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Preface

Land degradation and its inappropriate uses affect soil health and other
natural resources. Unsustainable land use practices, including inten-
sive agriculture and deforestation activity, deprive soil of its quality, bio-
diversity and environmental services. Now, land degradation has become
a global issue discussed by numerous institutions, and its management is
of utmost importance for ensuring environmental sustainability. Large
percentages of forest land, 20% of agricultural and 10% of grass land are
under land degradation severity due to anthropogenic activities. Similarly,
land degradation and desertification affect 2.6 billion people in a hundred
countries which cover approximately 33% of the global land surface. Land
degradation, climate change and biodiversity losses are strongly linked
to poor environmental health and services. Poor environmental health,
services and its sustainability are further amplified by land degradation
including deforestation and intensive land use practices. Land degradation
can be reversed through practicing sustainable forest management includ-
ing better restoration and rehabilitation. Therefore, sustainable land use
and management is a key step towards better environmental sustainability
which can be possible through managing forests in sustainable ways. To
address such diverse issues of land degradation and how a sustainable land
management practices including forestry, agroforestry and other practices
can be effectively utilized to minimize negative consequences is the central
theme of the book.

This book, Land and Environmental Management through Forestry, cov-
ers the diverse issues of land degradation in developed and developing
nations and its restoration through forestry, agroforestry and other prac-
tices. Textbooks are available in the global market that address specific
issues on agriculture, its production and associated environmental con-
sequences. The present title would integrate all the concepts into a single
dimension from which various scientists, research scholars, academicians,
and policymakers can benefit from updated information. New insights are

Xix



xx PREFACE

very important in this particular aspect as our very existence depends on
forest sustainability and land restoration management.

The present title consists of chapters addressing the issue of land
degradation, deforestation, intensive agriculture practices, sustainable
intensification, soil and forest related services, land and environmental
management, and overall sustainability of the land-related ecosystem. The
present book consists of some specific research case studies considering
geospatial technologies in monitoring land degradation and its environ-
mental repercussions. Case studies on farmland evaluation for soil quality
and land use assessment are also included. Deforestation activities, cli-
mate change risks and related consequences along with its mitigation and
adaptation are presented in this book. These will provide new insights into
the field of land and environmental management. Some titles update the
reader about the current scenario on the issue of land/soil degradation,
desertification, deforestation, erosion, afforestation activities, agroforestry,
food security, sustainable intensification, resource conservation, sustain-
ability and services, and soil and plant management. Therefore, the present
title would help to address current issues and their management holisti-
cally. The objectives that will be fulfilled by the present title are as follows:
(1) present context of land degradation and its problem, (2) identify the
key areas of research in the field of land restoration, and sustainable land
management including forestry and agroforestry for environmental man-
agement, (3) identify the land-based services and their potential role for
ecosystem sustainability, (4) raise awareness around the globe in this con-
text so that future policies can be framed from this for the betterment of
human civilization, and (5) address sustainable intensification for land and
environmental management and services.

This book will be a standard reference work for disciplines such as for-
estry, agriculture, ecology and environmental science as well as being a
way forward towards strategy formulation for combating climate change.
It will help academicians, researchers, ecologists, environmentalists, stu-
dents, capacity builders, and policymakers gain an in-depth knowledge
in the diverse field. Eminent academicians and scientists across the globe
would be invited related to the theme of the book to share their scien-
tific innovation, research outputs, views, and opinions, an experience that
would enlighten the academic community. Each of the chapters has good
scientific support in terms of scientific database, diagrams, tables, graphs,
images, pictures, and flowcharts as per the requirement with proper recent
updated citation. All the chapters would be thoroughly reviewed by the
respective individual of a specific discipline which would enrich the chap-
ter content from a future research perspective. The submission would
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be reviewed by the editorial team for further upgradation. It would set a
roadmap for the preparation of sustainability in forestry which ensures
eco-restoration of the land degradation in the future. The editors would
appreciate receiving comments from readers that may assist in the devel-
opment of future editions.
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Abstract

Presently, land degradation is a global concern discussed by numerous institutions
and its management is of utmost important for ensuring environmental sustain-
ability. As per ISRO (2019), approx. 97.85 M ha of land is degraded and 3.32 M
ha of degradation was reported between 2005 and 2019 (last five years) in India.
Almost 30% of the country’s geographical areas are under desertification, which
is a major environmental problem. Thirty percent of 71 M ha forest land, 20%
of agricultural and 10% of grass land are under land degradation severity due to
anthropogenic activities. Similarly, land degradation and desertification affect 2.6
billion people in a hundred countries which cover approximately 33% of global
land surface. These figures are enough to express a global scenario of land degra-
dation in the world. Land degradation, climate change and biodiversity losses are
strongly linked to poor environmental health and services. Poor environmental
health, services and its sustainability are further amplified by land degradation
including deforestation and intensive land use practices. Land degradation vul-
nerability (LDV) is also observed due to poor vegetations and soil quality under
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climate change that jeopardize ecosystem health and environmental sustainability.
In this context, land degradation can be reversed by practicing sustainable forest
management including better restoration and rehabilitation. Moreover, UNCCD
also introduced the term LDN (land degradation neutrality) which represents
land management for enhancing ecosystem services including soil-food quality
and its sustainability. Therefore, sustainable land use and management is a key step
towards better environmental sustainability which can be possible through man-
aging forests in sustainable ways. Constructive policy and institutional supports
are required to sustainable land and environmental management through better
forestry practices.

Keywords: Afforestation, desertification, ecosystem services, land degradation,
restoration

1.1 Introduction

Land is a key terrestrial resource that delivers uncountable ecosystem ser-
vices including food, fiber and shelters. Land degradation is a continuous
process propelled by natural, climatic and various anthropogenic activities.
Deforestation, intensive agriculture, mining and several other developmen-
tal projects deteriorate land quality and related environmental services.
Erosion, desertification, waterlogging condition, salinization, and organic
matter depletions are key drivers for land quality deterioration [1]. Land
degradation affects biodiversity along with ecosystem health and produc-
tivity. Land degradation alters physical, chemical and biological properties
that affect biology, economy and quality of land. Soil acidity, salinization,
lesser SOC, erosion, desertification, soil compactions result in unproductive
land which reduces plant health and productivity [2]. Unscientific farming,
urban sprawl, improper irrigation, land clearance and overgrazing are key
causes of degradation. Moreover, industrial waste and quarrying of sand,
stone and minerals resulted in land pollution [3]. Land degradation also
affects various environmental services including regulation of fresh water
quality, climate regulation, clean air quality, soil fertility, plant productions
and recreational opportunities globally [4, 5]. Land degradation also affects
hydrological and biogeochemical cycles [6]. Around 60% of global land
area has been degraded by various natural and anthropogenic factors [7].
Land degradation deteriorates environmental health and productivity [8].
Nearly 40.0 billion USD has been lost due to annual degradation of land
resource in the world [9]. Therefore, it has negative consequences on the
environment and affects soil-food-climate security. Approx. 18.10 M Km?
areas are reported as degraded lands of which 92% and 38% are due to
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mismanagement and overgrazing of animals [10]. Similarly, 30%, 20% and
10% of forests, arable land and grasslands, respectively, have been affected
negatively due to land degradation which influenced 1.50 billion people of
the world [11]. A total 50% of arable land comes under moderate to severe
degradation. Land degradation affects 1.50 billion people in the world.
Every year approx. 15.0 billion tons of soil losses occur, whereas desertifi-
cation and drought lead to 12.0 m ha™ soil degradation. Land degradation
also affects biodiversity through loss of 27,000 species annually. The risk of
dry land has been prevalent in 110 countries which affected approximately
250 million people globally. Moreover, a desertification cost was reported as
42 million dollars globally [10].

In this context, land restoration is an urgent need which minimizes
negative consequences on our environment. Managing forests is a good
weapon to manage land, soil, water and other natural resources in this cli-
mate change era. Afforestation activities, ground cover plantations, con-
servation agriculture, organic agricultural practices, and a sustainable land
use system ensure healthy land/soil and related parameters [12]. Thus, land
degradation nowadays has become a big environmental challenge which
needs a scientific and holistic approach for healthy land management that
ensures environmental sustainability and ecological stability on a long-
term basis [13].

The present chapter will address the land degradation in developed and
developing nation and its restoration through sustainable land use prac-
tices. Impacts of land degradation and desertification on soil, water, food
and other resource induced environmental changes are also discussed.
Land reclamation through forestry by practicing SFM and other sustain-
able land use system are included in this chapter. It will also focus on new
insights related to updated research, development and policy-oriented
afforestation activities for combating C footprints and climate change issue
for better ecosystem health and productivity through sustainable land
management approach.

1.2 Land Degradation in Developed
and Developing World

Land is lithospheric component of environment which provides many
valuable direct and indirect services including food, air and water for sus-
taining peoples and biodiversity. Land resource is degraded continuously
due to excessive pressure by intensive agricultural practices, deforestation,
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urbanization and cattle ranching beyond carrying capacity of the land.
Unsustainable land use practices and its frequent changes along with its
expansion put ecosystem health and its services in danger. The degradation
of land and its resources is not confined in limited regions but is expanded
throughout the globe, especially in developing countries. Land degra-
dation is maximum in Asia followed by Africa and European countries.
A global map has been created by the World Atlas of Desertification for
assessment of land productivity and changes during the period 1999-2013
[14]. Similarly, land degradation due to desertification incurred 490 USD
billion yr of the cost which affects the health and economy of 3.20 billion
people. Europe and Central Asia (ECA) countries have a diversified eco-
system for people sustenance but they are facing land degradation issues
and various environmental challenges [15]. However, there is a blurred
map on the severity and extent of land degradation that countries have
been facing from the past [16]. IPBES has also discussed land degradation
scenarios in India, Asia, Europe and other countries of the world in its
recent report [17]. Approx. 10-60 million Km?areas were reported as land
degradation globally, which corresponds to ice-free land area of 8-45%.
This assessment has been based on a global map sketched by experts, their
opinion arrived at by using satellite observatory, biophysical models and
abandoned agricultural lands database [18]. Remote sensing-based satel-
lite date including NOAA AVHRR data has reported land degradation with
approx. 22-24% of the world ice-free land area in downward trend whereas
increasing trends were shown by 16% respectively in the period 1983-2006
[19]. Similarly, 29% of land area is reported as “land degradation hotspots”
globally which needs serious attentions for its management. Globally, land
degradation affected 3.20 and 1.33 billion people of which 95% were in
developing countries [20, 21]. Also, different soil erosion model (RUSLE)
was used to identify soil erosion-based land degradation in the regions of
Southeast Asia, Africa and South America [22, 23].

1.3 Land Degradation Impacts on Biodiversity
and Ecosystem Services

Land degradation and its inappropriate uses destroy soil quality and other
natural resources. Unsustainable land use practices including intensive
agriculture and deforestation activity deprive soil quality, biodiversity and
environmental services. It affects biodiversity and uncountable ecosystem
services in extensive ways. It refers to many direct and indirect processes
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that induce biodiversity losses and decline ecosystem services [24]. An
ecosystem services value (ESV) and its reduction percentage under land
degradation of the world is depicted in Figure 1.1 [25].

Land is an important terrestrial environmental component which sup-
ports many flora and fauna. Many drivers affect land quality which leads
to 75% of land degradation globally. It has negative consequences on the
well-being of 3.20 billion people along with 10% of global income loss due
to poor biodiversity and ecosystem services. Land degradation minimizes
the variety of ecosystem services (ES) such as timber, fuelwood and fiber
[26]. Therefore, land degradation drivers should be identified for reversing

Reduction percentage of ecosystem services value (ESV)
under global land degradation
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Figure 1.1 Ecosystem services value (ESV) and its reduction percentage under global
land degradation [25].
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negative consequences on biodiversity which further can be controlled by
effective scientific management [27].

1.4 Land Degradation and Restoration: A Response
Framework

There is a great link between direct and indirect responses while addressing
land degradation. Appropriate indirect responses can support and enable
the direct responses which tackle various parameters of land degradation
[28]. Anthropogenic assets including human and physical resources, legal
framework, regulatory instruments, effective policy, good governance,
socio-cultural and financial instruments are indirect responses [29]. These
responses include management activities which directly affect various iden-
tified degradation drivers or many biophysical processes such as land-soil-
water management in sustainable ways. However, both direct and indirect
responses are interlinked and dependable and comprise possible response
strategies which are more or less suitable as per nature, extant and severity
of land degradation [30]. Therefore, effective management of these direct
or indirect responses and their proper regulation can help in achieving the
goals of land restoration and maintain the resilience of socio-ecological
systems [31].

1.5 Soil Erosion and Desertification: Problems
and Challenges

Soil erosion is major form of land degradation which becomes a global
challenge. It causes loss of agricultural productivity due to heavy loss of
essential nutrients. As per one figure of FAO-led Global Soil Partnership,
a loss of approximately 75 billion ton (Pg) of soil from agricultural land
leads to a heavy economic loss of 400 billion USD yr globally [32]. Sheet
erosion, mass erosion, water erosion and landslides are various types of
soil erosion. Landslides occur frequently due to deforestation, mining,
road construction, hydropower projects and several other developmental
works [33]. Soil erosion causes loss in plant productivity and surface water
quality in an agricultural system [34]. It affects many ecosystem services
by reducing soil health and fertility, crop productivity, water quality and
overall environmental health and sustainability [35]. Inappropriate land
management causes severe soil erosion on 175 million ha of the total
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geographical area of India. In this context, adopting a sustainable land use
system and its scientific management through afforestation, conservation
agriculture, and mulching minimizes soil erosion. Moreover, vegetation
covers and its litter production along with canopy interception check soil
erosion and keep soil healthy and productive for sustainable environment
[36, 37]. Similarly, desertification is another form of land degradation that
prevailed in arid, sub-humid and semi-arid regions especially in dry lands
areas due to climatic and anthropogenic activities. However, the extent and
severity of desertification has increased over many decades. As per one
figure, approximately 46.20% of world land areas covered by drylands can
support 3 billion people. Desertification hotspots have been identified by
poor vegetation productivity due to expansion of dryland areas as 9.20%,
which directly affected 500 million people globally in 2015. The people
of Southeast Asia, Africa, and the Middle East including the Arabian
Peninsula are greatly affected by the negative consequences of desertifica-
tion and land degradation [38].

1.6 Forest Degradation

Deforestation, illicit felling of trees, and overharvesting of timber induce
land degradation. Declining forest covers and vegetation losses affect the
health and quality of land. Approximately 3% of forest land areas declined
in the period 1990-2015 as reported by FRA (Forest Resources Assessment)
and FAO [39,40]. Similarly, 2.80% of forest area losses have been reported in
the period 1990-2010 through global remote-sensing assessment. Further,
55,000 km?/year and 39.61 M km?areas of tropical forest and global natural
forest was lost in the years 2010 to 2015 and 1990 to 2015 [41]. Both defor-
estation and land degradation have contributed 77% and 10% of emissions
from land use changes since 1850 [42]. Deforestation and land degrada-
tion cause CO, (GHGs) emissions into the atmosphere resulting in earth’s
warming, C footprint and climate change. Carbon losses varied from 25 to
70% from deforestation and land degradation [43]. Of the total 2.1 Gt CO,
yr' of gross emissions, 53%, 30% and 17% were contributed by illicit tim-
ber harvesting, fuelwood removal, and frequent forest fires, respectively
[44]. IPCC has reported 23% of anthropogenic GHGs (CO, CH,and N,0O)
emissions in the world contributed by AFOLU [45]. In this context, man-
agement and conservation of tropical forest maintains vegetation diversity,
biomass and carbon storage and flux within the forest ecosystem [46, 47].
Thus, adopting a climate resilient land use system ensures less C emission,
healthy and productive land along with higher forest cover [48].
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1.7 Land Restoration

Restoration term represents ecosystem recovery from a degraded state
through any intentional activity [24]. Ecosystem restoration through land
management is utmost for environmental health and ecological stabil-
ity. The UN has stressed the slogan “Decade on Ecosystem Restoration”
which targeted degraded land restoration and its management. Similarly,
SDG 2030 has targeted land restoration activities which are mentioned in
Target 15.3 representing achieving land degradation neutrality [49]. The
restoration process includes avoiding, reducing and reversing of land deg-
radation through practicing SLM (sustainable land management) system.
Addressingland degradation drivers through effective measures and its reg-
ulations, planning and management practices comes under “Avoiding land
degradation”. Land degradation mitigation through sustainable land use
system including SFM practices and soil, water management comes under
“Reducing land degradation” Rehabilitation and restoration of unproduc-
tive lands for ecosystem recovery and greater ecological services comes
under “Reversing land degradation” [50]. A Restoration commitment by
country (in hectares) is depicted in Figure 1.2 [51]. Afforestation and other
cost-effective measures employ degraded and wasteland for reversing land
health and quality which further ensures soil, food and climate security for
the long term [52]. Soil, water and biodiversity are the key land resources
and their health resilience is largely determined by sustainable forest man-
agement practices and good governance under environmental changes.
IPCC has also emphasized SFM practices for minimizing land degrada-
tion and desertification. SFM not only manages land sustainability but also
mitigates C footprint and climate change through better C sequestration
potential. Thus, SFM ensures land management which entirely enhances
biodiversity, soil-food-climate security and other environmental services
for the long term [53, 54].

1.8 Ecological Restoration of Degraded Land
through Afforestation Activities

Land degradation affects ecosystem health and ecological stability. It min-
imizes various ecosystem services which is of utmost importance for envi-
ronmental health and sustainability. Ecological restoration of wasteland or
degraded land through sustainable land use system including afforestation
techniques would be a viable tool for better land quality. SFM including
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Restoration area (ha) under Land degradation neutrality (LDN)
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Figure 1.2 Land restoration commitments by country under LDN and Bonn challenge
(in hectares) [51].

afforestation or reforestation techniques improves health and quality of
land. Afforestation including leguminous or MPTs restore land fertil-
ity through better soil quality by addition or decomposition of nutrient
rich litters. Litter decomposed continuously releases essential nutrients to
plant along with land restoration which maintains ecosystem health and
ecological stability [55]. Forest restoration through afforestation helps in
ecological restoration of degraded land which provides various ecosystem
services. Many degraded lands are targeted for afforestation program for
betterment of ecology and environment. Moreover, a CA (Compensatory
afforestation) 2 billion ha of land areas were suitable for land restoration
program recommended by the World Resource Institute (WRI) [56].
Increasing forest covers through afforestation in parallel to cropland and
grazing land reduction on a long-term basis were reported in European
countries such as Sweden, the Netherlands, Austria, Romania, Albania,
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Germany, United Kingdom, Italy and Denmark in the 19" and 20" centu-
ries [57]. However, employing afforestation with SFM techniques, forest
conservation and restoration, sustainable intensification with decreasing
deforestation can help in reducing land degradation and ensure greater
C storage and flux [58]. Thus, promotion of afforestation techniques with
SFM minimizes land degradation and leads to greater environmental
health and ecological stability.

1.9 Achieving Land Degradation Neutral (LDN)
through Sustainable Land Use Management (SLM)

LDN (Land degradation neutral) is the most recent and greatest tool for
ecosystem restoration by improving land quality by practicing SLM. The
LDN concept was first introduced into the global platform by global talk
of UNCCD which was further recognized by the national and interna-
tional community in Rio+20 conference which was held in 2012 [59].
This concept was considered as part of the 2030 agenda for SDG in 2015
[60]. A total 122 countries have adopted LDN under different policies and
governance for land restoration and rehabilitation. A sustainable land use
system including SFM, afforestation program, agroforestry practices and
conservation agriculture ensures LDN which is economically, socially
and politically sound. Land restoration through SLM ensures higher SOC
pools by effective C sequestration which promise climate resilient eco-
system [61, 62]. SLM comprising agroforestry practices ensure climate
resilient ecosystem which restore land quality [63, 64]. Many national and
international organizations have supported the LDN concept which is the
pillar for land restoration and its sustainability. UNCCD, GSP (Global
Soil Partnership), GEF (Global Environmental Fund) and WOCAT have
complemented the LDN concept. These organizations targeted land res-
toration globally by achieving LDN through practicing SLM. Moreover,
SDG 15 (life on land) especially 15.3 has targeted to achieve LDN by 2030
[15]. Similarly, the LDN concept also mitigates C footprint and climate
change issue along with ecosystem restoration of degraded land through
SLM practices [65, 45]. Similarly, a different model, its scale and types
were used to assess the SLM effects on ecosystem, which is depicted in
Table 1.1 [2].
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Table 1.1 Models to assess the effects of sustainable land management on ecosystem [2].

Models Scale Type of models Descriptions
CropSyst At field scale A process-based model (PBM) This model assessed the SLM effects on both
model productivity and environment
DNDC model From plot to field | Biogeochemistry computer This model assessed GHGs emissions, SOC pools and
scale simulation (BCS) based model plant productivity in agricultural system
used in agro-ecosystems
APSIM model | From field to Identified as “agro-ecosystem This model analyzed management effects on agro-
farm scale process-based model” ecosystem diversity and its productivity which
comprises plant, soil, animals, water, nutrient, and
other resources. Different soil processes, erosion
and N and P transformations are also assessed in
this model
CENTURY From field to Identified as “agro-ecosystem This model analyzed management effects on
model farm scale process-based model” dynamics of nutrients under farm scale
EPIC model From field to Identified as “agro-ecosystem This model analyzed management effects on water,
farm scale process-based model” pesticides and soil nutrients movements in different
agro-ecosystems
APEX model At watershed Landscape-based model This model analyzed management effects on watershed
scale sustainability, water quality and its supply, different

soil state and its erosion, economics, etc.

(Continued)



12 LAND AND ENVIRONMENTAL MANAGEMENT THROUGH FORESTRY

Table 1.1 Models to assess the effects of sustainable land management on ecosystem [2]. (Continued)

Models Scale Type of models Descriptions
DSSAT model | From farm to Cropping system model (CSM) | Used to assessed precision management along with
regional scale based software analyzing climatic variability and its impact on
cropping systems
STICS model From plot to A process-based model (PBM) This model assesses environmental impacts by
regional scale analyzing GHGs emissions and nitrate leaching
LPJmL model At world scale Identified as “Dynamic global This model analyzed terrestrial carbon cycle and
vegetation models” (DGVM) assessed climate change impacts on vegetation
patterns for agricultural ecosystems
ORCHIDEE From local to Identified as “Dynamic global This model assessed water energy and carbon
model world scale vegetation models” (DGVM) dynamics under both natural and human managed
ecosystems from site to globe scale
CARAIB Atregional scale | Identified as “Dynamic global Quantified the net primary productivity of forest
model vegetation models” (DGVM) vegetation
World3 model | At world scale IGM (Integrated global model) | This model involves five different sectors including

agriculture, capital, population, non-renewable
resources, and pollution in the environment

(Continued)
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Table 1.1 Models to assess the effects of sustainable land management on ecosystem [2]. (Continued)

Models Scale Type of models Descriptions
IMAGE model | At world scale IGM (Integrated global model) This model works at global scale and incorporates
different earth components comprising
atmosphere, hydrosphere (oceans), anthroposphere
and biosphere
IF model Regional scale IGM (Integrated global model) This model includes seven different sub-models such
as agriculture, environment, population, energy,
economy, social, international policy
TARGETS At world scale IGM (Integrated global model) This model consists of five different sub-models
model which include population, energy, land, food, and
water
GUMBO At world scale IGM (Integrated global model) This was first model that works on a global scale
model which includes the economical production system

and its consistent welfare, ecosystem services of
goods and dynamic feedbacks among human
technology
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1.10 Sustainable Soil/Land Management: Challenge
and Opportunities

Land degradation is a big challenge faced by many countries globally.
Sustainable soil/land management supports many organisms or resources
including forest, agriculture, soil, animals, etc. These resources in integrated
form perform better ecosystem function for ensuring environmental sus-
tainability. Deforestation, intensive agriculture practices, overexploitation
of land/soil resources beyond carrying capacity, soil erosion and misman-
agement practices destroy land quality, which become major challenges.
However, a great opportunity exists for land or soil management through
scientific techniques including SFM, sustainable agriculture practices,
afforestation and conservation agriculture. SLM includes key strategies
that integrate all resources such as water, soil, and livestock for ensuring
higher productivity and profitability through greater biodiversity. This
concept improves land quality and provides many tangible and intangible
services including food, fiber, NTFPs along with soil and climate manage-
ment [66]. Thus, SLM is a great opportunity for researchers, policy makers
and scientists for rejuvenating soil health and fertility by minimizing the
extent and severity of land degradation.

1.11 Policy and Roadmap For Land Management
and Sustainability

The extent of land degradation, its severity and consequences have
already been discussed by policy makers, researchers, academicians, and
stakeholders at national and international platforms. However, a policy
and future roadmap must be reformed as per the nature and severity
of land degradation. An effective policy is needed for minimizing neg-
ative consequences of land/soil degradation which occurs due to many
anthropogenic or natural drivers. Intensive agriculture practices, defor-
estation, excessive timber felling and resource exploitation induce soil
and water erosion, landslides and other losses. These consequences affect
biodiversity and ecosystem services globally. In this context, policy-
oriented strategies and a roadmap must be sketched scientifically to pro-
mote climate resilient land use practices that ensure greater land quality
with higher productivity, profitability and environmental sustainability.
However, the success of a land restoration program is quietly depen-
dent on social, economic, biophysical and political considerations [67].
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A location-specific scientific design is employed for a successful land
restoration program. Degraded land must be carefully targeted for eco-
system restoration which can be possible through practicing SFM, sus-
tainable agriculture and afforestation program. A restoration investment
must be framed in current and future roadmaps for avoiding, reducing or
reversing land degradation. Minimizing soil erosion and desertification,
climate change mitigation, poverty eradication and enhancing food secu-
rity are benefits that can be achieved through a land restoration program
[38]. A good policy, governance and institutional support are needed
for proper management of land/soil which promises soil-food-climate
security in sustainable ways. Therefore, recent policy construction and
its timely implementation are prerequisites for healthier and more pro-
ductive land [68].

1.12 Conclusion

Land degradation is the biggest challenge of the world and needs proper
care and management for ecosystem restoration. Poor land quality min-
imizes ecosystem services due to less productive soil and biodiversity.
Deforestation and unsustainable land use practices including intensive
agriculture system destroy soil fertility and emit GHGs into the atmo-
sphere, which causes C footprint and climate change. Desertification, soil
erosion, water instability, climate change and less SOC pools were nega-
tive consequences due to land degradation. In this context, a sustainable
land use system including SFM, conservation agriculture, and afforesta-
tion ensures healthier and productive lands that maximize environmen-
tal health and sustainability. SFM ensure land restoration and soil, food
and climate security along with addressing environmental health issues.
Climate resilient land use practices would be promoted in degraded land
and desertification areas in the tropics. Therefore, a good policy and effec-
tive governance are needed to regulate land degradation consequences and its
scientific management promise greater biodiversity and ecosystem services.
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Abstract

Land resources represent the direct and indirect advantages of human existence.
In general, the resources support most fundamental human needs and everyday
sustenance, ensuring that ecosystems flourish and function effectively. However,
many issues have been raised as humans pursue modernization and urbanization.
Land resource degradation is one of the most underlying and ongoing environ-
mental issues. It has become significantly worse in recent decades because of the
rising population, which demands the cultivation of secondary lands to fulfill the
growing food demand. Globally, the leading causes of land resource degradation
are due to direct and indirect human intervention. The intervention is deforesta-
tion, overexploitation of the trees for domestic use, and agricultural and industrial
activities. Other interferences involve overpopulation, pollution, waste, and tech-
nological development. Significant threats to the conservation of land resources
are health effects, global climate change, destruction of forests, extinction of ani-
mals and plants, loss of elements and minerals, scarcity of water, and many more.
In order to reduce all the threats, urgent measures should be implemented to pre-
vent the degradation process. On top of that, the effort will ensure the restoration
of productivity of land resources so that the land resources can be conserved to
provide livelihood and environmental security to the next generation of human-
kind. This chapter aims to review types of land resources, causes of land resource
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degradation, significant degradation threats, and activities to control the degrada-
tion, and management options for better land resource conservation.

Keywords: Land resources degradation, climate change, deforestation,
environment, resource management.

2.1 Introduction

The most important natural resource comes from the land. The land pro-
vides many resources to supply essential needs for societies and economies
to flourish—the abundance of land resources available in nature’s most
precious gifts to us. More than 95% of the world’s food supply and all of
humanity’s needs for wood, both for fire and construction, are met by the
resources provided by land resources [1]. However, the rise of the indus-
trial age has resulted in coal, oil, and minerals being replaced for part of the
fuel, building, and fiber needs. However, this has in no way abolished the
fundamental reliance of civilization upon the land’s resources. There has
always been competition for land, and this rivalry has occasionally esca-
lated into violent confrontation. After gaining control, often at considerable
expense, individuals would subsequently destroy the exact resource they
depend on to survive. That, depending on hunting, showed some form of
territoriality among the animal population in prehistoric times, which still
happens now. When people live in poverty, more pressure is placed on the
land, which, combined with a low level of technology, low inputs, and low
outputs may lead to a destructive cycle of forest degradation. Forest loss is
happening in developing countries nowadays.

In recent decades, there was a time when the term “forestry” was syn-
onymous with the practice of conserving the local flora and animals. At
other times throughout relatively recent human history, harvesting wood
from forests was the primary focus. There has been a natural change in
the significance and value of forests in human civilization. There are sub-
stantial variations of opinion about how forests and land resources should
be managed. How people use land resources and how they think about
forests and other land resources have led to numerous global issues and
threats. Furthermore, impoverished developing countries are to blame for
the ozone hole, global warming, and natural catastrophes induced by cli-
mate change.

The staggering economic losses that have been incurred as a direct
consequence of the degradation of ecosystem services are almost hard
to assess fully. New studies have shown that, over the past few decades,



LAND RESOURCES AND ITS DEGRADATION IN AS1A 25

annual economic losses associated with the degradation of terrestrial (and
marine) eco-services, which are caused by changes in global land use,
ranged from US$4.3 trillion to $20.2 trillion [2]. The value calculated was a
direct result of global land use changes. As a result, the economy resulting
from land degradation is massive worldwide, with many negative socio-
economic consequences.

The harvest, control, and use of natural resources have always been
essential to human history. Demand for natural resources has grown to
such an extent in recent decades that it is now primarily seen as a signifi-
cant danger to our economic and social balance. Land resources are also
affected by increasing land use for agricultural purposes. The agricultural
topic is one of the ways that the community may address its issues, particu-
larly the scarcity of food and other necessities. Almost all the land has been
developed at this point. In Southeast Asia, 45% of tested oil palm plan-
tations were previously forest regions [3]. This chapter reviews different
types of land resources and the causes of their degradation. In addition, it
discusses the major threats and control measures of land degradation and
suggests options for sustainably managing and conserving these valuable
resources.

2.2 Types of Land Resources

The Food and Agriculture Organization of the United Nations [4] described
“land resources” as structural, physiological, ecological, infrastructural,
and political and social components of natural land entities. This definition
also includes freshwater resources on or near the surface that are important
for management. The degree to which the various parts of land resources
interact is critical in determining agroecosystems’ productive capacity and
long-term viability. The condition of the land resource components and
their interconnections will affect the system’s capacity to survive and adapt
to both natural (such as climatic change and variability) and anthropo-
genic (such as economic change) changes and fluctuations (for example,
land use and management).

In addition, land resources refer to the resources that can be obtained
fromtheland, such as flora and fauna, soil, water, and minerals. Additionally,
the agricultural lands that contain natural fertilizer for the growth of the
crops that have been sown are all included in land resources. They make
direct and indirect contributions to the overall organism inhabiting space.
Land resources comprise not only the physical resources of the land, such
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as climate, water, soils, landscapes, woodlands, grassland, and animals, but
also the environmental resources that rely on rural land use for agriculture,
logging, and other kinds of rural land utilization.

A resource is defined as any substance potentially to be altered that
increases both value and utility. If something meets our needs, it will be
considered a resource, and of course, nature gives us many things and ser-
vices. Land resources are also known as environmental resources. Climate,
terrain, geological formations, soils (including soil hydrology), water
(including geohydrology), manufactured objects of a stable character, and
vegetation and associated biological traits are the essential land resources
in agriculture [5]. On top of that, land resources serve as a dumping
ground for the overwhelming bulk of the wastes produced by contempo-
rary civilization.

Two categories may be applied to land resources; these are the catego-
ries of renewable resources and non-renewable resources. Non-renewable
resources such as oil, fossil fuels, and coal are examples of resources that
may be found across a vast region yet have a limited quantity. A land
resource is known to be non-renewable if there is a limited quantity of that
resource on the planet and there is no natural mechanism to replenish it
(at the very least, not within a significant time frame) [6]. As a result, the
supply of non-renewable resources might eventually run out. Meanwhile,
a renewable resource is only accessible in finite quantities, but its collection
is continually renewed thanks to a natural regeneration process. Therefore,
the stock of a renewable resource may be maintained at an almost constant
quantity if it is not overexploited. Some renewable resources include ani-
mal populations, plant and tree populations, and groundwater supplies.

2.3 Causes of Land Resources Degradation

2.3.1 Urbanization

In recent years, land resources have been subjected to intense pressure
because of highly competitive demands coming from a growing popu-
lation. These demands include the need to satisty food, fodder, and fuel
requirements and the increasing number of claims on the land to accom-
modate settlement, urban growth, industrial expansion, and infrastructure
development. Population growth inside the nation and in the proximity
of forests is a significant driver of forest resource depletion. The problem
occurs due to rising population pressures and the rapid pace of human
activities, including urbanization and other economic activities.
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South Asia is seeing a reduction in the amount of arable land avail-
able per person and an increase in agricultural intensification. The intru-
sion continues with releasing of forest areas for various development and
farming purposes. While this process has massively increased food supply
to meet the growing demands, it has also resulted in significant damage
to the physical environment, including deterioration and scarcity of land
resources and uncontrolled use of land and water resources, among other
consequences. The destruction will also lead to land leasing, and at the
same time, there will be an illegal encroachment of the forest land. Many
invasions of the forest land also affected the forest resources. The scar-
city of land resources at the community level is reflected in population
density. Rapid urbanization and industrialization have boosted China’s
land resource exploitation and consumption [7]. For example, one of
Myanmar’s most critical proximal causes was the construction of infra-
structure, specifically roadways, bridges, communication networks, and
educational and healthcare facilities [8]. The combination of deprivation
and the dense population is often cited as a critical cause of land destruc-
tion. Rapid population expansion is part of the engine driving these
mechanisms, leading to land degradation and poverty [9]. There is little
room for debate that the population of rural areas will rise in the not-too-
distant future. Furthermore, the pursuit of rent and poverty are two of the
most important contributors to the irresponsible utilization of land and
the deterioration of land resources.

2.3.2 Deforestation

Deforestation is mainly a problem for countries in the tropics. Deforestation
permanently changes land use from forest to something else, like farming,
grazing, or urban development. Generally, deforestation changes the amount
of carbon that moves through the soil, plants, and air. Deforestation destroys
the soil, releases carbon dioxide from decomposing plants, reduces albedo,
and produces hydro-meteorological dangers. High deforestation rates have
been linked to population expansion, highlighted as a significant contrib-
uting factor. Pearce and Brown [10] pointed out that two important factors
contribute to deforestation: the conversion of forest land to many other uses
(like food production, infrastructural facilities, urban development, and
industry) and the inability of economic systems to reflect the genuine envi-
ronmental value of land resources accurately.

As a result, many of tropical forests’” benefits go primarily unnoticed in
policymaking. As happened dramatically in Southeast Asia, the forest loss
rates ranged from 0.0006% to 1.186% (mean = 0.47%), with the greatest
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being comparable to depletion of 814 m? per second or 4.9 hectares every
minute [11] as in Figure 2.1.

Agriculture is thought to be the immediate cause of approximately 80%
of the world’s forest loss, which ultimately results in the degradation of
land resources. The most significant factor contributing to deforestation in
Latin America is commercial agriculture, which accounts for almost two-
thirds of the region’s total deforested area. It is responsible for around one-
third of the deforestation in Africa and (sub)tropical Asia, and it is equally
crucial to subsistence agriculture [12]. Between 1995 and 2016, there were
78% cases of agricultural expansion in Myanmar [8].

Unmanaged deforestation may have significant negative externalities,
such as the loss of biodiversity, an increase in the danger of erosion and
flooding, and a decrease in the water level in the ground, all of which
contribute to global climate change [13]. Additionally, the elimination of
habitat for game species, changes to the local climate and watersheds, and
the destruction of essential stores of fuel, fodder food, and construction
materials are all ways in which deforestation may harm the wellbeing of
people who utilize forests. When maize production and distance to cit-
ies, highways, and markets diminish, deforestation becomes an increas-
ingly appealing option for financially deprived populations, as happened
in Mexico [14].
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Figure 2.1 Total gain and loss of forest cover area in Southeast Asia throughout
consecutive years [11].
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2.3.3 Land Clearing

On the other hand, tribal people’s cultivation activities such as slash and
burn contribute to this problem. In addition to having a negative influence
on the regeneration of evergreen forests, slash and burn has the potential to
reinforce soil erosion in some areas. As a result of these and other factors,
the local population is experiencing a scarcity of land resources (food, fuel,
wood, and water), compounding poverty’s adverse effects on their lives.
Some factors contribute to factories’ supply of pulp and hardboard mills
to fulfill the demand by the human being as well as firewood supply for
burning activities. However, the other factor that is the main contribution
to the problem comes from refugees and political upheavals.

2.3.4 Security of Access

Land tenure is the rights and institutions governing land access, use, and
other resources [15]. When farmers are assured of continued access to
the land they cultivate, they have a greater incentive to invest in practices
that promote ecologically sound land management [16]. Open-access sit-
uations frequently emerge in locations where access is neither secure nor
broken down. These conditions almost always lead to overexploitation and
degradation.

2.3.5 Overgrazing and Overharvesting

When plants face heavy grazing for lengthy periods (there is not enough
time for recovery), a condition known as overgrazing arises. More than
70% of the environmental damage in Latin America and (sub)tropical Asia
is caused by industrial logging and wood harvesting for commercial pur-
poses [12]. The most significant contributors to the deterioration of vast
portions of Africa’s forest cover are livestock grazing in the area’s wood-
lands. Economies of scale lead to an increase in overharvesting, which
reduces animal habitat. Overgrazing in areas prone to soil erosion leads
to soil loss, which reduces the land’s ability to store water and hinders the
performance of plants [17]. Over 500,000 rural people create chronic dis-
ruptions to one of the world’s most biologically diverse and sensitive trop-
ical forests by extracting biomass from tiny forest remnants for fuelwood,
as occurred in the northern section of the Brazilian Atlantic Forest [18].
Due to overharvesting, the amount of water stored in the ground is
decreasing at an alarming rate. It points to the fact that the natural recharge
potential in South Asia is currently lower than the amount of groundwater
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extracted. There was a significant reduction in the amount of groundwater
stored each year at the rate of 60 billion cubic meters (BCM) [19]. To a far
greater extent than the effects of climate change, groundwater extraction
was the primary factor in the Mississippi Embayments (ME) diminishing
water supply [20].

2.3.6 Pollution

Itis estimated that the cumulative effects of pollution and other three factors
(land use and land cover change, biological disturbances, and extractive
activities) have affected more than 75% of the land on Earth [21] as well
as almost all parts of the waters throughout the planet [22]. Human needs
development, agricultural activities, industrial developments, urbaniza-
tion, and urban sprawl all contribute to the production and release of
pollutants. Each pollution, whether it originated in the air or on land,
has a great potential to make its way into the ocean. Toxic compounds
are dissolved, suspended, or deposited in lakes, streams, rivers, seas, and
other water bodies. The combination accumulated will cause water con-
tamination, damaging aquatic habitats. Pollutants may also contaminate
groundwater.

2.3.7 Quarrying of Stone, Sand, Ore, and Minerals

An explosion of deep drilling to get to sand, ore, or other minerals can
deplete the land of its vegetation and cover, which leads to land degra-
dation. For example, Tanzania, a country rich in minerals, suffers greatly
from this. In the country’s Mbeya region, which was cleared for limestone
mining, the presence of a massive mining pit was discovered in the research
area. This pit covered around 38.25 hectares of formerly forested land.
Another illustration utilizing high-resolution satellite imagery and GIS
indicated that quarrying operations were responsible for losing 402.855
hectares of green cover in Ebonyi, Nigeria. [23]. The quarrying activity
resulted in the topsoil piling up and soil loss. All happened because of the
disposal of mine wastes and the structure of the ground itself.

2.3.8 Climate Change

There was a considerable decrease in the quantity of groundwater stored
annually, and the pace of this loss was 60 billion cubic meters (BCM).
Additionally, there was a rise of 0.2 degrees Celsius in the yearly aver-
age temperature of the air and an increase of 1 billion cubic meters in the
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amount of runoff and evapotranspiration [24]. In addition, forest plots
that could be free of direct human activities are still, to varying degrees,
stripped of their land resources. It would suggest the existence of a factor
responsible for the loss of forest cover, most likely an increase in the mean
monthly average temperature, which has been recorded in Brunei over the
last 30 years [25].

2.3.9 Agricultural

The agricultural expansion was recorded as a proximate cause of forest loss
or degradation [8]. Most agricultural concessions were awarded on land
that was a densely forested area. Numerous human populations in several
tropical biodiversity hotspots [26] are in this predicament. They depend on
forests that are disappearing, shrinking, and becoming fragmented to ful-
fill their needs for agriculture and the consumption of animal protein [27].
Increasing the quantity of land utilized for agricultural purposes has other
effects on land resources. The agrarian issue is one way the community may
solve its problems, such as the lack of food and other requirements. Almost
all the land has been developed at this point. The Jengka Triangle Project,
which involved clearing primary forest and replacing it with oil palm, was
initiated in 1965 by the government of Malaysia with help from foreign
organizations [28]. Current global opinion and the policies of international
agencies vehemently reject any approval for this.

Land deterioration in the current year is affected by agricultural output
in the current year, but land degradation in the past, as indicated in initial
soil nutrient stock and depth, is responsible for the impact on agricultural
productivity in the current year. The production of food also influences
the income of households. The income of farmers’ households is impacted
when land degradation occurs on their land because of the negative effect
it has on agricultural productivity. Agriculture is also responsible for the
depletion of soil nutrients because of improper agricultural methods, such
as leaving bare patches of soil after harvesting that are trampled on by
heavy machinery.

2.4 Major Threats, Implications, and Effects

2.4.1 Economy

The destruction of forests and the cutting down of trees bring about sig-
nificant economic issues. In a regional livelihood like Bangladesh’s, the
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deprivation of forests has significantly impacted the growth in many ways.
The problem occurs, including a critical shortage of fuelwood and high
utilization of agricultural wastes as fuel, which depleted the soil’s nutrients.
The diminished source of timber and poles for rural infrastructure and
construction also caused a scarcity of building material for properties in
the neighborhood, a lowered resource of electrical conduits, and increased
electricity costs [29].

