treatment, and public awareness campaigns (Wang & Yang,
2016).
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Soil Pollution: Soil pollution is the contamination of soil with harmful substances, often human-
made, causing harm to the environment, ecosystems, and human health. Common pollutants
include heavy metals, pesticides, industrial chemicals, radioactive substances, and improper waste
disposal. Causes include industrial activities, agricultural practices, mining operations, improper
waste management, and accidental spills. Soil pollution can lead to crop contamination, ecosystem
disruption, water contamination, health risks, and soil degradation. Prevention and remediation
strategies include regulatory measures, sustainable agriculture, waste management, remediation
techniques, and public awareness. A comprehensive approach involving government regulations,
sustainable practices, and public awareness is needed to protect soil ecosystems and human health
(Yang et al., 2024).

Noise Pollution: Noise pollution is the excessive or unwanted sound in the environment, affecting
both natural and built environments. It comes from human activities, such as industrial processes,
transportation, construction, and recreation, as well as community noise from residential areas,
schools, and public spaces. Types of noise include continuous, intermittent, and impulsive noise.
It can disrupt ecosystems, cause hearing damage, cause stress and sleep disturbances, and interfere
with communication. To mitigate noise pollution, governments can implement noise regulations,
implement noise barriers and insulation, incorporate noise considerations into urban planning and
zoning, develop quieter technologies, and raise public awareness about responsible noise practices.
This is a significant environmental concern that requires a combination of regulatory measures,

technological advancements, and public awareness initiatives (Faulkner & Murphy, 2021).

Light Pollution: Light pollution is a form of environmental pollution caused by the excessive use
of artificial outdoor lighting. It consists of three components: skyglow, glare, light trespass, and
clutter. Skyglow is the brightening of the night sky over populated areas, reducing the visibility of
stars and celestial objects. Glare is the discomfort caused by excessively bright lights, affecting
drivers, pedestrians, wildlife, and outdoor activities. Light trespass spills over into areas not
intended or needed, disrupting sleep patterns and disrupting natural behaviors. Clutter is the
excessive grouping of bright lights in a space, resulting in a visually chaotic environment. Causes
of light pollution include urbanization, poorly designed lighting fixtures, over-illumination, and

energy waste. Mitigation strategies include using shielded fixtures, proper lighting design, timed
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or motion-activated lighting, raising community awareness, and enforcing lighting ordinances and
regulations. Addressing light pollution requires a combination of technological solutions, public

awareness, and regulatory measures (Jagerbrand & Brutemark, 2022).

Floods: Floods are overflows of water that exceed the capacity of natural or artificial drainage
systems. Causes include heavy rainfall, storm surges, snowmelt, and ice jams. Types include
riverine floods, flash floods, coastal or tidal floods, and urban or pluvial floods. Floods can cause
property damage, displacement of people, loss of life, and environmental impact. Mitigation and
management include floodplain management, early warning systems, infrastructure development,
and community preparedness. Floodplain management involves land-use planning regulations,
early warning systems, and infrastructure development. Effective flood management involves a
combination of preventive measures, early warning systems, and community resilience strategies
to reduce the impact of flooding on human populations and the environment. Climate change and

human activities can exacerbate flood frequency and intensity (Silvestro et al., 2024).

Floodplain management is a systematic approach to regulating land and water resources in flood-
prone areas to minimize the impact of flooding on communities, infrastructure, and the
environment. It aims to strike a balance between development and protecting lives and property
from flooding risks. Main components of floodplain management include zoning and land-use
planning, floodplain mapping and risk assessment, building codes and standards, floodplain
ordinances, floodplain preservation and restoration, community education and outreach, flood
warning systems, insurance programs, infrastructure planning and design, and adaptive planning
for climate change. Effective floodplain management requires collaboration between government
agencies, communities, planners, engineers, and environmental experts. By integrating various
strategies and regulations, it aims to reduce flooding risks and enhance the resilience of

communities in flood-prone areas (Chyon et al., 2023).
Policies and strategies for managing and mitigating the impacts of floods

Land use planning regulations, early warning systems, infrastructure investment, flood insurance

programmes, community engagement and education, natural flood management, adaptation to

climate change, cross-border cooperation, ecosystem restoration, emergency response planning,
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research and technology innovation, post-flood recovery and resilience building are all part of the
comprehensive approach that goes into flood management. These regulations seek to limit
construction in flood-prone areas, give prompt notice of approaching floods, fund resilient
infrastructure, support green infrastructure initiatives, and incentivize property owners to get flood
insurance. Vulnerability assessments, scenario planning, and adaptive management are all part of
climate change adaptation. Establishing cooperative early warning systems, exchanging
hydrological data, and working together on infrastructure projects are all examples of cross-border
collaboration. The preservation and restoration of ecosystems is given top priority in order to
reduce flooding. Planning for emergency response entails preparing evacuation routes, shelters,
and drills (Duarte et al., 2020).