2.4.2 Food Sources

Agricultural productivity and water use must increase to meet the antic-
ipated increases in food demand by the year 2050 [30]. As a result,
agricultural and urban water competition will intensify, and land deg-
radation will exacerbate the situation. According to a global assessment,
40% of the world’s agricultural land has already deteriorated to the extent
that agricultural production has been drastically reduced. Another 9%
of agricultural land was destroyed to the level where it can no longer
be recovered for profitable use at the field scale. Water productivity is
negatively impacted by land degradation, which in turn influences water
availability, water quality, and water storage. Land degradation can be
caused by soil erosion and nutrient depletion [16]. Degradation of land
resources will either result in a loss of agricultural output or the trans-
formation of the land into one that cannot support agriculture. The com-
bination of a rising population and falling productivity will ultimately
result in a state of food insecurity because of the prevalence of the prob-
lem in developing nations.

2.4.3 Loss of Biodiversity

It is possible to generalize the effects of the many types of deforestation in
tropical forests. For instance, industrial logging depletes carbon stores [31]
and alters biodiversity, often leading to species loss [32]. Biodiversity in
Ethiopia is declining because of several interconnected impacts of popula-
tion pressure, intensive farming, population movement, growing urbaniza-
tion, resettlement, global warming, and industrial contamination, which is
detrimental to the ecosystem’s ability to operate appropriately [33]. The
rapid expansion of oil palm cultivation in Malaysia and Indonesia has
resulted in unprecedented biodiversity loss [34], as well as massive levels of
degradation and carbon footprints.
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2.5 Management of Land Resources

As a result of rising human influence, land resources are experiencing
increasingly high levels of pressure. Land resource depletion is humanity’s
most significant issue this millennium. Since the beginning of human soci-
ety, the management of land, including the land’s soil, water, forests, pas-
tures, and animals, has been an essential component. A lack of appropriate
and effective policies (policy failure) has resulted in the excessive exploita-
tion of subsurface water resources, which has resulted in environmental
deterioration [35]. Weather variations, degradation of soil quality, global-
ization, and the liberation of market economies have all intermingled to
affect sustainable land resource management and land use planning. At the
United Nations Earth Summit, the term “sustainable land management”
(SLM) was coined to describe managing land resources such as soils, water,
animals, and plants. It maximizes their long-term production capabilities
while preserving their environmental functions. [36]. It encourages com-
plementary methods appropriate to the biophysical and socioeconomic
environment to protect, conserve, and sustainably use resources (soil,
water, biodiversity) and restore degraded land resources and ecosystem
processes.

2.5.1 Management of Deforestation

One of the best ways to mitigate the adverse effects of deforestation is
to increase the number of trees in an area that was previously devoid
of forest cover by planting new trees there. It has the potential to min-
imize soil erosion. Another option is the process of afforestation, in
which croplands or marginal areas are transformed into forests, which
is responsible for the sequestration of carbon [37]. Afforestation is an
important United Nations (UN) climate-change mitigation strategy.
Although afforestation increases evapotranspiration (ET), reducing the
near-surface temperature, deforestation decreases ET, increasing tem-
perature. Exceptions are locations with little ET water [38]. Afforestation
increases carbon storage, which reduces atmospheric CO, and cools
the Earth. Afforestation transforms the surface vegetation is reflecting
characteristics from grassland to forest. This increase in forest radiation
absorption increases radiative forcing, warming the planet [39]. The net
impact of reduced albedo and carbon storage on radiative forcing relies
on their respective magnitude.



34 LAND AND ENVIRONMENTAL MANAGEMENT THROUGH FORESTRY

Reducing Emissions from Deforestation and forest Degradation
(REDD+) is an influential agenda that is key to mitigating human climate
change. REDD+ carbon property rights would need to be formed and dis-
tributed, with accountability assigned for the possible loss of climatic bene-
fits from deforestation carbon reversal [40]. A study revealed that the policy
is most effective concerning deforestation and helps identify opportunities
to improve policy implementation in Indonesia [41]. In the scenario in
Malaysia, research revealed that deforestation might be effectively decreased
by creating vertical housing, which refers to the construction of buildings
on areas of land that are narrower than traditional residences [42].

Protected areas will be forever the most effective strategy for conserv-
ing land resources. Protected areas have the advantage of already being
efficient, successful, and cost-effective instruments for sustainable ecosys-
tem management, with related laws and policies, management and gov-
ernance structures, expertise, people, and capacity [43]. They sustain a
greater spectrum of ecosystem services than other locations and have more
security than unmanaged, uncontrolled areas prone to fast deterioration
and change. Within officially protected areas, there is a lower rate of defor-
estation than in the regions that surround such areas [44], and numer-
ous studies have concluded that protected areas are an efficient means of
lowering the amount of forest loss due to roads [45]. Increasing protected
areas worldwide has proven beneficial, particularly in temperate regions.
Deforestation rates have also significantly dropped in the tropical zones of
emerging nations. On top of that, protected areas were initially designed
to preserve habitats of plants and the animals that inhabited them [46]
but nowadays, it is predicted that protected areas will meet an increasingly
broad set of conservation, social, and economic goals. Figure 2.2 shows the
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region’s dynamics in protected forest areas from 1990 to 2020 [47]. In addi-
tion, communities would need to establish incentives to attract the con-
servation of the natural resources that are crucial to their wellbeing. Land
resource planning tools enable decision-makers to utilize land resources
based on their inherent potential, avoiding unsustainable exploitation and
additional deterioration. The integrated land resource management con-
tinuum includes land-use planning as one of its components.

2.5.2 Agricultural Intensification Management

In recent years, there has been a rise in the population of both humans and
animals. The growth leads to an increase in the diversity of human needs,
which has further intensified the rivalry for the limited land resources.
Hence the problem has resulted in the importance of concerns about the
use of land. The intensification of agriculture requires careful management
to have a minimal impact on the surrounding environment. The issue can
be accomplished by the farmers’ participation in educational programs
[48]. For the sake of ensuring food security, intensification is essential, par-
ticularly in nations that are still developing. It is feasible to implement with
the necessary environmentally friendly technologies.

For sustainable agricultural intensification, it is essential to execute
incorporated pest and fertilizer management, regulations for raising rev-
enue on synthetic fertilizers, high return varieties, conservation tillage,
legume mixed cropping, contour hillsides, crop varieties, crop residues,
and crop selection, including the use of organic and inorganic fertilizers
for sustainable agricultural development [49]. In addition, resource-con-
serving agriculture practices include organic farming, conservation agri-
culture, Eco agriculture, agroforestry, integrated pest management, and
many more. These are just a few examples of systems essential to raising
water production and sustainability in several ways.

For instance, soil management practices that enhance infiltration and
soil water storage (like zero till) may improve water usage efficiency by
25-40%, while nutrient management can raise it by 15-25% [50]. In addi-
tion, it will be essential to make sure that any future increases in agricul-
tural production, whether through expansion or intensification, take place
in locations that are not in priority regions for the preservation of forests.

2.5.3 Management of Overgrazing

Managed techniques such as developing water supplies, salt and supple-
ment placement, fertilizer application, fencing, and burning may be used
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to control overgrazing [48]. Overgrazing can be reduced by controlling the
time that elapses between grazing periods and allowing sufficient time for
re-vegetation. It is possible to curb excessive grazing by limiting the time
livestock spends in a pasture to no more than four days. It is also necessary
to exercise control over the animal population density in each grazing area
(51].

2.5.4 Management of Irrigation

Controls for irrigation systems, such as those used for drip irrigation, can
be used to help prevent soil erosion. Water with varying salt concentrations
was the most successful method for preserving the clay soil’s productive
potential. Excessive irrigation frequently results in the loss of nutrients
and the top layer of rich soil along with the water [52]. Among essential
things that can be done to maintain the soil’s quality is to ensure that irriga-
tion is carried out correctly. Land degradation is a severe problem of poor
irrigation and agricultural growth that threatens soil fertility. Irrigated
regions are mainly concerned. Alkalinization, salinization, and waterlog-
ging have degraded a significant area of farmland. The growing number of
major dams developed as multifunctional schemes, meeting the demands
of energy generation, irrigation, household supply, and flood control, is
another way water and land resources are linked.

2.5.5 Management of Mining

It is possible to lessen the impact by practicing responsible management
of the mining process and employing cutting-edge technology instead of
more traditional approaches. In order to repair the mining area, it is nec-
essary to do extensive backfilling and then put soil over the top [53]. The
ground that has been refilled might be used for tree planting. If the topsoil
is not used, it might be piled up and saved for use on a plantation later. It is
possible to shield it from seeping away during the rain effectively.

2.5.6 Management of Inventory Data

An inventory of land resources gives an understanding of the possibilities
and constraints of land, which is necessary for efficient planning, exploita-
tion, and management [54]. A database should be developed to compile
all the information on land resources. By compiling all the records and
data by numerous researchers, many improvements and precautions can
be taken into consideration to prevent land resource depletion.
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2.6 Policy Strategies and Future Roadmap against
Land Degradation

Land degradation is amongst the most alarming environmental concerns
in the world. It is directly linked with soil health, food resources, and cli-
mate change [55]. In the absence of prompt corrective action, the situa-
tion will deteriorate. Globally, a series of intergovernmental organizations
have contributed to fighting land degradation by ensuring the protection
(prevention of land degradation), restoration (full recovery of land eco-
systems to their pre-degradation state), or rehabilitation of lands. The UN
Assembly’s 73rd session officially approved a resolution designating 2021-
2030 as the UN Decade on Ecosystem Restoration (UN-DER), intending
to prevent, stop, and reverse global ecosystem deterioration. Figure 2.3
shows strategy recommendations from the United Nations for the 10-year
term of UN-DER (2021 to 2030) [56].
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Moreover, the United Nations 2030 Agenda for Sustainable Development
developed the SDGs in 2015. The conservation and sustainable manage-
ment of forests and their biodiversity are directly linked to SDG 15, “Life
on Land”. Nations Convention to Combat Desertification (UNCCD) along
Land Degradation Neutrality (LDN) approach offers a structural solution
to land degradation (LDN). LDN is SDG 15.3’s aim. International NGOs,
knowledge institutes, and financing channels assist governments in devel-
oping and executing LDN objectives [57]. LDN aims to preserve or improve
the quantity and quality of land resources by compensating for land degra-
dation within defined time and spatial scales. As for Malaysia, economic,
social, and environmental priorities have always been intimately linked to
the country’s national development plan. The SDGs must be implemented
to fit with how future policies will be made.

Global Soil Partnership, a joint project of the Food and Agriculture
Organization (FAO) and the United Nations Environment Program
(UNEP), is another crucial UN impact in combating land degradation.
Through the Aichi Biodiversity Target 15, which seeks to repair at least 15%
of the world’s damaged ecosystems, the Convention on Biological Diversity
(CBD) also plays an essential role in the stability of terrestrial ecosystems
[58], and Target 11 intends to protect at 17% of land by 2020 [59].

Additionally, Forest Europe is the national brand for the Ministerial
Conference on the Protection of Forests. It is a consensual pan-European
high-level political process for consultation and collaboration on European
forest policies. Forest Europe helps its 47 signatory nations (46 European
countries and the EU) protect and manage their forests in a good way
for the environment [57]. Moreover, forest cover has risen dramatically
in countries like China, Costa Rica, Korea, and Vietnam because of gov-
ernment-led forest policies or initiatives. Land-sparing and land-sharing
approaches may be used to simultaneously meet the needs of food produc-
tion and biodiversity conservation [60]. For example, in productive agro-
forestry systems, food production and biodiversity conservation can occur
on the same piece of land [61-63]. Similarly, managing forests helps in bio-
mass production, maintaining soil carbon storage and flux, and provides
excellent food and climate security in the tropics [64—-67]. Moreover, legu-
minous tree species in any farming system restore land quality by improv-
ing soil nitrogen and carbon status and enhancing ecosystem productivity
[68-71].

In the context of climatic, illness, and market concerns, it may pro-
vide many advantages for biodiversity and farmers, including shade and
microclimate modulation, soil fertility, disease control, and income variety
[72]. National policies to combat land degradation are equally crucial for
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global land conservation. As part of international efforts or national poli-
cies, countries have various strategies for tackling land degradation within
national borders. On top of that, effective governance is vital for land con-
servation and seems to be the most significant determinant of success in
land-oriented initiatives.

2.7 Conclusion

Land resources face tremendous problems daily since many human activ-
ities affect the most expensive sources from the planet Earth. Numerous
studies and efforts are implemented to prevent and conserve land resources
with the hope that they will be renewed for the future generation. However,
not all land resource issues can be managed adaptively. Non-adaptive man-
agement is appropriate if there is minimal ambiguity regarding manage-
ment actions and expected consequences or if there is no method to build
an effective monitoring program or feedback of monitoring and evaluation
into the management plan. Successful adaptive management implementa-
tion relies on completing its standards. Using management as an experi-
ment may be the only way to improve it. Adaptive management is neither
difficult nor complicated. It requires users to accept uncertainty and main-
tain an operational environment that reduces it via planning, assessment,
and learning. Long term, these operations” upfront expenditures are offset
by better resource management. Public and business institutions engaging
with civil society to govern social resilience and security should present
innovative ideas on strategic planning, collaboration, motivations, and
commitment when building dynamic international priorities and coordi-
nating operations across states and organizations.
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Abstract

Globally, forests serve as the largest storehouses for (non) indigenous trees, and
are essential for the ecosystems’ sustenance, yet, increased deforestation practices
associated with activities, such as tree logging, agriculture, and urban expansion
continue to put pressure on existing forest areas, leading to massive land use cover
change. Ezekoro Forest has been declining at an alarming rate. Detecting the
land use cover change, and examining the drivers can assist in informing poli-
cies, thereby reducing climate risks since trees are essential in regulating global
temperature, rainfall, oxygen, carbon, and environmental protection. They protect
against (non) disasters, such as floods, desertification, and erosion. For this chap-
ter, we examined deforestation and environment degrading activities in Ezekoro
Forest and their implications for climate change risks in Southeast Nigeria using
primary and secondary data sources. Using environmental justice as a lens, we
used qualitative methods of field observation, random in-depth interviews, and
photographic images with key informants. Also, Geographic Information Systems
(GIS), remote sensing and satellite images covering a 20-year period (2001-2021)
using Landsat 7 image of 2001 and Landsat 8 image of 2021 was employed. Besides
predominating strong winds that have reduced the vegetation cover, we found clear
evidence(s) of environmental degrading actions that have reduced the quantity of
woody bamboo trees to 30%, heightening erosion and flooding activities and a low
crop yield of 20%. About 35% of the harvested bamboo trees and other tree species
were majorly cut for fuel wood, construction materials and trading, 30% was used
for farming activities, 20% were used for building construction activities, and 10%
and 5% were employed for hunting and dumping of refuse, respectively. Findings
from satellite image showed drastic changes in the landuse/landcover of Ezekoro
Forest. Whereas bare surface indicating deforested (loss of trees and vegetation)
areas was 1.3% in 2001, it increased to 23.5% in 2021, a change of 22.2%. Similarly,
built-up area was 4.4% in 2001 but rose to 30.1%, a change of 25.7%. However, veg-
etation cover was 94.3% in 2001 but decreased tremendously to 46.4%, a change
of 47.8%. This is an indication of intense deforestation over the years. In lieu of
environmental justice and social change, it is critical to aim for environment-
climate based actions, such as participatory action research and inclusion of



DEFORESTATION ACTIVITIES IN EZEKORO FOREST 49

women in forest governance through appropriate forest development structures,
to enable co-production of local and scientific climate-related knowledge.

Keywords: Deforestation, tree felling/loss, climate risks, desertification,
Ezekoro Forest, environmental justice, satellite images

3.1 Introduction

Trees are essential. In the environment, trees play a vital role by improv-
ing the quality of air, absorbing, and preserving water, bettering the cli-
mate via uptake of greenhouse gases, besides the preservation of wildlife,
supply of oxygen, storage of carbon, and production of food [1, 2]. Yet,
deforestation is a huge concern, particularly in the nations of the global
South, with worsening environmental outcomes from felled trees, besides
the impact on human and animal life from the non-sustained trees [3, 4].
Deforestation occurs when a forest land is cleared intentionally for human
purposes, with no intention to replace the trees [5]. Following the defor-
estation activities, the quality of the forest relative to density, tree struc-
ture, ecology, biomass, and species diversity is affected [6, 7]. Research has
proven that extensive deforestation practices are a contributing factor to
the world’s rising temperature and climate disasters, yet there are increas-
ing demands that lead to aggressive deforestation.

The GIS approach uses a set of tools made up of hardware, software, data
and users, which captures, stores, manages and analyzes digital informa-
tion, as well as makes graphs and maps, and represents alphanumeric data.
For decades, GIS have been applied in land use cover studies in detect-
ing changes in natural resource management problems as applicable to
this present study on deforestation. It is expedient to capture the extent of
human degradation of forest resources over time to enable proper manage-
ment practices, policy making and climate solutions. The importance of
trees to an ecosystem’s sustainability is critical, as trees provide the essen-
tial habitat for vulnerable terrestrial and aquatic animals and wildlife [8],
besides serving as a naturally occurring habitat for diverse species of trees/
plants and providing rich medicinal plants, vegetable foods, and prod-
ucts of high quality [9]. Unfortunately, trees are diminishing by about 5%
every decade, particularly in the tropical forests, and this impacts global
mean temperature. Primarily, forests are known as terrestrial carbon sinks,
as the CO, is absorbed via the trees into their woody stem and soil. The
amount of carbon stored by the forest trees is more than the amount emit-
ted into the environment from worsening deforestation acts, such as fossil



50 LAND AND ENVIRONMENTAL MANAGEMENT THROUGH FORESTRY

fuels burning, timber harvesting, and burning of forests. These activities
contribute, further, to more atmospheric CO, with a potential to release,
annually, over two billion tons of carbon [10], (in) directly sustaining life
on earth. Global warming results from heightening atmospheric concen-
trations of greenhouse gases (GHG), such as carbon dioxide and methane
as the trees that sequester atmospheric carbon by removing a vast amount
of carbon dioxide from the atmosphere are felled. As tree felling worsens,
atmospheric greenhouse gases, such as CO, and methane, continue to
increase, heightening average temperature.

Further, deforestation is intensified by rapid population growth, where
forest areas are converted to residential areas to accommodate the teeming
population. For example, in Nigeria, deforestation rate is placed at 3.5%
and 400,000 hectares annually [11], and about 40% of forestlands are defor-
ested annually with less than 10% of land hectares being reforested [12].
According to the International Union for Conservation of Nature (IUCN)
assessment from 1991 to 2012, forest loss was approximately 7920km?,
reflecting a 12% decline [13]. The need for cheap fuel wood in some nat-
ural resources production, such as mining [14], and charcoal production
continue to place forest resources under pressure, depleting the forest at
a rate faster than it can replenish naturally [15]. The forest trees are also
logged and cleared to provide resources, such as wood products needed for
mining, cattle grazing, agricultural activities, and fuel wood [14], height-
ening the dire need for justice on behalf of our threatened forests and their
communities that could be described as “environmental victims”

For an environmental victim, the victim is affected by anthropogenic
activities that are facilitated and enabled by the environment with conse-
quent restriction access placed on and by the environment [16]. As such,
this justifies the need for justice. Justice, as a historical reality, must be taken
into consideration in present experiences with strategies to rectify oppres-
sive and exploitative harm within the society [17]. In their definition of
environmental justice, the United States Environmental Protection Agency
[18] incorporated the intersection of social identities and the environment
relative to the fair treatment of people, as well as their genuine involvement
in planning, implementing, and enforcing of laws and regulations irrespec-
tive of their social status and position. Global carbon coverage is being
accentuated mostly by deforestation, intensified agricultural practices and
the use of fossil fuels [14]. Of note, these associated human actions have
introduced climatic and ecological problems that heighten global warming
and cause increasing precipitating weather outcomes, such as heat, rising
sea level, and flooding events.
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To avoid the adverse impacts of climate change, the Paris Agreement
was adopted by world leaders in 2015, where it was agreed to limit the cur-
rent global warming to 1.5°C. The success of this goal requires meeting the
“net zero target” carbon emissions by 2050 through immediate reduction
actions in greenhouse gas emissions. These actions are expected to pro-
tect the forests through conservation, reforestation, renewable sources of
energy and technology and provide electricity and transportation as some
of the means of cleaning and sequestering carbon from the atmosphere to
meet the net zero carbon vision in 2050. Hence, the need to examine defor-
estation activities in Ezekoro Forest and its implications on climate change
risks in Southeast Nigeria became the goal of this study.

3.2 Concept of Environmental Justice
and Indiscriminate Deforestation/Tree Loss

Environmental justice is a consequence of community struggle relative
to injustice(s) within and around their environment with an aim toward
mobilizing for social change. Environmental justice actualizes power back
to the disprivileged community as their ability to participate in decision
making on inequities in their environment is enabled, going beyond listing
of community environmental discrepancies [19]. Historically, the move-
ment of environmental justice came through a crusade four decades ago,
when there was a disproportionate imbalance of environmental inequities
regarding pollutants from industries, power plants, and waste disposal
sites sited majorly near communities inhabited by marginalized popula-
tions, primarily people of color. This social movement sought to address
this inequity of environmental protection in their communities [20], and
a cascade of motions ensued to ensure there was a fair and even distribu-
tion of environmental burdens and benefits among the socially and non-
socially dominant groups irrespective of their social status and positions
[21]. Further, this movement extended also to the academy, which has
helped to widen its reach and has incorporated several conceptual nomen-
clatures, such as ecological debt, political ecology, environmental racism,
climate justice, food sovereignty, corporate accountability, ecocide, and
sacrifice zones [22].

With two distinctive uses, the term environmental justice emphasizes
fairness when environmental burdens are distributed, while the other use
is the interplay of diverse social science pedagogical works that incorpo-
rate environment and justice frameworks, as well as environmental laws
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that can be implemented in environment initiatives of policy and plan-
ning, political ecology and governance towards environmental sustainabil-
ity and development. However, justice is broadly comprehended as a social
model. The universal call for justice is evident with numerous unsettled
multilevel issues with ecological components, such as humans and ani-
mals interacting with one another [23]. Of note, there are conflicts and
disagreements, implicating the society and its institutions, as the struggle
with (non) complex issues continue, further justifying the complaints and
the cries for justice. In essence, environmental justice is an expansion of
rights-based laws and approach, because human rights laws have not been
able to optimally manage the challenges of balancing the rights of humans
and the protection of the environment. For example, environmental initia-
tives, such as codifying healthy environments to incorporate the protection
of the environment with human rights laws may not have been helpful.
With human actions of tree felling, the annual rate of deforestation is at
10 million hectares per year for the world’s forest compared to about 16
million hectares annually in the 1990s.

Consequent upon human actions, the area of primary forests has
decreased by over 80 million hectares since 1990 [24], leading to a signif-
icant recommendation on deforestation activities in the African region.
According to a principal researcher with the International Institute for
Environment and Development in 2015, the forest cover of African forest
land is rapidly decreasing; although driven by agricultural development,
the loss of land was over 16 million hectares between 2010 and 2015 [25].

Forest trees are decreasing alarmingly and this can be attributed to a
population that relies majorly on the by-products of the forest to meet their
energy needs, as well as reduced access to affordable alternative energy
sources. In Africa, more than 50% of energy needs and demands are pro-
duced from the by-products of forest trees [26], and over 3.4 million hect-
ares of forests land per year [27] are exploited resulting in a vast change
in the cover of the forest. With more than 30% of the African population
depending on the resources of the forests for their socio-economic needs,
Africa’s intentional tree felling is worrisome [3], besides the fact that most
environmental laws, particularly in the nations of the global South, which
Nigeria is a part of, do not provide explicitly for the natural habitats, such
as trees and water bodies. Hence, the issue of deforestation has become
prevalent and its consequences are damaging to the society. Considerably,
the indiscriminate exploitation of our forests and the poor approach to
the protection of forest rights in Nigeria is a great concern for the future
of lands, trees, rivers, biodiversity, ecosystems, and climate change. With
the rate of high rate of tree felling activities in Nigeria, the country has lost
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over 410,000 hectare per year in the last two decades [12] with activities
such as agriculture, logging, and mining main being the main drivers of
deforestation [28].

According to Global Forest Resources Assessment, forests contributed
about 2.5% to the Gross Domestic Products [27]. Forest by-products,
such as timber and non-timber products, constituted employment for
more than 10% of the Nigerian people, while over 100,000 people are
working in industries related to wood logging and processing, especially
in the southeast region of Nigeria. Nigeria has abundant forest resources,
but the intensified deforestation and tree logging activities is fast chang-
ing the situation, making it unlike the pre-industrial years. Then, the for-
est coverage was within 15.6% of the earth’s surface. However, poverty
in the African region has continued to impact the loss of tree covers in
Africa [29]. Besides agriculture, [25], urbanization and industrialization
have contributed to the depletion of the world forest cover, reducing it
to 9.4%, which is about 30% of the total land area [30]. Relatedly, Global
Forest area of about 4 billion hectares corresponds to 0.62 hectares per
capita and declined at a fast rate of 13 million hectares a year with a total
loss of about 7.3 million hectares of forest land in the period 2010-2015
[31] in comparison to the annual 8.9 million hectares lost from 2005 to
2010 [32]. Undoubtedly, there is a need to integrate environmental pro-
tection into human rights’ laws, despite daunting challenges [19]. Of note,
environmental justice for the future of our forests and trees can be pur-
sued through local movements condemning injustices related to environ-
mental conditions. This will aid in achieving local, national, and global
initiatives through policies that are centered on sustainable development
objectives, social equality in the protection of the environment, especially
our forests, trees, and their inhabitants [33].

3.3 Study Area

Our study area, Ezekoro Forest, is in Achina within Saint Peter University
(See Plate 3.1). Achina is located in the southern part of the Aguata local
government area of Anambra State. It is bounded in the east by Enugu
Umuonyia and Umuomaku towns in Orumba North LGA, on the west
by Amesi and Akpo towns, in the north by Onneh and Ogboji towns in
Orumba North LGA and on the south by Umuchu town (see Figures 3.1,
3.2 & 3.3). Achina, a tropical rainforest zone in Nigeria, experiences two
climatic seasons, which are related to the two predominating winds of the
nation.
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Plate 3.1 The location of Ezekoro Forest positioned close to Saint Peter University at
Achina.
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Figure 3.1 Location of Anambra State in the Map of Nigeria.
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Figure 3.2 Location of Aguata Local Government Area in the Map of Anambra.

These winds, the southwestern monsoon winds from the Atlantic
Ocean and the northeasterly dry wind from the Sahara Desert, create the
eight months of heavy tropical rains occurring between late March to late
November, and the dry season that arises from late November to mid-
March. The Harmattan season, popularly referred to as “Ugulu” is followed
from late November to mid-March. In Achina, from June to December, the
temperature is generally within the 27-30°C range, but, between January
and April, the temperature can increase up to 32-34 degrees, besides the
last few months of dry season that is marked by intense heat. The relative
humidity of Achina varies normally within the period of the year, and it
ranges from 80%-85% within March-November (wet season) and from
60%-69% during the (dry season) November-March. According to the
1991 population census, the population of Achina was estimated at 40,193
people. The population of the study area was projected to be 60,820 peo-
ple in 2006, at 3.2% approved annual population growth rate [34] by the
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Map of Aguata LGA Wards showing Achina
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Figure 3.3 Location of Achina in the Map of Aguata Local Government.

National Population Commission in 2006; the population of Achina was
97,553 people in 2021.

3.4 Materials and Method

I. Qualitative method
Qualitative and GIS and remote sensing methods were employed in this
chapter to examine the deforestation activities in Ezekoro Forest and its
implications for climate change risks in Southeast Nigeria. The researchers
aim to apply a qualitative method in this study for an in-depth, idiographic,
and nomothetic understanding of the phenomenon [35]. Moreover, the
remotely sensed data in GIS domain was employed to determine the extent
of deforestation activities for over a period of 20 years in the study area.
For our study, our primary and secondary sources of data was used, as
well as the socio-demographic and forest use data that were collected. We
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used a qualitative approach covering sampling strategies such as data col-
lection analysis, field observation, random semi-structured in-depth inter-
views of key informants (see Plate 3.2) and photographs (see Plates 3.1, 3.2,
3.3 & 3.4). For the purposive sampling technique, it involved the conve-
nient and snowball methods [36]. Twenty participants were recruited who
were directly or indirectly involved in Ezekoro Forest and its resources.

Plate 3.2 Interview interaction between researcher(s) and community participants
(women and elders).

Plate 3.3 Evidence of uncontrolled felling of trees, harvest of tender Bamboo trees for
construction purposes and vast deforestation activities.
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Plate 3.4 Parts of the Ezekoro forest where buildings construction is taking place.

The following inclusion criteria for the 20 participants were: 18 years
of age and above, confirmed residents of 20 years and above, participants
living within the community forest area and their ability to understand
and speak English. We interviewed a total of 20 persons covering married/
single people, firewood suppliers, plywood business suppliers, forest guide,
farmers, community heads, heads of households, women leaders, women,
and youth representatives among others. These specific people were ideal
based on the characteristics, knowledge, experience, and perspectives they
brought to the study. The interview guide included questions on income
levels, deforestation, causes of deforestation, tree logging, environmental
degradation and other human activities that have been going on for several
decades in the community forest.

I1. Satellite Images

In this analysis, Landsat 7 Thematic Mapper (TM) datasets from 2001
and Landsat 8 OLI/TRIS datasets from 2021 were obtained from the
United States Geological Survey (USGS) portal for the execution of LU/
LC dynamics. Since atmospheric and radiometric correction are the best
procedures for obtaining error-free satellite images, this dataset underwent
preprocessing to account for atmospheric conditions, distortion, and inac-
curacies. A 20-year time frame was used in this investigation to compare
the dynamics and phenomena of LU/LC.
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III. LU/LC Retrieval

The study Area was covered by satellite images taken in 2001 (Landsat
TM) and 2021 (Landsat 8), which were used to retrieve the LU/LC data.
Four distinct classes were identified for this LU/LC classification using the
ArcGIS 10.3 software’s supervised classification method based on the max-
imum likelihood algorithm. Built-up Area, Vegetated Land, Bare Surface,
and Water Body are the four categories.

IV. Statistical Analysis

In the Statistics analysis, the ArcGIS Field Calculator was used to calculate
areas and percentages of four classes using the formulas (1 & 2) for the two
different time points. By subtracting 2021 from 2001 in Ms Excel, percent-
age changes were calculated to determine the percentage gains and losses
of the four classes.

Cell Count X size of 1cell
10000

(3.1)

Cell Count X size of 1 cell (3.2)

10000
Total Area” 100

From relevant papers, journals, or publications, we obtained our sec-
ondary data relative to deforestation, tree logging and climate change risks.

3.5 Results and Discussion

3.5.1 Sample Characteristics

The summary of socioeconomic and forest use data gathered from
semi-structured interviews of 20 participants was analyzed and presented
in charts and Table 3.1. For our variables, we used the following demogra-
phy, such as sex, income, age and education and household size; other dis-
cussions, observations and photographs were also presented in the study.
Table 3.1 summarized the key characteristics of participants. For the
highest age distribution, 35% of the participants were between 30 to 40
years, while the lowest age group was 15% ranging between 50-60 years
and above. Also, 70% of the participating population were males, while the
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Table 3.1 Socioeconomic/environmental data.

Variables Percentage (100%)
Age

18 - 30 years 30
30 - 40 years 35
40 - 50 years 20
50 - 60 years above 15
Gender

Male 70
Female 30
Education Level

FSLC 30
WAEC/WASC 35
NCE/OND 20
NO EDUCATION 15
Marital Status

Single 30
Married 45
Widow/ed 15
Divorced/separated 10
Number of Children

1-3 25
3-5 30
5 and above 45
Income Level (monthly)

10,000 - 20,000 05
20,000 - ¥30,000 15

(Continued)
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Table 3.1 Socioeconomic/environmental data. (Continued)

Variables Percentage (100%)
30,000 - 40,000 20
¥40,000 - 50,000 30
¥50,000 and above 25

Indigenous uses of community forest

Farming 30
Buildings 20
Timber harvesting 35
Refuse dump 05
Hunting 10

Consequences of deforestation

Tree loss 30
Flooding 15
Erosion 25
Low crop yield 20
Low vegetation cover 10

female participants were 30%. Further, 35% of the study population had
finished their secondary school education, namely West African School
Certificate (WASC), and 30% had completed their primary school educa-
tion, namely First School Leaving Certificate (FSLC); 15% had no formal
education, and 35% of the study population had completed their second-
ary school education.

Findings showed that married participants represented 45% of the
population, unmarried/single population was 30% and 15% were widows
and 10% were divorced or separated (no longer with their spouse). Also,
45% was the largest household size with 5 and above persons, 25% was
the lowest household size with 1-3 persons, while 30% had 3-5 household
size, showing a large size family for the majority of the participants, who
would demand more food and resources, thereby placing pressure on the
community forest. Also, using [37], the highest monthly income for 30%
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of the participants was between 40,000-50,000 Naira (USD 121.23), while
the lowest income for the 5% was within 10,000-20,000 naira (USD 48.49)
while 15%, 20% and 25% earned monthly incomes ranging from 20,000-
30,000 (USD 72.74), 30,000-40,000 (USD 96.98) and 50,000 naira (USD
121.23) and above, respectively. Findings on drivers of deforestation activ-
ities in the community forest showed that 35% of the sampled population
cut down trees for fuel wood, 30% for farming, 20% for residential build-
ings, 10% for hunting and 5% for dumping of refuse (see Plates 3.3, 3.4,
3.5 and 3.6). Further, results of consequences of deforestation showed that
30% reported tree loss, 25% indicated erosion problems, 20% revealed low
crop yield, 15% indicated flooding and 10% low vegetation cover.

Plate 3.5 Evidence of access created by farmers and ongoing farming activities carried out
in parts of the forest and a building project.

Plate 3.6 Parts of the forest area used as dumpsite and pathways showing human intrusion.
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3.5.2 Discussion

From this study, our findings revealed that 70% of the sampled population
within Ezekoro Forest community were males, 45% of them were married,
and 35% fell in the age range of 30-40 years. 35% had also completed their
secondary school education, while 45% had large families of more than five
children and 55% had a monthly income within 50,000 naira and above
(USD 121.23) (see Table 3.1). Notably, men dominated the sample popu-
lation; men were 70% and women 30%. Of note, purposive sampling was
employed in recruiting participants; however, it further buttressed the fact
that the majority of the people (in)directly involved in exploiting commu-
nity forest resources were men. Apparently, activities such as tree logging,
farming and wood business are male dominated. As a patriarchal society,
Nigeria features traditional and cultural structures that support men [38].
This structure, with its set of social interactions, is based on a foundation
that enables men to overshadow and control women [39]. Further, in 2020,
Nigeria’s male population was slightly above the female; male population
was approximately 104.47 million and female population was approxi-
mately 101.67 million people [40].

Globally, the male population is slightly higher than the female popu-
lation, although this varies by country. According to a UN report [40] in
2019, the population of females in the world is estimated at 3.905 million,
representing 49.58% of the world population. The world has 65.51 million
more males than females. Obviously, there are more males in Nigeria and
globally compared to a lower population of females. More so, the study
area is in southeastern Nigeria, where the Igbo tribe is dominant and male
preference is a governing feature of the Igbo culture [41].

Notably, the majority of the males serve as household heads influencing
decision making. This study has noted the necessity to close the gap between
low participation of female gender and male dominance in contributing
solutions to research studies. This also relates to education and income in
this study as the men have higher outcomes, and this can be perceived as a
form of injustice, because it can lower the success of sustainable forest man-
agement. The issue of the inclusion of women in deforestation studies can
be perceived as a central thrust to fight environmental degradation and cli-
mate change risks [42, 43]. Ideally, the concept of environmental justice is a
demand on people, communities, and the society to treat all fairly, irrespec-
tive of social status and positions, such as age, ethnicity, class, and gender. It
covers the human relational and interactive patterns with the environment.
Also, an International Monetary Fund (IMF) report opines that closing the
gender gap can produce and achieve higher economic growth in the economy
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to improve productivity and stabilize the economy [44]. Also, the majority of
the study population have more than five children. This finding is confirmed
by the study that reports on the characteristic male-dominant and patrilineal
traditions in local communities in Nigeria that support large family size [45].

The Nigeria minimum wage is 30,000 Naira (USD 72.26) and the monthly
value for basic food products alone for adult healthy living in Nigeria, pres-
ently, is 40,980 Naira (USD 98.70), but the monthly income of 55% of the
study population is USD 121.23, which is poor [46], representing a 15.89%
increase compared to previous years. Of note, the study area is basically rural,
in addition to the large family sizes. Unfortunately, the monthly income of
USD 121.23 can barely cover all their basic needs. Additionally, the popula-
tion of the study area is under 100,000 people [34] presently, but with high
levels of increased cost of living. Typically, a rural Nigerian family may be
able to feed themselves with 138,678 Naira (USD 365) monthly; it is obvious
the sample participants can hardly experience a decent standard of living.
It can be deduced that there are high levels of poverty with our study pop-
ulation. A relatable study [47] agrees to the study and reported that more
than 40% of the Nigerian people live in extreme poverty, even less than the
international poverty line of USD 1.90 per person per day [48] (www.statista.
com). Presently, 1 US dollar equals 415.186 naira [37] (http://www.xe.com).
Increasing population and high poverty levels are major factors that place
greater pressure on community forest resources considering that the major-
ity of the residents are farmers as was learned during in-depth interviews.
The reliance of these people on the ecosystem is for their daily sustenance
[48], with minimal interest in managing their environment, besides low
environment perception that worsens their environmental problems, and
this cascades into a communal poverty cycle. Resource depletion in north-
eastern Nigeria is mostly within the poor and illiterate and this is the major
consequence of natural resource degradation [49]. For the majority of the
world’s rainforest regions, the poorest people are found in these areas all over
the planet. An Ethiopian work showed that forest resources generated about
39% of income. The rural poor farm, harvest fruit and wood, and hunt wild-
life to feed their families, besides the extracted forest land resources paid
for by companies that work within the forest [50]. They are mostly poor,
possess average education levels with low qualifications to secure well-paid
jobs and hence, there is aggressive deforestation and exploitation on forests
and wildlife. This is because the extraction of these resources takes minimal
technological skills, making it an attractive income generation prospect for
households in rural communities [51]. This suggests why 35% of the par-
ticipants in this study harvest timber (see Plate 3.3) mostly for cooking and
selling in the local market as inferred during discussion and interviews.
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Clearly, the rising cost of cooking gas has placed demand on the use of fire-
wood for cooking. The majority of southeasterners have resorted to firewood
and charcoal as a substitute for cooking gas since its increase by 50% [52].
Although gas is produced in Nigeria, it is refined and imported into Nigeria.
A 6kg cylinder previously sold at 2,000 naira presently cost 4,200 naira, while
a 12.5kg cylinder that was sold for 6,800 naira is sold for 10,200 naira (USD
25), and the prices keep increasing. It is reported that only about 17% of
Nigerians use cooking gas [53]. There is need for a transition to renewable
and clean energy sources such as solar energy to reduce deforestation and
tree losses, besides providing a permanent solution to the country’s chronic
electricity shortage.

Further, 20% of the sample population indicated that they make use
of forest woods for construction and building purposes (see Plate 3.4).
Population growth and a large market for timber is attracting major devel-
opment in the area such as the newly developed St. Peter University (see
Plate 3.1). Clearly, this indicates the high level of indiscriminate misman-
agement of our woody resources. A closer look at (Plate 3.3) shows fallen
trees harvested as firewood and tender and partially grown bamboo trees
that are harvested for construction materials. Rapid rural expansion is also
responsible for encroachment into community forests. However, unregu-
lated clearance of trees and vegetation cover makes the study area liable to
uncontrolled runoff during wet seasons.

The study on the impact of deforestation on socioeconomic develop-
ment of Akwanga Nasarawa State [54] stated that the clearance of bushes
and trees for infrastructural development has brought loose soil, height-
ening its susceptibility to flooding. Further, deforestation in Enugu State,
Nigeria found that 81% of the original forest cover has been removed due
to rapid expansion of infrastructures [55]. Also, 30% and 10% of the sam-
ple populace deforest and de-reserve the community forest for farming
and hunting purposes, respectively (see Plate 3.5). For Achina people, their
main occupation is farming and petty trading, besides their dependence
on agriculture and commerce as a major source of income generation,
employment, and livelihood.

Presently, there is a wide range of agricultural activities in the study area
where the laterite soil type is characterized by rolling undulating terrain that
supports agriculture. In addition, the lowland areas have abundant rivers
and streams that irrigate these farms. As part of the Igbo culture and heritage
most Achina people have “mbubo” (known as home garden) and “ubi” (as
an out-station garden) and “ikpa” (very far from home) where they usually
cultivate their farm products like cassava, vegetables, pepper, garden eggs,
cocoyam, maize, yam, melon, oil, and raffia palm in commercial quantities.
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Findings from the study proved that Ezekoro Forest serves as an “ubi”
and “ikpa location for farming. Notably, the location of Achina in a tropical
rainforest region presents an ecological framework in their production of
tropical agricultural products. Findings also indicated that 5% of the par-
ticipants use parts of the forest area as a refuse dump for plastic waste (see
Plate 3.6). Obviously, the level of environmental degradation in Ezekoro
Forest area is detrimental to plants and animal life, planetary health of eco-
systems and biodiversity. Generally, deforestation has brought about huge
consequences where tree loss according to the findings in this study is 30%,
erosion is 25% (see Plate 3.7), low crop yield is 20% while flooding and low
vegetation cover were 15% and 10%, respectively.

Erosion network and floods have intensified since the large, tall trees
that serve as buffer during river flooding have been removed. This exposes
the land areas to floods; also, farming along stream channels loosens the
soil and makes soil erosion rampant igniting an environmental disaster in
Anambra State with a large presence of sheet, rills, channel, and gully ero-
sion (see Plate 3.7). This further causes stream/river siltation, thereby pol-
luting water bodies. Worse still, deforestation makes soil layer weak, loose,
and vulnerable, thereby, low crop yield becomes inevitable. Generally, this
affects the level of crop productivity.

However, gross deforestation activities in the study area are fast changing
the formally tropical rainforest vegetation to a derived savannah (see Figure
3.4) where there is vast grassland void of tall trees. From the land use map
(Figure 3.4), the green area is mostly vegetation and farmlands, followed by the
“red” areas showing the built-up area consisting of developments in Achina.

Findings from the land use cover detection result of satellite images
(Figures 3.4 & 3.5). Tables 3.2, 3.3 & 3.4 showed the dramatic changes in
Ezekoro forest. It showed in 2001 (Table 3.2), the Bare surface indicating
deforested (loss of trees and vegetation) areas was (1.3%) but increased to

Plate 3.7 Erosion network along parts of the de-vegetated Ezekoro Forest area where
gullies are fast springing up.
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Table 3.2 Statistical result of classified image for 2001 of land use/
land cover for Achina.

Landuse Area Percentage
Baresurface 14.1 1.3

Builtup Area 46.4 4.4
Vegetation 990.9 94.3

Table 3.3 Statistical result of classified image for 2021 of land use/land
cover for Achina.

Land use Area Percentage
Baresurface 247.0 23.5
Builtup Area 316.3 30.1
Vegetation 488.1 46.4

Table 3.4 Percentage Change of classified images for 2001 and 2021 of land use/
land cover for Achina.

2001 2021 Percentage
change
Land use Area | Percentage | Area | Percentage (2021-2001)
Bare surface | 14.1 | 1.3 247.0 | 235 222
Built-up area | 46.4 | 4.4 316.3 | 30.1 25.7
Vegetation 990.9 | 94.3 488.1 | 46.4 -47.8

(23.5%) in 2021 (Table 3.3) showing a percentage change of 22.2 % for 20
years (Table 3.4). Similarly, built up area was (4.4%) in 2001 (Table 3.2) but
rose to (30.1%) in 2021 (Table 3.3) showing a percentage change of 25.7%
in 20 years (Table 3.4). However, vegetation/forest cover was (94.3 %) in
2001 (Table 3.2) but decreased tremendously to (46.4%) (Table 3.3) show-
ing a percentage decline of -47.8% in 20 years (Table 3.4). This is an indica-
tion of intense deforestation over the years where the forest cover declined
by 47%. Our findings correspond with the result from the qualitative data
where agricultural activities and tree logging are responsible for the bare
surfaces of land use cover change of 22.2%. Human encroachment through
residential developments has increased the degradation of the forest area to
25.7%. These activities are responsible for the decline of forest resources to
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47%. The declining forest coverage has huge environmental consequences
such as climate change and human health risks.

Deforestation is a great threat to the environment and uncontrolled
cutting down of trees results in the loss of soil essential nutrients, plants,
and animals thereby impacting agricultural productivity and food security
[56—58], as well as diminishing resilience to climate risks [57]. Restoring
forest maintains biomass production and enhances carbon storage which
helps in reducing land, energy and climate footprint [59-62]. Also, for-
est restoration ensures soil, food and climate security for environmen-
tal sustainability [63—66]. The drivers that brought about deforestation
activities in Anambra State, Nigeria [30] resulted in deforestation that has
caused massive destruction of the terrestrial, arboreal and aquatic ecosys-
tem impacting food, medicinal, and water systems, as well as disrupting
essential microbial milieu. The loss of biodiversity and soil degradation
encourages floods, as heavily deforested areas are left bare at the expense
of runoffs during rainfall. Notably, fragmentation impacts from defor-
estation and forest degradation influence local climatic elements such as
rainfall and temperature, exacerbating flooding and erosion problems in
Anambra State [67, 68]. Forest is essential in moderating temperature;
however, temperature increase will continue to occur if forest areas are
totally cleared, and trees harvested without applying replanting and refor-
estation approaches. This reduces the evaporative cooling effect that trees
provide, thereby escalating local warming in dry periods and floods in
wet seasons [69]. This is responsible for the prevalent floods and erosion
disasters in Anambra State, as Anambra State has been shown to be vul-
nerable to extreme weather events as demonstrated by intense climate vari-
ability and confirmed by the Nigerian Meteorological Agency (NIMET).
The rising climatic variability and unpredictability as it relates to rainfall
is exacerbated by vast deforestation activities. Unfortunately, failing forest
governance worsens deforestation activities, enhances illegal logging and
trade, and exacerbates rural poverty, heightening inflation of food prod-
ucts and prices of cooking gas, amid drivers of institutional corruption that
undermine sustainable forest management and growth, development, and
environmental conservation [54, 70] in developing countries like Nigeria.

3.6 Conclusion
Comprehending environmental justice, a key to the battle for quality and

safe environment for generations now and to the eighth generation is crit-
ical to enable all life to continue to inhabit the Earth. The study confirmed
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that an intensified deforestation practice in Anambra State has escalated
the removal of trees for the purposes of fuelwood, farming, and construc-
tion, thereby reducing forest area. This has had negative effects on Ezekoro
Forest, such as tree loss, erosion, low crop yield, flooding, and low vege-
tation cover. The high levels of poverty and increased inflation and low
access to cooking gas has worsened the situation. The dependence on agri-
culture as a major source of livelihood in the rural areas is worrisome, as
population growth has placed forest areas at a disadvantage due to consis-
tent human intrusion. There is a need to encourage a greater amount of
women in forest studies and management, particularly in interventional
initiatives in Nigerian forest policy and environmental justice is expedient.
Considering that, achieving a level of security and justice over forests in
Anambra State can confer some level of protection against environmental
and health hazards. More so, environmental justice can confer equal access
to the processes of decision-making, particularly in the governance pro-
cess needed for a healthy environment for multilevel functioning. Finally,
there should be positive social change implication in the sense that policy-
makers’ attention should be drawn toward forest degradation and climate
risks, especially regarding the people of Anambra State.

References

1. Fiset, N., Harmful Effects of Deforestation. https://ezinearticles.com/?Harmful-
Effects-of-Deforestation&id=526763. 2007.

2. Ogundele, A. & Adebisi, O., Deforestation in Nigeria: The Needs for Urgent
Mitigating Measures’, IILARD International Journal of Geography and
Environmental Management, 2, 1, 2016.

3. Global Forest Watch. Global Forest Watch. World Resources Institute.
Available: www.globalforestwatch.org. 2016.

4. Global Forest Watch. Tree Cover Loss (Retrieved 28th January 2019) www.
globalforestwatch.org. 2019.

5. Renate, S., “A scientific and Ethical Argument against Deforestation in
Latin America: Costa Rica as a Case Study’, a Thesis submitted to Regis
College, The Honors Program in partial fulfilment of the Requirements for
Graduation with Honors. 2017

6. Chazdon, R.L., Brancalion, PH., Laestadius, L., Bennett-Curry, A., Buckingham,
K., Kumar, C., Moll-Rocek, J., Vieira, I.C.G. & Wilson, S.J., When is a forest
a forest? Forest concepts and definitions in the era of forest and landscape
restoration. Ambio, 45(5), 538-550, 2016.

7. Henok, K., Dondeyne, S., Poesen, J., Frankl, A. & Nyssen, J., Transition
from Forest based to Cereal-based Agricultural Systems: A Review of the



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

DEFORESTATION ACTIVITIES IN EZEKORO FOREST 71

Drivers of Land use Change and Degradation in Southwest Ethiopia. Land
Degradation and Development, 28, 431-449, 2017

. Hombegowda, H.C., van Straaten, O., Kéhler, M. & Holscher, D., On the

Rebound: Soil Organic Carbon Stocks Can Bounce Back to Near Forest
Levels When Agro-Forests Replace Agriculture in Southern India. Soil, 2, 13,
2016.

. Global Witness and environmental Investigation Agency. Investigation

into the Global Trade in Malagasy Precious Woods: Rosewood. Ebony and
Pallisander. 2013

Houghton, R.A., Carbon Emissions and the Drivers of Deforestation and
Forest Degradation in the Tropics. Current Opinion in Environmental
Sustainability, 4(6), 597-603, 2012.

International Institute of Tropical Agriculture (IITA), Deforestation: Nigeria
ranked worst in the World. Retrieved from http://www.thisdaylive.com/
articles/deforestation- Nigeria-ranked-worst-in-the world/103321. 2011.
Ogunwale, A.O., “Deforestation and Greening the Nigerian Environment”
Nigeria Institute of Social and Economic Research, Ibadan Nigeria. 2015
Radhika, K., Natural resource and environmental issues. Journal of Ecosystem
and Ecography, 6(2), 196-203, 2016

Akanwa, A.O. & Joe-Ikechebelu, N., The Developing World’s Contribution
to Global Warming and the Resulting Consequences of Climate Change in
these Regions: A Nigerian Case, In: Global Warming and Climate Change.
Edited by John Tiefenbacher, Intech Open, London, United Kingdom, 2020.
DOTL: http://dx.doi.org/10.5772/intechopen.85052. 2020b

Mohammed, A. & Bekele, L. Changes in carbon stocks and sequestration
potential under native forest and adjacent land use systems at Gera: South-
Western Ethiopia. Global Journal of Science Frontier Research, 14, 11-20,
2014.

Penz, P, Environmental Victims and State Sovereignty: A Normative Analysis,
in Williams, C. (ed.) Environmental Victims. Earthscan: London. 1998.

Ali, A., A conceptual framework for environmental justice based on shared
but differentiated responsibilities, CSERGE Working Paper EDM, No. 01-02,
University of East Anglia, The Centre for Social and Economic Research on
the Global Environment (CSERGE), Norwich. 2001.

United States. Environmental Protection Agency. http://www.epa.gov/
environmentaljustice/). Retrieved August 9, 2020, https://www.energy.gov/
Im/services/environmental-justice/what-environmental-justice. 2014.
Colquette, K.M, Robertson, E. & Henry, A., “Environmental Racism: The
Causes, Consequences, and Commendations” (https://www.jstor.org/stable/
43291103). Tulane Environmental Law Journal. 5 (1): 153-207. JSTOR 43291103.
1991.

TheNational Resources Defense Council (NRDC) The Environmental justice
Movement. https://www.nrdc.org/stories/environmental-justice-movement.
2016


http://www.epa.gov/environmentaljustice/
http://www.epa.gov/environmentaljustice/
https://www.energy.gov/lm/services/environmental-justice/what-environmental-justice
https://www.energy.gov/lm/services/environmental-justice/what-environmental-justice
https://www.jstor.org/stable/43291103
https://www.jstor.org/stable/43291103
https://www.nrdc.org/stories/environmental-justice-movement.2016
https://www.nrdc.org/stories/environmental-justice-movement.2016

72

21.

22.

23.

24,

25.

26.

27.
28.

29.
30.

31.

32.

33.

34.

35.

36.

37.
38.

LAND AND ENVIRONMENTAL MANAGEMENT THROUGH FORESTRY

Schlosberg, D., Defining Environmental Justice: Theories, Movements, and
Nature. Oxford University Press. 2007.

Martinez-Alier, J., “Between Activism and Science: Grassroots Concepts
for Sustainability Coined by Environmental Justice Organizations”. https://
idl-bnc-idrc.dspacedirect.org/bitstream/handle/10625/56698/IDL-56698.
pdf?sequence=2. doi:10.2458/v21i1.21124. 21: 19-60. 2014.

Low, N. & Gleeson, B., Justice, Society and Nature: An Exploration of Political
Ecology. Routledge: London. 1998.

Food and Agricultural Organization of the United Nations. State of the
World’s Forests: Enhancing the Socioeconomic Benefits from Forests, FAO,
Rome, https://www.fao.org/3/i3710e/i3710e.pdf. 2014

Franks, P, Food Demands and Forests in sub-Saharan Africa. https://www.
iied.org/food-demand-forests-sub-saharan-africa.

RES4A, IRENA & UNECA. Towards a Prosperous and Sustainable Africa:
Maximizing the Socio-Economic Gain of Africa’s Energy Transition.
RES4Africa Foundation. Rome. 2022.

FAO. Global Forest Resources Assessment 2020 - Key findings. Rome.
https://doi.org/10.4060/ca8753en. 2020.

Nestle. Sustainability at Nestle. www.nestle.com/sustainability

Global Forest Resources Assessment. Country report: Nigeria. www.fao.org

Anyanwu, J. C., E. A. Nwobu, and B. O. Osuiwu. “Analysis of factors respon-
sible for deforestation in Anambra state of Nigeria” IOSR J. Environ. Sci.
Toxicol. Food Technol 5: 23-31. 2013.

Goncalves, M.P, Panjer, M., Greenberg, T.S. & Magrath, W.B., Justice for
Forests: Improving Criminal Justice Efforts to Combat Illegal Logging. World
Bank Publications, 2012.

Ibrahim, A., Theanacho, A.C. & Bila, Y., Econometric analysis of causes and
impact of deforestation on agriculture in Nigeria. Journal of Agricultural
Economics, Environment and Social Sciences, 1(1), 142-150, 2015.

Blanchon, D., Moreau, S. and Veyret, Y., “Understanding and building envi-
ronmental justice” In Annales de geographie, 665666 (1), 35-60. Armand
Colin, 2009.

UmuchuDailyView. http://umuchudailyview.blogspot.com/2017/04/history-
of-achina-in-anambra-state-must.html. 2017.

Neuman, C. & Rossman, G.B., “Basics of social research methods qualitative
and quantitative approaches, 2006.

DeCarlo, M., Scientific Inquiry in Social Work. Open Social Work Education,
2018.

Ex-Rate. Exchange Rate for Today. www.ex-rate.com

Okpe, Okpe. “Mainstreaming gender in the African Development process:
a Critic of NEPAD and the Women Question” Education” in Africa Atlases
(Nigeria) Paris-France, Les Editions JA 115 (2005): 118.


https://idl-bnc-idrc.dspacedirect.org/bitstream/handle/10625/56698/IDL-56698.pdf?sequence=2
https://idl-bnc-idrc.dspacedirect.org/bitstream/handle/10625/56698/IDL-56698.pdf?sequence=2
https://idl-bnc-idrc.dspacedirect.org/bitstream/handle/10625/56698/IDL-56698.pdf?sequence=2
https://www.iied.org/food-demand-forests-sub-saharan-africa
https://www.iied.org/food-demand-forests-sub-saharan-africa
http://umuchudailyview.blogspot.com/2017/04/history-of-achina-in-anambra-state-must.html
http://umuchudailyview.blogspot.com/2017/04/history-of-achina-in-anambra-state-must.html

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

DEFORESTATION ACTIVITIES IN EZEKORO FOREST 73

Aina, I1.O., “Women, culture and Society” in Amadu Sesay and Adetanwa
Odebiyi (eds.). Nigerian Women in Society and Development. Ibadan Dokun
Publishing House. 1998

United Nations. World Population Prospects. https://population.un.org/
wpp/Download/Standard/Population. 2019.

Ohagwu, C.C,, Eze, C.U, Eze, ].C., Odo, M.C., Abu, P.O. & Ohagwu, C.L,
Perception of male gender preference among pregnant Igbo women. Annals
of Medical and Health Sciences Research, 4(2), 173-178, 2014.

Klasen, S., Low schooling for girls, slower growth for all? Cross-country evi-
dence on the effect of gender inequality in education on economic develop-
ment. World Bank Economic Review, 16(3), 345-373, 2002.

UNDP. “Africa human development report 2016” Advancing Gender
Equality and Women’s Empowerment in Africa, Regional Bureau for Africa,
1 UN Plaza, New York, NY 2015.

Adegbite, O.0. & Machethe, C.L., Bridging the financial inclusion gender
gap in smallholder agriculture in Nigeria: An untapped potential for sustain-
able development. World Development, 127, p. 104755, 2020.
Isiugo-Abanihe, U.C., Reproductive motivation and family-size preferences
among Nigerian men. Studies in Family Planning, 149-161,1994.

Nwanne, C. New minimum wage of N30, 000 takes effect. https://guardian.
ng/saturday-magazine/new-minimum-wage-of-n30-000-takes-effect/
Dokua, D.S., People living in extreme poverty in Nigeria 2016-2022 by gen-
der. Accessed February 1, 2022. https://www.statista.com/statistics/1287827/
number-of-people-living-in-extreme-poverty-in-nigeria-by-gender/. 2022.
Young People trusts for the Environment (YTPE). Rainforests: Why are they
important? https://ypte.org.uk/factsheets/rainforests/why-are-rainforests-
important. 2022.

Uyanga, ., Resource depletion in Northeastern Nigeria: Analysis of trend and
sustainable environmental management. Proceedings for 2014 Environmental
Management Association of Nigeria Conference, pp. 181-190, 2014.

Mamo, G,, Sjaastad, E. & Vedeld, P., Economic dependence on forest resources:
A case from Dendi District, Ethiopia. Forest policy and Economics, 9(8), 916-
927, 2007.

Heubach, K., Wittig, R., Nuppenau, E.A. &Hahn, K., The economic impor-
tance of non-timber forest products (NTFPs) for livelihood maintenance of
rural west African communities: A case study from northern Benin. Ecological
Economics, 70(11), 1991-2001, 2011.

News Agency of Nigeria (2021) Cooking Gas: Nigerians to resort to firewood
for cooking as prices soar. Accessed October 18", 2021. premuimtimesng.
com

Clowes, W., Nigerians Turn to Firewood and Charcoal as Gas Prices Surge. 9
November 2021.


https://population.un.org/wpp/Download/Standard/Population
https://population.un.org/wpp/Download/Standard/Population
https://guardian.ng/saturday-magazine/new-minimum-wage-of-n30-000-takes-effect/
https://guardian.ng/saturday-magazine/new-minimum-wage-of-n30-000-takes-effect/
https://www.statista.com/statistics/1287827/number-of-people-living-in-extreme-poverty-in-nigeria-by-gender/
https://www.statista.com/statistics/1287827/number-of-people-living-in-extreme-poverty-in-nigeria-by-gender/
https://ypte.org.uk/factsheets/rainforests/why-are-rainforests-important
https://ypte.org.uk/factsheets/rainforests/why-are-rainforests-important

74

54.

55.

56.

57.

58.

59.

60.

6l.

62.

63.

64.

65.

LAND AND ENVIRONMENTAL MANAGEMENT THROUGH FORESTRY

Aliyu, A., Modibbo, M.A., Medugu, N.I. & Ayo, O., Impacts of deforestation
on socioeconomic development of Akwanga Nasarawa State. International
Journal of Science, Environment and Technology, 3(2), 403-416.2014.

Nzeh, E., Eboh, E. & Nweze, N.J., Status and trends of deforestation: An
insight and lessons from Enugu State, Nigeria. Net Journal of Agricultural
Science, 3(1), 23-31. 2015.

Akanwa, A.O., Mba, H.C,, Ogbuene, E.B., Nwachukwu, M.U. & Anukwonke,
C.C., Potential of agroforestry and environmental greening for climate
change minimization. In Climate Change and Agroforestry Systems (pp.
47-86). Apple Academic Press. 2020.

Akanwa, A.O., Mba, H.C., Jiburum, U. & Ogboi, K.C., Strategies for com-
bating climate change. In Sustainable Agriculture, Forest and Environmental
Management (pp. 393-435). Springer, Singapore. 2019.

Nneji, L.M., A Review of the Effects of Desertification on Food Security. Rep
Opinion, 5(10), 27-33, 2013.

Raj, A. & Jhariya, M.K., Carbon storage, flux and mitigation potential of
tropical Sal mixed deciduous forest ecosystem in Chhattisgarh, India. Journal
of Environmental Management, 2021a, Elsevier. https://doi.org/10.1016/j.
jenvman.2021.112829

Raj, A. & Jhariya, M.K,, Site quality and vegetation biomass in the tropi-
cal Sal mixed deciduous forest of Central India. Landscape and Ecological
Engineering, 17(1): 1-13,2021b. https://doi.org/10.1007/s11355-021-00450-1
Banerjee, A., Jhariya, M.K,, Raj, A., Yadav, D.K,, Khan, N. & Meena, R.S,,
Land Footprint Management and Policies. In: A. Banerjee et al. (eds.),
Agroecological Footprints Management for Sustainable Food System,
Springer, ISBN 978-981-15-9495-3, pp. 221-246. 202la. https://doi.
org/10.1007/978-981-15-9496-0_7

Banerjee, A., Jhariya, M.K,, Raj, A., Yadav, D.K,, Khan, N. & Meena, R.S,,
Energy and Climate Footprint towards the Environmental Sustainability. In:
A. Banerjee et al. (eds.), Agroecological Footprints Management for Sustainable
Food System, Springer, ISBN 978-981-15-9495-3, pp. 415-443, 2021b. https://
doi.org/10.1007/978-981-15-9496-0_14

Jhariya, M.K., Banerjee, A., Meena, R.S. & Yadav, D.K., Sustainable Agriculture,
Forest and Environmental Management. Springer Nature Singapore Pte Ltd.,
152 Beach Road, #21-01/04 Gateway East, Singapore 189721, Singapore, Pp.
606, 2019. eISBN: 978-981-13-6830-1, Hardcover ISBN: 978-981-13-6829-5.
Doi: 10.1007/978-981-13-6830-1

Banerjee, A., Jhariya, M.K,, Yadav, D.K. & Raj, A., Environmental and
Sustainable Development through Forestry and Other Resources. Apple
Academic Press Inc., CRC Press - a Taylor and Francis Group, US &
Canada. ISBN: 9781771888110, pp. 400, 2020. https://doi.org/10.1201/
9780429276026

Raj, A., Jhariya, M.K. & Khan, N., Forest for soil, food and climate security
in Asia. In: M. Oztiirk, Khan, S.M., Altay, V., Efe, R., Egamberdieva, D.


https://doi.org/10.1016/j.jenvman.2021.112829
https://doi.org/10.1016/j.jenvman.2021.112829
https://doi.org/10.1007/978-981-15-9496-0_7
https://doi.org/10.1007/978-981-15-9496-0_7
https://doi.org/10.1201/9780429276026
https://doi.org/10.1201/9780429276026

66.

67.

68.

69.

70.

DEFORESTATION ACTIVITIES IN EZEKORO FOREST 75

and Khassanov, EO. (Eds.). Biodiversity, Conservation and Sustainability in
Asia, Vol. 2; South and Middle Asia. Springer, pp. 33-52, 2022. https://doi.
org/10.1007/978-3-030-73943-0_3

Jhariya, M.K., Meena, R.S., Banerjee, A., Meena, S.N., Natural Resources
Conservation and Advances for Sustainability. Elsevier, 2022. Academic
Press. ISBN: 9780128229767. https://doi.org/10.1016/C2019-0-03763-6.
Akanwa, A. & Ezeomedo, I. C., Changing climate and the effect of gully ero-
sion on Akpo community farmers in Anambra state. Journal of Ecology and
Natural Resources, 2(6), 1-12, 2018.

Akanwa, A.O., Okedo-Alex, IN., Joe-Ikechebelu, N.N. & Chatterjee, U,
Persistent climate-driven floods: a voiced case of indigenous women expe-
riencing ecosocial and health risks in a South-East community in Anmabra
state, Nigeria. In Indigenous People and Nature (pp. 495-523). Elsevier. 2022.
Akanwa, A.O. &Joe-Ikechebelu, N.N., Sustainable natural resources exploita-
tion: Clay/sand mining on diminishing greener security and increased cli-
mate risks in Nigeria. In Natural Resources Conservation and Advances for
Sustainability (pp. 545-562). Elsevier, 2022.

Yeshaneh, G.T., Assessment of micronutrient status in different land use
soils in Maybar lake watershed of Albuko District, South Wello Zone, North
Ethiopia. American Journal of Environmental Protection, 3(1), 30-36, 2015.


https://doi.org/10.1007/978-3-030-73943-0_3
https://doi.org/10.1007/978-3-030-73943-0_3




4

Land Degradation and Its Impacts on
Biodiversity and Ecosystem Services
Pawan Ekka', Subhashree Patra', Manjari Upreti?, Gajendra Kumar?,
Amit Kumar? and Purabi Saikia'*

'Department of Environmental Sciences, Central University of JTharkhand,
Ranchi, India
’Department of Geoinformatics, Central University of Jharkhand, Ranchi, India

Abstract

Land degradation is a big challenge that has an impact on ecosystem integrity
with reference to diminishing long-term ecological productivity, native biological
diversity, and resilience. It is considered a major environmental issue around the
world due to its adverse impacts on climate change, habitat and biodiversity loss,
poverty, environmental hazards, and adaptive capacities. Human-induced pro-
cesses including land use transformation, overexploitation of natural resources,
population enhancement, economic development, human-induced climate change,
ineffective laws, insecure tenure, and lack of agreements directly or indirectly
cause land degradation. Around two-thirds of the carbon contained in both vege-
tation and soil has vanished due to land degradation since the 19" century, adding
considerably to global warming. Biodiversity is impacted by land use transforma-
tion primarily through habitat loss or modification, changes in species diversity
and abundance, soil quality degradation, depletion of water resources, and over-
exploitation of endemic species. Weak policy and governance result in the dis-
suasion of sustainable management of land and the deprivation of previously sus-
tainably governed areas. Various methods and techniques have been developed to
conserve and maintain the sustainability of land resources through nature-based
solutions, including sustainable land management (SLM), ecosystem-based per-
spective, conservation based on range and unit area, etc.
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4.1 Introduction

Lands are complex systems on Earth operating on spatio-temporal scales
globally and their conversion may result in the increase of certain provi-
sioning services, mostly food, but often at the cost of reducing some major
ecological services [1]. Around 1.5 billion global population residing in
degraded land depending on natural resources for their subsistence, food,
and economic security with minimum adaptation options are specifi-
cally susceptible to land degradation [2]. The United Nations Sustainable
Development Goal (SDG) 15 emphasizes protecting, restoring, and encour-
aging wise use of terrestrial ecological community through sustainable for-
est management, combating desertification, putting a halt to and reversing
land degradation with restoration practices, and preventing biodiversity loss
[3], thereby promoting biodiversity-based livelihoods and capacity building
[4]. The changes in the land surfaces in response to the natural and anthro-
pogenic disturbances deteriorate their natural potential which ultimately
affects the ecosystem integrity [2] and has an enormous effect on biodiver-
sity and related ecosystem services [5]. It has been found that about 23% of
the global land area has reduced productivity due to land degradation [6]
by deforestation, desertification, soil erosion, loss of productive potential
or fertility, and soil pollution and it is also accelerated by the major gaps in
education, learning, awareness, and lack of agreements related to sustainable
land management [7]. The degradation affects the delivery of uncountable
ecosystem services from terrestrial biodiversity, and carbon sequestration,
to other provisioning, or regulating functions [8]. The conversion of nat-
urally vegetated land into cropland, grazing land, and unsustainable land
management practices are the most significant and direct causes of land
degradation, while other driving factors include effects of climate change,
land use transformation, mining, etc., that lead to per-capita demand from
growing populations for protein, fibre, and bioenergy [9]. Land degrada-
tion is a global environmental problem that affects humankind through a
food shortage, hiking food prices, climate change, environmental threats,
and losing biological resources and ecosystem services [10]. Soil character-
istics play a major role in habitat creation and modification and it has been
reflected in the development and growth of agriculture [11].

During the process ofland degradation soil carbon and nitrous oxides are
released into the atmosphere, which makes land degradation an important
contributor to climate change [12]. Approx. ~60% of the ecosystem ser-
vices (ES) are destroyed because of the increasing global food supply [13].
Both nutrient depletion and erosion are reported as a good indicator of
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land degradation [14] and the association of these indicators with the eco-
system functions help to identify the target areas where the soil character-
istics and nutrient holding capacity has been significantly reduced to low
levels for ecosystem restoration and needs to be improved [15]. The dis-
appearance of biodiversity in association with habitat fragmentation and
land-use changes leads to deterioration in ecosystem services (ES) [16].
Loss of global biodiversity including >10% of the overall gross productivity
per year, species extinction, poor ecosystem services and changing climate
scenarios are comprehensively assessed due to the severity of land degra-
dation [17]. The intensive agricultural activities, overexploitation of nat-
ural resources for industries, urbanization, and environmental pollution
[18] contribute to the reduction in soil biota [19] that lead to changes in
biogeochemical cycles [20]. Land degradation stresses ecological functions
and their contribution to the maintenance of ecological balance [21].

4.2 Land Degradation: Causes and Consequences

Land degradation is a deterioration of ecosystem services (ES) in terms
of net primary productivity (NPP) [22]. It is a global phenomenon of
qualitative loss in soil characteristics that is caused by soil erosion, loss
of organic carbon, nutrient loss, soil contamination and pollution, acidity
and alkalinity, soil compaction and desertification, ecological degradation,
biodiversity loss, etc., that eventually brings a negative impact on people’s
livelihoods and overall biodiversity [23]. About 25% of the earth’s surface,
excluding the ice cover areas, is affected by land degradation [24]. Both
natural and anthropogenic activities lead to land degradation. Natural
causes are earthquakes, landslides, floods, forest fires and other calamities,
whereas deforestation, illicit timber cutting, intensive agriculture practices,
mining and several other developmental projects are key anthropogenic
and man-made causes of land degradation. These causes not only destroy
land quality but also pollute the environment and affect its sustainability.
A linkage between major consequences of land degradation is depicted in
Figure 4.1 [25].

Soil is an important biologically active natural resource that forms a
functioning medium for terrestrial ecosystems [26]. It is an important
basis for food production, filters for contaminants, and reservoirs of water,
nutrients, and carbon provide habitat, and form landscapes [27].

Soil erosion initiates land degradation by three different processes
including detachment, transport and topsoil deposition due to water and
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Figure 4.1 Linkages between major consequences of land degradation [25].

wind actions [28, 29]. Major causes of soil erosion are long-duration rain-
fall, land topography, inadequate vegetative cover, inappropriate agricul-
ture, and poor water management [30]. The main factors that have raised
the risk of soil erosion and decreased soil productivity are intensive agri-
cultural practices and climate change [31]. Soil erosion affects the structure
and compaction of soil mass. Desertification and soil degradation decline
ecosystem services and productivity in the long term. Poor organic matter
and nutrient content, less infiltration, unstable water-holding capacity and
less biological diversity are reported under soil erosion. A major conse-
quence of soil erosion is depicted in Figure 4.2 [32].

Soil erosion causes the relocation of the organic materials, nutrients,
and soil organism-rich topsoil [30]. It also causes flooding, pollution, and
siltation in aquatic bodies which prohibits plant growth, recreation, sup-
ply of agricultural produce, and water quality [33]. Fewer microorganisms
and poor diversity of flora and fauna are reported in soil due to ongoing
series of soil erosion [34] and help in the transportation of non-point envi-
ronmental contaminants, heavy metals (HMs), and chemicals from agri-
cultural fields leading to increased sediment levels, eutrophication, and
disturbance in aquatic ecosystems [35]. It also results in increased use of
fertilizers inputs in agriculture leading to greater costs of goods and ser-
vices [36].
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Consequences of soil erosion
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and diversity 4. Emission of greenhouse gases

Figure 4.2 Major consequences of soil erosion [32].

Soil organic carbon (SOC) is a functional edaphic characteristic that
helps to determine soil fertility, health, productivity, and stability of soil
[37]. It is an essential component of the global carbon budget account-
ing for 62% of the global soil carbon, acting as a source and sink of
atmospheric carbon that plays a significant role in global warming, cli-
mate change, and atmospheric carbon equilibrium [38]. SOC can help
to improve soil structure, nutrient reserves, biotic activity, species diver-
sity, moisture availability, and strengthen the biogeochemical cycling of
essential nutrients [39] with decreases in proneness to drought, reduced
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soil compaction, and increased physio-chemical activity, and buffering
capacity [40]. Land degradation results in loss of SOC that directly affects
fertility, productivity, soil fauna, and overall soil quality [41]. Depletion
of SOC mainly occurs due to degradation of grassland, forest, farmlands,
land-use change by urbanization, soil erosion by water, and construction
of buildings and roads [42]. Clearing natural forests and grassland for cul-
tivation can reduce SOC, thereby reducing soil biological activities as a
result of the decline in gross primary productivity and increase in soil
respiration [43]. Cultivation for a long time also affects the storage of SOC
and the availability of essential nutrients, e.g., potassium and phosphorus
[44]. Loss of SOC due to soil degradation has a significant impact on food
production and is associated with food shortages, hunger, malnutrition in
poor countries, the decline in ecosystem services, water availability, and
energy security [45], biomass productivity, and environmental sustain-
ability [46]. A loss in the SOC pool affects various soil physicochemical
parameters including structure along with water nutrient retention capac-
ity [47]. Changes in SOC can significantly affect large-scale carbon cycling
and economic development through agricultural productivity; therefore
immediate conservation measures should be taken to maintain soil health
[48] which can be maintained by forest management, crop rotation, con-
servation tillage, agroforestry, government schemes, and integrated soil
management practices [49].

Soil pollution has become a major environmental issue in developing
countries due to mismanagement of land resources, environmental pollu-
tion, deforestation, urban expansion and intensive agricultural practices
[50]. It is mainly associated with improper waste disposal from indus-
tries, municipalities, and intensive fertilizer, weedicide, and insecticide
use in agriculture that pollutes the environment through the leaching of
hazardous substances by rainwater [51]. Mining activities create a large
sum of overburden and dust particles (Figure 4.3), while the processing of
coal releases hazardous substances like polycyclic aromatic hydrocarbons
(PAHs) that accumulate in the dump yards and can cause soil contamina-
tion [52] that affects plant growth, food production, ecosystem services,
biogeochemical cycling of nutrients, human health, economy, and overall
biodiversity [53]. Mining of gold, copper and nickel results in acid mine
drainage that exposes cyanide and HMs to the soil [54]. Soil acidity is a
common phenomenon in humid regions that occurs due to the leaching of
bases and salts as a result of heavy rain [55] that affects nearly 50% of the
global arable soil [56]. Soils of the degraded site easily become acidic due to
increased concentration of stable metallic oxide and leaching of carbonic
acid through rain and irrigation [57]. Besides, the use of acid-forming
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Figure 4.3 Land degradation by mining activities, overburden, and soil compaction due
to the movement of heavy traffic in different mining sites of Jharkhand, India

fertilizers and higher microbial activities on polluted sites contribute to
soil acidity by producing nitric and sulfuric acids [58].

The presence of metal contaminants such as Al, Mn, Ca, and Mg
increases the soil acidity, making soil unsuitable for cultivation [59] that
reduces the production of staple crops, thereby impacting food security
[60]. Soil pH has a combined effect on the growth, reproduction, nutri-
ent uptake, disease outbreak, and mineral deficiencies in soil [55] and a
pH of <5 can affect the growth of selective flora by suppressing the trans-
port of minerals and nutrients through roots [61]. Moreover, soil com-
paction is the degradation of a soil’s physical characteristics such as bulk
density, porosity, and strength that inhibits the normal growth of plants,
water and air infiltration, hindering root penetration, and soil biodiversity
[62]. Impermeability of air and water creates anaerobic soil layers that are
toxic to roots which significantly reduces vegetation cover and crop yield
[63]. Globally, soil compaction accounts for ~68 Mha of soil, mainly due
to heavy vehicular traffic and agronomic machinery movement for timber
harvesting, construction activities, mining, and land transformation [64].
It is also associated with the harvesting of forest resources, urban expan-
sion, pipeline installation, land restoration, and trampling and overgrazing
by livestock and wildlife [63]. Soil compaction deteriorates the physical,
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chemical and biological properties of soil which causes poor organic mat-
ter, less water and nutrient content and higher pollution. Soil compaction
leads to crusting, hard-setting, slaking and anaerobism [65] and increases
the cost and consumption of energy during crop production and agricul-
tural operations [66]. Soil compaction favours soil-borne diseases, denitri-
fication, mineral deficiency in crops, surface runoff, flooding, and lessens
recharging of groundwater [64]. It has long-term effects in terms of energy,
economy, food production, and environmental sustainability [67].

Desertification is a type of land degradation reported in dry regions
due to the combined effect of the socio-economy, anthropogenic activities,
and climate change that destroys the biological wealth of soils and disrupts
ecosystem services [68]. Annually 10% of the global GDP is lost due to
desertification affecting almost 3.2 billion people [69]. The rate of desert-
ification triggers by increasing urbanization, industrialization, tourism,
drought, shortage of water, over-extraction of groundwater for irrigation,
agricultural, industrial, and household activities, mismanagement of land
resources, and traditional agricultural practices, loss of vegetation, over-
exploitation of natural resources, and degradation of soil physicochemi-
cal and biological properties [68]. Land-use changes are directly linked to
the loss of indigenous plant species and soil biota [70] disturbs multiple
ecosystem services, plant diversity, nutrient retention, and biogeochemical
cycling [71]. Land degradation reduces sediment flow that directly affects
mangroves, coral reefs, and seagrasses and alters aquatic biodiversity that
triggers the invasion of exotic species that affect soil biota including earth-
worms, rhizobia, and mycorrhizae that accelerates the rate of further land
degradation [72].

4.3 Land Degradation and Major Environmental
Challenges

Land degradation refers to the deterioration of biological diversity, eco-
system services, soil productivity, vegetation cover, and water resources
of terrestrial ecosystems that eventually leads to adverse consequences for
the environment, human society and ecological systems [73]. The deteri-
oration of soil nutrient status affects humanity through food insecurity,
climate change, environmental hazards, limited livelihoods, extinction of
species, and imbalance in ecosystem services [10]. A range of anthropo-
genic activities leading to the depletion of natural resources resulted in
ecosystem disruption [74]. Modern agricultural practices have caused
major environmental changes, altering lands’ natural productivity, water
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and mineral cycling, and drought patterns [75]. Land degradation leads
to poor ecosystem services (ES) or the de-vitalization of land as a result
of over-exploitation [76], which tremendously affects the ecosystem and
the biophysical environment. Depending on the intensity of the degrada-
tion, land productivity may be diminished either temporarily or perma-
nently [77]. Drought, flooding, chemical abuse, nutrient loss, intensive
but unscientific agricultural practices, deforestation, urbanization, over-
grazing, water pollution, solid waste accumulation, and non-biodegrad-
able waste disposal are the major contributors to land degradation [10].
Anthropogenic, physicochemical, and biological processes are the natural
risks leading to the land quality deterioration [10, 78]. The radical change
of natural landscapes, forests, and grasslands into agricultural land includ-
ing the transformation of natural vegetation cover to intensive commercial
croplands for coffee, cotton, palm oil, soybeans, and wheat cultivation has
accelerated the rate of soil erosion, exceeding its natural ability to recover
and maintain its characteristic features [79, 2]. Soil erosion is an important
environmental and economic concern as it severely impacts ~10 M ha of
agricultural lands every year, resulting in a significant decrease in global
food production that leads to malnourishment of >3.7 billion people, glob-
ally [80]. As per one figure, approximately 3.0, 5.5 and 6.6 billion tons of
soil are lost annually in the regions of the US, China and India. However,
the soil erosion rate is 10-40 times faster than its formations [80]. In the
last 150 years, compaction, depletion of soil, nutrient shortages, and soil
salinization [81, 10] have resulted in the loss of about half of the planet’s
topsoil [82]. About 52% of the world’s farmland, or even beyond 2.0 bil-
lion hectares, is deteriorated, impacting 1.5 billion people and adversely
affecting women, children, and the poor in rural areas [83]. Land degra-
dation caused by mineral extraction through mining activities results in
enormous swaths of degraded land leading to considerable loss of habitat
and biodiversity, severe dust load in the atmosphere, air and water pollu-
tion, groundwater contamination, effluent discharges, acid drainage, and
metal toxicity around the mining sites with various negative consequences
on vegetation and wildlife [74, 84].

4.4 Restoration of Degraded Land

Ecological restoration enables ecosystem rehabilitation which has been
deteriorated, mutilated, or devastated [85]. End land use, determina-
tion of limiting factors, and attenuation, planning, and execution are the
three main components of the degraded land restoration process [86]
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(Figure 4.4). Bioremediation using microorganisms and various hyperac-
cumulating plant species, crop rotations process, agroforestry technique,
reduced tillage method, cover crops technology, vegetative filter strips, res-
idue, and no-till are some of the widely used biological and agro-economic
strategies to restore degraded land. Land restoration through bioremedi-
ation and technological intervention is depicted in Figure 4.5 [87, 88, 92].

Bioremediation is the removal, eradication, and detoxification of vari-
ous physicochemical contaminants from the degraded lands by the action
of microorganisms present in the soil and rhizospheric zone of plants
[89, 90]. It is a desired waste management strategy that allows for par-
tial purification, preservation of biological activity, the physical structure
of soils, restoration of soil biota, and site rehabilitation [91]. Microbial
biomass helps in assessing the restoration status of damaged sites [92].
Phytoremediation is an environmentally friendly strategy that removes,
modifies and sequesters heavy metals pollutants through plants and
microbes [93, 94]. Phytoextraction, phytovolatilization, phytostabilization,
phytodegradation, rhizofiltration, and rhizodegradation are key import-
ant Phytoremediation processes which are based on different remediation
mechanisms (Figure 4.6) [91]. Plants and their associated microbes natu-
rally break down and absorb organic and inorganic contaminants on-site
[95] which is cost-effective as it saves money by eliminating the excavation
and transportation of contaminated soil [96]. It can be applied to treat all
solid, liquid, and gaseous contaminants such as metals, herbicides, pesti-
cides, drainage water, agricultural runoff, etc. [95]. Adopting fast-grow-
ing tree species under plantation and afforestation activities restores
degraded land and provides various ecological and economic benefits [97].
Economically important tree species, particularly bioenergy crops, act as
a significant influence in land reclamation and carbon sequestration in
degraded soil [98]. A different restoration technique and its purposes are
depicted in Table 4.1.

Components of
land restoration

Attenuation,
planning, and
execution

Determination of

End land use limiting factor

Figure 4.4 Components of land restoration [86].
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Figure 4.5 Different processes of restoration of degraded land [87, 88, 92].
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Figure 4.6 Different types of plant-assisted bioremediation processes [91].

4.5 Sustainable Land Management

Conservation of soil resources is critical to all living beings as it is import-
ant for food production, human well-being, biodiversity conservation, and
healthy ecosystem services [107] and also helps in minimizing the impacts
on the ever-increasing human population and decreasing biodiversity. Soil
erosion can be managed through practical and comprehensive strategies
including watershed management, creation of filter strips, grass barriers,
buffers, field borders, windbreaks, etc., and also through scientific eval-
uation and monitoring of infrastructure development, land-use changes,
resource exploitation, and hydrological cycles prior to any developmental
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Table 4.1 Different restoration techniques and their purpose.

measures

seeding, soil binders, sediment
pit and riprap structure are used

Restoration techniques | Purpose Sources

Crop management Reduce wind and water erosion [99]

Inter-cropping Increases regeneration properties [99]
and reduces soil erosion

Crop selection Increases stability, reduces soil [99]
erosion, improves soil property

Crop rotation Avoid soil nutrition depletion, [99]
improvement of soil structure
and fertility, reduce disease and
pest, add humus to the soil,
control erosion

Cover Cropping Improve organic matter content, [100]
check soil erosion and involve in
temperature regulation in soils

Shelterbelts Protection of irrigated and rainfed [99]
farm, increases micro-climate,
fruit production, and livestock
yields

Strip Cropping Reduce soil erosion and runoft, [99]
increases water infiltration

Mulching Conserve moisture and reduce soil | [101]
erosion

Strip seeding Soil erosion reduction [99]

Terrace farming Stabilize the slope and control water | [102]
erosion

Vegetative cover Minimize erosion losses and [103]
improve infiltration rate

Deep plowing Increase water retention and [104]
infiltration process

Micro-catchment Control runoff and infiltration rate | [105]

Temporary control Hydroseeding, silt fence, top [106]
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activities [108]. The UNCCD and the UN Environment Programme joined
forces to commemorate the implementation of the “2030 Agenda for
Sustainable Development” by the UN General Assembly, which highlighted
therole ofachieving Land Degradation Neutrality (LDN) inaccordance with
best practices toward various UN Sustainable Development Goals (SDGs)
[109]. LDN has been recognized by the UNCCD Conference of Parties as
a concept that can assist communities, corporations, and governments in
reconciling the need to enhance food production without harming land
resources [110]. LDN is essentially about more sustainably managing land
to reduce degradation while boosting rates of land restoration to achieve
a net-zero rate of land degradation [111]. The Sustainable land manage-
ment (SLM) programme was commenced by the Brundtland Commission
[112] with the purpose of balancing the parallel aims and provisions of
environmental, and socioeconomic opportunities for existing and future
generations, while conserving and increasing the land resource quality
[113]. Scientific technology, future policy, and land use planning are the
three major components of SLM [114] that incorporated most aspects of
land evaluation including social, economic, and ecological factors to round
out the vision [112]. SLM practices including forest plantation and affor-
estation program help in biomass production and carbon management in
the ecosystem that enhance biodiversity conservation along with soil, food
and climate security [115-117]. Climate resilient agroforestry practices in
degraded land also help in ecosystem restoration and environmental sus-
tainability by minimizing carbon, land and energy footprint [118-125].
Moreover, integrating leguminous and multipurpose tree species ensures
eco-restoration of degraded land by improving soil health and quality by

Sustainable
Land
Management
Practices

Agroforestry

Minimum
soil

disturbance

Figure 4.7 Various land management practices under SLM [131].
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enriching carbon and nitrogen status in the soil [126—-129]. Thus, the inter-
disciplinary framework of restoration programs based on broader social
and cultural perspectives is necessary for decisions and policymakers that
assure sustainability of the natural and managed ecosystems [130]. Various
land management practices are depicted in Figure 4.7 [131].