Soil science: Soil science is a field that studies soil as a natural resource, involving disciplines like
geology, chemistry, biology, physics, and environmental science. It examines soil formation,
classification, mapping, and management, focusing on its physical, chemical, and biological
properties. Soil formation is influenced by factors like parent material, climate, topography,
organisms, and time. Soil classification involves grouping soils based on common characteristics,
with the Soil Taxonomy being the most widely used system. Soil physical properties include
texture, structure, porosity, bulk density, and water-holding capacity. Soil chemical properties
include pH, nutrient content, and cation exchange capacity. Soil biological properties include
microorganisms, soil fauna, and plant roots. Soil conservation involves using management
practices to prevent erosion and loss of fertility. Soil mapping and classification help understand
soil distribution and variability. Soil management practices guide sustainable agriculture and
addressing soil contamination involves phytoremediation, bioremediation, and soil washing
(Olorunfemi et al., 2016).

Soil science management is crucial for the sustainable use, conservation, and protection of soil
resources. It involves promoting soil conservation practices, integrating soil considerations into
land-use planning, and monitoring soil health. Policies should enforce erosion control and
sediment management, promote organic farming and sustainable agriculture, and establish
regulations for soil remediation and pollution control. Policies should also protect and restore

wetlands, promote agroecology and biodiversity conservation, and promote land reclamation and
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rehabilitation. Education and outreach programs should be supported to promote responsible soil
use and conservation. By integrating soil science principles into environmental resources policies,
governments and organizations can ensure the sustainable management of soil resources,
contributing to environmental health, food security, and overall ecosystem resilience. This
approach contributes to environmental health, food security, and overall ecosystem resilience
(Sivaraman et al., 2023).

Water management: Water management is the planning, development, distribution, and
sustainable use of water resources to ensure clean and sufficient water for human needs,
agriculture, industry, and ecosystems. It addresses challenges like water scarcity, pollution, and
equitable distribution. Components include water supply and distribution, water conservation and
efficiency, wastewater treatment and recycling, integrated water resource management (IWRM),
stormwater management, groundwater management, drought preparedness and response,
ecosystem protection, infrastructure development, and policy and governance. These activities
help address challenges such as water scarcity, pollution, and equitable distribution of water
resources. Effective water management is crucial for meeting the diverse needs of growing
populations, ensuring food security, and preserving ecosystem health. A comprehensive approach
considering social, economic, and environmental dimensions of water use is essential for

successful water management (Liu et al., 2019).

Water management in environmental resource policy: Water management within
environmental resources policy involves developing, implementing, and regulating strategies to
sustainably use, protect, and conserve water resources. It addresses the complex interplay between
human needs, ecosystem health, and freshwater availability. Main components include Integrated
Water Resource Management (IWRM), which coordinates the development and management of
water, land, and related resources to maximize economic and social welfare while preserving
ecosystems. Water conservation and efficiency are promoted through regulations, incentives, and
public awareness campaigns. Watershed management is essential for maintaining water quality,
regulating runoff, and supporting ecosystem health. Stormwater management aims to reduce
flooding, erosion, and pollutant runoff. Groundwater management safeguards and regulates the

use of resources, while drought preparedness and response strategies mitigate impacts.
SAEREM BOOK CHAPTERS2023: First published 2024: ISBN 978-978-60709-9-5

28



CLIMATE CHANGE, FOOD SECURITY, NATIONAL SECURITY and ENVIRONMENTAL

RESOURCES (GLOBAL ISSUES & LOCAL PERSPECTIVES)

Infrastructure investment ensures reliable water supply and distribution. Ecosystem restoration and
protection are essential for regulating water flow and supporting biodiversity. International
cooperation is essential for managing shared water resources and addressing transboundary water
issues (Ncube et al., 2021).
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