4.6 Recommendation and Future Research Prospects

The future trends in land management and its resilience for recovery
depend on the prolonged effects of land degradation [132]. Therefore, the
efficiency and performance of ecological indicators in combination with
socioeconomic principles [15] seem to be promising for future research
perspectives. Biomass production in degraded areas has the potential to
provide significant environmental and social advantages [133]. There is
an urgent need for promoting ecological intensification practices which
improve crop yield by aiming to reduce the extent of degraded lands and
promote food security in an environmentally sustainable manner [134].
The degree of afforestation based on the LDN report is very challenging
and expensive to achieve in the future [111]. Therefore, human-assisted
natural regeneration with community involvement on abandoned fields
and degraded landscapes would be less expensive and more beneficial to
recovering biodiversity, conditions of soil, and simultaneously the chang-
ing climate resilience [135].

4.7 Conclusions

Land degradation is observed as a challenging global problem directly or
indirectly linked with human activities. Mismanagement and overexploita-
tion of land resources have major propounding impacts on crop produc-
tivity, food security, biodiversity, environment, wildlife habitat, ecosystem
services, economy, human health, and the quality of life. Extensive agri-
culture and its intensification, urbanization, and globalization are the key
factors responsible for land degradation. Besides, lack of strict policy inter-
vention, institutional frameworks related to sustainable land management
(SLM), and rapid change in the natural landscape are the major causes
leading to land degradation that affect the ecosystem integrity, climate,
environmental sustainability, and economic stability of developing coun-
tries. Sustainable land management through integrating engineering and
ecological approaches can prevent land degradation. Scientific knowledge,
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innovative technology, resource management, impact assessment, stan-
dardized methodology, effective international collaborations, public par-
ticipation from different ecological zones, strict government policy, expert
knowledge involving decision-makers and conservation professionals, and
practical restoration practices can bring fruitful results in preventing land
degradation and supporting sustainable land management (SLM).
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Abstract

Climate change has become a complex issue with profound impact on biodiver-
sity and ecosystems. Changes in climate also strongly affect forest ecosystems,
making them vulnerable in many aspects such as forest productivity loss and eco-
system services. As a result, species migration will occur from their ranges into
regions where they are not usually found. Species distribution models suggested
that species adaptation to future climate change varies, with some species expand-
ing optimal habitat and others decreasing theirs. A significant change in regional
climate factors results in changes of ecosystems. For instance, an exotic species
from locations with the same edaphoclimatic conditions may have stronger com-
petitive potential, therefore replacing native species from its natural settings. The
inevitable consequences may include not just the biodiversity loss, ecosystem or
ecological service but also an effect on other population. For example, direct effect
on the productivity loss of a certain species in a forest, or an indirect impact, such
as the growth of pyrophytic species due to the occurrence of rural fires in the for-
est. In addition, the ecological changes might have cascade impacts on the forest
products industry, such that forest provides raw materials of wood and non-wood
products that can be contributed as its monetary value. These impacts are depen-
dent not just on natural responses to climate change, but also on socioeconomic
issues which will definitely arise in the future decades or centuries. Thus, combat-
ing climate change is a critical necessity, as the only way to reverse its disastrous
effects is by mitigation activities for a sustainable forest.

*Corresponding author: faezahpardi@uitm.edu.my

Abhishek Raj, Manoj Kumar Jhariya, Arnab Banerjee, Sharad Nema, and Kiran Bargali (eds.)
Land and Environmental Management through Forestry, (103-132) © 2023 Scrivener Publishing LLC

103


mailto:faezahpardi@uitm.edu.my

104 LAND AND ENVIRONMENTAL MANAGEMENT THROUGH FORESTRY

Keywords: Climate change, forest, forest productivity,
sustainable forest management, tree species

5.1 Introduction

Climate change refers to the changes in the composition of the global atmo-
sphere, such as temperature change, rainfall and precipitation patterns that
occur over a period of time [1]. This phase is also attributed to anthropo-
genic or impact from human activities besides natural climate variability
that alters the physical environment. This issue is under hot debate as sci-
entists review past climate change and the difficult challenges involving
natural and human factors in the present state [2]. Climate change is a seri-
ous and urgent matter that must be solved in order to minimize the impact
of global rising temperatures, sea levels and melting glaciers [3, 4] Further,
it also has exacerbated current ecological effects, which are loss of topsoil
and land degradation, major soil erosion and deforestation, all of which
have hindered crop production [3]. Climate change can be driven by any
factor that modifies the radiation emitted by the sun, which modifies the
processes of energy transfer within the atmosphere as well as between the
atmosphere, land, and ocean [2, 3]. Hence, anthropogenic “signal” must be
differentiated from the “noise” of natural climatic variations with the aim
of differentiating between human and natural climate change [2].

Human activities such as deforestation, industrial pollution, land deg-
radation, and rapid industrialization are known to be contributing factors
to the adverse effects of climate change. Since the pre-industrial period,
human-caused greenhouse gas emissions have risen mostly due to pres-
ent economic and higher population growth [5]. As reported by IPCC [6],
levels of greenhouse gases (CO,, CH,, NZO) have increased, causing the
Earth to warm and to be less efficient in cooling the space. Although there
are plenty of climate change mitigation measures, total anthropogenic
GHG emissions increased between 2000 and 2010 [5]. This is because the
impacts of anthropogenic activities are overlaid with the natural climate
forcings that take place over a period. Further, natural variations in cli-
mate can arise due to the changes in the climate system component, such
as aerosol emitted by volcanic eruptions. Not only that, but there are also
inconsistent weather patterns of temperature, precipitation, and soil mois-
ture in the world [2]. Thus, it is challenging to identify and determine the
impact from the natural climate variation or anthropogenic activities.
Thus, important factors remain unknown [7].
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An unmitigated climate change scenario can result in major changes
of Earth’s temperature, and hence will increase the occurrence of extreme
heat events or heat waves over most land areas [5]. Heat waves are asso-
ciated with extreme temperature and can be characterized by the fre-
quency of heat days and high night-time temperature due to the release of
anthropogenic emissions. Extreme heat may also cause other devastating
implications in the ecosystem such as drought, wildfire disaster and mass
mortality events. In order to achieve reduction in carbon emissions, costs
will also be incurred soon. However, these will lead to difficulty in quan-
tifying the cost/benefit ratio of the climate change mitigation measures.
Climate change is a phenomenon that could impact the global economy
as well; hence, in order to address this issue, economies of all sizes need
to work together. Furthermore, impacts are not evenly distributed, most
notably in the loss of forest productivity and ecosystem services.

5.2 Causes of Climate Change

According to EPA [3], natural processes and human activities have led to
changes in the energy balance of Earth and consequently climate change.
The influence of natural processes on the climate includes the amount of
sunlight hitting the Earth, intensity of the reflected light of Earth’s atmo-
sphere and land surface. This also includes natural sources of greenhouse
gas released by plant respiration and decomposition which affects the
energy flows in the Earth’s atmosphere. In addition, human activities have
also fundamentally increased the concentration of greenhouse gases in the
atmosphere [3]. These activities include the combustion of fossil fuels, the
destruction of forests and the development of land for farms, towns and
highways. As a result, large amounts of carbon dioxide as anthropogenic
emissions are released and consequently alter the composition of Earth’s
atmosphere [3]. Anthropogenic factors are human factors that are respon-
sible for climate change such as land-use change, deforestation, emission of
greenhouse gas and urbanization. The effects of anthropogenic activities in
the global carbon cycle of 2008-2017 are depicted in Figure 5.1 [8].

5.2.1 Land-Use Change

Changes in land use are a process by which human activities transform
the natural landscape, such as the conversion of forest area for economic
activities. Urbanization and agriculture have dramatically transformed
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Figure 5.1 Schematic representation of the effects of anthropogenic activities in the
global carbon cycle of 2008-2017 [8].

one-third to one-half of the Earth’s surface, altering the face of the Earth.
Tropical forest has been cleared and grazing has been established; mean-
while rivers’ courses have also been changed. Thus, rapid changes in global
patterns of land use consequently threaten biological diversity of the forests.

The NRC (National Research Council) report refers to land-use and
land-cover processes as climate forcing where landscape variations might
inevitably affect physical landscape and adversely impact climate on a global
scale. In fact, changes in forest area due to land use significantly impacts
living organisms by destroying their habitats and ecosystems, resulting in
biodiversity loss and loss of ecosystem services [9—11]. Agricultural expan-
sion and intensification are leading factors in global biodiversity loss and
species extinction. The conversion of forest to agricultural land affects the
services functions and values of the ecosystem such as water or hydrologic
cycles, and accelerated soil erosion which reduce soils’ productivity and
contaminates with sediment loads. Further, these activities have resulted
in increased carbon fluxes in the biomass and soil to the atmosphere,
accounting for an additional 10 to 15% of total CO, emissions [12]. Thus,
unsustainable land management and land use have had significant eco-
nomic consequences which are exacerbated by climate change.

5.2.2 Deforestation

Forest ecosystems are crucial in addressing climate change because trees
are composed of approximately 50% of carbon in their dry weight whereby
the increased size of standing timber directly correlates with increases in
bound carbon during photosynthesis [13, 14]. Trees are the major contrib-
utor with 78% of the total biomass in the forests reflecting the forest’s pro-
ductivity by the rate of carbon exchange between forest ecosystem and the
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atmosphere [15, 16]. Forests serve as carbon sink as they absorb the atmo-
spheric carbon from anthropogenic factors including the use of fossil fuels
and convert it to the terrestrial carbon sink. Therefore, deforestation leads
to the release of stored carbon and consequently becomes the major con-
tributor to human-caused climate change. This is because carbon dioxide is
a greenhouse gas, which means that rising concentrations of atmospheric
carbon dioxide raise the surface temperature or cause global warming.

According to Siyum [17], tropical forests contain 25% of the global
terrestrial carbon, hence they are an important reservoir in mitigating
regional and global climate dynamics [18, 19]. The map in Figure 5.2 shows
the deforestation rates across the world, particularly in Asia [12]. Recent
research, however, indicates that tropical forests suffer massive losses and,
rather than being a carbon sink, they have now become a carbon source
due to the atmospheric carbon emissions [20]. Despite being the most bio-
logically diverse terrestrial ecosystems, they are especially vulnerable to
the impacts from deforestation and degradation with losses of biodiversity
and ecosystem services including carbon storage.

Further, deforestation contributes to climate change. The burning or
clearing of forests for the purpose of agriculture, infrastructure or urban
development affects the global carbon cycle from the atmosphere into
the forest [21]. Forest biomass left in the forest, such as remaining twigs
or branches after harvesting, will decay and eventually release its stored
carbon into the atmosphere. For the past several years, the current rate
of deforestation led to a significant rise in CO, levels in the atmosphere.
Changes in forest cover can have a direct impact on Earth’s surface

Annual deforestation, 2015
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I ] f f

Figure 5.2 The annual deforestation in Asia [12].
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temperature through water and energy exchanges [6]. As such, the reduc-
tion of forest area affects climate on a global and regional scale, resulting in
severe storms and longer droughts [22].

5.2.3 Emissions of Greenhouse Gases

The greenhouse effect is mainly governed by the concentrations of carbon
dioxide (CO,), nitrous oxide (N,O), methane (CH,) and halogenated com-
pounds such as CFCs, HFCs and PFCs. The atmospheric concentrations
of anthropogenic greenhouse gases have increased over centuries. These
activities consequently produce a positive climate forcing or global warm-
ing effect, which results in increased temperatures on Earth. In addition to
that, most developed countries release continuous greenhouse gases which
may also result in sea-level rise, seasonal unpredictability and hydromete-
orological events [23]. Figure 5.3 depicts the atmospheric concentration of
major greenhouse gases with high lifetime in the last 2,000 years [7].
Economic and human population growth have been the primary con-
tributors to the increase of CO, emissions in Earth’s atmosphere due to
burning of fossil fuels. According to EPA [24], emissions of carbon diox-
ide have increased by almost 90% since 1970. of which fossil fuel burn-
ing and industrial activities account for approximately 78% of the overall
increase in greenhouse gas emissions from 1970 to 2011. In addition, the
agricultural food sector utilizes about 30% of global energy consumption,
becoming a source of greenhouse gases in the atmosphere [25]. This indus-
try is primarily represented by fossil fuels which generate about 22% of
total anthropogenic greenhouse gas emissions [12]. As a consequence, this
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Figure 5.3 The atmospheric concentration of major greenhouse gases with high lifetime
in the last 2,000 years [7].
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Figure 5.4 The sources and flows of greenhouse gases [19].

leads to the Earth’s global warming as these activities contribute to more
heat-trapping greenhouse gas released to the atmosphere. Hence, the con-
centration of these gases will increase as the fossil fuel usage increases.
Other activities, in addition to the burning of fossil fuels, influence the
carbon cycle by contributing additional atmospheric carbon dioxide. Thus,
these activities disrupt the function of forests as carbon sink in regulating
levels of carbon dioxide in the atmosphere. The sources and flows of green-
house gases are depicted in Figure 5.4 [19]. As such, the increase in CO,
concentration could be the largest contributor to global warming [25].

5.2.4 Urbanization

Urbanization is a driving factor for economic growth, allowing the relo-
cation of excess workers to the urban industrial sector from the rural
agricultural sector [26]. Even so, lack of proper planning of urbanization
can have a detrimental influence on the economy, causing deforestation
and environmental pollution and leading to global warming and climate
change [27]. Aside from an increased population in large cities, the pop-
ulation in regional to mid-sized cities will also increase by 2030, making
them prominent economic centres. A global urban population by city size
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Figure 5.5 Global urban populations by city size [26].

is depicted in Figure 5.5 [26]. Urbanization is found to have climate change
effects because of the implementation of green technologies, increased effi-
ciency in the use of fossil fuels, reduced traffic congestion and increased
usage of public transportation through improved road and public infra-
structure. In addition to that, urbanization can exacerbate warmth such as
the heat island effect in towns, especially during heat waves or heat-related
phenomena.

The changes in land use due to urban development may also expose peo-
ple to flood risks. This is mainly related to runoff generated from extreme
weather events such as heavy precipitation which affects overflow of riv-
ers and streams [28, 29]. In fact, the occurrence and severity of continu-
ous rainstorms, more frequent droughts, and higher coastal storm surges
might occur if the climate change persists [30, 31].

5.2.5 Emissions of Pollutants

Other than greenhouse gases, some agricultural operations release pollut-
ants that result in aerosols which are tiny pieces of particles in the air [6].
Some aerosol particles can have an impact on cloud formation by their
warming or cooling effect. A conceptual model is depicted in Figure 5.6
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Figure 5.6 A conceptual model to illustrate the mechanisms of interactions among
aerosol-cloud which is influenced by anthropogenic pollutants [35].

to illustrate the mechanisms of interactions among aerosol-cloud which
is influenced by anthropogenic pollutants [35]. F gases refer to a family of
gases containing fluorine such as hydrofluorocarbons (HFCs), hydrochlo-
rofluorocarbons (HCFCs), chlorofluorocarbons (CFCs), sulphur hexafluo-
ride (SF6) and perfluorocarbons (PFCs).

They are the most potent greenhouse gases, having significantly
more global warming potentials than carbon dioxide. They are com-
monly utilized as refrigerants in air-conditioning, refrigeration systems,
aerosol propellants and heat pumps [7]. These F-gases are emitted in
small amounts as compared to other GHG gases, but they may per-
sist a long period in the atmosphere and some of their emissions are
among the longest-lasting greenhouse gases [32, 33]. Other than that,
global warming is being driven by atmospheric particulate matter such
as black carbon. The burning of fossil fuels caused the release of black
carbon particles or soot, which is also a climate forcing agent. The
warming effect is due to the direct impact of black carbon being able
to absorb sunlight and converting solar radiation to heat the environ-
ment. Further, it also impacts cloud formation as well as regional circu-
lation and rainfall patterns [7, 34].

5.2.6 Agriculture

Agricultural activities are among the significant contributors to anthro-
pogenic global warming by releasing carbon dioxide (CO,), nitrous oxide
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(N,0O) and methane (CH,) into the atmosphere. Agriculture released 5.1-
6.1 billion tons of CO, in 2005, accounting for 10-12% of all human-caused
releases of greenhouse gas emissions in that year. Not only that, but agri-
culture also contributes about 47% of global CH, and 58% of N O. The
emission of methane in the atmosphere is from the range of anthropogenic
and natural sources. Anthropogenic sources such as grazing livestock, and
the decomposition of organic waste in landfill potentially increase meth-
ane concentration. In terms of natural sources, the release of atmospheric
methane is from the anaerobic decomposition of ruminants, natural wet-
lands and leakage of fossil fuel industry [6]. According to EPA [3], recent
human activities caused an increase in CH, concentrations to be double
that of pre-industrial levels.

Agriculture is responsible for two-thirds of total anthropogenic nitrous
oxide (N,0O) global emissions [36]. Direct sources such as cultivated soils
and fertilized as well as grazed grassland systems emit N, O directly into the
atmosphere. Indirect emissions may be caused by the transport of N. such
as from agricultural fields into surface and groundwater via drainage and
surface runoff. Also, the emission of ammonia or nitrogen oxides, caus-
ing an increase in N,O production. The presence of N O has the potential
effect of global warming because of its ability in trapping Earth’s radiant
heat as well as depleting the ozone layer. It was also found that N, O is more
potent than carbon dioxide which might as well become an increasing cli-
mate threat to the atmosphere.

5.3 Climate Change Affecting Forest Ecosystems

Forest ecosystems are anticipated to undergo significant structural and
compositional change as climate change progresses [5]. Industrialization,
particularly, leads to an increase of carbon dioxide emissions and this
consequently affects the ecological function of forests. Rising CO, lev-
els may cause changes in temperature and precipitation patterns which
may impact forest disturbance patterns. Some forests may endure greater
drought, meanwhile increasing rainfall improves tree growth conditions,
thus allowing the expansion of dry forest regions. It can be noted that cli-
mate change may benefit forest in some locations while increasing mor-
tality due to the drought and potentially lead to forest fire in other forest
regions. Forest management plans might vary depending on the silvicul-
turists or foresters. For example, they recommend the adaptive potential
of trees to the changing climate. As such, the successional processes might
occur which lead to the change in the tree species composition and stand
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structure. Other silviculturists might consider planning immediate action
in mitigating the serious impacts of climate change. Others might plan for
forest management strategies such as changes in harvesting tree age for
ecological sustainability of the forest.

The main contributing factors for the carbon emission into the atmo-
sphere are emissions from fossil fuel and cement production, accounting
for 1,281 billion tonnes of CO, emissions between 1900 to 2010. In addi-
tion, deforestation represents 448 billion tonnes of CO, emissions, contrib-
uting to roughly 26% of total gas emissions [37, 38]. Despite the massive
magnitude of deforestation, forest restoration has stimulated more signif-
icant carbon sink, removing 540 billion tonnes of atmospheric CO,. This
is because of the conversion of former agricultural land to forest [39], car-
bon fertilization effect and forests were managed for the timber industry
[37, 38]. Consequently, all deforestation emissions between 1900 and 2010
were more than offset by forest regeneration because of market dynamics
and carbon fertilization [37].

The ecological role of forest is considered as a carbon sink because the
forest trees are able to remove atmospheric carbon by their carbon stor-
age in their standing biomass. In tropical forests, about half of the carbon
is stored in the form of tree biomass and the remaining half in the for-
est soil. Following this achievement, there is broad optimism to consider
the expansion of forest areas such as converting other agricultural land
to forests as well as enhanced forest management, which would result in
increased global climate mitigation [40]. Tropical forests are ecologically
important for being the most biodiverse terrestrial ecosystem. However,
temperature change and climate extremes are anticipated to have serious
impacts on the biodiversity loss of tropical forests by 2100 [41, 42]. Most
of Asia’s tropical forests are degraded and fragmented as a result of massive
forest conversion for agriculture [43]. As such, tropical forests are poten-
tially susceptible to the existential threats of changing climate [41, 44] and
identifying its hazardous effects is crucial for the forest management and
conservation plans. The effects differ significantly based on the type of for-
est, the stand structure of the forest, particularly the tree species compo-
sition, disturbance range, history and phenology. In addition, biodiversity
loss due to change in forest cover is projected to worsen as the world’s pop-
ulation continues to rise. Thus, this becomes the greatest overall threat to
remaining tropical biodiversity [44, 45]. Not only that, fragmented forests
due to deforestation also result in the decline of biodiversity. For instance,
in tropical deciduous forests in Asia, where the alteration of forest struc-
ture and species composition is due to the tree mortality as a result of cli-
mate change [46]. Continued emission of greenhouse gases will become
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a great threat and forest habitats are predicted to be more susceptible due
to climate change and other issues, including anthropogenic disturbances.

Climate change affects a wide range of ecosystem functions and pro-
cesses such as the forest fragment dynamics, taxonomic composition,
forest health, distribution of tree species and above ground biomass [44].
Further, the climate variability such as cyclones, hurricanes and typhoons
will cause a change in the stand structure of trees in Central America’s
forest [47, 48]. Meanwhile in Africa, climate change has caused negative
impacts in forests, such as changes in forest biomass and vegetation phe-
nology [49].

5.4 The Migration of Tree Species

Temperature change influences the tree species distribution as well as forest
structure, such as the composition and the diversity of tree communities in
the forests. The changes of distribution of tree species affect the ecosystem
processes and the available timber to the forest industry in the long term.
The ability of trees to migrate varies individually, although a shift in species
distribution is often a long and slow process. This biogeographic response
of plants towards climate change is also related to the niche needs of trees
to colonize new settings [50, 51].

Global climate changes have profound impact on the geographical
range of trees in forest habitats and therefore their response to these cli-
mate changes could include species-specific tree migration. The research
on the migration of tree species has been widely documented since the last
age [52]. Yet, present and projected future climatic circumstances showed
the improbable ability for tree species to migrate at the same rate as climate
change. Tree species are known to have adaptation for changing climate
independently, such that there is coexistence of some tree species at geo-
graphical scales, perhaps resulting in future North American biomes with
no existing analog [53, 54]. For instance, in India forest where tempera-
ture increase causes the distribution shift of tree species such as Taraxacum
officinale, Berberisa siatica, Jasminum officinale to a higher elevation in
Nainital. Meanwhile in central India, Sal trees are projected to replace Teak
trees in the forest and deciduous trees have the potential to replace the
conifers [55]. The rapid rate of climate change, along with particular tree
species’ reactions, may result in loss or extinction of tree species. As a con-
sequence, this results in biodiversity loss which leads to a profound impact
in altering the habitats of the species.
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To date, contemporaneous tree movement has been recorded along ele-
vational gradients in a region of the eastern United States [56] and observed
internationally [57]. The migration of trees in higher elevation gradients
may occur more frequently and impact relatively limited geographic areas.
On the other hand, the migration of trees latitudinally occurred less, which
affected large areas particularly in flat terrain [58, 59].

The rise in mean annual temperature even at 1°C, for example, may
equate to elevation of 100 to 200 m as compared to 150 kilometres latitu-
dinally. As additional inventory data became available, the research on the
range of tree species was begun across latitudinal for the eastern United
States’ forest. It was discovered that the range for tree species is relatively
static along their margins in the eastern United States; on the other hand,
higher densities of tree species of some seedlings are found in the northern
part of their range. This causes the tree seedlings to have a slight northward
shift which is different from their adult counterparts in their mean latitu-
dinal location [60].

It is well recognised that global warming and anthropogenic activities
are major factors in the range contraction of many species, which keeps
tree ranges static and potentially causes tree regeneration to fail [61]. The
range contraction is projected in the montane ecosystems because of the
failure of tree regeneration in the area [62]. Emerging research suggests that
such a dynamic is now taking place for some species [63]. The widespread
prevalence of exotic trees, combined with the enhanced stand growth [64],
implies that recruitment tree regeneration may be problematic in future as
native tree species are mostly prone to deer herbivory. Hence these have
caused the decline in the quantity of tree regeneration in eastern US forests
since the last decade [65].

Rapid extinction of tree species with constrained ecological niches is
projected to occur along their southern range if climate change contin-
ues or worsens. As a result, the absence of young trees and the failure of
tree regeneration (i.e., young trees are unable to replace old trees) can be
expected. Further, maladaptation of tree species might also be observed
as climate change impacts. For instance, conifer species of Pseudotsuga
mengziesii (Pinaceae) may not be maladapted in the western United States
[66, 67], resulting in growth loss [68]. However, there are also some pop-
ulations that may benefit from the effect of climate change, for example,
specific subpopulations of western larch. This is because they are better
genetically adapted to future temperature than other species and might
serve as seed supplies for management actions [69]. Although they have
different subpopulations over time to adapt to local circumstances, climate
change may cause them to be less suited to their environment. As a result,
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maladaptation influences the composition of forest stands in terms of spe-
cies and tree size. Thus, the expected carbon sequestration, timber volume
yields, and the efficiency of ecosystem services would be reduced if climate
change recovers [70].

In response to rising temperatures, the migration of species is commonly
observed to occur at northwards in latitude or upwards in latitude [71].
For example, palacoecological research has reported the climate variabil-
ity and habitats provided by mountainous regions in Southern Europe as
crucial refugia for migrating species during climate change episodes [72].
The current rate of climate change appears to be quicker than at any time
in previous centuries [73]. Shugart [74] discovered that plants migrated
northwards at rates ranging from 5 to 150 km per century; however, it
appears now that that range shifts to the scale of 500 km per century to
enable plants to keep up with climate change [75]. As a result, many tree
species will be beyond their suitable climatic range by the end of the cen-
tury if this projection is correct [76].

However, tree species are slow to migrate from their range, thus many
tree species have less abundance at their existing geographical range bor-
ders, limiting the likelihood of successful colonization at the borders.
Besides, the pace of migrating species and their migratory patterns varied
greatly across trees based on their particular sensitivity [73]. This state-
ment nevertheless seems to back up earlier evidence by stating that migra-
tions will take place species by species, following their unique preferences
for environmental circumstances, rather than in massive ecosystem or
biome alterations [72]. Existing ecosystems will then be characterized by
the occurrence of new species, declining patterns of some species as well
as changes in the species dominance [75]. Due to the long time period
between stand establishment and replacement for many northern tree spe-
cies, boreal and temperate forests are at risk of not surviving. Forests will
face more stress as climate changes more quickly than most tree species
can adapt [71], and the probability of some boreal and temperate tree spe-
cies becoming extinct will rise significantly [76].

Tropical ecosystems are exceptionally vulnerable to climate change. In
particular for lowland rainforest tree species, they have specialized eco-
logical niches on restricted climatic variables [77-80]. Thus, the intraspe-
cific variation in climatic tolerance is considered low for this tropical tree
species. As such, future climates are expected to rapidly alter beyond the
conditions range currently encountered by tree species, leading to the pro-
jected distributions of novel climates [77, 78] and time [79, 80]. Previous
research showed that, regardless of the rate of climate change, the novel cli-
mates are often projected to be quicker in high latitudes than low latitude
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tropics. Further, it was claimed that tropical forests experience the highest
rate of climate change, which can be measured in terms of the difference
between current and future climates [81]. For example, it is highly pre-
dicted that average crop period in the tropics would be higher in the year
2080 than even the highest severe seasonal temperatures currently seen in
these places [82].

5.5 The Replacement of Native Species
by Exotic Species

The changing climate may promote biological invasions by altering the
possibility of species establishment beyond its distribution range, which
can further worsen the impact on local and regional biodiversity [83, 84]. It
is profoundly modifying the concentration of atmospheric carbon dioxide,
global temperature change, the intensity and frequency of precipitation,
and thus preventing native species from thriving [85, 86]. Hence, these
alterations may create possibilities for the colonization of non-native spe-
cies and native species may be particularly at risk from invasions [87-89].
Non-native species have already colonised new settings due to their exis-
tence in introduced habitats. Successful colonization of non-native species
is attributed to their adaptation traits in a new environment. These species
are characterised by relatively great ability to disperse, less reliance on spe-
cialised mutualists, faster growth, and high tolerance to external conditions
as well as phenotypic plasticity. For instance, in European plant ecosys-
tems, variation characteristics of temperature and precipitation contrib-
ute to more than 40% species turnover rates [90]. In contrast, decreased
precipitation, increased drought incidence, and CO, driven increases in
nitrogen limitation led to the changes that diminish resource availability,
which may impede non-native species.

Variations of outcomes or consequences of climate change are projected
for native and non-native species (introduced species) across regions
and taxa. In aquatic environments increased CO, is related to lower pH
which then frequently inhibits calcification and growth development. In
contrast, for terrestrial plants, increased CO, levels enhance carbon avail-
ability which leads to promoting species growth and significantly bene-
fits non-native species [88]. As for temperate aquatic and mesic regions of
terrestrial ecosystems, global warming promotes the rate of growth non-
native species [91, 92]. As such, the ability of native species to succeed in
the new environment is expected to be determined by both environmental
changes that restrict or encourage native species as well as the presence
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of native and non-native species that are best fitted to changing and new
circumstances [93, 94]. Thus, incorporating concerns of non-native species
as key target elements of the management or conservation plans is essential
for the mitigation strategy of the climate change impacts.

5.6 The Economic Loss in the Forest Products
Industry

Climate variability not only affects ecological or natural processes of the
ecosystem, but it is also likely to alter the productivity of forests particu-
larly in the timber industry. The global area of production forests will have
an increase around 60% between 2010 and mid-century which accounts
for 15 million km? [95]. In contrast, primary forests are expected to decline
further. The productivity of production forests is influenced by water avail-
ability, location, the impacts of CO, fertilization and tree species. Many
producers will benefit from enhanced forest plantation output if the adap-
tation is successful. However, the advantages to farmers will vary depend-
ing on latitude and region where only producers in low to mid latitude
gain benefit from climate change but mid to high latitude producers would
be harmed by reduced market prices [5]. Globally, the benefits of physical
changes such as climate change and forestry are predicted to exceed the
disadvantages [5].

The implications are dependent not just on natural reactions to climate
change, but also on socioeconomic issues, which will surely alter over the
next century. Economy-based policies are implemented as well as wood
products market which is also important in socioeconomic issues [96].
Climate change could threaten commercial tree species, with some being
more resilient than others. If the forest products sector in the Midwest can
adapt successfully, the net effect of climate change may be positive. For
instance, white oak is an economically and environmentally significant tree
species that grows in grassland and broadleaf forest ecoregions. However,
the decline in harvest oak species was attributed to causes from fire control
and drought to pests and diseases, in addition to changing climate. White
oak species are popular harvest species, and it was reported that 36% of
yearly harvest in Illinois was contributed by oak species in 2005. Oak spe-
cies are also dominant harvest species in Ohio, thus becoming the forest
products that create monetary value for the forest communities.

The species’ sensitivity to climatic conditions varies over its whole
range, underscoring the fact that associations can vary spatially for widely
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distributed species [95]. The significant changes of abundance and distri-
bution are predicted to occur for commercial species, namely aspen, hick-
ory and sugar maple [97, 98]. There will be significant potential changes in
the presence of commercial species which may cause challenges for the for-
estry timber markets if they occur rapidly, combined with the unprepared
industry. These tendencies are important in order to investigate other com-
mercially significant species in the forestry sector, as well as the benefits of
the forest sector if there are potential possibilities of merchantable species
in the region.

5.7 Policy Strategies and Future Roadmap against
Forest Vulnerability to Climate Change

The implementation of forest management plans and policies is essential
for the maintenance of forest ecosystem health with respect to mitigat-
ing the climate change impacts [99-101]. Managing forest helps in off-
setting C footprint along with biomass production and carbon balance
in the environment [102, 103]. However, policies for promotion of sus-
tainable forest management (SFM) ensure soil, food and climate security
which help in maintaining environmental sustainability [104]. Adopting
sustainable intensification for forest management maximizes health and
productivity along with resource conservation which promise healthier
ecosystem and services [105-107]. Also, forest plantation including affor-
estation techniques by leguminous tress helps in combating climate change
and restoring degraded land through maintenance of nitrogen and carbon
status in the soils [108—110]. A roadmap must be constructed for forest
management which helps in mitigating carbon, land and energy footprints
for strengthening climate security [111, 112]. Recognizing that climate
change offers increasing threats to the environment, more than 141 coun-
tries enacted policies to tackle the problem and unite in order to adapt to
its consequences (Table 5.1). As such, these policies influence the forested
area, promoting biodiversity conservation, forest exploitation, timber
products industry, all of which can make the forest more vulnerable or less
vulnerable due to climate change.

Forest policies and strategies must be structured sustainably in accor-
dance with the United Nations: Sustainable Development Goals notably
SDG 13: Climate Action to achieve a climate-neutral world. Policy reviews
are needed as part of the policy and procedure management to ensure its
efficiency and implications for the forest vulnerability. The policies also
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Table 5.1 The implementation of policy strategies and future roadmap in Asia countries.

Country [ Policy Strategies Future roadmap
Malaysia | Forestry Policy of Increasing the capacity of (a) Forest inventories for monitoring carbon stocks.
Peninsular Malaysia, forests to mitigate the effects | (b) Restoration of degraded forest by tree planting.
2020 [113] of climate change. (c) Conserving wetlands and uplands forest to
improve carbon storage.

(d) Implementing forest management approach with
regard to the carbon balance in accordance with
regional or international laws.

India National Forest Policy, Encouraging the ecological (a) Transformation to conservation-based forestry.

1988 [114]

balance for sustainable
environment.

(b) Increased emphasis on forest expansion,
promoting forestry for community and agriculture.

(c) Acknowledgment of forest trees for the purpose of
forest conservation.

(d) Strict controls to prohibit industries from forest
exploitation.

The National Wildlife
Action Plan, 2002-
2016 [115]

To protect and conserve flora
and fauna in their natural
habitats.

(a) Identification of essential forest ecosystems and
species, as well as the implementation of actions to
maintain their conservation, both in-situ and ex-situ.

(b) Integrating climate change considerations into the
forest management plan.

(Continued)
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Table 5.1 The implementation of policy strategies and future roadmap in Asia countries. (Continued)

(2013-2050) [117]

issues.

Country | Policy Strategies Future roadmap
Indonesia | Nationally Determined | To protect, restore and improve | (a) To reduce carbon emission from land-use and
Contribution, 2016 land management strategies. energy sectors.
[116] (b) The development of renewable energy and
alignment of government policies.
Thailand | Thailand’s Climate To address mitigation, (a) Strengthening community adaptation capacity
Change Master Plan adaptation and cross-cutting | (b) Supporting climate change adaptation plans

locally and internationally.
(c) Encouraging the conservation of indigenous
species and ecosystems.
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must be revised on a regular basis in order to accommodate future imple-
menting regulations and to ensure that the legislation is in line with the
recent advancements at the global level.

5.8 Conclusion

Forests are a stabilising force for the climate. They are important in the
natural processes of the carbon cycle, ecologically maintaining biodiver-
sity, supporting livelihoods by supplying goods and services that can drive
sustainable growth. However, the forest areas have been slowly decreasing,
thus making it to be the major source of atmospheric CO, emissions. High
levels of CO, in the atmosphere are responsible for roughly two-thirds
of the overall energy imbalance that is leading the Earth’s temperature
to increase. Hence, climate change is said to be among the world’s great-
est challenges, as this phenomenon is characterised by extreme climatic
weather, which in turn affects the forest function of ecosystem services
and natural processes for the terrestrial ecosystem. Further, climate change
also influences the tree species distribution, the growth rate and the forest
structure. Thus, the inevitable consequences may include not just the loss
of biodiversity, forest resource productivity, ecological process and eco-
system service, but also the economic contributions of forest. Forest is
important to human well-being because it provides the raw materials such
as wood and non-wood products that can be commercialized and can con-
tribute to the monetary value. Therefore, the management of forests needs
to be conducted in a sustainable way for future generations despite the fast
pace of climate change.

Sustainable Development Goal, SDG 13, established by the United
Nations in 2015, is one of 17 Sustainable Development Goals that focus
on climate action. The mission statement for SDG13 is “take urgent
action to combat climate change and its impacts”. Hence, SDG 13 may be
achieved by implementing related actions such as limiting gas emissions
and balancing the levels of greenhouse gases and protecting forest from
deforestation. Forests act as carbon sinks, which play a vital role in carbon
sequestration or removing atmospheric carbon dioxide from the atmo-
sphere. Hence, it is a necessity for the forests to be managed in a way that
ensures the sustainability of the forests. Sustainable forest management
(SFM) is part of sustainable land management which aims to maintain
land productivity by reducing land degradation. This is also a holistic
approach regarding the maintaining or enhancing of forest functions as
forest carbon stocks and forest carbon sinks. Other important parameters
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which are to be considered regarding the urgent actions to combat the
negative impacts of climate change include (i) reducing anthropogenic
activities especially involves lowering the amount of heat-trapping green-
house gases released into the atmosphere, and (ii) estimations and pro-
jections of future emissions of greenhouse gases. By conducting these
mitigation strategies, human intervention will no longer be affecting the
climate system.
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Abstract

The forests’ large spatial and temporal frame makes them unique. Their manage-
ment developed over time through a large set of methods and techniques. Up
to the 13" century, forests were able to provide products and services. From the
13" century onwards, regulations were made in order to preserve the forests and
their products and services. Later on, in the 19" and 20" centuries, the increasing
demand of woody and non-woody products and services changed the paradigm
of forest management. The result was the development of several approaches to
multiple use management, among which was continuous cover forestry. These
approaches are based on complex systems, continuity of crown cover in space
and time, and natural regeneration. This review describes the principles, the man-
agement options and the challenges to the implementation of continuous cover
forestry.

Keywords: Silviculture, management, stand structure, sustainability,
and productions

6.1 Introduction

Forests and forest stands have two features that make their management
unique: temporal scale and spatial scale. Silviculture has to work in an
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integrated way with short-, medium- and long-term temporal scale, and
with small, medium and large spatial scale. This integrated approach
makes the bridge between growth, productivity, sustainability, products,
and services. Silviculture and forest management developed over time as a
result of scientific knowledge of the forest ecosystems and the demand of
products by the market.

Until the 9™ century, the forests were able to provide the need for wood and
services. The increase of population, the development of agriculture and the
intensification of demand for woody products, firewood, naval construction
and industry from the 9" until the 19" centuries, augmented the pressure on
forests to provide increasing quantities of wood (though with some fluctu-
ations corresponding to periods of wars and human pandemics). The pres-
sure on forest diminished in the 20" century with the use of oil as a source
of energy. From the 13" century onwards, the increasing demand for forest
products and the need for more area for agriculture led to the degradation
and reduction of the forest area. This brought about an increasing concern
towards the preservation of the forests and their products, which resulted in
regulations [1]. The development of forest science enabled the development
of methods and techniques to manage forests according to a set of objectives,
always considering wood production, perpetuity, other forest products and
services, and more recently sustainability [1, 2]. The approaches to silvicul-
ture can be divided into two broad classes: monofunctional and multifunc-
tional. The monofunctional approach has one main goal, timber production.
It is characterised by stands with high density; frequently of one species
(pure stands); with management towards homogeneous trees dimensions
(even aged stands); high productivities and mechanised harvesting, associ-
ated with clear-cut systems and many times to artificial regeneration [1, 2].
The multifunctional approach has multiple goals, which have to be ranked in
order to optimise the management investments. It is frequently associated
with mixed and/or uneven aged stands; management that favours the stand
irregularity, both horizontal and vertical; several forest systems can be used,
from clear-cut (in small areas) to selective systems, although preference is
given to selective and irregular shelterwood systems; and regeneration is
preferably natural, though artificial regeneration can be used. Harvesting
cycles are defined by a target (threshold) diameter and quantity of volume
removed should correspond approximately to volume increment during the
time between two successive cuts. In this approach the sustainability of the
stands, forests and their products and services is a central issue [3].

The multifunctional silviculture dates back to the 18" century and
derived from the concerns of forest conservation (or sustainability) [1].
From this concern, several approaches were developed and have been
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subject to a continuous discussion on their advantages and disadvantages
and implementation.

In literature, a vast number of publications can be found on multi-
functional silviculture. Furthermore, the terminology used is vast [4, 5].
Different authors group the several approaches to multifunctional silvi-
culture according to different categories, definitions and goals. While [5]
used six categories (continuous cover forestry, ecosystem management,
structural diversity, retention, thinning/harvesting methods and philo-
sophically driven), [4] used five categories, three for stand level approaches
(timber oriented, nature based, global change driven), one for landscape
level and one for conceptual level.

A standard term that includes all the approaches and the definition has
not yet been presented in literature. This is due to the variability between
the different approaches [4, 5]. Yet, broadly speaking it can be said mul-
tiple products and services define that multifunctional silviculture; with
species adapted to the site; in pure, mixed, even aged and/or uneven aged
stands; and selective or shelterwood systems, though clear-cut might be
used in small areas. The goals of this approach are the sustainability of the
stands and productions, increase of the system resilience and diversifica-
tion by risk partitioning and complementarily of functions. Some of the
approaches are presented in Table 6.1, including three conceptual ones.
The rationale behind these approaches is an integrated holistic vision of
the ecosystem and the interaction among the components in a spatial-tem-
poral perspective.

Table 6.1 Approaches to multifunctional forestry.

Approach References
Continuous cover forestry [3,6-9]
Close to nature silviculture/forestry [10-15]
Retention systems [16-20]
Adaptative forestry/silviculture [21,22]
Climate-smart forestry [23-25]
Ecological forestry [26, 27]
New forestry [28]
Holistic forestry [29]
Systemic silviculture [30-32]
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The goal of this review is to revise the state of the art on the stand level of
the continuous cover forestry, both for forest systems for timber and other
non-woody products and services and their implications to forest manage-
ment. The study is divided into the following sections: continuous cover
forestry (section 6.2), forest management under continuous cover forestry
(section 6.3), and challenges of continuous cover forestry (section 6.4).

6.2 Continuous Cover Forestry

Continuous Cover Forestry (CCF) and Close to Nature Silviculture (CNS) were
founded on the studies Adolphe Guarnaud and Henry Biolley did on uneven
aged stands in the 19" century [1, 5]. These two approaches converged with the
work developed under Pro Silva, a European federation of foresters (https://
www.prosilva.org/), and may be considered synonyms [8, 14]. For simplicity,
these two approaches will be referred to as continuous cover forestry.
Continuous cover forestry is not a forest system but rather an approach
guided by a set of principles [5, 8, 14, 33], oriented towards the forest eco-
system, enhancing their horizontal and vertical variability while ensuring
their stability [14]. The seven principles (Figure 6.1) associated with con-
tinuous cover forestry are [3, 5, 8, 14, 33]: i) use of native species adapted

’—{ Use of native species adapted to the site

Maintenance and/or promotion of continuous
cover

Enhancement and/or maintenance of horizontal
and vertical diversity of stand structure

Maintenance and/or promotion of stability

Maintenance of soil productive potential

’—{ Use primordially natural regeneration

Maintenance and/or promotion of conservation
[ and protection of the ecosystem

LA

1

Figure 6.1 Principles of continuous cover forestry.
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to the site; ii) maintenance and/or promotion of continuous cover, with
the avoidance of clear felling; iii) enhancement and/or maintenance of the
horizontal and vertical diversity of stand structure, both in composition
and structure; iv) use primordially natural regeneration, although artificial
regeneration can be used to complement natural regeneration; v) main-
tenance and/or promotion of stability, as a way to minimize disturbances
(biotic and abiotic) damages; vi) maintenance of soil productive potential,
by minimizing the practices of site management; vii) maintenance and/or
promotion of conservation and protection of the ecosystem, especially the
most sensitive sites and/or under protection or conservation status.

The use of species adapted to the site is related to the adaptation and resil-
ience of the forest system. The goal is to develop or maintain stands which
can withstand disturbances and maintain the system [12]. Native species
and/or provenances that are in sites within the range of their ecological
traits are considered better suited as they are less prone to biotic and abiotic
disturbances and are better suited to the perpetuity and sustainability of the
system [5, 10, 34]. Both natural and/or site adapted tree species can be used.
Non-native species can be used in admixtures in small proportions [15].

Maintenance and/or promotion of continuous cover is associated with the
maintenance of the stand sustainability and their productions. It is related to
the continuity of timber production, both in quantity and quality, but also to
other productions and services expected from the forests. In fact, conserva-
tion and protection of sites, habitats, flora and fauna species is many times
interlinked with the sustainability of the forest systems [8, 14, 33].

Maintenance and promotion of the horizontal and vertical diversity of the
stand, in composition and structure, enhance the stand perpetuity and sus-
tainability; maintain periodical timber harvests; the diversity of timber size
classes is higher; and tree and stand stability is, in general, higher [5, 15, 35].

The use of natural regeneration is related to its potential better adapta-
tion to the site, development of well-established root system and reduction
of the installation costs. Species adapted to the site, in general, have higher
survival rates and development [3, 36]. Inversely to plantations, the root
system of the natural regeneration seedlings establishes well in the soil,
thus enhancing the uptake of water and nutrients and consequently the
seedling growth [36-38]. Generally the costs of natural regeneration are
low [3, 39] and are frequently associated with the control of spontaneous
vegetation or improving the seedbed [36, 40].

Stability maintenance and/or promotion is linked to the effect of dis-
turbances (abiotic and biotic) on the forest system. It is related to the
dynamics of regeneration; ecological stability, including species adapted
to the sites and species admixtures that are able to preserve the genetic
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variability; resilience of the system; mechanical stability of the individual
trees, in particular the future trees that are in free growth, and also stand
stability [1, 10, 34, 41].

Maintenance of soil productive potential is linked to canopy cover and
site management practices. The positive effect of crown cover on the forest
microclimate is well known: reduction of erosion risk and enhancement
of carbon storage [35, 42]. Inversely, site management practices, such as
soil tillage, can affect the physical, chemical and biological soil properties,
reduce carbon stocks in the soil and promote erosion [2, 43].

Maintenance and/or promotion of conservation and protection of the eco-
system comprise an integrated and holistic management rather than manag-
ing only for the forest component. It has implications on the maintenance of
the sustainability by identifying the sensitive areas, such as transition areas
between different land uses, riparian areas, and conservation and protec-
tion areas. This is related to the maintenance of habitats for flora and fauna
species, which is especially important for those with at-risk status. The min-
imization of disturbances, especially silvicultural practices, by prescribing
practices that minimize stand structure changes and use of methods that
are similar to the natural disturbances, can help to maintain the stand struc-
ture [5, 15]. It is also connected with the maintenance and promotion of
biodiversity, which can be achieved by retaining trees (amenity), deadwood
(standing or lying), protection (habitats, fauna and flora), and transition
zones between different land uses (ecosystems services) [44].

As mentioned earlier, continuous cover forestry is not a silvicultural
system, but rather an approach guided by a set of principles. It encom-
passes mainly two silvicultural systems: selection and shelterwood [3, 8,
14, 33, 45]. The latter is frequently used during the transformation process
to enable higher structural diversity [3]. These two systems are those that
enable reaching the target stand structure and their sustainability. Yet, the
clear cut with standards system can be used in some cases [3, 46, 47]. It
also fosters a wide range of thinning methods, intensities and frequencies.
From the existing thinning methods, the better suited are those that main-
tain or increase the structural diversity of the stands, such as the thinning
from above, selective, variable density [3]. One or several thinning meth-
ods, intensities and frequencies can be used in space and time, throughout
the production cycle. For further details on thinning see [48].

The diversity of stand structures that can be found in forest systems
managed under continuous cover forestry makes it difficult to generalise
the models of silviculture. Yet, the set of principles of continuous cover
forestry provide the guidelines for the development of the management
options. Models of silviculture (Figure 6.2) of continuous cover forestry
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Figure 6.2 Features to take into consideration in the models of silviculture.

stands need to be flexible and interlinked with adaptive management [33].
The variability of species, stand structure, sites, goals and management
derive from a wide range of continuous cover forestry systems. Thus, it
is not feasible to generalise models of silviculture. Considering the wide
range of options, during the production cycle, management options can be
analysed and evaluated with growth and production models. These models
can be used to simulate different models of silviculture and its effects on
tree and stand growth and yield as well as in other products and services.

One of the alternatives in terms of structure is to manage stands under
Plenter (or selection) system, which corresponds to a negative exponential
distribution of diameter [3]. It was applied successfully in some European
countries (Table 6.2).

The stand diameter distribution may not follow a negative exponential.
Other curves are also admissible, such as rotated sigmoid, unimodal, and
are related to the number of cohorts and their proportion in the stands
[54, 55]. The target diameter distribution is reached gradually by har-
vest, whether thinning or cuttings [3]. As stand develops, depending on
the type, intensity and frequency of the harvests (including thinning and
cuttings), more than one alternative can be considered. The growth and
production models are of help in developing, analysing and choosing the
better suited silvicultural practices as a function of the target structure and
the stand structure dynamics [12].
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Table 6.2 Countries where continuous cover forestry is used.

Country Reference
Switzerland [10]
France [49]
Germany [49]
Austria [49]
Italy [50]
Slovakia [51]
Denmark [52]
Slovenia [49, 53]
Bulgaria [53]
Croatia [53]
Romania [53]
Bosnia and Herzegovina [53]
FJR of Macedonia [53]
Montenegro and Serbia [53]

Regeneration is linked to gap openings. These should be small and the
area of 0.25 ha has been proposed [38]. Yet, this value though can be used
as a reference to enable the maintenance of the microclimate in the forest
stand, should not be used as a rule. First, the area of the gaps has to be
evaluated with the number of gaps and their spatial distribution [56-58].
Second, gap size is dependent on the species traits one desires to regenerate
[57, 58]. Third, as one of the goals of continuous cover forestry is promot-
ing mixed and/or uneven aged stands, different gap sizes are better suited
than just one gap size [10, 14]. For example, shade intolerant species need
larger gaps for a successful regeneration [3]. Thus, a reduced number of
larger gaps than 0.25 ha can be acceptable [59].

One constraint that can be pointed out regarding natural regeneration
is that it is not always possible to have seedlings of all the desired species
[36, 37, 57], because of the lack of seed source, seed production or inade-
quate site and stand conditions [58, 60, 61]. Thus, it can be admissible to
use artificial regeneration (seeding or planting) to promote species which
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are difficult to regenerate naturally, in which case gap size has to be suited
to their ecological traits, for example, larger gaps for shade intolerant spe-
cies [62].

Herbivory is another concern when regenerating stands. The damages
to seedlings are related to the animal density, palatability of the tree species
and the alternative vegetation [6, 37, 56, 63, 64]. One way to overcome
browsing pressure is either to fence the regenerating areas or to use indi-
vidual tree shelters [65].

Continuous cover forestry was developed for timber-oriented stands.
Yet, many of its principles are already implemented in agroforestry sys-
tems in the Mediterranean basin. These systems are multiple uses oriented
for bark and fruit production to which is frequently associated agriculture
and/or grazing. The stands have low density and irregular spacing. Three
frequent species are Quercus suber, Quercus ilex and Pinus pinea [66-68]
whether in pure or mixed stands, mainly even aged, but uneven aged
stands are also present [69, 70]. The stands of these three species are man-
aged for a target crown cover of 40-60% throughout the production cycle.
Several reasons can be pointed out: the species are shade intolerant; annual
drought season (from June to August); and to allow agricultural crops and/
or grazing [66, 68, 71, 72]. Regeneration is dependent on seed production
and spring precipitation in the first years after germination [37].

In the management of these systems several continuous cover for-
estry principles (Figure 6.3) are applied, namely the species are native,

Crown cover 40-60%
Composition Pure or mixed
Structure 2-4 cohorts

Natural, needs protection

Regeneration
J from browsing

applied in agroforestry systems

Native tree species
adapted to the site

Principles of continuous cover forestry

Stand stability

Minimisation of changes
in stand structure

Ecosystem conservation

Figure 6.3 Principles of continuous cover forestry applied in agroforestry systems.
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continuous cover is maintained throughout the production cycle, natural
regeneration is used, stability is enhanced [69, 70] and conservation of the
ecosystem is promoted [73]. The principle that is less implemented is the
development of uneven aged stands [69, 70]. In fact, their development
is a challenge due to the need of synchrony of good seed production and
spring precipitation that enable natural regeneration establishment. In
addition, measures have to be taken in regard to the protection of natural
regeneration from browsing. In spite of the limitations, uneven aged stands
of the aforementioned species are found [69, 70].

Composition can be either pure or mixed. The latter has advantages in
what concerns the increase of diversity and resilience of the stands and
their productions while maintaining conservation of soil and water, hab-
itats and flora and fauna species. Considering the aforementioned, the
number of cohorts in agroforestry systems has to be a balance between
the periodicity of natural regeneration, species traits, site and other land
uses. Thus, structures with two to four cohorts seem to be the best suited.
One of the advantages of these uneven aged stands are the maintenance
of the production, contrary to what happens in the even aged stands
where full production is attained at an age of about 30 to 40 years for
Quercus suber, Quercus ilex and Pinus pinea. Another advantage is that
as crown cover is maintained the conservation and protection of the soil,
habitats and species both of flora and fauna, is enhanced. Crown cover
is particularly important in the Mediterranean as precipitation is prev-
alent in autumn and winter and torrential rainfalls are common, while
a drought season occurs in the summer (June to August). Typically, the
best-suited crown cover is between 40% and 60%. A number of cohorts
larger than four may have disadvantages. First, natural regeneration has
to occur with success with shorter periodicity. This might not be pos-
sible as regeneration period has to be long (circa 10 years or more) to
enable several years of good seed production and suitable spring precip-
itation. Second, browsing has to be reduced, either by exclusion or indi-
vidual tree shelters. Third, the three species are shade intolerant, site has
periodic droughts and soils are frequently of poor quality, thus restrict-
ing stand density and consequently the number of possible cohorts.
Fourth, agricultural crops and grazing conditions the number of cohorts.
Consequently, it seems more feasible to implement structures of two to
four cohorts [71].
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6.3 Forest Management under Continuous Cover
Forestry

Forest management under continuous cover forestry will be addressed
with two cases (Figure 6.4): existing stands and transformation of existing
regular forest management systems. Costs and returns of the continuous
cover forestry approach when compared to regular forest management will
also be discussed.

The management of existing continuous cover forestry has to take into
account several features of mixed and/or uneven aged stands, so that the
system is maintained, namely regeneration, composition and structure and
harvests. Natural regeneration depends on a set of factors, namely flow-
ering, fruiting, germination, seedling survival and development, which
are linked to stand structure and site [37, 74-76]. Flowering and fruiting
are related to stand structure as trees with well-developed crowns produce

Continuous

cover forestry

—l v
1
Transformation ‘\ Existing stands
‘ Lifespan
\ 4

P ==

Regeneration

Thinnings and Composition
Short Long cuts Structure
1
Transform in Target stand
the next structure
-~ generation

Figure 6.4 Existing continuous cover forestry management and transformation of stands
into continuous cover forestry.
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more flowers and fruits, mainly in the outer crown [77, 78]. Furthermore,
seed availability is related to the fruit production cycles, with some species
with masting years with shorter periodicity than others [60]. Germination
is dependent on the seedbed conditions, light and water availability.
Frequently two limiting factors have been specified: light for stands in
higher latitudes, and drought in Mediterranean climates [36, 37, 40, 79].
The seedling survival and development is related to the growing space
available and the species traits. For example, shading is a limiting factor,
the stronger the more intolerant are the species. Similarly, competition
for water and nutrients by the overstorey individuals and by understorey
vegetation is another limiting factor. Yet, shade can have a protective role
against water stress and frost. Likewise, browsing damages can be dimin-
ished by the protection offered by the understorey vegetation [37, 80, 81].

Natural regeneration has to be ensured, in quantity and quality, as well
as composition and spatial distribution. Several silvicultural measures can
be prescribed to enhance the success of natural regeneration, including
opening gaps in the canopy with different sizes that enable the regener-
ation, growth and recruitment of species with different shade tolerance
[57, 58, 82]; control of browsing to reduce the damages and growth reduc-
tion of the seedlings and saplings, with for example individual tree shelters,
exclusion and/or reduction of the animal density [6, 37, 63, 65]; control
of spontaneous vegetation to reduce the competition between seedlings/
saplings and the former [36, 40]; and thinning to reduce competition
amongst regeneration and overstorey trees [81, 83].

Target composition and structure is attained with thinning and cuts.
Thinning controls the proportion of species in mixed stands and compo-
sition, especially of the future trees so that they are, during the production
cycle, in free growth [3, 14, 33]. Several methods can be used, namely, thin-
ning from below, thinning from above, selective thinning, variable density
thinning and free thinning. One or several methods can be used in the
stand, both in space and time [48]. This is related to the variability of com-
position and structure in the stand [3]. Thinning intensity and frequency is
dictated by the competition the future trees are suffering and also the need
to release the best trees of the younger cohorts [3, 48]. The cuts are related
to the silvicultural system as well as the moment when the future trees are
mature, that is, when they are financially mature [3]. Several silvicultural
systems can be used. Selection systems, whether with single tree or group
selection, have been described by several authors (e.g., [10, 49, 50, 53, 84]).
Irregular shelterwood system has also been used with continuous cover
forestry management (e.g., [14, 46, 54]). The choice of the system is related
to the site characteristics, species traits and target stand structure.
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One silvicultural practice that is relevant to wood quantity and quality
is pruning. The continuous cover forestry approach relies on natural prun-
ing. This can be achieved by shading the lower stem level. Thus, care should
be taken not to open canopy gaps that increase direct sunlight in the lower
parts of the stem as the trees tend to maintain and develop more or less
heavy branching, especially those at the border of the gaps [12, 85-87].
Also, species with weak epinastic control tend to form heavy branching
[34, 88].

Of importance are also the broadleaved tree species that are frequently
found in small proportions, whether as individual stems or in groups, but
that can have a pivotal importance in continuous cover forestry systems.
These tree species (e.g., from the genera Prunus, Fraxinus, Acer, Alnus,
Carpinus, Castanea, Juglans, Sorbus, Tilia, Ulmus) can play a primordial
role to the heterogeneity, diversity, stability and resilience of the stands and
forests. In addition, their timber is of high quality, the production cycles
are relatively short, and timber quality has a high-added market value.
Details on the silvicultural practices associated with continuous cover for-
estry can be found in [87].

Overall, the management of existing continuous cover forestry stands
is dependent on stand structure, site and growth conditions; disturbances,
which should be of short periodicity and light intensity; and the use of
combined silvicultural methods and techniques [10]. Moreover, for the
maintenance of the target stand structure is of primordial importance the
continuous management and monitoring [84]. Rather than imposing silvi-
cultural practices on a fixed schedule, continuous cover forestry relies on
the analysis of the dynamics of the stand structure, through continuous
monitoring and adaptative and flexible models of silviculture that drive the
stands gradually to the target stand structure or that maintain it, with the
best suited silvicultural practices in time and space.

The transformation of regular forest management stands into continuous
cover forestry is dependent on the structural differentiation of the stand.
Schiitz [34] refers four steps: i) main stand stability, which is related to the
intensity and periodicity of thinning operations that enable to open the can-
opy to promote natural regeneration, without risk of tree falling; i) duration
of the trees that constitute the main canopy, which should remain during the
time the transformation takes place; iii) promotion of differentiated regen-
eration, which ensures auto-regulations and diverse age classes (or cohorts);
iv) adequacy to the target stand structure, including number of cohorts and
species, their proportion, and horizontal and vertical distribution.

The conversion of structure and transformation according to [34] can
be broadly divided into two stages: i) give enough time (often more than
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50 years) to the process to follow a sequence of four stages, namely differen-
tiation, promotion of regeneration, structural development and structure
achievement; and ii) decide whether alteration of structure and composi-
tion is done in the actual generation or in the next one, as function of the
life span of the trees of the overstorey.

In practice the transformation of regular forest management to contin-
uous cover forestry can be attained by the following sequential steps [3]
(Figure 6.5): i) in the first step, young even aged stands a set of thinning
from below are carried out to promote stem exclusion stage; ii) in the sec-
ond step, a suite of thinning that change progressively from thinning from
below to crown thinning are done. The result is twofold, development of
regeneration cohorts and have revenues as large trees are removed; iii) in
the third step, is made the removal of the trees of the overstorey that are
competing with the future trees. At the same time a set of thinning are
carried out in the younger cohorts of regeneration; whenever there is the
slowdown or stall of the regeneration there should be opened canopy gaps
with wide dimensions, the larger the more shade intolerant are the tree
species; and iv) in the fourth step, is carried out the removal of mature trees
with shelterwood system, with intensity depending on natural regenera-
tion density, spatial distribution and development.

The transformation should take into consideration the potential risks.
For example, in stands prone to wind damage [89] suggests three short
periodicity thinning, the first to enable accessing the stand, and the latter
two (from above) for the identification and promotion of the trees with
higher probability of becoming dominants. After the third thinning it

Young even aged stand J

i) Thinnings from below

ii) Thinnings from below gradually changing to
from above

‘ iii) Future trees competitors removal

iv) Mature tree removal ‘

Figure 6.5 Transformation of even aged stands into continuous cover forestry.
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should be given time for stand recovering. When this is achieved, thinning,
in variable number, should be done to promote diversity in structure that is
to enhance natural regeneration. The natural regeneration is promoted by
enabling suitable light levels in the understorey and reducing competition
of spontaneous vegetation [90, 91].

For the successful transformation, the flexibility of the model of silvicul-
ture and the continuous evaluation of the management practices schedule
have to be done. These silvicultural practices can be anticipated or retarded
according to the stand structure and market dynamics, which implies
adaptative management. Thus, to combine the model of silviculture with
monitoring and make the necessary alterations whenever needed but bear-
ing in mind the target stand structure [84, 92].

Managing continuous cover forestry stands or transforming regular
forest management into continuous cover forestry stands have costs and
returns. These are closely linked to the silvicultural practices. When com-
pared with regular forest management, the continuous cover forestry, in
theory, has two financial benefits [3]: i) costs of installation are reduced as
it uses natural regeneration, and ii) uneven aged stands enable the produc-
tion of large high-quality timber. The cost savings in installation are con-
siderable. McMahon et al. [39] referred that installation represents 20-30%
of the investment and its return is only attained at final harvest in even
aged stands.

The transformation of forests into continuous cover forestry evaluated
with net present value (NPV), assuming a successful natural regenera-
tion, both with field trials [93] and simulation studies [94] attained sim-
ilar results, with higher profitability for continuous cover forestry when
compared with regular forest management. This is related to the higher
price of the saw logs (of larger dimensions) in continuous cover forestry.
Another distinctive feature of continuous cover forestry that influences its
revenues is the periodicity of cuts and the dimension of the trees removed.
As continuous cover forestry is based in the selection of the future trees,
in thinning trees of large sizes are removed, thus allowing higher incomes
with shorter periodicity when compared with regular forest management
[3]. Continuous cover forestry is also characterised by the partitioning of
risks because a wider assortment of timber products is available which also
enables a more flexible adjustment to fluctuations of timber market value.
According to [3] the financial benefits of continuous cover forestry are:
the profitability of continuous cover forestry is higher than that of regular
forest management and increases with the increase of the rates of discount;
when trees reach maturity (financial) they can be harvested; in continuous
cover forestry most trees are cut when they are financially mature, while in
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regular forest management that does not happen. The potential to produce
high-quality timber in continuous cover forestry is related to the selec-
tion of the best producers [85]; the natural pruning derived from shading
casted by the neighbours’ trees on the lower part of the stem [12, 87]; and
the small proportion of juvenile wood [85]. Furthermore, wider range of
externalities are attained by continuous cover forestry than by regular for-
est management, without the reduction of the net present value [95].

6.4 Challenges and Future Outlook of Continuous
Cover Forestry

According to [8] the regular forest management, with clear cut or uniform
shelterwood systems, was the most common in 66% of the European coun-
tries analysed, while in 25% of the countries the most common was con-
tinuous cover forestry, mainly in central and southeastern Europe. Also,
transformation of regular forest management in continuous cover forestry
was present in 15 countries, and combinations of regular forest manage-
ment and continuous cover forestry were reported by the majority of the
studied countries [8]. There are also examples of application of continuous
cover forestry in other regions outside Europe, for example China, Chile,
Mexico and South Africa [3]. The comparison of continuous cover forestry
and regular forest management was done by several authors [96, 97], with
the analysis of the dynamics of stand structure, based on the intensity of
management. However, with different methods the studies identified the
differences of the forest management approaches in what concerns the
silvicultural practices, their intensity and frequency, and their impacts of
stand structure dynamics.

The use of the regular forest management approach is related to the best
scientific and practical knowledge of the systems; timber quality and quan-
tity; and economic performance [8, 98]. Yet, the knowledge of the mixed
uneven aged stands questions the superiority of the regular forest man-
agement when compared with continuous cover forestry, in terms of sus-
tainability of the forest systems [35]; quantity and quality of timber [3, 85]
and economic performance [95, 99]. Furthermore, the superiority on non-
timber products, services and diversity is associated with complex systems
such as continuous cover forestry [35, 44]. However, quantifying biomass,
C storage and flux in the forest ecosystem is also a challenging task, which
is linked with site quality (soil properties) and can be managed through
sustainable forest management [100, 101]. Moreover, forest management
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is an urgent need for resource conservation and environmental protection,
which ensure sustainability in soil, food and climate security [102—104].

Nonetheless, constraints to the implementation of continuous cover
forestry have been described, which are related to lack of knowledge and
obstacles (Figure 6.6). Some of the limitations identified in knowledge are
([8] and references therein): i) climate change, related to the selection of the
best-suited species, development and growth of the individuals and stands,
and selection of the silvicultural system and management options; ii) resis-
tance and resilience of the stands, linked to the continuous cover forestry
higher sustainability when compared with regular forest management
stand, in particular under climate change scenarios; iii) mechanisation,
associated with the harvest systems and their applicability to continuous
cover forestry; iv) awareness by professionals, related to the limitation of
the continuous cover forestry approach both theoretical and practical, and
the limited number of examples; and v) economy, which refers to limited
economic data on timber quality and quantity under continuous cover for-
estry approach, including investments and properties of wood.

The six primordial obstacles to implementation of continuous cover
forestry found were: i) limitations on the knowledge of continuous cover
forestry and difficulties to transfer knowledge amongst forest practitioners
and workers [8, 98, 105-108]; ii) lack of skills amongst forest practitioners
and workers [8, 98, 105, 106]; iii) browsing, which can jeopardise the
success of natural regeneration [8]; iv) economic concerns, connected to
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Figure 6.6 Constraints on the implementation of continuous cover forestry.
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timber prices [8, 98]; v) grant and tax schemes, related to their adequacy
to the long time frame needed to implement continuous cover forestry [8];
vi) transformation of regular forest management into continuous cover
forestry, especially of stands which are homogeneous and have little spe-
cies richness [8, 84].

Monitoring is of primordial importance in continuous cover forestry as
it enables the evaluation of stand structure and allows the making of the
necessary changes in the silvicultural practices to drive the stand to the tar-
get structure. It is implemented with forest inventory and can include both
quantitative (dendrometric) and qualitative (descriptive) variables [109-
111]. Several protocols have seen described in literature as well as the advan-
tages and disadvantages of each one [111]. In spite of their costs, the stand
monitoring, with 4-6 years of periodicity, is fundamental in the evaluation of
the stand structure dynamics, and thus in their management [84, 111].

The aforementioned highlights the need to have more research on con-
tinuous cover forestry systems, whether on the dynamics of stand struc-
ture, yields, impacts of silvicultural practices, sustainability, diversity and
economics, either for timber oriented or agroforestry systems. Moreover,
it is necessary to have formal (classes or courses) and informal (field work
and marteloscopes) training, both for forest practitioners and forest work-
ers to enable them to understand the target stand structure, the dynamics
of stand structure associated with silvicultural practices, and the effects of
natural and artificial disturbances on the system.

6.5 Conclusions

Continuous cover forestry approach has proved feasible in several coun-
tries in Europe, Asia, Africa and America. It is an approach (not a silvicul-
tural system) guided by a suite of principles that can be applied to timber
oriented and agroforestry systems. It is directed to the use of native species,
continuous cover, horizontal and vertical diversity of the stand structure,
natural regeneration, stability, maintenance of site potential productivity
and conservation of species and habitats. Due to the wider diversity of
stand structures and thus models of silviculture and management, some
obstacles and limitations to continuous cover forestry implementation
have been identified. Overall, the stands managed under continuous cover
forestry have higher structural complexity, higher diversity, are sustain-
able, more resilient to disturbances, and more profitable than rotation for-
est management.
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The development and implementation of models of silviculture for
continuous cover forestry existing stands and stands being transformed
into continuous cover forestry brings about challenges. The pivotal fea-
tures of the silvicultural models are adaptation and flexibility that enable
to cope with stand dynamics while maintaining the target stand structure.
Moreover, monitoring, enabling the evaluation of the development of the
stand, enables making the necessary changes that drive or maintain the
target stand structure.

From the aforementioned there is the need to suit financial support to
continuous cover forestry stands’ timeframe; improve the awareness of
continuous cover forestry; promote training of continuous cover forestry
principles, methods and techniques; offer formal classes, visits to contin-
uous cover forestry trails and practical classes that can help to understand
continuous cover forestry; create and maintain a network of trails, prefer-
ably long term, associated with documentation to serve as demonstration
sites; and maintain and promote research.
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Abstract

Forest resources around the world have been under immense pressure mainly
due to anthropogenic activities. Land use changes have taken place caused by
an increase in commercial agricultural as well as an intensified development for
human settlements and infrastructure advancement, leading to the decline in
forest cover. In addition, a substantial amount of forest loss is also contributed
by natural phenomena such as drought and tree diseases which are different in
magnitude between countries. The dwindling forest area has negatively affected
our ecosystem by decreasing the biodiversity as a direct result of habitat loss and
depletion in food source. This could bring about a cascade of environmental issues
including reduction in plant production, increase in soil erosion, water and air
pollution, as well as reducing the efficiency of carbon sequestration. In order to
moderate the negative impacts, an implementation of forest landscape restoration
(FLR) could improve the health and productivity of forests. FLR involves vari-
ous stakeholders coming together and reinstating the forest landscape at any scale
using appropriate approaches. Through careful planning of FLR operations, forest
restoration can be executed which will be beneficial not only to the forests, but also
to the whole ecosystem by enhancing food security, air and water quality as well
as reducing the adverse impact of climate change to our planet. This chapter aims
at introducing the roles of FLR in restoring ecological functionality of degraded
forest landscapes. The various tools used in conducting FLR to support human
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well-being and biodiversity will be highlighted. Finally, the implementation of
FLR in meeting the present and future needs of mankind will also be discussed.

Keywords: Forest landscape restoration, biodiversity conservation,
ecological restoration, sustainable development goals

7.1 Introduction

Forests supply various ecological services which are crucial for the preser-
vation of endangered and indigenous species [1]. Forests cover 31% of all
global surface area, with more than 50% of the world’s forests found in the
United States, Canada, Brazil, China, and the Russian Federation [2]. Since
the turn of the century, the globe has lost 420 million hectares of tree cover,
although the rate of deforestation has reduced during the last three decades
[3]. In recent years, tree cover loss has increased, growing from 13.4 mil-
lion hectares in 2001 to 25.8 million hectares in 2020 [4]. Forests all over
the world have been under threat due to increasing demand in agriculture
(including farming and cattle ranching), logging and mining industrial
projects [5]. These factors are also correlated with economic development
and urbanization [6]. Other natural or human-related activities that cause
considerable forest loss include wildfires, droughts, floods, diseases, and
climate change [7-9]. Agriculture causes more tree cover loss in tropical
regions, but forestry and wildfires cause more loss in boreal and temperate
regions [10]. In 2019, an unprecedented number of fires burned in Brazil,
peaking in August with more than 80,000 fires reported, which is the high-
est number it has ever seen. When compared to the same time in 2018, the
number of fires across the country increased by approximately 80% [11,
12]. Forest loss is typically an irreversible process, posing environmental
stress on ecosystems and causing a global loss of biodiversity, as well as
deterioration in the quality of ecological life in both aquatic and terrestrial
environments [13]. Recent studies have also linked deforestation with an
increased number of vector-borne and zoonotic diseases outbreaks over
the period 1990 to 2016, majorly in tropical countries [14, 15].

One of the major contributors to deforestation is agricultural activity [6,
10] which is responsible for approximately 80% of global deforestation [16].
As demands for meat, biofuel (palm oil), textile (cotton) and crops (such
as soybeans, rice, cocoa and coffee) increase, more uncultivated lands are
being cleared to accommodate space to grow food and for livestock farm-
ing [16, 17]. Palm oil output has quadrupled since the turn of the century,
owing to its numerous applications in food, cosmetics, cleaning products
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and fuels [18]. Widespread deforestation observed in the Southeast Asian
countries Malaysia and Indonesia for large-scale commercial oil palm plan-
tations [19, 20]. In contrast, cattle ranching and farming, particularly soy
crops, are the main culprits causing the decline in forest cover of Amazon
[21]. Habitat loss, greenhouse gas amplification, water cycle disruption,
increased soil erosion, and excessive flooding are all consequences of this
extreme land clearing [6].

Mining is also a relevant driver behind deforestation. Mineral demand
creates substantial risks particularly in areas where mineral resources and
biodiverse primary forests coexist. It tends to be concentrated in devel-
oping countries and linked to certain commodities supply networks. For
example, 165 million hectares of Brazil’s land is permitted for mining leases
and exploration, of which 60% is part of the Amazon tropical forest [22].
Based on a focus study by [23], both legal and illegal mining activities con-
tribute to the growing percentages of deforestation in Colombia involving
400,000 hectares of national land [23]. Forest clearing and the develop-
ment of mining infrastructure and roadways can result in severe deforesta-
tion in large-scale mining operations, particularly those utilising open-cast
mining methods. Therefore, reclamation plans are crucial for reforestation
and to repair damages caused by mining activities. To do that, it is critical
to comprehend deforestation in both the spatial and temporal domains, as
well as to support reclamation efforts from a geospatial standpoint.

The emphasis on economic growth that came with modernization fos-
tered the rapid exploitation of forests for timber extraction and logging.
According to studies on global patterns of forest degradation, the highest
proportion of overall forest loss in Latin America and subtropical Asia is
due to wood exploitation and logging activities [21]. Loggers also con-
struct roads to get access to more remote forests, resulting in fragmen-
tation. Many species are vulnerable to logging, and research which has
been conducted throughout various species of flora and fauna has demon-
strated an increase in adverse effects depending on the severity of logging
as well as the amount of time a particular forest has been logged [24, 25].
A current worldwide survey of over 20,000 vertebrate species, for exam-
ple, found that the occurrence of minor degradation within an intact land-
scape has damaging effects on vertebrate biodiversity in a specific area,
thus highlighting the significance of intact forests in reducing extinction
risk [26]. Diverse communities are vital because they are more productive
since they comprise key species that have a substantial impact on produc-
tivity, and variations in functional traits across organisms that boost over-
all resource acquisition [27]. Although some degraded areas may recover
on their own, degradation must be controlled to minimize anthropogenic
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effects on tropical forests and environmental resources, which are essential
to human well-being [28, 29].

7.2 Forest Landscape Restoration

The conventional methods to restore a degraded forest ecosystem are
through rehabilitation and restoration process [30]. However, to maintain
the sustainability of flows, linkages, and interconnections with adjacent
ecosystems, all ecosystem restoration activities must be addressed from
a spatially distributed landscape perspective [31]. Forest landscape resto-
ration (FLR) is often recommended as a solution to global forest loss and
degradation, with the aim to enhance human well-being and ecological
integrity in deforested and degraded landscapes [32]. Within a landscape,
this phrase refers to the restoration of forest function in terms of biodi-
versity, ecological, economic, and social advantages [33]. A landscape is
a diverse patchwork of multiple ecosystems that spans a wide amount of
land or a watershed [34]. Instead of relying on a single ecosystem, many
ecological restorations require the reintegration of dispersed ecosystems
and landscapes [31]. FLR covers some basic components such as topog-
raphy, soils, vegetation, biodiversity, erosion, hydrology and wildlife [35].
FLR involves collaborative approaches to align the goals and decisions of
multiple stakeholders to meet the specific requirements of the site, together
with its biophysical conditions [36]. This FLR integrates the natural science
perspective, the social sciences perspective and the integrated perspective
[37]. The natural sciences include connecting the landscapes through
hydrologic [38], riparian zones [39] and spatial modelling [40]. The social
part of this FLR involves the decision making and conflict management
[41], the economic restoration [42] and cultural landscape [43].

The development of governance structures that allow restoration pro-
ponents to create incentives for restoration efforts and improved condi-
tions while providing constraints to stop deterioration is an important
component toward the successful implementation of ecosystem and
landscape restoration actions [44]. Integrated landscape management
has the ability to maximise the positive effects of restoration efforts on a
variety of Sustainable Development Goals (SDGs) [45]. In the Malaysian
state of Sabah, the restoration effort in Bukit Piton was started in 2007
to sustain the critically endangered Bornean orangutan through the pro-
tection of key areas [46]. FLR employs a variety of additional restorative
measures across landscapes to enable this initiative, which focuses on
combining several goals and sustainable land use types to overcome the
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causes and effects that lead to landscape deterioration in the first place
[47]. Despite many challenges in the development of FLR, people now-
adays are enlightened about FLR as well as its value, and a number of
countries are attempting to establish their FLR measures in response to
the SDG objectives [48].

7.3 Types of FLR

The landscapes to be restored are generally categorised into three types: i)
forest land, ii) agricultural land, and iii) protective lands and buffer. These
three different types of land incorporate different strategies and techniques
in their restoration processes. Brief explanations on each type of land are
as follows.

7.3.1 Forest Land

Forest land is an area where forests are, or will be, the most prominent
land feature. It might consist of both protected and productive forestry.
Planting of trees for various purposes or natural regeneration is needed on
the land without the trees. The trees to be planted can be native or intro-
duced species [49]. Natural regenerations comprising self-sown seed, root
sucker and coppice shoots induce new forest formations and its sustenance
[50]. Passive forest restoration from seedlings or sprouting keeps wild or
domestic herbivores in their natural landscapes. Assisted natural regenera-
tion is much more work demanding, generally including weed removal to
limit competition for desirable seedlings [32]. In Japan, 40% of its existing
forests are planted, with 90% of them developed after World War II due
to a need to raise national income while also ensuring a steady supply of
wood for domestic and international trades [51]. Due to rising labour and
equipment expenses, the Russian Federation’ taiga forests, for example, are
primarily naturally regenerated, while in Ukraine, natural regeneration is
prominent in regions with a sufficient number of seedlings of the required
tree type [52]. Rehabilitation and silvicultural treatment are conducted on
the degraded forests which enhance the existing forests and woodlands
such as by reducing fire and grazing [32]. Silviculture comprises thinning,
harvesting, planting, pruning, planned burning, and site preparation,
whereas rehabilitation focuses on the restoration of ecosystem processes,
production, and services [31, 53]. For example, the Trusan Sugut Forest
Reserve in Sabah is putting into practice a silvicultural treatment that
attempts to remove specified trees from climber and bamboo disturbances
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so that they can develop at their optimal pace. Throughout 2017, up to 625
acres of forest were improved with Silviculture treatment [54].

7.3.2 Agricultural Land

Agricultural land is designated as the landscape that is operated for food
production. The restoration of an agricultural land can be accomplished by
either agroforestry or improved fallow. The latter is usually implemented
if the land is not permanently under any management, which is the pri-
mary requirement for agroforestry restoration. By planting and manag-
ing the trees on fallow agricultural lands, the productivity of the lands
can be enhanced, eventually returning the area to active agriculture [32].
When stakeholders in a particular landscape have different restoration
goals, agroforestry initiatives may potentially be a good option in reducing
climate change, restoring landscape functionality, and enhancing small-
holder livelihoods, though the benefits might take longer to achieve [55,
56]. Agroforestry in Canada contributed to the country’s climate change
mitigation goals by increasing carbon sequestration within the agricultural
landscape [57]. A study on bird biodiversity in Peninsular Malaysia showed
that agroforestry orchards had much higher species richness and abun-
dance than the other two agricultural habitats [58]. On the other hand,
short-term fallows would boost soil fertility and future crop yield, while
lowering fertiliser expenses and enhancing soil fertility through soil treat-
ment and nutrient addition. By including quick growing N-fixing legumes
in between the major vegetation period, green manure integration may
be accomplished with minimal land opportunity cost [59]. While in the
central Peruvian Andes, research on managed fallow among smallholder
farmers revealed a rise in forage production with the greater quality com-
pared to unseeded fallows, as well as an increase in legume abundances in
the year of implementation [60].

Restoration of protective lands and buffers through FLR is also import-
ant to mitigate climatic or other phenomena. Mangrove restoration
option will be chosen when the target land is a degraded mangrove,
where mangroves will be established or restored along coastal areas in
estuaries. Environmental purification, carbon fixation, and shoreline sta-
bilization significantly represent mangroves as the coastal guard [61-63].
Mangroves have experienced drastic reduction across the world, lim-
iting their ability to provide coastal protection. That loss is much due
to human activities, aquaculture, or resource exploitation [64, 65]. In
the next decade, it is predicted that about half of the current artificial
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coastal defence facilities in Victoria, Australia, will need to be repaired
and updated to preserve coastal regions from floods and erosion [66]. In
addition, if there is other protected land and buffer, watershed protection
and erosion management will be implemented. Forest restoration and its
establishment on steep slopes, in flooded areas and along the water chan-
nel, etc., are among these approaches [32]. Source watershed restoration
is vital to maintain the quality and quantity of fresh water, thus increas-
ing interest around the world to invest in its restoration programme [67].
It is expected that the soil erosion by water may rise by 30% to 66% by
2070 worldwide, mainly in the Global South [68]. Erosion is believed to
eliminate the valuable topsoil, which contains the majority of nutrients
and organic substances [69]. In the Czech Republic, it is critical to reduce
the steepness of slopes to allow for the cultivation of maize and root crop,
or possibly an obligation to switch from arable to grassland use. These
authorities should recommend that the agricultural enterprise alter the
plot’s land use from arable land to grassland if three or more erosion inci-
dences occur on the same plot [70].

7.4 Benefits of FLR on the Environment/Ecosystem

The number of environmental issues that have arisen recently, such as
extreme climate change, rising population, depleting natural resources,
and altered land-use patterns, is concerning, and the consequences have
surfaced from time to time [71-73]. FLR aims to improve and restore
landscapes on a large scale while considering ecological prospects, human
well-being, and community livelihood [72, 74, 75]. FLR has the potential
to provide long-term benefits, either indirect or direct on-the-ground ben-
efits, in a variety of areas, including societal, economic, and, most impor-
tantly, environmental benefits [74-76]. FLR initiatives aimed at restoring
degraded lands and forests and making them resilient to an ever-chang-
ing environment [48, 77, 78]. FLR initiatives also aim to accomplish the
Sustainable Development Goals (SDGs) by 2030, which entails delivering
SDGs concurrently: SDG1, 2, 3,5, 6,7, 8, 12, 13, 15 and 17 [72, 76] which
is further depicted in Figure 7.1 [80]. FLR initiatives are intertwined with
many SDGs because they share a common vision of securing the rights
and future of people all over the world, as well as an emphasis on healthy,
sustainable ecosystems [79]. The following are the primary environmental
benefits of FLR initiatives and previous restoration projects that demon-
strated significant positive outcomes for both people and nature.
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Figure 7.1 Sustainable Goals development (SDG), Source from UNESCO [80].

7.4.1 Healthy, Resilient and Productive Ecosystems

Restoration aids in the transformation of deforested and degraded
areas into healthy ones. To live up to the name FLR, trees or forests are
the focal component of FLR that must be protected and restored [73].
However, restoring degraded landscapes is more than just planting or
replanting trees [75, 81]; it also entails determining how to create healthy,
resilient, and productive landscapes [53, 72, 74]. Restoring the land-
scapes may reduce the risk of disasters or catastrophic events such as
floods, landslides, drought, storms, and tsunamis [74, 79, 82] as well as
pest outbreaks [75]. For example, Indonesia is prone to natural calam-
ities such as tsunamis, forest fires, and landslides. Degraded mangrove
forests are blamed for the tsunami that struck Aceh and Nias in North
Sumatra in 2004 [74]. Degraded forests make Indonesia more vulner-
able to natural disasters and cause it to lose 20% to 30% of its biodi-
versity each year. Various agencies collaborated to carry out restoration
and rehabilitation programmes. Among the most important bodies that
implement FLR in Indonesia are the Forest Management Unit (FMU) or
Kesatuan Pengelolaan Hutan (KPH) by WWFEF Indonesia [83]. The goal of
restoration and rehabilitation was to restore and maintain healthy forest
landscapes to combat disaster surges, with a focus on ecosystem and pro-
ductivity improvement. The restoration, for example, aided Acacia man-
gium, the intensively used, fast-growing exotic species [74]. In degraded
and deforested ecosystems, FLR programmes can also improve geolog-
ical resilience, soil composition and fertility, water quality, and natural
resources [53, 75].



FOREST LANDSCAPE RESTORATION FOR ENVIRONMENTAL MANAGEMENT 169

7.4.2 Improved Sustainable Provision of Ecosystem Services

FLR aims to improve the supply of forest-based products and landscape
goods, as well as ecosystem services through restoring ecosystems and
their functionality [53, 72]. One of the most important factors in resto-
ration is ensuring continuous supply [75]. Natural resources such as food,
water, timber [84, 75] construction materials, herbs, traditional medicine
[72], and biomedicines [53] are examples of landscape goods. A signifi-
cant proportion of forests have been degraded and altered, primarily for
agricultural purposes such as cocoa [81], oil palm, rubber, and timber [72,
78], and fisheries [74]. This is due to the fact that these provisions have
the potential to generate income and earnings. As a result, FLR provides
communities with opportunities for income generation and long-term
livelihoods by promoting sustainable forest/land management [72]. This
strategy is consistent with SDGs 1, 8, and 15. Local people’s livelihoods
are improved by improving and optimising forest products. Furthermore,
more job opportunities are created, ultimately reducing poverty [72].

7.4.3 Biodiversity Conservation

Biodiversity conservation is the process of conserving, enhancing, and
maintaining a diverse range of species, ecosystems, habitats, ecological
communities, and genetic diversity in a sustainable manner for the benefit
of current and future generations. Restoration is critical for biodiversity
conservation, particularly for threatened forest-dependent species, which
inevitably suffer as their niches and habitats are reduced as a result of defor-
estation and human intervention [78]. Restoring old-growth plants, refor-
estation, and improving forest cover are all part of successful conservation
strategies for these species and their habitats [75, 78]. The restoration
initiative helps to conserve biota, whether they are rare, endangered, or
widely distributed, and protects them from extinction [85, 86]. Conserving
genetic diversity is crucial for species survival and preventing them from
becoming endangered or extinct. The IUCN Red List of Threatened Species
has listed a total of 20,334 tree species since around 2019, with approxi-
mately 8,056 of them classified as Critically Endangered, Endangered, or
Vulnerable. Of these, a total of 1,400 tree species were noted as critically
endangered and in need of protection [81].

Increasing landscape connectivity is one method of conserving spe-
cies by restoring natural habitats or facilitating species migration to more
hospitable environments within human-modified landscapes [75, 87]. In
Sabah, Malaysia, for example, continuous forest corridors were restored
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along the 560-kilometer Kinabatangan River in 2000. The entire ecosystem
near the river had been altered and fragmented for agricultural or urban
development. Large areas had been actively used to grow oil palms, which
is now economically important for both locals and Malaysia, the world’s
largest producer. In Sabah, Malaysia, landscape restoration efforts have
reconnected fragmented ecological corridors, restored lands, and pro-
tected endangered species [85]. Restoration for biodiversity conservation
prioritises connectivity between buffer zones in fragmented forest, and the
viability among the remaining species [74].

7.4.4 Global and Local Climate Resilience

The growing interest in FLR as an SDG goal 13 is one of the factors driving
the increased interest and concern regarding climate change mitigation and
adaptation. Climate change has a catastrophic impact worldwide through
food and water depletion, poverty, economics, pandemics, human rights,
and other areas. SDG 13 conservation efforts necessitated ongoing concern
and effort. Reforestation and sustainable management of terrestrial eco-
systems may be able to withstand climate change because increased forest
cover reduces heat effects [72], reduces the effect of forest fires, and stabi-
lises carbon storage [71].

The Bonn Challenge, a pledge made by the German government in col-
laboration with the IUCN and GPFLR, is an ongoing large-scale effort and
seeks to restore 350 million hectares of forest landscapes by 2030 [29]. One
of the goals of this approach is to enhance the carbon sequestration pro-
cess and storage. Restoring the targeted 350 million hectares of land might
sequester approximately 1.7 gigatonnes of carbon dioxide (CO,) [81] and
reduce the annual carbon emissions gap by 11% to 20% [79], potentially
contributing to climate resilience evolving environments [87].

7.5 FLR Partnerships

In the year 2000, the World Wildlife Fund (WWF) and the International
Union for Conservation of Nature (IUCN) began introducing and pro-
moting FLR efforts, as well as the framework, methodology, and objectives
[74]. FLR initiatives address a variety of issues, including environmen-
tal, socioeconomic, and governance concerns, all while operating within
multifunctional landscapes. As a result, FLR partnerships have emerged
at all levels, as cooperation is required in carrying out restoration efforts
[72, 74]. FLR involves the government, practitioners, research institutions,
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non-governmental organisations (NGOs), and other stakeholders nation-
ally and regionally, as well as local community organisations, with the
intention to increase reforestation efforts and the restoration of deforested
and degraded lands for multiple benefits [85]. Since its inception, the WWF
and IUCN have frequently worked together rather than independently.
FLR objectives, which were aligned with many global conservation efforts
to rehabilitate deforested and degraded land by involving governments,
organisations, research institutions, including universities, communities,
and individuals in a holistic manner (GPFLR, n.d). GPFLR is a platform
that encourages multi-organization collaboration in large-scale FLR proj-
ects (e.g., IUFRO, UNEP, RECOFTC) [48]. The Bonn Challenge which
was established in 2011 in Bonn has a global goal which aims to restore
degraded and deforested land [29]. Currently, more than 60 nations, eight
states and five associations have engaged the Bonn Challenge, joining the
global effort with a total of 170.6 million hectares under restoration com-
mitment such as the United Nations Decade on Ecosystem Restoration,
which runs from 2021 to 2030, that aims to accelerate global restoration
efforts. However, development has been gradual [81]. Only 18% of the
150 million hectares (commitment to be met by 2020) have been met [88].

Another FLR partnership is the Collaborative Partnership on Forests
(CPF), which was founded in April 2001 and is chaired by FAO. It is a
multi-sectoral coalition that focuses on forest-related initiatives. The
collaborations include over 15 international organisations, institutions,
and secretariats [89]. CPF provides advice, assistance, and methodology
development to improve the execution of the 2030 Agenda (especially
SDG 15, Life on Land) and the 2017-2030 United Nations Strategic Plan
for Forests [81].

The Collaborative Partnership on Sustainable Wildlife Management
(CPW), founded in 2013, is a voluntary collaboration similar to CPF [90].
The bond currently includes 15 international organisations from all over
the world. It provided a platform for dealing with wildlife issues at all lev-
els, including illegal wildlife trade. CPW also provides programmes that
encourage the responsible use and conservation of wildlife resources [81].

7.6 Techniques and Tools in FLR

Unlike the traditional site-based approach in restoring ecological func-
tion, FLR adopts a larger-scale perspective to forest restoration which not
only focuses on enhancing the ecological integrity of the forest but also
on improving the livelihoods and well-being of the local people within
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the landscape [44, 91]. It is included as “Nature-based Solutions” in order
to solve complex socio-environmental problems which can be achieved
through a healthy ecosystem [92]. Globally, FLR process has been initi-
ated across two billion hectares of forest together with savannah biomes all
over the world, employing a variety of techniques and tools in FLR [93]. In
other words, FLR tools are categorised as live procedure where people join
together to recognise, compromise, and execute strategies that reestablish a
pre-agreed balance of the environmental, social, and economic advantages
of forests and trees within a landscape. For a long time, the thoroughness,
acceptability, applicability, productivity, and adaptability theories serve as
a theoretically beneficial foundation for sustainable and systematic land-
scape restoration (SLR) planning.

FLR tools aim to restore tree-rich landscapes and forests in a sustainable
way. More than just trees are involved in forest landscape restoration. It
enhances overall livelihoods by expanding beyond afforestation, replant-
ing, and ecological restoration as well as environmental integrity. There
are several tools available; however, choosing appropriate tools has become
increasingly difficult. The solution is far more complex than simply plant-
ing new trees. To succeed, all stakeholders need to come together to col-
lectively develop a plan that can be agreed upon by all parties. Everybody
needs to recognise and understand the benefit of bringing back trees to
the landscape [94, 95]. For many people, foods, nuts and mushrooms from
the forests are sources of food and income. Farmers benefits when trees
protect their fields while livestock is more likely to thrive with the presence
of trees to provide them with shelter. In addition to these, bringing back
trees to the landscape means more firewood which can be harvested in a
sustainable way.

To plan these well, existing land must first be analysed. What did a
region look like before it was deforested? Where would it make more sense
to grow trees and forests? Issues of land ownership of 10 years must also be
resolved [96, 97]. One successful case of FLR implementation in Nigeria
was awarded the alternative Nobel Prize in 2018. Germany is a strong sup-
porter of FLR measures. The world is aiming to help restore 100 million
of ha of forest landscape in sub-Saharan Africa by 2030 to give millions of
people long-term prospects for the future [98, 99]. In order to achieve this
goal, people need to fully understand and support all the pillars of United
Nations Sustainable Development Goals by 2030.

One of the 2030 United Nations sustainable development goals is to
reduce trade-offs between sectoral policies and increase consistency [100].
SDG of policy and climate change actions must be strongly affected by
relationships with certain other SDGs and institutions, putting them into
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practise to ensure that the SDGs are implemented holistically as shown
in Figure 7.1 [80]. Climate change affects food systems, which has conse-
quences for scarcity, health, economy, infrastructure, equity, and gender
equality. The inappropriate usage and production of energy from the food
systems can amplify climate change, most of which contribute to feedback
effects. Success in several other SDG aspects is also important for develop-
ment, such as achieving sustainability (12), food security (2), scarcity alle-
viation (1), energy (7), education (4), gender equity (5), water cleanliness
(6), and life on land (15). This development creates agricultural efficiency
in terms of energy, water, and nutrient inputs. Similarly, a synergy of SDG
element 13 with other SDGs for 2030 Agenda’s goals is depicted in Figure
7.2 [101].
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Figure 7.2 Synergy of SDG element 13 with other SDGs for 2030 Agenda’s goals [Adapted
from Campbell et al. [101].
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There are a variety of techniques available to estimate the trade-offs in
ecosystem services related with forest restoration and SDG. The follow-
ing are key characteristics of SLR: 1. Stakeholders in the community are
actively involved in selection choices, participation, and execution. 2. Not
only individual sites, but entire landscapes are restored; therefore, trade-
offs between competing interests can be formed and minimised in a larger
condition. 3. Landscapes are maintained and administered in order to
give an agreed-upon level of service, a well-balanced mix of ecological
services and goods, not only a larger forest cover. 4. There are numerous
restoration strategies available, ranging from handled revegetation to tree
planting. 5. The importance of continuous monitoring, learning, and adap-
tation cannot be overstated [102]. There are several FLR tools which are
frequently being used for assessment and ecosystem services mapping for
systematic restoration planning (SLR) around the world, which is depicted
in Table 7.1.

Moreover, to deal with big issues such as food security, climate change,
disaster risk reduction, biodiversity and local economic development,
IUCN, which has committed to environmental protection and sustainable
natural resource management, has made the decision to engage in Nature-
based Solutions (NbS) tools and techniques. This initiative works to main-
tain and create a sustainable competitive advantage while also striving
to preserve the natural and modified ecosystems. This could efficiently
and adaptively solve societal concerns which could enhance social well-
being and increase biodiversity benefits. a) Water Infrastructure Solutions
from Ecosystem Services; b) Ecosystems Protecting Infrastructure and
Communities (EPIC); ¢) Bonn Challenge Barometer; d) Land Degradation
Neutrality; and e) Nature-based Solutions for resilient societies in the
Western Balkans (ADAPT) are just among the few examples of the efforts
by IUCN in promoting nature as a solution (Table 7.2) [115].

NbS can be classified as a general idea that encompasses a variety of
techniques based on ecosystems that address one or more socioeconomic
issues while concurrently promoting improvements for biodiversity
and human well-being [121]. Despite the fact that NbS is not a perfect
umbrella concept for other methods, it has expanded its concepts from
other approaches by including social and economic components rather
than conservation alone. As a result, NbS can serve as a tool to incorporate
environmental concern within the procedure and policy [121].

In order to achieve a successful FLR, stakeholder needs to be forward-
thinking and dynamic, striving to improve landscape resilience and devel-
oping future possibilities for adjusting and further optimising environ-
mental goods and services. It incorporates seven bases: 1) Concentrate
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Table 7.1 Several types of common FLR tools being used for the purpose of analysing and mapping ecosystem services for
systematic restoration planning (SLR).

Type of tool Description Advantages References
Social The social (non-market) value Facilitate in assessing, mapping and quantifying the [103, 104]
Values for related to the services offered by a social value of ecosystem services by calculating a
Ecosystem particular ecosystem, is mapped and non-monetary Value Index from public opinion
Services quantified. and preference survey findings.
(SolVES)
Artificial An interconnected ecological Assist in the discovery, understanding, and [105]
Intelligence services modelling paradigm that quantification of environmental assets, as well as
for respects dynamic complexity and the factors that determine their worth, based on
Ecosystem unpredictability while emphasising specified goals and priorities.
Services service generation, flow, and usage
(ARIES) by society.
Integrated A set of models to assess and value the | The InVEST model is based on gridded maps and is | [106, 107]
Valuation of products and services from nature part of a collection of models that may be divided
Ecosystem which may be beneficial in the into three classifications: support services, final
Services and sustainability of human life. This is services, and tools for ecosystem service study.
Trade-offs an effective tool to balance between Because these are straightforward models and
(InVEST) the environmental and economic require less particulars, they can be employed
goals. everywhere and by non-experts.

(Continued)
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Table 7.1 Several types of common FLR tools being used for the purpose of analysing and mapping ecosystem services for
systematic restoration planning (SLR). (Continued)

Integrated
Models of
Ecosystem
Services
(MIMES)

models for evaluating the value

of ecosystem services and

allowing stakeholders to make
timely decisions comprehend
ecosystem service processes, how
environmental effects are connected
with human welfare, and how the
value of ecosystem services may
alter under different management
situations.

perceptions of environmental services by
incorporating all societal stakeholders. It
follows step-by-step instructions for completing
an evaluation, disseminating findings, and
implementing findings into multiple situations,
starting with describing the problem that
necessitated an assessment and carrying out

all scientific, analytical, and management tasks
necessary to complete an assessment, reporting
results, and incorporating results into diverse
situations.

Type of tool Description Advantages References
Toolkit for A set of useful tools for assessing and Enables non-experts in a reasonably quick and low-cost | [108, 109]

Ecosystem monitoring ecosystems service at manner to analyse the volume, economic values,

Service the site level, and comparing the and distribution of ecosystem services offered by

Site-based quantity of advantages individuals a particular landscape, to better comprehend the

Assessment already receive from them to those effects of prospective changes in land management

(TESSA) projected under alternative land on the ecosystem service provided, as well as

uses. considering the impartial implications of decisions,
which are sometimes missed in previous evaluations.

Multi-scale A multi-scale, integrated set of Evaluates the qualitative evaluation of community [110]

(Continued)



FOREST LANDSCAPE RESTORATION FOR ENVIRONMENTAL MANAGEMENT

177

Table 7.1 Several types of common FLR tools being used for the purpose of analysing and mapping ecosystem services for
systematic restoration planning (SLR). (Continued)

and soil physical parameters.

Type of tool Description Advantages References
Costing Nature | A web-based application that maps Commonly used method in landscape restoration [111,112]
the generation and conservation of economic analysis although its usage appears to be
bundled ecological services. restricted and variable. Demonstrate the economic
viability of landscape restoration by calculating
the baseline of the current provision of various
ecosystem services. In the long run, the benefits of
restoration can surpass the large investment costs.
Restoration Identifies significant regions for Non-expert users can use the Diversity for [113]
Opportunities ecosystem service supply by Restoration tool to decide on the tree species to
Optimization combining information on the be planted as well as the seed supplies that best
Tool (ROOT) potential outcomes of a particular match the condition of the restoration site and
restoration process with spatial its goals. For this, researchers combined species
prioritising maps. characteristics, environmental data, and climate
change models.
Land Indicators of an ecosystem’s health, Meant to offer a biophysical baseline on a landscape | [114]
Degradation by the assessment of floristic scale, as well as assessing and reporting
Surveillance composition, vegetation cover and framework for evaluating the degradation
Framework structure as well as history of land of a particular landscape and the efficacy of
(LDSF) usage, evidence of soil deterioration, rehabilitation initiatives in the long run.
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Table 7.2 Types of Nature-Based Solutions proposed by TUCN.

pledges that is universally applicable.

climate change-related dangers.
- Advantages of biodiversity

Type of NbS Description Advantages References
Water Infrastructure Thorough discussion with decision makers Combining and engaging with basin [116]
Solutions from to identify and agree on trade-offs, with stakeholders to develop products or
Ecosystem Services optimal portfolios of built and natural outputs that are approachable, practical,
infrastructure being applied. and directly applicable (e.g., dams,
levees, irrigation channels).
Ecosystems Protecting | EPIC is adopting ecological system ways to Demonstrate the efficacy and economic | [117]
Infrastructure safeguard populations from catastrophes worth of environmental management
and Communities and climate change-related consequences. in sustainable development and
(EPIC) It is a five-year effort that promotes climate change adaptation while
ecosystem-based disaster risk reduction bringing a broader audience into
in Burkina Faso, Chile, China, Nepal, the fold of livelihood benefits to
Senegal, and Thailand through five case communities
studies.
Bonn Challenge A systematic approach for identifying and - Hectares brought under restoration [118]
Barometer analysing action on worldwide restoration | - Reduce population vulnerability to

(Continued)
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Table 7.2 Types of Nature-Based Solutions proposed by IUCN. (Continued)

for resilient societies
in the Western
Balkans (ADAPT)

project implemented by IUCN through
the Regional Office for Eastern Europe
and Central Asia (ECARO). The project

is to enhance ecosystem and community
resilience towards climate change and
environmental degradation in the Western
Balkans.

of disaster risk reduction strategies
based on nature

- Integrate NbS and equitable climate-
smart goal into adjustment and
disaster-prevention policies.

Type of NbS Description Advantages References
Land Degradation The LDN idea was created to encourage - mitigation and adaptation to climate [119]
Neutrality (LDN) the implementation of an optimal mix of interchange

policies aimed at preventing, reducing, - increasing the vulnerability of rural

and/or reversing land degradation and communities to climate shocks

achieving a condition without significant

deficit of healthy and productive land.
Nature-based Solutions | ADAPT is a three-year funded regional - Increase understanding and awareness | [120]
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on Landscape, 2) Preserve Natural Ecosystems, 3) Restore Functionality,
4) Involve Stakeholders, 5) Tailor to Local Conditions, 6) Allow for
Numerous Advantages and 7) Long-Term Resilience Strategy [115].
Despite the fact that FLR application is common throughout all continents
(with the obvious exclusion of Antarctica and the Arctic), the majority of
the literature publications were originated from industrialised countries in
North America, Oceania, and Europe. The body of knowledge created by
FLR programmes has successfully contributed to the FLR implementations
that has already taken place in selected countries (Table 7.3).

7.7 Implementation of FLR

Achieving a successful implementation of FLR is not a one-size-fits-all
solution. It is also not a simple and linear process, but needs to consider
various circumstances involving socioeconomic, biophysical and political
hindrance in order to attain the balance between biodiversity conserva-
tion and the livelihood of people living in and around the protected areas
[29, 73]. To commence the implementation of an FLR project, Stanturf
et al. [29] have established a systematic framework comprising four phases
within its project cycle management (PCM) starting with visioning, con-
ceptualizing, implementing and sustaining. These phases start with a more
general approach and moving forward, it progresses toward a greater spec-
ificity [127]. It is also important to understand that FLR in general is not
merely a project, but it is a process, with a flexible timeframe.

7.7.1 Visioning

Visioning, which is also a preparation phase, requires various stakeholders
to come together to identify the goals and purpose needed to start off the
implementation of FLR. Decisions need to be made on where and how to
restore the forests across the selected landscape while highly considering
national priorities as well as local concerns [128]. As the whole process of
FLR is flexible in timing, the goals usually described expected long-term out-
comes which are generally centred by what might be inadequate, degraded
or both in a particular landscape based on discussion and consultation
among multi-stakeholders [29]. However, each stakeholder may have dif-
ferent understandings and priorities related to forest degradation and resto-
ration process. Failure in reaching common understanding may impede the
progress of FLR [129]. From a survey conducted to identify the issues related
to the failed implementation of FLR projects on a global scale, there were
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Table 7.3 Successful FLR tools implementations for systematic restoration
planning in selected countries and areas.

Type of FLR

tools Country Description References
ARIES Europe Demonstrate a general [122]
(Danube model-coupling framework
River to conserve and manage
Basin) freshwater ecosystems
utilizing three elements:
biodiversity, ecosystem
services (ESS), and a spatial
prioritisation.
SolVES Asia Evaluate several environmental | [123]
(Shanghai services with societal
China) values, including beauty,
biodiversity, culture, and
recreation in Wusong
Paotaiwan Wetland Forest
Park in Shanghai.
InVEST Asia Establish an approach to [124]
(Southwest include several categories
China & of biodiversity into models
Thailand) so that ecosystem functions
and services can be
evaluated together.
InVEST Asia Evaluate the outcomes of
(China) changing landscape patterns | [125]
on the quality of habitat and
offer a scientific foundation
for ecological conservation
policy and land resource
sustainability in the region.

InVEST, American Using existing modelling [126]

AIRES, (Ecuador) methods to estimate
MIMES, promising properties of
SolVES & forest ecosystem services
etc. (e.g., InVEST, AIRES,

MIMES, SolVES, etc.) and
synthesis of research.
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three major problems faced by the respondents: i) not enough participation
by local stakeholders, ii) divergence in priorities and interest between local
communities and restoration managers, and iii) environmental, anthropo-
genic and technical issues affecting tree regeneration [130]. Involvement of
local stakeholders in planning and management decisions for a restoration
project is one of the most crucial elements in FLR as it could shed more
light on the local needs as well as ensuring equal and widespread benefits
distribution [131]. In Pakistan, dispute over land and forest resources is one
of the main factors that hindered local farmers’ participation in a restoration
project [132]. In a region of Northern Argentina, the land use is mainly for
transhumant cattle farming and therefore, restoration of forest does not
contribute much to the community [131]. Both of the mentioned scenarios
highlight the difficulties for FLR to be realized in practice and for this reason,
policymakers and project designers should implement an adaptive manage-
ment approach that emphasize empowerment, equity, trust and learning to
increase the involvement of local communities [133].

7.7.2 Conceptualizing

The conceptualizing or planning phase involves setting up measurable and
tangible objectives which are linked to the goals that have been identified
that could be carried out [29]. In this phase, priority landscape and spe-
cific ecological functions to be restored are determined by assessing the
biophysical and social criteria of the particular landscape [134]. Then,
particular restoration interventions can be assigned to the specific crite-
ria and opportunities that have been identified according to their suit-
ability focussing on a range of social and environmental needs [135]. The
interventions and techniques to achieve the agreed FLR objectives can be
determined by carrying out cost-benefit analysis involving experts and all
stakeholders [128]. The interventions selected to execute FLR need to be
realistic, achievable and effective in both social and ecological context as
well as sustainable in time [136]. To increase the participation of commu-
nity members, approaches selected to conduct FLR should provide initial
financing, economic incentives and education for the local communities to
adopt wildlife-friendly agricultural practices and use more technologically
advanced agricultural systems [137, 138]. Employment opportunity could
also be generated which could increase revenues [139, 140]. It is estimated
that every $1 used in the restoration of degraded forest can yield between
$7 to $30 in economic benefits [141]. If all of these benefits can be sus-
tained throughout a particular FLR project, the advantages of a restoration
and conservation process may outweigh the costs [29].
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As mentioned in the first part of this chapter, there are typically three
categories of landscape where the restoration process can be conducted:
i) forest land, ii) agricultural land, and iii) protective land and bufter, all
of which require different strategies in their restoration process. However,
the specific tools or techniques to be utilized are not straightforward as the
level of degradation of each land may be varied. The composition of the
landscape such as the proportion and spatial distribution of remaining nat-
ural forest is one of the factors influencing the intervention and restoration
outcomes [142]. For example, if a certain landscape has less than 30% of
remaining native forest, restoration by sparing schemes is more suitable
to be utilized as opposed to sharing schemes which are more appropriate
to be applied to fragmented landscapes where some proportion of forest
cover is still retained [142, 143]. Therefore, in this conceptualization phase,
a thorough analysis and discussion among experts and stakeholders should
be conducted to choose the most appropriate as well as effective strategies
for the target landscape according to the national, regional or local goals
that have been identified.

7.7.3 Acting

The acting or implementation phase is where the objectives are accom-
plished by creating a list which includes what should be done, where,
when, and by whom as well as the cost involved in the restoration work. As
the restoration take place locally, the decision-making process that should
be made at local levels is comprised of site selection, FLR intervention to
be utilized, pace and schedule in carrying out the restoration works, costs,
and the monitoring process related to expenses and evaluation [32]. All of
these components enable the implementers to determine whether the res-
toration outcomes are going to be successful or not [144]. In this phase, it
is recommended to start implementing the plan on a small scale, for exam-
ple through pilot projects where everyone could learn the pros and cons
that could be implemented in the next bigger project [145]. During site
selection process, more often than not, the landscape selected has diverse
and complex physical as well as ecological characteristics. The works can
be simplified by separating the target landscape into more or less similar
units, which can be achieved using GIS mapping [29]. Depending on the
landscape, one can choose to use passive restoration, active restoration or
the combination of both active and passive restoration process. Passive res-
toration involves natural colonization or secondary succession by remov-
ing environmental stressors such as grazing animals and agricultural plots
which is in contrast to direct seeding or out planting suitable species of



184 LAND AND ENVIRONMENTAL MANAGEMENT THROUGH FORESTRY

plant in active restoration [146]. The restoration method may differ subject
to several factors such as the extent of soil and vegetation degradation.
In addition, restoration may also involve removing invasive plant species
which contribute to the extinction of natural vegetation and reduced bio-
diversity [147]. The selection of appropriate species to be planted is also
one of the important elements to achieve a successful implementation of
FLR project. Another major obstacle is in obtaining quality seeds and seed-
lings to be planted. By correctly planting high-quality seeds at the proper
time the survival of the plants can be maximized which will eventually
accelerate forest restoration [147, 148]. As FLR is a dynamic and ongoing
process involving people as well as landscape, it is impossible to accom-
plish everything at once [149]. The route to a successful FLR is not simple
and has no clear starting or endpoint. It can begin as an ecological conser-
vation project, local food security project or even a watershed management
project. Regardless of how it begins, it is important to ensure that the com-
mon goals can be achieved by regularly assessing and evaluating progress
as well as readily adapting to the challenges and opportunities that come
up throughout the process [149]. It should also be ensured that the inter-
vention plans are acceptable to local stakeholders which may require com-
promises with the national agenda on certain issues [150].

7.7.4 Sustaining

The sustaining phase involves a combination of management planning
with monitoring and evaluation to ensure the initial restoration phases
that have taken place are leading to the social and environmental outcomes
as outlined in the planning phase, as well as taking necessary corrective
actions from the gained feedbacks [29, 151]. There has been unanimous
agreement on the role of monitoring as one of the most essential stages in
the success of a particular forest restoration project [152, 153]. However,
it is very common to allocate insufficient funds for the monitoring pro-
cess which could adversely affecting restoration works. Effective monitor-
ing can be achieved by using new tools and technology such as utilizing
applications on a mobile phone that can immediately transmit the data to
the forestry department or observing the restoration progress via remote
sensing imaging [152, 154].

As FLR is a long-term process, success might only be seen years after the
commencement of the first restoration process, and therefore maintain-
ing the momentum and sustaining interest on FLR over the long period
of time are extremely necessary. Collaborative or participatory monitor-
ing which involves various stakeholders including local communities can
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be cost-effective and should be conducted along with appropriate qual-
ity control mechanism [155]. Investment in providing necessary training
should also be provided to equip the local people and the staffs of FLR
organization with skills needed to monitor and evaluate the outcome of the
restoration process [156]. It is worth checking whether the locals are still
motivated to participate and if they are not, solutions should be developed
to ensure that they continue to be involved throughout the life cycle of the
FLR project [157]. If the monitoring phase is conducted comprehensively,
it becomes an important tool for problem solving, leading to improved
project management.

7.8 Forest Landscape Assessment

In order for restoration work to take place, the chosen landscape needs
to be assessed to identify opportunity and challenges before choosing the
best intervention method for a successful FLR project. In recent years,
various assessment tools have been developed which facilitate in setting
up the foundation for a long-term process in transforming the landscape
that could benefit the environment and stakeholder groups. One of the
tools is Restoration Diagnostic which was developed by World Resources
Institute (WRI) in 2015 and is used to determine the key success fac-
tors that are present or might be absent from a particular landscape or
country where restoration work is taking place [158]. There is also Forest
Landscape Assessment Tool (FLAT) developed by the Green Cities
Research Alliance in the United States which was primarily designed to be
used on landscape scale. FLAT can be used to determine the overall health
and ecological condition of the landscape as well as to recognize possible
threats that might affect the restoration process [159]. However, the most
used tool with extensive application is the Restoration Opportunity and
Assessment Methodology (ROAM) developed by IUCN and WRI [144,
160]. This tool is used to facilitate in the identification of a suitable land-
scape to be prioritized for restoration within a national or sub-national
context. ROAM can provide relevant and detail analytical input related
to scope and availability of land, economic cost and benefit of potential
restoration interventions as well as legal and policy frameworks [144].
ROAM has also been through a lot of improvement to allow for a more
accurate analysis by including gender focussed elements [161], biodiver-
sity components [162], food security [163] and governance [164]. The
ROAM process has resulted in a number of suggestions and comprehen-
sive plans, but many resources are needed to execute the restoration work
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such as funding, investment plans, and impartial incentives for land-
owners as well as local communities. Therefore, forest assessment helps
in understanding biomass and carbon pools which ensure soil, food and
climate security [165-169]. Assessing the forest landscape and its man-
agement through sustainable intensification promise resource conserva-
tion, amplify ecosystem services and mitigate carbon, land and energy
footprint for environmental security [170-176].

7.9 Conclusion

Forest landscape restoration offers a promising future on environmental
sustainability as it aims to restore forest ecosystem function and improve
the livelihood of local communities. Many tools have been developed
through significant research which can be implemented extensively across
different forest and landscape restoration projects. Nevertheless, imple-
menting restoration is not a straightforward process and poses difficulties
due to ecological and socioeconomic complexities in many regions. This
is further exacerbated by the nature of FLR itself which is dynamic and
requires a long-term effort. Regardless of the challenges and obstacles, suc-
cessful restoration can still be achieved with continuous engagement from
local stakeholders and fair benefits distribution. Enhanced communica-
tion and collaboration among stakeholders at local, national and global
levels as well as utilizing a more comprehensive monitoring system could
also increase the effectiveness of FLR implementation.
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Abstract

Land degradation is a global challenge for the environmentalist. The continuous
degradation of land destroys soil quality, ecological stability, ecosystem function-
ing and environmental health. Land degradation deteriorates natural resources
including forest, soil, and agriculture, which further affects soil, food and climate
security. Deforestation, intensive agriculture, mining activities and various prob-
lematic soils affect ecosystem health and environmental sustainability. In this con-
text, afforestation activities not only reverse land quality but also help in ecological
restoration and climate change mitigation for the long term. Eco-restoration of
degraded land through afforestation and sustainable forest management (SFM)
practices ensure greater ecological stability and sustainability in the climate
change era. Thus, afforestation activities must be employed in degraded and waste-
land including problematic soils such as saline, waterlogged, marshy, coastal and
sandy land. Problematic soil can be restored through better scientific practices of
afforestation which are further strengthened by SFM practices. Furthermore, an
effective policy and governance catalyze afforestation activities in degraded land
which further meet global timber, fuelwood, food and fodder demands along with
greater greenery forest covers on the earth.
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8.1 Introduction

Land degradation is known as the greatest threat causing severe environ-
mental issues around the globe [1]. Decline in the productive capacity
and of an ecosystem is known as land degradation [2]. There is a global
increment in the area and severity of land degradation, particularly in the
Northern Hemispheric dry land [3]. Additionally, land degradation also
alters the soil structure and its potential to retain and supply nutrients and
water [4, 5]. LDN alleviates land degradation mainly through land man-
agement and ecological restoration to eventually improve and maintain the
contribution of land to sustain the ecosystem [6]. To counter the widespread
and ever-increasing cases of land deterioration, the International Decade of
Deserts and Desertification program was launched. It began its sectional
evaluation of land degradation to draw the attention of people worldwide.
The Sustainable Development Goals (SDGs) identified the land degrada-
tion problem as the most severe environmental problem and suggested that
LDN should be provided some special priority to resolve the issue [7, 8].
Ecological restoration is an activity that escalates the improvement of an
ecosphere that has been degraded, damaged or destroyed. Ecosystems are
potent communities of animals, plants, and microorganisms continuously
interacting among themselves and their surroundings and environment
as a structural and functional unit. These communities can be degraded,
damaged, or destroyed by various anthropogenic activities. Degradation
can be identified as chronic human interference resulting in the disbal-
ance of an ecosystem’s function and structure and the loss of biodiversity
and composition. Examples include long-term hunting or overfishing
pressure, long-term grazing effects and regular invasions by exotic spe-
cies. Ecological restoration generally initiates and accelerates the recovery
process of the ecosystem against degradation, damage, or destruction. The
objective of ecological restoration is to restore a degraded ecosystem to
its historical trajectory. Ecological restoration aims to reorganise a self-
organising and self-sustaining ecosystem on a path towards full recovery.
Restoration activities can sometimes provide quick initial recovery for the
degraded ecosystem. Still, complete recovery of the ecosystem is a rela-
tively slow process that can often take years, decades or even centuries.
Afforestation is known as activities related to establishing and main-
taining a forest or plantation site or stands of trees in an area or a degraded
land where there was either no previous tree cover or damaged forest cov-
ers due to natural calamities and harmful human activities. Afforestation
assists in stabilising the climate of a specified region and helps transform
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semi-arid and arid areas into comparatively more productive areas. The
tree species planted during the afforestation help minimise the greenhouse
gas effect, which further helps prevent global issues such as global warm-
ing. Afforestation activities help lower and maintain the CO, and other
harmful GHGs (greenhouse gases) to improve the ecological conditions
that arise, primarily due to land degradation and deforestation like anthro-
pogenic activities. Degraded lands can be restored for their potential ser-
vices by applying various afforestation activities based on edaphic and
climatic factors of the specified site and the species that most suit a partic-
ular region to enhance its ecological conditions. This chapter discusses the
extent and severity of land degradation, its global impact and ecological
restoration through afforestation activities.

8.2 Concept of Ecological Restoration

Ecological restoration is restoring natural sites whose interacting groups of
biological communities and ecosystems have been destroyed or degraded.
It mainly focuses on restoring the natural areas at their most possible ear-
lier native conditions, which were impaired due to various human activities,
including deforestation, pollution, and the burning of fossil fuels. Ecological
restoration is relatively different from conservation practices as the latter is
generally concerned with preventing further degradation of the ecosystem.
In contrast, the former is concerned with the restoration of degraded ecosys-
tems. To restore ecosystems to their full potential, restoring specialists apply
ecological concepts. Ecological succession may be known as the long-term
evolutionary change in an ecosystem’s structure and biological community.
This succession process also plays a crucial role in restoring any degraded
ecosystem. Soil rehabilitation and land stabilisation are among the compo-
nents of active restoration. This component generally includes restoring the
original physical, chemical and biological properties of the water or soil.

8.3 Global Scenario of Land Degradation

The global initiation and spread of the land degradation problem have been
closely associated with the introduction, growth and spread of human pop-
ulations and their increasing demands for naturally available resources.
The primary reason is that inappropriate land utilization is influenced by
economic, political, social, and technological factors. Another reason is the
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unavailability of authentic global maps related to the severity and extent of
land degradation [9, 10], despite the significant issue of land degradation
around the globe [11]. The possible causes are both methodological - that
is, how it can be quantified [12] and conceptual - how land degradation is
identified, using what criterion [13] or around what period. The first rea-
sonably carefully documented illustration of land degradation comes from
ancient Mesopotamia, the irrigated lands in the Euphrates River systems
and Tigris. Secondary waterlogging, salinization, and severe soil fertility
decline were the primary problems [14]. Pressure on the universal land
resource is continuously increasing due to the following factors:

1. Competition for available fertile land resources for urban
expansion, biofuel and other non-productive uses;

2. Incapacitate resilience of forest and agricultural production
systems as a consequence of associated ecosystem services
and the depleted biodiversity;

3. Deficiency of growth in productivity due to a decrease in soil
health which is generally indicated by lower available nutri-
ent status and other soil degradation processes;

4. Natural factors such as extreme weather events and climate
variability;

5. Growing demand for forest and agricultural commodities
regarding both quantity and quality for an ever-increasing
and more prosperous world population;

6. Climate change exacerbates vegetative yield and livelihood
variations, alarming the ecosystem’s resilience and stability
of food production systems.

8.4 Perspective of Land Degradation

“Land” includes the soil resource and the landscape, vegetation, water and
micro-climatic components of an ecosphere. “Land degradation” suggests a
short-term or permanent reduction in the land’s productive capacity or its
capacity for sustainable environmental management. “Degradation” is also
known as a process of transformation over the course of time. From a policy
approach, it is crucial to differentiate those presently undergoing degrada-
tion lands to estimate the need for action to balance or reverse the operation.
Many decades or centuries ago, some lands may have been in a degenerating
state compared to “natural” conditions but are currently in an improving sit-
uation. Forest degradation is known as the degradation of remaining forest
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stands. In contrast, deforestation is converting forests for non-forest pur-
poses that involve an alteration in land use and a loss of tree cover. The essen-
tial smallholding effects of land degradation are diminishing potential yields.
The probable threat of degradation can also be seen in the need to use more
significant inputs to sustain profits. Severe degradation in some cases results
in temporary or permanent evacuation of some plots. Sometimes, degra-
dation prompts farmers to transform the land into less desirable utilities;
for example, low-valued cassava may be replaced for maize, non-cultivating
periods may be stretched and croplands may be transformed into grazing
lands or forests. For some farmers, land degradation can cause economic
problems on a specific plot: they keep fallow that plot for some duration or
use the eroded soil from the field to build up surface soil on a relatively flatter
down slope of the plot. Furthermore, degradation processes such as soil ero-
sion are not certainly linked with decrease in biomass yield; the threshold of
productivity response to a change in land quality can occur according to dif-
ferent criteria, depending on soil type or depth and the species or variety of
crop. Moreover, an interaction exists between environment (E) and human
(H) of a land system that ensures a key linkage among ecosystem services
and decision-making capabilities (Figure 8.1) [15, 16].

Effect of various
- management practices
External factors which (especially related with External factors which
drives Humans forestry and agriculture) drives Environment
(Eg. - New policies, market (Eg. - Climate Change and
fluctuations and Extreme climate
climatic change) conditions)

H Interaction E

H Interaction E

Various ecosystem services like
regulation and support along with
harmful effects such as land degradation

Evolution of Human sub-system Evolution of Environment sub-system
(Changing institutions, technologies, (Changing forestry components
behaviour and human capital) as well as agricultural systems)

Figure 8.1 Diagrammatic representation of interaction between Environment (E) and
Human (H) of a land system key linkage among ecosystem services and decision-making
capabilities [15, 16].
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8.5 Land Degradation under Changing Climate

Anthropogenic activities induce land degradation that cause emission of
GHG:s into the atmosphere, which leads to C footprint and climate change
issues. A suitable land management practice and sustainable land use system
including agroforestry check GHGs (CO,) emissions and enhance C seques-
tration potential in vegetation and soils. These activities not only minimize
climate change impacts but also restore soil fertility and land quality [17,
18]. However, afforestation activities including leguminous trees enhance
biomass, carbon and nitrogen status into the vegetation and soils [19-23].
Forests improve biomass and carbon status into the vegetation and soils
that suppress the climate change consequences [24-26]. Applying sustain-
able intensification in any land use practices ensures agroecosystem-based
soil, food and climate security [27, 28]. Similarly, a sustainable or degraded
outcome can be determined by the interaction of climate change with land
management practices, which is depicted in Figure 8.2 [29, 30]. However,
there is a connection between land management, climate change and socio-
economic conditions represented in Figure 8.3 [31, 30].

| Various Land Management Options |

Eco-Restoration and Rehabilitation

Unsustainable Land Management Sustainable land Management
—

Degraded Land Climate Change Well-managed Land

Ecosystem Degredation

Forest
Carbon Stock
Agriculture

* (Sink) Forest
Agriculture
Net Carbon Uptake
= (Source)
More Degraded Ecosystem Less Degraded Ecosystem

Figure 8.2 Conceptual figures indicating that sustainable or degraded outcomes can be
determined by the interaction of climate change with land management practices [29, 30].
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of Climatic Stress

A4

Regular increment in Lo
Natural Resorces and Land

Figure 8.3 Diagrammatic representations of connections between land management,
climate change and socioeconomic conditions [31, 30].

8.6 Afforestation for Climate Change Mitigation

Afforestation refers to establishing a forest, particularly on land that did not
contain the forest previously. It serves as one of the most effective measures
of tackling climate change, especially when designed to depend on green
energy. This natural climate solution can reduce the impact of desertifi-
cation by this natural climate solution to support ecosystems and remov-
ing CO, from the atmosphere. It is a shift against deforestation, which has
contributed mainly to climate change dramatically for the last few cen-
turies. The Intergovernmental Panel on Climate Change (IPCC) clarifies
that deforestation is a direct cause of the enhanced presence of CO, in the
atmosphere over the past few decades. This rise is not equivalent to any
other period in the past two million years. Forests cycle damaging carbon
out of the atmosphere, can act as a carbon sink, and transform light into
bioenergy and carbon into biomass by photosynthesis. Afforestation can
reduce or slow down the impact of climate change while also directing
other environmental issues, such as soil erosion and barren land. Research
from Crowther Lab indicated that one trillion new trees could absorb
about one-third of CO, emitted into the atmosphere by human activities.
In reality, an additional 25% of the forested area could soak up 25% of
atmospheric carbon, making a critical impact on ever-increasing tempera-
tures around the globe.
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8.7 Afforestation for Problematic Soil
and Land Management

Soil health is frequently evaluated in isolation, without reference to inter-
connected soil functions, and is also based on a few parameters soil test. In
soil health management, the soil’s physico-chemical condition and biologi-
cal fertility are disregarded, necessitating a revisit by soil users. Agriculture
is a significant issue in India, the world’s second-most populous country. It
is estimated that 173.65 million hectares of India’s entire geographical area
are degraded, yielding less than 20% of its potential output. The variable
nature of crop production patterns is due to soil heterogeneity. Soil hetero-
geneity occurs when the texture, topography, fertility, drainage, moisture
content, and other soil characteristics in a small region vary substantially.
The problem of soil appropriateness for agriculture emerges if it exists on
a wide scale due to human actions. Soil comprises a solid phase (organic
materials and minerals) and a porous phase (gases and water). As a result,
soils are frequently thought of as a three-state system. In terms of agricul-
ture, the soil should be able to sustain all of the functions. Problem soils
have features that make it uneconomical to cultivate crops without imple-
menting suitable reclamation methods. We frequently use chemical meth-
ods of reclamation, which compromise ecosystem functioning. Natural
and integrative techniques will fix the problem and prevent irreversible
damage. Agroforestry systems like agri-silviculture, silvopasture, etc., can
modify the Physico-chemical properties of the soil on a long-term basis.
Some grasses like Cynodondactylon (Bermuda grass) and Brachariamutica
(Para grass) have produced a 50% yield. The most suitable tree species are
Acacia nilotica, A. auriculiformis and Terminalia arjuna, Pithecellobium
dulce, Pongamia pinnata, Azadirachta indica, Cassia siamea, C. equisetifo-
lia, Acacia nilotica, Prosopis alba, Eucalyptus tereticornis, etc.

8.7.1 Saline-Alkaline Soils

In the afforestation of such soils, the proper method of soil manipulation is
critical. Varying soil works, such as pits, auger holes, and trenches of diverse
sizes and forms, are utilized in various regions to meet these requirements.
Mounds, on the other hand, are built-in waterlogged environments. Some
soil amendments, such as Gypsum, farm yard manure, or molasses, should
be utilized for long-term soil improvement.

The best tree species to plant depends on the local agro-climate, land
availability, planting purpose, tolerance to salinity/alkalinity, and drought
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stress. Plantations for fuelwood are generally rated higher for salty salts
than timber wood tree species. Tolerances of forest tree species vary with
growth phases and inter- and intragenic variability in salt tolerance. It
should also be illustrated that, in addition to salt tolerance, societal and
economic situations and the beneficial role of trees should be consid-
ered when selecting tree species for afforestation schemes. Some species
have been scored higher than others among the main species of arid and
semi-arid environments. Some of the species are Acacia nilofica, Butea
monosperma, Casuarina equisetifolia, Prosopjsjuljflora, Aegle marmelos,
Albizzia lebbeck Carissa carandua, Cassia siamea, Eucalyptus fereticornis,
Dalbergia sissoo, Feromia Jimonia, Pongamiapinnala, Terminaiia arjuna,
Zizyphusmaurtiana, Azardirachta indica, etc.

8.7.2 Afforestation in Waterlogged/Marshy Land

One of the primary abiotic stressors impacting crop growth is waterlog-
ging [32, 33]. Waterlogging events are becoming increasingly common,
severe, and unexpected due to global climate change [34-36]. Locations
that are already wet will get even wetter, and protracted waterlogging will
become more common [37]. Appropriate soil and crop management strat-
egies increase soil quality and crop productivity while being more envi-
ronmentally friendly and cost-effective. By decreasing the requirement for
new agricultural land, flexibility is gained [38—40]. Improved soil manage-
ment can promote infiltration, reduce surface run-off and improve water
and nutrient availability for plants [41-44]. Crop management can help
increase yields [45].

8.7.3 Afforestation in Mined-Out Areas

The creation of many mining spoil dumps has a significant impact on the
landscape. The dump material requires a secure location for disposal. Due
to environmental restrictions, forest land, and agricultural land, obtain-
ing land around the mine is especially difficult. Environmental deteriora-
tion such as land, water, air, and ecological changes are linked to dumping
failure [46]. The amount of available area is restricted, making it difficult
to manage the dump on the defined property. Optimizing the slope for
improved dump material adjustment is the best solution [47]. With billions
of tonnes produced annually, mine dumps account for the largest share of
waste created by industrial activities [48]. They are among the most pop-
ular methods for controlling soil erosion and stabilization of dump slopes
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and, as a result, maintaining ecological stability of the area is re-vegetation
with trees and grasses [49-52].

Plants to be grown in a specific place are chosen based on the type of soil,
the climate of the area, and the intended purpose of the land. Furthermore,
there may be certain special local factors in plant material selection. Insect
resistance, disease resistance, landscape planting, growth habits and com-
patibility with other plants, and availability of seeds or root stock of the
particular species are all examples of local conditions. Generally, native
species of plants are most commonly used for re-vegetation. The native
species easily adapt to the local climate. Moreover, the rehabilitated site is
in harmony with the local landscape and encourages recolonization by the
wildlife. Some of the tree species suitable for the afforestation of the mined-
out areas are Prosopis cineraria, Zizyphus mauritiana, Acacia Senegal,
Acacia nilotica, Butea monosperma, Leucaena leucocephala, Eucalyptus
tereticornis, Terminalia arjuna, Tamarindus indica, Salix, Dalbergia sissoo,
Pinus roxburghii, Cassia fistula, Delonix regia, etc.

8.7.4 Afforestation in Coastal and Sandy Areas

Large amounts of sand accumulate along the sea coast due to tides.
Afforestation of coastal sands has been undertaken in all states with a sea
coast to mobilize sands driven inland by high winds and put these sandy
wastes to productive uses to meet the ever-increasing need for firewood.
For most of the sea coast, Casuarina equisetifolia is the best species. It is
quick growing, hardy and easy to raise. Other species which can be suc-
cessfully raised are Eucalyptus hybrid, Pongamia pinnata, Acacia auriculae-
formis, Prosopis juliflora and Calophylluminophyllum.

8.8 Policy Initiative in Land Degradation
and Afforestation

A successful response to land degradation and afforestation calls for
enhancing farmers’ motivations to supervise their land and upgrading
their approach to the knowledge needed for suitable care. The ten recom-
mendations are based on the workshop discussions learned from previous
achievements and failures in supervising land degradation.

There is a demand to increase consciousness about land degradation
and developmental issues among the broader social and political leaders.
These land issues in farming need to be consolidated broadly into rural
extension services and educational programs. High priorities are given to
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encourage public funding in research to visualize land degradation and
development and improve yield-enhancing and resource-conserving tech-
nology. A more effective practice is required to survey and inventory land
degradation which further improves valuable ecological services. While
national and international governments have a clear role in information
transfer, coordination and research in several countries, the prominent role
in promoting land-improving funding will account for local governmental
organizations. While current efforts at government broadcast should, in
the long term, improve the quality and level of public concern for land
degradation problems, in the meantime, there are severe shortfalls in the
capacity of local government and investment to be overcome.

Greater dependency on local communities to direct land-use manage-
ment proceedings has many suggestions for public policy reforms. First, it
requires that complicated permit systems and restrictions for local commu-
nities/organizations be lifted to decrease the organization prices. Second,
local organizations may require support to modify their management role.
Public agencies and local organizations frequently need to work simulta-
neously to attain land management objectives, and institutions need to
be redesigned to play this pivotal role. New arrangements for association
between NGOs, local public organizations, and research institutions need
to effectively develop and adopt resource-conserving, yield-improving
technologies.

8.9 Conclusion

Land degradation could be a conceivably serious threat to rural liveli-
hoods and livelihood production by 2030, especially in highly populated
pockets of countryside poverty. Further enlargement of cultivable land
for agriculture into areas of delicate soils or assigned as critical habitats
for ecological diversity conservation practices can lead to significant land
degradation and environmental degradation unless carefully supervised.
Several ways of land degradation can certainly be reversed, but the prac-
tice needs long-term dedication and responsibilities. Land-modifying
investments and improved land management practices can be motivated
through suitable working policies. Enhanced information technologies
and improved regular research and development are required to grow and
spread information on technically sound options. Public funding, training
programs, co-financing and helpful property rights can encourage farmer
and industrial investment in ecology and land improvement programs.
Institutional revolutions in land use planning, particularly assistance for
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local organizations and farmers, should be explored. The larger policy con-
text should also provide assistance for rural development, develop mar-
keting infrastructure, encourage rural economic growth, correct disturbed
price incentives and diversification, and reduce inequity against marginal
areas in public stake. Thus, policymakers must evaluate the kinds of degra-
dation problems that will be crucial for their countries in 2022 and initiate
serious action now. The international group can play a stimulant role in
encouraging such planning, developing information systems, supporting
research, and comparing experiences of diverse countries with different
policy approaches and tools.
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Abstract

“Anthropocene epoch” is an unofficial unit of geological time which resulted due
to insignificant effects of human activities on the climate and ecosystems. The
term alone is not enough and it is most important to develop or manage Sustaino-
resilient Agroforestry (SRAF) models locally or globally. Some researchers are
keeping sustainability science and resilience theory separate and focusing on fur-
ther exploring their distinctiveness while others are using them in combination.
Most of the common agroforestry (AF) practices are either sustainable or resilient
and normally facing some challenges related to species selection and composition,
labor, natural resource conservation, productivity, erratic climate and ecological
concern. These challenges can be effectively tackled by SRAF practices by using
principles and practices of climate-smart farming, integrated farming, organic
farming, native plant farming, natural farming, permaculture and precision farm-
ing. SRAF systems are helpful in diversifying livelihood, increasing food secu-
rity, conservation and efficient utilization of natural resources, providing various
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ecosystem services as well as reducing pressure on forest. Most of the agricultural
space can adopt AF because of the adoption and availability of fast-growing, eco-
nomic and climate resilient trees along with the livestock that thrive well under
limited space. These SRAF practices also contribute to various countries’ com-
mitment on land degradation neutrality (LDN) and United Nations sustainable
development goals (SDGs) of climate action, zero hunger, no poverty, good health
and well-being in addition to increasing food security by 2030. In summary, this
chapter covers most of the AF aspects and is expected to be a guiding principle for
practitioners to integrate SRAF practices and for policymakers to develop scien-
tific and sustainable policies to achieve food security and ecological balance.

Keywords: Anthropocene, food security, ecosystem restoration, perennials,
sustainable development goals

9.1 Introduction

In ancient times, local species and natural resource-based traditional cul-
tivation was practiced in collaboration with indigenous knowledge and
experience of the practitioners. Agroforestry (AF), crop rotation, mixed
cropping and natural farming are the best examples which help to safe-
guard the nation of less population with food security and ecological bal-
ance. The green revolution, industrialization, increasing population and
urbanization made ancient agriculture suffer from climate change and
ecological imbalance. Although the green revolution has had a marked
influence on the agricultural sector in some countries by initial boosting
crop productivity, later it began to lose its promise. Introduction of hybrids
and GM crops, overuse of fertilizers, pesticides and many other synthetic
substances have deliberately led to stagnation in productivity, ecological
imbalance, extinction of local landraces and long-term soil health deteri-
oration [1].

Although many countries are blessed with the environment and natural
resources for farming practices, climate change, degradation and fragmen-
tation of land, ecological imbalance, the green revolution effect, population
and urbanization results in farmers’ reluctance to farm [1]. AF is a land use
practice (sustainable and/or resilient) that integrates perennial plant and
tree species with crops and livestock systems. In changing climate scenario,
this sustainable practice is recouping its importance and has a great poten-
tial to address global challenges. As compared to monocropping, diverse,
mixed and well-established cropping systems of AF are well known for cli-
mate change mitigation, enhancing food security and achieving land deg-
radation neutrality (LDN). These results and success stories are renewing
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farmers’ willingness to farm by integrating AF practices that provide vari-
ous ecosystem services. In addition, policy makers and researcher are now
considering AF for building climate resilient communities [2].

Some organizations associated with AF like Food and Agriculture
Organization (FAO), World Agroforestry Centre (ICRAF), etc., are fulfill-
ing policy space, conducting scientific studies, providing best practices and
publishing guidelines. There is an increase of interest in AF as an import-
ant component of sustainable land use and development. For instance, the
government of India initiated “Green India Mission”, which includes AF as
a solution for different challenges including problems in Indian agriculture
[3]. Hence, AF as a sustainable land-use system [4—7] as well as resilient to
climate change [2, 8-10] is being acknowledged globally for its active role
in climate change mitigation, food security and ecological balance. Most
of the agricultural space can adopt AF because of the adoption and avail-
ability of fast-growing, economic and climate resilient trees along with the
livestock that thrive well under limited space. To date, many researchers
have studied the effects of climate change on agricultural and horticultural
crops; however, they have been less focused on perennial trees and shrubs
including livestock. This chapter provides detailed information and impli-
cations of SRAF in climate change, food security and LDN.

9.2 Is Agroforestry a Sustaino-Resilient Model?

“Anthropocene epoch” is an unofficial unit of geological time which
resulted due to insignificant effects of human activities on the climate and
ecosystems [11]. The term resilience denotes the capacity to withstand
adversity and recover quickly from difficult events such as climate change
and ecological imbalance. In the current scenario, the world is facing food
insecurity and ecological imbalance. Hence, maintaining sustainabil-
ity alone is not enough and it is most important to develop or manage
Sustaino-resilient Agroforestry (SRAF) models locally or globally. Some
researchers are keeping sustainability science and resilience theory sepa-
rate and focusing on further exploring their distinctiveness while others
are using them in combination [12]. Most of the common AF practices are
either sustainable or resilient and normally facing some challenges related
to species selection and composition, labor, natural resource conservation,
productivity, sustainability, erratic climate and ecological concern. These
challenges can be effectively tackled by SRAF practices by using principles
and practices of climate-smart farming, integrated farming, organic farm-
ing, native plant farming, natural farming, permaculture and precision
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Common agro forestry (AF) Sustaino-resilient Agro forestry (SRAF)

Challenges Solutions

- Species selection « Right species at right place

« Species composition - Climate resilient local species

+ Labor « Less input and more out put

+ Low productivity + Compatible Crops and Livestock
« Less sustainable « Integrated farming approaches

« Erratic climate « Climate smart practices

« Ecological concern « Principles of Organic, Natural and
Precision farming

Figure 9.1 Sustaino-resilient Agroforestry solutions to deal with challenges of common
AF [4].

farming (Figure 9.1) [4]. SRAF systems are helpful in diversifying food
and livelihood, conservation and efficient utilization of natural resources,
and providing various ecosystem services as well as reducing pressure on
forest.

9.2.1 Components of AF

Incorporating diverse plant and animal components into monocropping
will significantly improve food security, climate resilience and ecological
balance [9, 13]. Local species and natural resource-based traditional cul-
tivation, crop rotation, mixed cropping and natural farming practices are
helpful. Integrating leguminous species in AF system ensure soil fertility
by enhancing C and N status which promise soil, food and climate security
[14-16].

9.2.1.1 Perennials

Perennials like trees, shrubs, herbs and lianas are the important compo-
nents and provide various ecosystem services. For instance, among trees,
Gliricidia sepium and Pongamia pinnata as manure trees supplement
nutrients which can improve the crop yield by twofold in degraded and
denuded lands, Leucaena leucocephala and Harwikia binata as fodder trees
substitute commercial feeds, Artocarpus lachocha and Pithocelobium dulce
as an underutilized fruit species can supplement household nutrition and
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livelihood and Aegle marmelos and Saraca asoka as medicinal trees can
supplement synthetic medicines. Similarly, shrubs like Paracalyx scariosus,
Salacia chinensis and Woodfordia fruticosa, herbs such as Lasia spinosa,
Momordica dioica and Musa balbisiana, and liana, namely Haematocarpus
validus, Tinospora cordifolia and Hugonia mystax are providing various
ecosystem services.

9.2.1.2 Crops

AF is also referred to as sustainable evergreen agriculture [9]. Rice-wheat
cropping system is more predominant in many parts of the world. The
important cash crops such as sugarcane, potato tobacco, etc., fruit crops
like mango, litchi, banana, etc., and vegetable crops like brinjal, onion,
tomato, etc., are grown along with the perennial components and livestock.
The main reasons for incorporating crops with trees and livestock include
assured and diverse food, increased production, improved livelihood and
added income. Allanblackia, Calliandra and Faidherbia based AF systems
provide nutrients to crops at a useful time and have high compatibility
with other commonly growing crops. High compatibility among trees,
crops and livestock can enhance farm productivity, resource use efficiency
and agro ecological balance [17].

9.2.1.3 Livestock

AF definition clearly includes at least one animal component or livestock
such as cow, goat, pig, sheep, chicken, etc., along with perennials and crop
component. An earlier study in sub-Saharan Africa reported that livestock
provides roughly one-fifth of the energy requirement of the households
[13]. A clear shift in livestock over different farms (known as livestock lad-
der) was observed, i.e., poor farmers depend on poultry while rearing cat-
tle shows farm holds with improved food security [13].

9.2.2 Sustaino-Resilient Agroforestry Practices

SRAF practices are the farming practices which include principles and
practices of climate-smart farming, integrated farming, organic farming,
native plant farming, natural farming, permaculture and precision farm-
ing. Many studies reported on the sustainability and/or resilience of AF
systems [5]. Study in the Mediterranean region reported that sustaino-re-
silient traditional AF systems can help to preserve diverse habitat and
soil health along with counteracting land degradation events. Problems
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like greenhouse gas emissions, plantation and peat fire, and biodiversity
loss faced by several countries can be effectively managed by using SRAF
practices like climate-smart AF, organic AFE, native plant farming, perma-
culture, precision AF, etc. Already several studies have recommended AF
systems, namely agrosilviculture, agrosilvipasture and agrofisheries that
were successfully adopted by the village community [18-20]. AF systems
have relatively high species richness and cover diverse food components
like food crops, vegetables, fruits, nuts, seeds, spices, tubers and livestock
[18]. For example, potentiality of AF systems for providing food security
was already assessed in Kalampangan, Indonesia [18]. Furthermore, SRAF
practices should be concerned about agricultural and allied problems
such as dependency on monocropping, biomass and residue burning, less
resource use efficiency, infertility of soil, resistance to change and limited
support of institutions and policies.

9.2.2.1 Integrated Agroforestry Systems

Since time immemorial, AF systems have been recognized as important
integrated farming practices followed under different names, and they
have been highly helpful in the tropical and subtropical regions of the
world. Some of the Integrated AF systems that are practiced in different
regions of the world are Alley farming in Nigeria, Inga alley cropping in
Costa Rica, Pekarangan home garden in Indonesia, Chagga home garden
in Tanzania and Faidherbia albida-based integrated farming in Mali [21].
Similarly in India, some indigenous tree-based integrated farming sys-
tems are Alder-cardamom system in Sikkim, Alder-based AF system in
Mizoram, Apatani system in Arunachal Pradesh, Bun in Meghalaya, Zabo
system in Nagaland, Agri-Silvi-horti system with Cattle and Silvi-horti-
pastoral system with goats in central Karnataka (Figure 9.2).

An integrated AF system is a holistic combination of perennials, crops
and livestock. Along with AF components, this system comprises api-
culture, biogas generation, crops husbandry, poultry, duckery, rabbitry,
horticulture, pisciculture, sericulture and piggery. This system helps to
overcome problems involved in agriculture and livestock farming such as
poor income, food insecurity, input unavailability and labor scarcity by
increasing additional and diverse income, productivity, and resource use
efficiency along with diverse ecosystem services [20].

In some countries, the government promotes this system due to its
role in better economic return, year-round employment and income,
C sequestration, enhancement in soil-health and nutrient cycling, and
high resource use efficiency. It promotes synergic blending of perennials
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Figure 9.2 Sustaino-resilient Agroforestry practices in different states of India; (a) Zabo
system in Nagaland; (b) Alder-based AF system in Mizoram; (c) Alder-cardamom-based AF
system in Sikkim; (d) Home garden in Bihar; (e) Integrated farming system in Bihar; (f) Home
garden in West Bengal; (g) Home garden in Kerala; (h) Integrated farming system in Kerala;
(i) Agri-silvi-horti system in Kerala; (j) Home garden in Karnataka; (k) Agri-Silvi-horti system
with Cattle in Karnataka; (1) Silvi-horti-pastoral system with goats in Karnataka.

comprising trees, shrubs, herbs and climbers, agricultural and horticul-
tural crops, rearing livestock like dairy, fisheries, piggery, poultry, etc.
This system is a viable option for smallholders because it creates multiple
sources of income, regular employment, less cultivation cost and provid-
ing sustaino-resilience for the changing climate change scenario. Studies
reported that home gardens are more sustainable and/or resilient AF sys-
tems which enhance soil fertility and resource use efficiency [22]. Meta-
analysis in Kaduna state, Nigeria, showed that most of the agricultural
area can adopt AF because of the adoption and availability of fast-growing,
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economic and climate resilient trees along with the livestock that thrive
well under limited space [23]. Integrated farming is a dynamic approach;
it can be applied to any farming practice around the world to reduce deg-
radation of land, loss of nutrient, water and other resources, and envi-
ronmental footprint of human and livestock. Recently, global policies are
integrating livestock with regular crops and perennials through initiatives
like “Adapting African Agriculture” started in Marrakech as well as “4 Per
1,000” in Paris [24].

9.2.2.2 Organic-Agroforestry

Organic-AF is a practice that integrates principles and practices of organic
farming in AF and vice versa. Combination of organic farming and AF has
the potential to develop sustaino-resilient agro ecosystems. Many studies
recommended adoption of AF practices to increase the sustainability of
organic farming [25, 26] and vice versa [27, 28]. A study on Organic-AF
recommended redesigning AF systems that incorporate improved man-
agement practices and technology requirements to achieve sustainable
growth along with ecological balance [25]. Results showed higher cumu-
lative yields in the Organic-AF system as compared to the monocultures
in Bolivia [29]. A similar study reported higher yield in organic produc-
tion of sweet potato in a poplar-based AF system in India [28]. Organic
yerba mate (Ilex paraguariensis) grown under AF system with native trees
improved soil fertility while providing additional income in Argentina
[27]. Native trees like Anadenanthera macrocarpa. Balfourodendron rie-
delianum, Cordia trichotoma, Jacaranda micrantha, Peltophorum dubium,
etc., are grown with yerba mate to promote organic production and diver-
sify income [27]. Similarly, in a study on the African continent, trees like
Aeschynomene afraspera, Gliricidia sepium, Gmelina arborea and Sesbania
rostrata combined with rice enhanced yield with providing various ecosys-
tem services [26].

One study compared microbial diversity in soils of organic cocoa AF sys-
tem and monoculture cocoa [30]. Indicator species of fungi coupled with
organic cocoa AF were highly diverse compared to monoculture cocoa. A
study in Suhum, Ghana, concluded that organic management of cocoa AF
systems ensures nutrients return, enhanced overall soil quality and high
yield as compared to conventional management [31]. Another study eval-
uated the effects of long-term organic farming on two AF systems, namely
Poplar- and Robinia-based alley cropping systems [32]. Organic farming
with Robinia-based alley cropping system generally increased total N
and soil C than organic farming with Poplar-based alley cropping [32].
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A study compared energy and economic efficiency of the cocoa AF under
traditional and organic management in the province of Guayas, Ecuador
[33]. Four types of management were identified: traditional, semi-inten-
sive, intensive, and organic. Among these, organic and traditional forms of
management systems were found to be the best for energy and economic
efficiency of the cocoa AF [33].

9.2.2.3 Natural Farming-Assisted Agroforestry

Natural Farming (NF) is a chemical-free, diversified and nature-based
traditional farming method which incorporates crops, tree species and
livestock. It helps to increase production, improve soil health, improve effi-
ciency in nutrients and water use, and sustainability of agro ecosystem.
This cost-effective farming practice has wide scope for sustainable produc-
tion, food security, employment and socioeconomic development of the
dependent community. To tackle the global issues, many countries includ-
ing India are initiating nature-based farming practices. It promotes indig-
enous and traditional farming practices, which reduces external inputs
and is largely based on on-farm inputs and biomass recycling with use of
mulching, cow dung and urine formulations and proper soil aeration. The
government of India is implementing Bharatiya Prakrutik Krishi Padhati
through Paramparagat Krishi Vikas Yojana scheme to promote NF. NF is
our ancient heritage and traditional cultivation practice which is gaining
momentum nowadays and may be suitable mainly to animal and perennial
species component-based AF systems as compared to sole agriculture. In
AF, animal component supplies inputs required for the preparation of jee-
vamrut and beejamrut, in addition perennials such as neem, custard apple,
etc., supplement byproducts required for preparation of plant protection
formulations [1].

9.2.2.4 Perma-Agroforestry

Permaculture or Permanent culture (PC) is a philosophy of working with
nature or the farming approach that imitates the way of nature and is com-
pletely self-sustained. There are a few similarities among OF, NF and PC,
like the farming methods that are chemical and poison-free, work in accor-
dance with nature’s biodiversity and allow the diverse living species that
create a sustaino-resilient ecosystem. The fundamental theme of PC is that
humans can reduce or replace intensive agriculture and promote habitat
and species diversity involving diverse living species [34]. It revalidated
indigenous or traditional knowledge where it was previously devalued
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through the unsustainable nature of Western industrialized intensive agri-
culture. Agriculture intensification has caused many problems over recent
decades. In this context, Perma-AF system is crucial to enhance agricul-
tural production, C sequestration, soil health, sustainability and self-suffi-
ciency of the ecosystem [35]. Talun-Kebun is a typical Perma-AF system
normally practiced in Indonesia. It is an artificial forest where the bottom
layer is covered by profitable annual plant species which provide financial
benefits to the community, and the upper layer covers tree species which
provide various ecosystem services [7]. Similarly Perma-AF system helps
in restoration of temperate two quarries in Germany [36]. Trees, shrubs
and annual plants are grown to afford diverse food and various other eco-
system services [36].

9.2.2.5 Precision-Agroforestry

The precision farming principles and practices as well as tools and technol-
ogies have gained more importance equally in silviculture and AF in the
previous two decades. Intervention of precision farming in silviculture is
known as precision silviculture [37] while its integration in AF is known
as precision AF [38]. Precision AF is undergoing enormous change due
to technologies like artificial intelligence, drone and remote sensing, etc.,
assistance in various operations of AF, particularly in developed countries.
It aims to make decisions for site-specific management, improve produc-
tivity, protect the environment, reduce waste and increase profit. It can be
used in all phases of AFE, such as planning, site operations, planting, moni-
toring, harvesting, processing, and marketing. A study proposed precision
AF policy for Mexico to promote climate resilient economy through the
implementation of precision AF technologies in the Mexican AF sector
[38]. AF systems are very diverse with tree-crop characteristics and distri-
bution; require improved methodologies and technologies that have ability
to adapt to difficult and diverse area, and multi-strata. Further research
on resource use efficiency and natural resource conservation, policy sup-
port and technological advancement are vital concerns for precision AF
promotion.

9.2.2.6 Horticulture Intervention in Agroforestry

Intervention of nutritious fruit and other horticultural crops in AF through
agri-horticulture, silvi-horticulture or agri-silvi-horticulture systems helps
to improve the health and nutrition of the people. Fruit plants are the most
valuable component in Horticulture-based AF and serve as a rich source
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of macro- and micro-minerals, vitamins, fibers, alkaloids, antioxidants,
polyphenols and many more. It can play an important role in reducing
hunger and malnutrition, and poverty eradication. These AF systems are
also helpful in conservation and utilization of indigenous or underutilized
fruit resources; thus, pressures on remaining forests will be abated and for-
ests resource overexploitation will be effectively addressed. Some of the
important native underutilized edible fruit species are Artocarpus lacu-
cha, Baccaurea ramiflora, Cordia myxa, Diospyros melanoxylon, Elaeagnus
latifolia, Ficus palmata and Glycosmis pentaphylla. These are rare minor
wild fruits which are native and unique and mostly eaten by the locals and
benefit the poor people by supplying nutritional diet and also generate
additional livelihood [39, 40]. Horticultural crops are becoming important
components in the AF systems; apart from food security, it also supports
timber and fuel availability in the region [40]. There are many indigenous
fruits such as Adansonia digitata and Citrullus lanatus in Africa and Parkia
timoriana and Pithocelobium dulce in India that have high nutraceuticals
but very poorly organized value chains. Hence, there is a need to strengthen
market systems along with institutional and policy support.

9.2.2.7 Bamboo-Based Agroforestry

Bamboo-based AF systems are praised for climate change mitigation,
degraded land restoration and providing various ecosystem services [41,
42]. Integration of bamboo in AF significantly improves C sequestration,
overall soil health, and produces renewable biomass energy [43]. Its fast
growth, adaptive nature and ability to grow on varied soils and climate
helps to restore the degraded lands, enhances soil property and diversifies
food and livelihood [41, 43]. Thus, in the changing climate, integrating
bamboo with crops, trees and livestock could give various benefits in a
sustaino-resilient way. Many countries, as a part of the Bonn Challenge,
incorporated bamboo in high-priority species list for restoration and
sustainable land management programs [44]. Organization of African
Bamboo in Africa and The Eco Planet Bamboo in Latin America are active
in restoring degraded lands through bamboo-based AF systems [45].

9.2.2.8 Medicinal Perennials Intervention in Agroforestry

There is a huge scope in a growing market for medicinal plants around the
world and export of raw materials may help to improve income and live-
lihood of the medicinal plants’ grower [46]. One of the main constraints
faced by the medicinal plant sector is depletion of the resources by large
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dependency and unsustainable harvesting from the wild. Intervention of
medicinal crops in AF helps to provide manifold advantages including var-
ious ecosystem services. Practice of intercropping is as old as taungya and
shifting cultivation [47]. Many studies reported successful intervention of
medicinal plants in AF systems [47, 48]. For instance, improved growth
and yield was recorded in medicinal plants grown under Poplar-based
AF in Tarai region of India [47]. Integration of medicinal plants through
intercropping or multistoried cropping under plantation crops is a suitable
suggestion for ex situ conservation of shade-adapted medicinal plants [48].
Intercropping of medicinal plants in AF can be a sustainable approach for
medicinal plant conservation, management and ecorestoration along with
potential food and livelihood source for practitioners.

9.2.2.9 Industrialized Agroforestry

Due to policy and legal restrictions in many countries around the world
including India, the supply of wood from forests has been almost pro-
hibited or reduced. In this backdrop, a study in Tamil Nadu of India has
envisioned and started a value chain model on industrial AF to overcome
constraints of quality wood production, harvesting, marketing and con-
sumption [49]. Multifunctional and profitable AF models were developed
by using precision silviculture and fast-growing, high-yielding geno-
types suitable for varied industrial utility and acclimatized to varied eco-
geographic conditions. Marketing and consumption segments were
strengthened by assurance of a price supportive system and establish-
ment of value addition technology. With the increased productivity and
profitability this model has attracted farmers towards industrialized AE.
This model may help to fulfill the gap between demand and supply of raw
materials required for the development of the country while achieving sus-
taino-resilience [49].

9.2.3 Improved vs. Traditional Agroforestry Practices

Generally, AF practices are classified into two forms, i.e., traditional AF
practice and improved AF practice. In the traditional AF system, farmers
were engaged in different forms of tree-based farming and they were also
well aware of the benefits of different forms of AF practices. Later, it was
diluted and devalued through unsustainable agriculture practices. Some
progressive farmers are showing interest in modifying and improving their
present AF practices with mechanization and sustainable and/or resilient
management practices for satisfying household requirements along with
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added profits. Some studies compared the adaptation and benefits of these
two forms of AF practices [50, 51]. Traditional farming practitioners are
facing some problems such as biomass and residue burning, bare and
long fallow phase, injudicious cultivation, mining of soil fertility, careless
cropping and irrigation practices [50]. These problems can be overcome
by following recommended management practices such as conservation
tillage, cover and nurse cropping, crop rotation, integrating climate resil-
ient trees and crops with livestock, efficient cropping and irrigation prac-
tices, mulching, proper use of resources, sensible use of off-farm inputs
and use of management practices [50]. Studies reported a nearly threefold
increase in annual income and diverse benefits from improved AF prac-
tices as compared to traditional AF practices [51]. In addition, improved
AF practitioners are self-sustained in meeting demand of various forest
products. In conclusion, it is important to maintain harmony with nature
in the changing climate scenario by adopting best recommended manage-
ment practices, and modifications are needed for faulty ongoing practices
to enhance food security and ecological balance.

9.3 Agroforestry for Climate Resilience

Generally, climate change is recognized as one of the greatest challenges
in today’s world. Hence, there is a need to improve policies and practices
and develop strategies that integrate the objectives of adaptation and mit-
igation of climate change along with ecological concern [52]. Among the
greenhouse gases, carbon dioxide (CO,) is a dominating element that
increases the earth’s temperature, resulting in global warming [53] and
climate change. The climate calamities such as floods, droughts, etc., are
degrading the environmental quality [54] that leading soil destruction and
lower crop yields. Anthropogenic activities in agriculture are also deplet-
ing the status of productive soils [55]. Thus, atmospheric carbon sequestra-
tion would be an effective solution in order to ensure improved soil quality
[56], yield sustainability and environmental security. AF practices are help-
ful in strengthening climate change resilience, while contributing diversi-
fied food and nutritional security, livelihood and other ecosystem services
to the dependent communities. Realizing the importance of AF practices,
policy makers and conservation practitioners are now considering agro-
forestry for building climate resilient communities [57-59]. Moreover, cli-
mate resilient AF practices minimize energy, land and carbon footprint
that ensure environmental sustainability and ecological stability [60].
SRAF interventions provide effective measures to vulnerable communities
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to adapt and become resilient to the impacts of climate change. The AF role
in climate change mitigation includes improving microclimate through
tree canopies, protection and allied benefits through permanent cover,
farm diversification, improving soil health, water and climatic resources,
increasing C sequestration and reducing emissions. It has capability to cur-
tail climate extremes and intra-annual climatic fluctuations. Some of the
case studies on AF role in climate change mitigation were documented
briefly in Table 9.1.

9.3.1 World Context

Smallholder farmers and their farming systems are adversely affected
by climate change. Crop failure is most common due to dependence on
rain-fed agriculture in most parts of the world. In this scenario, AF mit-
igates these ill effects by enhancing adaptation, resilience and reducing
vulnerability in smallholder farming systems [10]. A study conducted in
Cameroon, Central Africa, showed that smallholding farmers adopted
four different AF practices dominated by coffee, cocoa, apiculture and
plantation crops [10]. These four AF practices provided diverse ecosystem
services and were important in enhancing resilience, reducing vulnerabil-
ity and mitigating climate change [10]. High plant diversity and density
has been correlated to enhanced soil physico-chemical properties in home
gardens of Bangladesh [61]. Higher soil C stock in AF systems as com-
pared to adjacent croplands and nurseries was obtained in eastern China
[62]. AF systems like agro-silvicultural system and shelterbelts are effective
practices to increase soil carbon stock in China [63]. A study in the humid
and sub-humid tropical regions demonstrated that AF can decrease soil
erosion rates by half as compared to monocropping systems [64].

9.3.2 Indian Context

Currently, AF is gaining importance in a changing climate context as it
captures and stores a significant amount of C and synergies among climate
change mitigation, food security and ecological concern [6]. Tree species
in agriculture and other ecosystems can improve soil productivity, con-
serve natural resources, reduce the soil erosion and runoff, and enhance
soil nutrient cycling [65]. N fixing perennials can enhance productivity of
agricultural crops by improving moisture, N availability and organic matter
[66]. In addition, incorporation of soil fertility management practices can
increase soil organic matter, physical and chemical properties and nutrient
cycling with minimal cash inputs [67]. The litter and debris of AF species
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are rich in allelochemicals which impart species resistance to insects and
pathogens [68]. In addition, AF has diverse components which act as bio-
logical barriers for insects and pests. Some AF multipurpose tree species
are used in bio-pesticides and they also help in biodiversity conservation
and harboring beneficial insects, which helps in pollination. Ill effects such
as climate change-induced sudden outbreak of pest and diseases, erratic
rainfall and temperature, floods and dry spells are causing severe food
insecurity by reducing yield of crops. Integration of climate-resilient native
species in AF can mitigate the problems raised by climate change by acting
as a biological barrier to insect and pests, insurance for the failure crop,
incorporating nutrients into the soil and proving diverse food from diver-
sified crop.

9.4 Agroforestry for Food Security

Food insecurity is a complex global issue impacted and influenced by cli-
mate change, demography, human activity and resource use patterns [69].
Availability of safe, steady and sufficient food that fulfills dietary require-
ments of people is a vital concern [70]. Intervention of well-planned AF is
viewed as a cost-effective means to improve food, health, livelihood and
other ecosystem services [5]. An earlier study suggested that there is a
need for government interventions through various schemes to attain food
security and ecological balance [71]. Some of the case studies on the AF
role in food security were documented briefly in Table 9.1.

9.4.1 World Context

AF helps to achieve food security as cash source for all surveyed households
in sub-Saharan Africa [9] and as a food source for nearly three-fourths
of surveyed households [13]. One-fifth of households that practiced AF
were food secure while non-AF practiced households were insecure in the
Isingiro, southwestern Uganda [71]. The values of AF and food security
include socioeconomic and environmental value, and the main reasons
for following AF practices include an increase in food production, liveli-
hood and income. Faidherbia-based AF systems in Malawi reported that
Faidherbia, an indigenous African acacia provides nutrients to crops at a
useful time and is highly compatible with other commonly growing crops.
In addition, a study has found enhanced maize yields and soil physico-
chemical and biological properties of Faidherbia albida-maize inter-crop-
ping in Malawi [17]. Allanblackia, Calliandra and Faidherbia-based AF
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Table 9.1 Studies documenting the role of AF in climate resilience, food security and LDN.

Study area AF type and species Key findings References

AF for Climate resilience

Cameroon Coffee, Cocoa and Apiculture- AF mitigates ill effects of climate change by enhancing [ [10]

based AF systems resilience and reducing vulnerability in various

farming systems

Bangladesh Homestead AF systems High plant diversity and density enhanced soil physico- | [61]
chemical properties in homesteads

South Africa Different AF systems AF in the humid and sub-humid tropical regions can [64]
decrease soil erosion rates by halfas compared to
monocropping system

China Different AF system AF systems had higher SOC stocks in the whole soil [62]
profile compared to croplands

India Different AF systems N fixing trees enhanced productivity of associated [66]
agricultural crops

India Different AF systems Trees act as a biological barrier and allelo chemicals of [ [68]

trees often imparts species resistance to insect and
pests

(Continued)
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Table 9.1 Studies documenting the role of AF in climate resilience, food security and LDN. (Continued)

Study area AF type and species Key findings References
AF for Food security
Isingiro, Uganda Different AF systems One-fifth of households that practiced AF were food [71]
secure
Nepal Compared traditional and Nearly threefold increase in annual income was [51]
improved AF practices recorded in improved AF system than traditional AF
system
Africa General account on different AF | AF is a cost-effective means to enhance food, health, [5]
systems livelihood and other ecosystem services
Sub Saharan Africa | Agricultural crops, AF perennial | Agriculture and AF with livestock as a food source for [13]
species and livestock nearly three-fourths of surveyed households
Malawi, East Africa | Different Agroforestry System AF Species of Allanblackia, Calliandra, Faidherbia and [17]
Leucaena deliver relatively quick payoffs to farmers
India Different AF systems AF intervention to achieve food security is well (3]
documented
India Different Agroforestry System 49% of the fuel wood and 48% of timber are provided [72]

by Agroforestry

(Continued)
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Table 9.1 Studies documenting the role of AF in climate resilience, food security and LDN. (Continued)

Study area AF type and species Key findings References

AF for LDN

Towa, USA Castanea mollisima and AF increases soil health and C sequestration relative to [86]
Asiminatriloba AF with corn- corn-soyabean agriculture
soyabean rotation

Gedeo, Ethiopia Home garden, Parkland and Home garden had higher soil physico-chemical [22]
Ficha system attributes

Bangladesh Homestead AF system Mixed and diverse species under AF can enhance soil [61]

C and other nutrients

Cameroon, Africa | Agrosilvopastoral and other two | Agrosilvipastoral system is more efficient in soil fertility [ [19]
AF systems improvement

Colombian Amazon | Cocoa AF system Soil fertility improved by 42%. [81]

Eastern Himalaya, | Teak, Eucalyptus, Sissoo, Neem 28 yrs AF system with pineapple on degraded lands [20]

India with Pineapple increased soil quality and C

Northwest India Punica granatum and Salvadora | Soil pH significantly reduced with optimum production | [83]
persica AF with rice-wheat from all components

Haryana, Different AF systems Salt tolerant trees, namely Casuarina equisetifolia, [84]

India Leptochloa fusca, Tamarix articulate, etc., were found

best
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are known to deliver early returns for their multifaceted use [17, 71]. To
strengthen food security and livelihood, understanding households’ psy-
chological and behavioral issues, government intervention and policy sup-
port are vital [71].

9.4.2 Indian Context

The most important AF systems like Agri-silviculture, silvi-pastoral,
agri-silvi-pastoral play an important role in food security of the country
[3]. AF is normally considered as a cost-effective way to improve farm-
ing systems for attaining food security. AF can enhance food production
through their various benefits like resource conservation, soil amelioration
and insects, pathogens, and weed control. In India, AF systems are fulfill-
ing half of the annual fuel wood and timber requirement of the country
[72]. Hence, production of food along with fuel wood and other products
is a vital concern. Some tree species including babul (Acacia nilotica) in AF
system provide valuable edible gum which has popularly become a source
of income and strengthens livelihood and biodiversity too [73, 74]. AF sys-
tems can contribute to the production of bio-energy, food, fodder, fruits,
fuel wood, timber and many more [75].

9.5 Agroforestry for Land Degradation Neutrality

There is strong nexus among climate change food insecurity and land
degradation (Figure 9.3) [18, 23], posing serious global problems.
Roughly, out of the total world population, one-sixth lives in degraded
areas and one-third is affected by land degradation and denudation
[76]. In addition, the worst effects of land degradation are malnutri-
tion, disease, forced migration, increased conflicts, cultural damage
and poverty. Hence, it is an alarming sign and underlines the impor-
tance of conserving biodiversity and maintaining ecological balance.
Restoration of these degraded lands by using various measures is a
major concern. To prevent further degradation and desertification,
LDN is an important concept. For restoring or further reducing degra-
dation and denudation of land, AF has some typical advantages, espe-
cially in a place where food shortage and high population were noticed
[77]. Some of the case studies on the AF role in LDN were documented
briefly in Table 9.1.
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Figure 9.3 Sustaino-resilient Agroforestry for climate change mitigation, food security
and LDN [18, 23].

9.5.1 World Context

Species having good adaptive capability, nutrient and water use efhi-
ciency and fast-growing with dense foliage, stand first in neutralization of
degraded lands [78]. AF has greater contribution global soil C by seques-
tering additional C of 5.3 x 109 Mg in 944 million ha globally [79]. A
study in Xishuangbanna, China, compared three AF systems such as inter-
cropping with tea, coffee or cocoa and one rubber monoculture [80]. The
Agrosilvopastoral system is more effective in enhancing soil fertility as com-
pared to agrisilvicultural and silvopastoral systems in Mbelenka, Cameroon
[19]. The establishment of a cacao-based AF system on degraded pasture
can improve the capacity to maintain soil ecological functions along with
restoration of soil quality [81]. Dwindling ground water tables due to faulty
irrigation and drainage in irrigated lowlands and in an arid climate, evap-
orative loss and enhanced capillary rise are pressing environmental chal-
lenges. Species selection for the bio-drainage and the right species at the
right place are key features in the resilient AF systems [8].

9.5.2 Indian Context

Practice of AF helps in restoring the degraded lands [82]. In semiarid and
arid regions of India, a vast amount of land is remaining barren due to



SRAF roR CLIMATE RESILIENCE, FOOD SECURITY AND LDN 237

salinity and sodicity. Salvadora persica, Punica granatum and berseem-kallar
grass combined AF practices with site-specific nursery technique is recom-
mended for reclamation of problematic soil [83]. A similar study recom-
mended incorporating salt tolerant trees, namely Casuarina equisetifolia,
Leptochloa fusca, Populus deltoids, Tamarix articulate and Tectona grandis
in AF system for restoration of salt-affected sites [84]. In India, the INBAR
encouraged Bamboo-Based AF for improving diverse ecosystem services
from degraded and mining lands [85]. Integration of diverse perennials in
AF systems enhanced soil health and soil C sequestration [86]. For instance,
AF systems with multipurpose trees like Eucalyptus, Neem, Sissoo and
Teak in combination with Pineapple enhanced soil C dynamics in Eastern
Himalayas [20]. The Integrated Watershed Management Program (IWMP)
which is operational in India has incorporated and promoting tree-based
farming systems.

9.6 The Way Forward

« 'There is a great need of scientific revalidation of available
ancient knowledge in the Grantas, Vedas, Vrikshayurvedas
and Upanishads.

o Further research on crop compatibility and crop interaction
in agroforestry is a vital concern.

« Development of successful regional models which integrate
local cultivars, livestock and native perennials along with
their regular, successful and sustainable cropping systems.

 Constraint that discourages AF adoption such as long juvenile
phase, small and insecure land holding, lacking agronomic and
recommended management practices for AF systems, agri-
cultural crops are as important as woody perennials, absence
of crop varieties and cultivars suitable for adverse conditions.
To overcome these issues, certain fast-growing trees, success-
tul varieties, planting techniques, scientific interventions and
recommended management practices are critical.

« Encouraging farmer through payment for environmental
services (PES) especially in developing countries is a vital
concern and already some countries like Costa Rica are suc-
cessfully practicing these services.

o Research in the adaptation and management of SRAF prac-
tices like Organic-AF, bamboo-based AF, Perma-AF system
and integrated AF systems is required.
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9.7 Conclusion

Since time immemorial, AF has been widely practiced for achieving sus-
taino-subsistance farming with the objectives of agricultural sustainabil-
ity, food security, soil health management and reducing degradation and
desertification. Later, it was diluted and devalued through unsustainable
agriculture practices. Some progressive farmers are showing interest in
modifying and improving their present AF practices with mechaniza-
tion and sustainable and/or resilient management practices for satisfying
household requirements along with added profits. This study has demon-
strated that some SRAF practices can provide options for reducing poverty,
improving food and livelihood security, and sustaining ecological balance.
Plantations, intensive agriculture areas, peat and grass lands and other
farms are the potential SRAF intervention areas in the future. Production-
linked incentives, agronomic practices, institutional and policy support,
long-term management strategies and market access are essential to
encourage farmers to invest in perennial trees through SRAF practices. In
conclusion, this chapter has covered most of the AF aspects and is expected
to be a guiding principle for practitioners to integrate SRAF practices and
for policymakers to develop scientific and sustainable policies to achieve
food security and ecological balance.

Acknowledgement

The authors are thankful to Ms. Shridevi, B. Teli and Dr. S. Rakesh, for the
relevant corrections to a first draft of the manuscript.

References

1. Biswas, S., Zero budget natural farming in India: aiming back to the
basics. Int. J. Environ. Climate Change., 10, 38-52, 2020.

2. Aryal, K, Thapa, P.S. & Lamichhan, D., Revisiting Agroforestry for Building
Climate Resilient Communities: A Case of Package-Based Integrated
Agroforestry Practices in Nepal. Emerg. Sci., 3, 303-311, 2019. https://doi.
0rg/10.28991/esj-2019-01193

3. Sarvade, S. & Singh, R., Role of agroforestry in food security. Popular
Kheti., 2,25-29,2014.

4. Kiyani, P,, Andoh, J., Lee, Y. and Lee, D.K., Benefits and challenges of agrofor-
estry adoption: a case of Musebeya sector, Nyamagabe District in southern


https://doi.org/10.28991/esj-2019-01193
https://doi.org/10.28991/esj-2019-01193

10.

11.

12.

13.

14.

15.

SRAF roR CLIMATE RESILIENCE, FOOD SECURITY AND LDN 239

province of Rwanda. Forest Science and Technology, 13(4), 174-180, 2017.
https://doi.org/10.1080/21580103.2017.1392367

. Nair, PK.R. & Toth, G. G., Measuring agricultural sustainability in agro-

forestry systems. In Climate change and multi-dimensional sustainability in
African agriculture, pp. 365-394. Springer, Cham, 2016.

. Prasad, Rajendra, S. K., Dhyani, R., Kumar, N.S. & Tripathi. V. D., Contribution

of advanced agroforestry research in sustaining soil quality for increased food
production and food security. J. Soil Water Conserv., 15, 31-39, 2016.

. Kurniawan, T. & Kuriawan, E., Policy on Utilizing Indigenous Knowledge

in Critical Land Rehabilitation and Fulfillment of Sustainable Food Security
in Indonesia: Regrowing “Talun-Kebun” as Part of the Local Permaculture
Model in West Java” Environ. Sci. Proc., 1, 15-18, 2022. https://doi.
org/10.3390/environsciproc2022015002

. Maharjan, S. & Khamzina, A., Assessment of tree water use for development

of resilient agroforestry systems in salinized areas of Uzbekistan. Conference
on International Research on Food Security, Natural Resource Management
and Rural Development, Gottingen, Germany. 2012.

. Mulugeta, G., Evergreen agriculture: Agroforestry for food security and cli-

mate change resilience. J. Nat. Sci. Res. 4, 80-90, 2014.

Awazi, N.P, Agroforestry for Climate Change Adaptation, Resilience
Enhancement and Vulnerability Attenuation in Smallholder Farming
Systems in Cameroon. J. Atmos. Sci., 5, 25-33,2022. https://doi.org/10.30564/
jasr.v5il.4303

Smith, B.D. & Zeder, M.A., The onset of the Anthropocene. Anthropocene, 4,
8-13,2013. https://doi.org/10.1016/j.ancene.2013.05.001.

Redman, C.L., Should sustainability and resilience be combined or remain
distinct pursuits? Ecology and Society, 19(2), 37, 2014. http://dx.doi.org/10.5751/
ES-06390-190237

Frelat, R., Lopez-Ridaura, S., Giller, K.E., Herrero, M., Douxchamps, S.,
Djurfeldt, A.A., Erenstein, O., Henderson, B., Kassie, M., Paul, BK. &
Rigolot, C., Drivers of household food availability in sub-Saharan Africa
based on big data from small farms. Proceedings of the National Academy of
Sciences, 113(2), 458-463, 2015. https://doi.org/10.1073/pnas.1518384112
Jhariya, M.K., Banerjee, A., Yadav, D.K. & Raj, A., Leguminous Trees an
Innovative tool for soil sustainability. In: Meena, R.S., Das, A., Yadav, G.S.,
Lal, R. (Eds.). Legumes for soil sustainable management, Springer Nature
Singapore Pte Ltd. 2018. ISBN 978-981-13-0253-4; pp. 315-345. https://link.
springer.com/chapter/10.1007/978-981-13-0253-4_10

Meena, R.S., Kumawat, A., Kumar, S., Prasad, S.K., Pradhan, G., Jhariya,
M., Banerjee, A. & Raj, A., Effect of legumes on nitrogen economy
and budgeting in South Asia. In: R.S. Meena and Sandeep Kumar (Eds.).
Advances in Legumes for Sustainable Intensification, 1* Edition, Elsevier Inc.,
pp. 619-638, 2022. eBook ISBN: 9780323886000. https://doi.org/10.1016/
B978-0-323-85797-0.00001-X


https://doi.org/10.3390/environsciproc2022015002
https://doi.org/10.3390/environsciproc2022015002
https://doi.org/10.30564/jasr.v5i1.4303
https://doi.org/10.30564/jasr.v5i1.4303
http://dx.doi.org/10.5751/ES-06390-190237
http://dx.doi.org/10.5751/ES-06390-190237
https://link.springer.com/chapter/10.1007/978-981-13-0253-4_10
https://link.springer.com/chapter/10.1007/978-981-13-0253-4_10
https://doi.org/10.1016/B978-0-323-85797-0.00001-X
https://doi.org/10.1016/B978-0-323-85797-0.00001-X

240

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

LAND AND ENVIRONMENTAL MANAGEMENT THROUGH FORESTRY

Kumawat, A., Bamboriya, S.D., Meena, R.S., Yadav, D., Kumar, A., Kumar,
S., Raj, A. & Pradhan, G., Legume-based inter-cropping to achieve the crop,
soil, and environmental health security. In: R.S. Meena and Sandeep Kumar
(Eds.). Advances in Legumes for Sustainable Intensification, 1* Edition,
Elsevier Inc., pp. 307-328, 2022. eBook ISBN: 9780323886000. https://doi.
org/10.1016/B978-0-323-85797-0.00005-7

Saka, A.R., Bunderson, W.T., Itimu, O.A., Phombeya, H.S.K. & Mbekeani, Y.,
The effects of Acacia albida on soils and maize grain yields under smallholder
farm conditions in Malawi. For. Ecol. Manag., 64, 217-230, 1994. https://doi.
0rg/10.1016/0378-1127(94)90296-8

Indrayanti, L., Rotinsulu,]., Hidayat,N. & Sianipar, J., The potential of agro-
forestry in supporting food security for peatland community-a case study
in the Kalampangan village, Central Kalimantan. Ecol. Eng. 22, 8-13, 2021.
https://doi.org/10.12911/22998993/140260

Tsufac, A.R., Awazi, N. P. & Yerima, B. P., Characterization of agroforestry
systems and their effectiveness in soil fertility enhancement in the south-
west region of Cameroon. Curr. Res. Environ. Sustain., 3, 1-7, 2021. https://
doi.org/10.1016/j.crsust.2020.100024

Yadav, G.C., Kandpa, B.K., Das, A., Babu, S., Mohapatra, K.P,, Devi, G., Devi,
H.L., Chandra, P, Singh, R. & Barman, K.K., Impact of 28 year old agro-
forestry systems on soil carbon dynamics in Eastern Himalayas. J. Environ.
Manag., 283, 1-11, 2021. https://doi.org/10.1016/j.jenvman.2021.111978
Nair, PK.R., An introduction to agroforestry. Springer Science & Business
Media, 1993.

Dori, T., Asefaw, Z. & Kippie., T., Soil characteristics under dominant agro-
forestry systems along toposequence of Gedeo, Southeastern Ethiopia.
Environ. Sustain. Indicators. 191, 6-28, 2022. https://doi.org/10.1016/].
indic.2022.100191

To, A. & Ea, O., Mitigation of Land Degradation for Agricultural Space
Using Agroforestry System in Chikum Local Government Area, Kaduna
State, Nigeria. J. Appl. Sci. Environ. Manage. 22, 743-748, 2018. https://doi.
org/10.4314/jasem.v22i5.26

Lal,R.,Foodsecurityimpactsofthe “4 per Thousand” initiative. Geoderma, 374,
114427, 2020. https://doi.org/10.1016/j.geoderma.2020.114427

Rosati, A., Borek, R. & Canali, S., Agroforestry and organic agriculture.
Agrofor. Syst., 4(1), 1-17, 2021. https://doi.org/10.1007/s10457-020-00559-6
Rodenburg, J., Mollee, E., Coe, R. & Sinclair, E,, Global analysis of yield ben-
efits and risks from integrating trees with rice and implications for agrofor-
estry research in Africa. Field crops research. 281, 1-18, 2022. https://doi.
org/10.1016/j.fcr.2022.108504

Montagnini, F, Eibl, B.I. & Barth, S.R., Organic yerba mate: an environmen-
tally, socially and financially suitable agroforestry system. Bios et forest des
tropiques, 308(2), 59-74, 2011.


https://doi.org/10.1016/B978-0-323-85797-0.00005-7
https://doi.org/10.1016/B978-0-323-85797-0.00005-7
https://doi.org/10.1016/0378-1127(94)90296-8
https://doi.org/10.1016/0378-1127(94)90296-8
https://doi.org/10.1016/j.indic.2022.100191
https://doi.org/10.1016/j.indic.2022.100191
https://doi.org/10.4314/jasem.v22i5.26
https://doi.org/10.4314/jasem.v22i5.26
https://doi.org/10.1016/j.fcr.2022.108504
https://doi.org/10.1016/j.fcr.2022.108504

28.

29.

30.

31.

32.

33.

34.
35.

36.

37.

38.

39.

40.

SRAF roOR CLIMATE RESILIENCE, FOOD SECURITY AND LDN 241

Pawar, S. & Wani, A.M., Effect of Organic production on growth and
productivity of Sweet Potato (Ipomoea batatas L.) under Poplar based
Agroforestry system. International Journal of Advanced Research, 2(12),
229-232,2014.

Schneider, M., Andres, C.,Trujillo, G., Alcon, F, Amurrio, P, Perez, E,,
Weibel, F. & Milz, J., Cocoa And Total System Yields Of Organic And
Conventional Agroforestry Vs. Monoculture Systems In A Long-Term Field
Trial In Bolivia. Experimental agriculture. 53(3), 351-374, 2017.

Lori, M., Armengot, L., Schneider, M., Schneidewind, U., Bodenhausen, N.,
Mader, P. & Krause, H.M., Organic management enhances soil quality and
drives microbial community diversity in cocoa production systems. Sci. Total
Environ., 834, 1-11, 2022. https://doi.org/10.1016/j.scitotenv.2022.155223
Asigbaase, M., Dawoe, E., Lomax, B.H. & Sjogersten, S., Temporal changes
in litterfall and potential nutrient return in cocoa agroforestry systems
under organic and conventional management, Ghana. Heliyon, 7, 1-11, 2021.
https://doi.org/10.1016/j.heliyon. 2021.e08051

Sun, H.Y,, Koal, P, Gerl, G., Schroll, R., Joergensen, R.G. & Munch, ].C,,
Response of water extractable organic matter and its fluorescence fractions to
organic farming and tree species in poplar and robinia-based alley cropping
agroforestry systems. Geoderma, 290, 83-90, 2017. https://doi.org/10.1016/j.
geoderma.2016.12.014

Neira, D.P,, Energy efficiency of cacao agroforestry under traditional and
organic management. Agron. Sustain. Dev. 2, 36-49, 2016.

Fath, B., Encyclopedia of ecology, Elsevier. 1, 347-353, 2019.

Nath, M.K., Potentialities of Permaculture to Emerge as an Alternative for
Intensive Agriculture - A Review. Org. Agric., 1, 16-24, 2022.

Cossel, M., Ludwig, H., Cichocki, J., Fesani, S., Guenther, R., Thormaehlen,
M., Angenendst, ]., Braunstein, I., Buck, M., Kunle, M., Bihlmeier, M., Cutura,
D., Bernhard, A., Wachendorf, E, Erpenbach, E, Melder, S., Boob, M. &
Winkler, B., Adapting Syntropic Permaculture for Renaturation of a Former
Quarry Area in the Temperate Zone. Agricultuture. 10, 1-14, 2020. https://
doi.org/10.3390/agriculture10120603

Hegde, R., Amanulla, B K.M,, Singh, A. & Manasa, P.C., Precision silvicul-
ture: status in Karnataka. In: Advances in Tree Seed Science and Silviculture,
pp. 173-184, 2015.

Montes, O., Miguel, U,, Rogelio, C., Clemente, V., Mario, P. & Alejandro, L.,
Policy forum: proposal of a Mexican precision agroforestry policy. For. Policy
Econ., 119, 2020. https://doi.org/10.1016/j.forpol.2020.102292

Suresh, C.P,, Bhutia, K.D., Shukla, G., Pradhan, K. & Chakravarty, S., Wild
edible tree fruits of Sikkim Himalayas. J. Tree Sci. 33, 43-8, 2014.
Chakravarty, S., Bhutia, K.D., Suresh, C.P, Shukla, G. & Pala, N.A., A review
on diversity, conservation and nutrition of wild edible fruits. J. Appl. Nat.
Sci., 8, 46-53, 2016.


https://doi.org/10.1016/j.geoderma.2016.12.014
https://doi.org/10.1016/j.geoderma.2016.12.014

242

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

LAND AND ENVIRONMENTAL MANAGEMENT THROUGH FORESTRY

Mohit, G. & Neelu, G., Bamboos: importance for mitigation and adaptation
to climate change. The fifth assessment report of IPCC.2012.

Yuen, J.Q., Fung, T. & Ziegler, A.D., Carbon stocks in bamboo ecosystems
worldwide: estimates and uncertainties. For. Ecol. Manag.,, 393, 113-138,
2017. https://doi.org/10.1016/j.foreco.2017.01.017

Lobovikov, M., Schoene, D. & Yping, L., Bamboo in climate change and rural
livelihoods. Mitig. Adapt. Strateg. Glob. Change 17, 261-276, 2012. https://
doi.org/10.1007/s11027-011-9324-8

FAO & INBAR, Bamboo for land restoration. INBAR policy synthesis report
4. INBAR, Beijing, China, 2018.

Eco Planet Bamboo. “Commercial bamboo plantations as a tool for restoring
landscapes” 2014.

Dinesha, S., Vineeta, Shukla. G., Mondal, H.A. & Chakravarty, S., Macro-
proliferation Cup Technique for Mass Multiplication of Woodfordiafruticosa
(L.) Kurz (Dhawai) in Sub-humid Foothills of Eastern Himalaya. Ind. J.
Ecol., 48(5), 1305-1312, 2021.

Jha, K.K. & Gupta, A.C., Intercropping of medicinal plants with Poplar and
their phenology. Indian Forester, 117(7), 535-544, 1991.

Neerakkal, I., Medicinal plants for intercropping in plantations. Int. J. Bot.
Stud., 6(2), 249-251, 2021.

Parthiban, K.T. & Fernandaz, C. C., Industrial agroforestry-status and devel-
opments in Tamil Nadu. Indian J. of Agroforestry, 19, 1-11, 2017.

Patle, G.T., Kharpude, S.N., Dabral, PP. & Kumar, V., Impact of organic farm-
ing on sustainable agriculture system and marketing potential: A review. Int.
J. Env. Clim., 10(11), 100-120, 2020. https://doi.org/10.9734/IJECC/2020/
v10i1130270

Paudel, D., Tiwari, K.R., Raut, N., Sitaula, B.K., Bhattarai, S., Timilsina,
Y.P. & Thapa, S., Which agroforestry practice is beneficial? A comparative
assessment of the traditional and the improved agroforestry techniques in
the midhills of Nepal. Advances in Agriculture, 2021, 1-8, 2021. https://doi.
org/10.1155/2021/2918410

Bodegom, A.], Savenije, H. & Wit, M., Forests and climate change: adaptation
and mitigation. Tropenbos International., 50, 2009. ISBN: 978-90-5113-100-0
Rakesh, S., Sinha, A.K,, Juttu R., Sarkar, D., Jogula, K., Reddy, S.B., Raju, B,,
Danish, S. & Datta, R., Does the accretion of carbon fractions and their strat-
ification vary widely with soil orders? A case study in Alfisol and Entisol
of sub-tropical eastern India. Land Degrad Dev., 1-11, 2022a. https://doi.
org/10.1002/1dr.4291

Rakesh, S., Ranjith Kumar, G., Anil, D., Ravinder, J., Kamalakar, J., Sharan,
B.R., Jogarao P. & Umarajashekar, A., Technology and Policy Options:
Opportunities for Smallholder Farmers to Achieve Sustainable Agriculture.
In: Innovation in Small-Farm Agriculture: Improving Livelihoods and
Sustainability. CRC Press, Taylor & Francis Group. 2022b. p. 65-73. ISBN:
9780367759766


https://doi.org/10.9734/IJECC/2020/v10i1130270
https://doi.org/10.9734/IJECC/2020/v10i1130270
https://doi.org/10.1155/2021/2918410
https://doi.org/10.1155/2021/2918410
https://doi.org/10.1002/ldr.4291
https://doi.org/10.1002/ldr.4291

55.

56.

57.

58.

59.

60.

6l.

62.

63.

64.

SRAF rOR CLIMATE RESILIENCE, FOOD SECURITY AND LDN 243

Srinivasarao, C.H., Rakesh, S., Kumar, G.R., Manasa, R., Somashekar, G.,
Lakshmi, C.S. & Kundu, S. Soil degradation challenges for sustainable agri-
culture in tropical India. Cur Sci., 120(3), 492, 2021. https://doi.org/10.18520/
¢s/v120/i3/492-500

Rakesh, S., Sarkar, D., Sankar, A., Sinha, A.K.,, Mukhopadhyay, P. &
Rakshit, A., Protocols for determination and evaluation of organic car-
bon pools in soils developed under contrasting pedogenic processes and
subjected to varying management situations. In: Soil Analysis: Recent
Trends and Applications. Springer, Singapore., 87-105, 2020. https://doi.
org/10.1007/978-981-15-2039-6_6

Raj, A. & Jhariya, M.K., Sustainable agriculture with agroforestry: adop-
tion to climate change. In: P. Suresh Kumar, Manish Kanwat, P.D. Meena,
Vinod Kumar and Rajesh A. Alone, editors. Climate Change and Sustainable
Agriculture. New India Publishing Agency (NIPA), New Delhi, 2017. ISBN
No. 9789-3855-1672-6, pp. 287-294.

Jhariya, M.K., Banerjee, A., Meena, R.S. & Yadav, D.K., Sustainable Agriculture,
Forest and Environmental Management. Springer Nature Singapore Pte Ltd.,
152 Beach Road, #21-01/04 Gateway East, Singapore 189721, Singapore, pp.
606, 2019. eISBN: 978-981-13-6830-1, Hardcover ISBN: 978-981-13-6829-5.
Doi: 10.1007/978-981-13-6830-1

Raj, A., Jhariya, M.K,, Yadav, D.K. & Banerjee, A., Climate Change and
Agroforestry Systems: Adaptation and Mitigation Strategies. Apple Academic
Press Inc., CRC Press - a Taylor and Francis Group, US & Canada. ISBN:
9781771888226, pp. 383, 2020. https://doi.org/10.1201/9780429286759
Banerjee, A., Jhariya, M.K,, Raj, A,, Yadav, D.K,, Khan, N. & Meena, R.S., Energy
and Climate Footprint towards the Environmental Sustainability. In: A. Banerjee
et al. (eds.), editors. Agroecological Footprints Management for Sustainable Food
System, Springer Nature Singapore Pte Ltd. 2021b, ISBN 978-981-15-9495-3, pp.
415-443, 2021. https://doi.org/10.1007/978-981-15-9496-0_14

Jaman, M.S., Taofeek, O., Muraina, T.O., Dam, Q., Zhang, X., Jamil, M.,
Bhattarai, S. & Islam, E, Effects of single and mixed plant types on soil
carbon and nitrogen dynamics in homestead agroforestry systems in
Northern Bangladesh. Agric. Ecosyst. Environ., 315, 1-11, 2021. https://doi.
org/10.1016/j.agee.2021.107434

Jing, X. J., Liu, W., Wu, J., Wang, P, Liu, C. & Yuan, Z., Land degradation con-
trolled and mitigated by rubber-based agroforestry systems through opti-
mizing soil physical conditions and water supply mechanisms: A case study
in Xishuangbanna, China. Land Degrad Dev. 28, 2277-2289, 2019.

Hubner, R., Kithnel, A., Ly, J., Dettmann, H., Wang, W. & Wiesmeier, M.,
Soil carbon sequestration by agroforestry systems in China: A meta-analysis.
Agric. Ecosyst. Environ. 315, 437-448, 2021. https://doi.org/10.1016/j.
agee.2021.107437

Muchane, M.N,, Sileshic, G.W., Gripenberge, S., Jonsson, M., Pumariiio, L.
& Barriosa, E., Agroforestry boosts soil health in the humid and sub-humid


https://doi.org/10.18520/cs/v120/i3/492-500
https://doi.org/10.18520/cs/v120/i3/492-500
https://doi.org/10.1007/978-981-15-2039-6_6
https://doi.org/10.1007/978-981-15-2039-6_6
https://doi.org/10.1016/j.agee.2021.107434
https://doi.org/10.1016/j.agee.2021.107434
https://doi.org/10.1016/j.agee.2021.107437
https://doi.org/10.1016/j.agee.2021.107437

244

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

LAND AND ENVIRONMENTAL MANAGEMENT THROUGH FORESTRY

tropics: A meta-analysis. Agric. Ecosyst. Environ., 295, 899-902, 2020. https://
doi.org/10.1016/j.forpol.2020.102292

Dinesha, S., Dey, A.N., Deb, S. & Debnath, M.K,, Litter Pattern and Nutrient
Dynamics of Switeniamacrophylla (King) Plantation in Terai Region, West
Bengal, India. Indian Forester, 146(1), 7-12, 2020. http://dx.doi.org/10.36808/
if%2F2020%2Fv146i1 %2F144390

Singh, RK., Murthy, H.R. & Dikshit, AK., An overview of sustainability
assessment methodologies. Ecological Indicators. 9, 189-212, 2009. https://
doi.org/10.1016/j.ecolind.2011.01.007

Rao, MR, Nair, PK.R. & Ong, C.K., Biophysical interactions in tropical sys-
tems. Agrofor. Sys. 38, 3-50, 1998. https://doi.org/10.1023/A:1005971525590
Rizvi, A.J.H., Tahir, M., Rizvi, V., Kohli, R. K. & Ansari, A., Allelopathic
Interactions in Agroforestry Systems. Crit. Rev. Plant Sci., 18, 773-796, 1999.
http://dx.doi.org/10.1007/978-94-011-4173-4_13

Wheeler, T. & Braun, J.V., Climate change impacts on global food secu-
rity. Science, 341, 508-513, 2013. https://doi.org/10.1126/science.1239402
FAO, World food summit: Rome declaration on world food security and world
food summit plan of action. 1996.

Kamugisha, M., Mutembei, H. & Thenya, Assessing the value of agroforestry
and food security among households in Isingiro District, South-western
Uganda. Int. ]. Sustain. Dev., 1-15, 2022. https://doi.org/10.1080/13504509.
2022.2048118

Pandey, D. N., Multifunctional agroforestry systems in India. Curr. Sci. 92,
455-463, 2007.

Raj, A. & Singh, L., Effects of girth class, injury and seasons on Ethephon
induced gum exudation in Acacia nilotica in Chhattisgarh. Indian Journal of
Agroforestry, 19(1), 36-41, 2017.

Raj, A. & Jhariya, M.K., Effect of environmental variables on Acacia gum
production in the tropics of Chhattisgarh, India. Environment, Development
& Sustainability, 24(5), 6435-6448, 2021.  https://doi.org/10.1007/
$10668-021-01709-1

Dhyani, D., Maikhuri, R. K., Rao, K. S., Kumar, L., Purohit, V. K., Sundriyal,
M. & Saxena, K. G., Basic nutritional attributes of Hippophaerh ammoides
(Seabuckthorn) populations from Uttarakhand Himalaya, India. Curr. Sci. 92,
1148-1152, 2007.

FAO, “Assessing forest degradation. Towards the development of globally
applicable guidelines”. Forest resources assessment working paper no. 177.
FAO, Rome, 2011.

Lamb, D. & Gilmour, D., Rehabilitation and restoration of degraded forests.
IUCN, WWE, Gland. Switcher land, 2003.

Mishra, G., Giri, K., Panday, S., Kumar, R. & Bisht, N.S., Bamboo: potential
resource for eco-restoration of degraded lands. J. Biol. Earth Sci., 4, 130-136,
2014.


http://dx.doi.org/10.36808/if%2F2020%2Fv146i1%2F144390
http://dx.doi.org/10.36808/if%2F2020%2Fv146i1%2F144390
https://doi.org/10.1080/13504509.2022.2048118
https://doi.org/10.1080/13504509.2022.2048118
https://doi.org/10.1007/s10668-021-01709-1
https://doi.org/10.1007/s10668-021-01709-1

79.

80.

81.

82.

83.

84.

85.

86.

SRAF roR CLIMATE RESILIENCE, FOOD SECURITY AND LDN 245

Shi, L., Feng, W., Xu, J. & Kuzyakov, Y., Agroforestry systems: Meta-analysis
of soil carbon stocks, sequestration processes, and future potentials. Land
Degrad. Dev. 29, 11, 3886-3897, 2018. https://doi.org/10.1002/1dr.3136

Li, X,, Ge, T.,, Chen, Z., Wang, S., Ou, X,, Wu, Y., Chen, H. & Wu, J,
Enhancement of soil carbon and nitrogen stocks by abiotic and microbial
pathways in three rubber-based agroforestry systems in Southwest China.
Land. Degrad. Dev., 16, 2507-2015, 2020. https://doi.org/10.1002/1dr.3625
Suarez, L.R., Salazar, J.C. & Casanoves, F, Cacao agroforestry systems
improve soil fertility: Comparison of soil properties between forest, cacao
agroforestry systems, and pasture in the Colombian Amazon. Agric. Ecosyst.
Environ., 314, 1-15, 2021. https://doi.org/10.1016/j.agee.2021.107349
Rakesh, S., Sarkar, D.R, Sinha, A K, Abhilash, P.C. & Rakshit, A. Climate Change
and Agricultural Policy Options: Indian Story. Clim. Ch. Env. Sustainability,
7(2), 208-211, 2019. https://doi.org/10.5958/2320642X.2019.00027.9

Dagar, ].C., Sharma, H.B. & Shukla, Y.K., Raised and sunken bed technique
for agroforestry on alkali soils of Northwest India. Land Degrad. Dev., 12,
107-118, 2001. https://doi.org/10.1002/1dr.442

Singh, G., Singh, N.T. & Abrol, L.P, Agroforestry techniques for the rehabili-
tation of degraded salt affected lands in India. Land Degrad Dev., 5, 223-242,
1994. https://doi.org/10.1002/1dr.3400050306

Benton, A., Greening red earth: restoring landscapes, rebuilding lives. INBAR
Working Paper, 76, 16-17, 2014.

Eddy, W.C. & Yang, W.H., Improvements in soil health and soil carbon
sequestration by an agroforestry for food production system. Agric. Ecosyst.
Environ. 333, 22-27, 2022. https://doi.org/10.1016/j.agee.2022.107945






10

Land and Environmental Management
through Agriculture, Forestry and
Other Land Use (AFOLU) System

Kamlesh Verma', Prashant Sharma*, D.R. Bhardwaj?, Raj Kumar',
Nasam Midhun Kumar? and Alok Kumar Singh?

'ICAR-Central Soil Salinity Research Institute, Zarifa farm, Karnal, India
’Department of Silviculture and Agroforestry, Dr. Yashwant Singh Parmar
University of Horticulture and Forestry, Nauni, Solan, India

Abstract

Agriculture, Forestry, and Other Land Use (AFOLU) is one of the most import-
ant sectors for the food and livelihood security, as well as being among the lead-
ing greenhouse gases (GHG) emitters, especially from the developing countries.
(AFOLU is responsible for about a quarter of human-induced GHG emissions.)
Among the different AFOLU activities, deforestation and agriculture are leading
drivers of growing emission. In order to reduce GHG from the AFOLU sector, it is
necessary to develop cost-effective mitigation strategies and adaptation measures
via investment for adequate land and environment management. Investments
should be made in food security efforts, boosting carbon sinks, modernizing old
technologies, and introducing new technical innovation in order to minimize
AFOLU emissions. The AFOLU mitigation measure can also give a co-benefit in
the form of ecosystem service, but the adverse effects of the mitigation strategies,
implementation problems and barriers should not be overlooked. Nevertheless,
there are ample potential and perspectives to minimize GHG emission from the
AFOLU sector. Therefore, in this chapter, the different sub-sectors of AFOLU are
explored in terms of their emission status along with proper land and environ-
ment management including cost-effective mitigation measures, challenges and
opportunities for making the AFOLU sector net zero or negative emitter of GHG.
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10.1 Introduction

According to the Intergovernmental Panel on Climate Change (IPCC)
report on climate change and land, the average air temperature has risen
1.53 °C since the pre-industrial era [1]. The repercussions of this increasing
temperature are being felt by natural and human ecosystems. Specifically,
the greenhouse gases (GHGs) [2], most notably carbon dioxide (CO,),
nitrous oxide (N,0), and methane (CH > which account for about 76, 6,
and 16 percent of global warming, respectively, are major contributors to
the increasing temperature [3]. Due to this changing climate, which leads
to rising temperatures and changes in precipitation, the crop and animal
output is anticipated to suffer throughout the globe with repercussions for
profitability, food and livelihood security, health, and government finances
[4]. In addition to increasing pressure from pests, weeds, and diseases,
there are mounting evidences that an increase in temperature will have a
detrimental effect even on the perennial crops such as trees [5]. Although
this changing climate has some benefits, the negative consequences of cli-
mate change on agricultural production have outnumbered the positive
ones [4].

Agriculture, Forestry, and Other Land Use (AFOLU) is a sector that
includes a range of practices, from agriculture to land use changes, and it
playsa crucial role in sustainable development for the advancement of social
and economic growth [6]. Simultaneously, it provides food and fodder to
feed the world’s seven billion people, as well as fiber and fuel for a variety
of applications; it is a source of income for billions of people and a plethora
of products and ecosystem services that are critical to human prosperity
[7]. Agriculture is typically crucial to the lives of a wide range of socioeco-
nomic groups, especially in developing economies where it accounts for a
large share of outputs, and forestry helps to maintain the regular flow of
the ecosystem services and management of the environment for proper
production from agriculture. However, the AFOLU sector is unquestion-
ably affected by climate change, particularly rising temperatures, but it
is also one of the biggest causes of rising GHG emissions. AFOLU plays
an important part in the global carbon cycle due to its potential to offer
emission reduction options and ability to function as a carbon sink [8].
Historically, AFOLU was first used in the IPCC Guidelines of 2006 to char-
acterize the human-induced greenhouse gases (GHG) emissions from two
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different sectors: LULUCF (Land Use, Land Use Change, and Forestry) and
agriculture, which were formerly classified independently [9].

10.2 AFOLU and Climate Change

AFOLU is accountable for over a quarter of human-induced GHG emis-
sions [9], making it a crucial sector for countries to reach their emission
objectives, as outlined in their intended national determined contributions
(INDC:s) [10]. Specifically, in 2019, about 7.2 Gt CO,eq of worldwide GHG
emissions came from the AFOLU segment [11], accounting for 23 per-
cent with 11 percent coming from agriculture and 12 percent from the
other AFOLU activities [1]. However, there is a strong connection between
these land use sectors, and in many regions, agriculture is the key cause
of deforestation [12], making deforestation and agriculture emissions pri-
mary causes of rising emissions from the AFOLU sector [9]. There is a
wide variety in GHG emission around the globe, with about 28 nations
having negative GHG emission while 14 countries have zero GHG emis-
sion from the AFOLU sector. The Russian Federation had the biggest forest
sink (0.45 Gt CO,eq) whereas Indonesia (1.15 Gt CO_eq), Brazil (0.92 Gt
CO,eq) and India (0.72 Gt CO,eq) were the top contributors in the GHG
emission from the AFOLU segment. Similarly, Asia was the leading source
of GHG emissions (3.05 Gt CO,eq) from the AFOLU sector, while Europe
had the greatest carbon sink (0.23 Gt CO,eq) [11].

10.2.1 Trend of GHGs Emission from Agriculture

The agriculture sector is mainly responsible for non-CO, gases, especially
methane (CH,) and nitrous oxide (N,O), which are created through bio-
logical processes associated with bacterial breakdown in agricultural and
pasture soils as well as cattle digestive system. The CO, emissions from
the agricultural farm are considered neutral because they are linked to
annual photosynthetic carbon fixing and oxidation cycles [6]. Different
processes such as enteric fermentation from the livestock, manure man-
agement including the use of the organic and synthetic fertilizers, rice cul-
tivation, crop residue degradation, regulated savannah and crop residue
burning from field all contribute to emissions of GHG. Sources of GHG
emission from the agriculture sector with their specific emission potential
is depicted in Figure 10.1 [11]. Among these practices, agricultural GHG
emissions are growing from all sources, with some sources increasing
faster than others.
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Figure 10.1 Sources of GHG emission from agriculture sector with their specific
emission potential (data adapted from [11]).

In 2019, global emissions from agriculture amounted to nearly 5.96 Gt
CO,eq [11] which accounts for between 10 and 12 percent of CO,eq [6],
a figure that has remained relatively stable over the past three decades as
a result of a balance between rising emissions from the agricultural sector
and declining emissions from change of land use. The major contributor
to the GHG emission from the agricultural sector includes CH, emitted
from enteric fermentation of livestock’s digestive tracts (2.8 Gt CO_eq), fol-
lowed by N,Oemissions from fertilizer application (1.5 Gt CO,eq), includ-
ing both livestock manure (0.9 Gt CO,eq) and synthetic fertilizers (0.6 Gt
CO,eq) [11, 13]. The draining of organic soils and peat lands generated 0.8
Gt CO,eq in 2019, primarily in the form of CO, gas [14]. These emissions
were preceded by CH, (0.6 Gt COeq) from rice cultivation and CO, (0.5 Gt
CO,eq) from agricultural fossil fuel energy use [11, 13]. Agricultural soils,
in particular, serve as both sources and sinks; they contribute 60-80 per-
cent to the anthropogenic sources [15] and make up around 60 and 50 per-
cent of the world’s N,O and CH , emissions, respectively [16]. Worldwide,
in 2019, agricultural emissions per capita averaged 1.4 t CO_eq per person,
a decrease of roughly 35 percent from 1990 levels of 2.1 t CO,eq per person
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with substantial regional differences in per capita emissions although they
reduced steadily over time. Simultaneously, Brazil, Indonesia, and China
are the major GHG emitters, accounting for over half of global agricultural
emissions [13]. Moreover, fossil fuels are extensively used to power agri-
cultural equipment, irrigation systems and fishing boats which on com-
bustion produce the CO, and trace quantities of other GHGs, although
still are not quantified by the different agencies. Aquaculture is also one
of the significant emitters of the global N,O (43 CO,eq in 2009) which is
expected to climb to 178 Mt CO,eq by 2030 [6, 17].

10.2.2 Trend of GHGs Emission from Forestry and Other Land
Use System

Forestry and other land use systems (LULUCF) contribute much less emis-
sion compared to the agricultural sector. The foremost contributor to GHG
emission from this sector includes removal of harvestable material includ-
ing timber and organic carbon from the soil [18]. Moreover, GHG from
net forest conversion are CO, created through C oxidation in vegetative
biomass lost as a result of deforestation for the sake of other land use such
as agriculture. Sources of GHG emission from Forestry and other land use
systems (LULUCF) with their specific emission potential is depicted in
Figure 10.2 [11]. CH, and N,O from the combustion of biomass in forest
regions and CH,, N,O and CO, gas from the combustion of organic soils
make up the emissions from the burning of biomass [6].

Worldwide, during the period 2016-2020, forest conversion (defor-
estation) was responsible for yearly emissions of around 2.9 Gt CO_eq.

co o, N20
2 (0.72 Gt COzeq) (0.45 Gt COzeq) ',2 CHz
Drained organic soils ‘ (1.65 Gt COzeq) Fires in organic soils
(0.17 Gt COzeq) (2.95 Gt COzeq)
CO2 N20 CH, CO,
Al 7 ’
B . . LULUCF
A - }
Forest Fire (-2.63 Gt COzeq) Net forest conversion

Forest land

Figure 10.2 Sources of GHG emission from Forestry and other land use systems
(LULUCEF) sector with their specific emission potential (data adapted from [11]).
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Simultaneously, remaining forests absorbed around 2.5 Gt CO,eq, result-
ing in annual net emissions of approximately 0.5 Gt CO_eq from forest
land to the atmosphere [19]. Fires are a subset of draining and net forest
conversion’s cycle the second-largest emitter of the GHG from land use
change (0.4 Gt CO eq); however, they contribute negligible non-CO, emis-
sions (0.2 Gt CO,eq) [11, 19]. Moreover, South America and Africa had the
highest deforestation emissions in 2020, with around 1 Gt CO eq emission,
whereas Europe had the biggest forest sink (1 Gt CO,eq removed per year),
followed by Asia and the Americas. Similarly, China, Russia, and the USA
were the top C sinks (each removing around 0.5 Gt CO,eq year), while
Brazil, Congo, and Indonesia were the leading nations for C source through
deforestation and forest conversion (each removing approximately 0.5 Gt
CO,eq annually) [19].

10.3 Role of AFOLU in Land and Environment
Management

The GHG emission from the AFOLU sector can be reduced through the
proper management of the land and environment. It is vital to pursue strat-
egies to increase and improve the AFOLU sector’s performance in order
for it to realize its full mitigation potential, which would help toward any
successful climate change management goal [20]. However, the policies
that govern this sector’s operations must take both mitigation and adap-
tation into account. This can assist in orienting AFOLU activities toward
the global dissemination of breakthrough technology for efficient land use
[10]. During the implementation of NDCs, it also provides the possibility
to pursue mitigation and adaptation concurrently through AFOLU [20]
as mitigation and adaptation are complementary to each other [21, 22].
The AFOLU mitigation includes, but is not limited to, afforestation and
reforestation, sustainable forest management and reductions in emissions
by restricting deforestation, better management of farmlands, woodlands,
rangelands, pastures, fisheries, restoring organic soils, and rehabilitation
of wetlands as well as peat lands [4, 9]. Overall, there are two options for
achieving mitigation in the AFOLU sector, viz., supply-side or demand-
side measures which are depicted in Figure 10.3 [6]. Supply-side solutions
include improved livestock, land as well as land use shift management, and
increased afforestation, whereas changes in eating patterns and reduced
food waste are examples of demand-side initiatives, although quantifi-
able criterions for demand-side measures are less definite [6]. However,
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Figure 10.3 Mitigation and adaptation strategies to combat the GHG emission from
AFOLU sector [6].

the different mitigation measures can be related to the costs. According
to estimates of Smith et al. [6], in 2030 with C pricing of around USD 100
per t CO,eq, the mitigation from the supply-side strategies in AFOLU will
be 7.18-10.60 Gt CO,eq yr' of which 33 percent can be done for less than
USD 20 per tCO eq. Moreover, in the developing countries, the cost of the
C-sequestration ranges 0.5-7.0 per tCO,eq, while in developed countries,
the costs are comparably higher (USD 1.4-22 per tCO eq) [23-25]. Graham
et al. [26] assessed the economics of reducing carbon emissions using sev-
eral REDD+ initiatives in Southeast Asia; the expenditure per prevented
tonne carbon emission ranges from $9 to $75. Similarly, in Thailand, the
potential for CO, sequestration in 2050 would be 23.6 MtCO eq at $5 per
tCO,eq, 28.7 tCO,eq at $10 per tCO eq [9].

Simultaneously, the right investment in AFOLU is needed to help peo-
ple adapt to climate change and make socioeconomic and environmen-
tal systems which are more resilient to climate change and underpin the
production of diversified products [4]. This investment should be directed
towards food security initiatives, increasing carbon sinks, upgrading the
established technologies and introduction of new technological innovation
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so that emission from the AFOLU can be reduced to a greater extent. The
adaptation measure includes adoption to the sustainable land use system
such as organic and natural farming, agroforestry [22, 27, 28] and intro-
duction of innovative farming practices to rehabilitate wetlands in order to
maintain their productivity while conserving carbon stocks, proper man-
agement regarding forest fire through early warning systems and equip-
ments, development of the improved plant varieties for higher productivity
and stress tolerant. Similarly, there is a need to introduce new animal
breeds that are less vulnerable to diseases that are projected to increase
due to climate change [8]. However, for AFOLU mitigation initiatives to be
effective, it is vital to ensure that (a) communities are actively involved in
the execution of mitigation methods, (b) any new approach is compatible
with existing policies or programs, and (c) smallholder approval is secured
in advance. Gender, barriers, and opportunity are all issues that need extra
work to address [29].

10.3.1 Agriculture Sector

Agriculture is indeed a substantial contributor to changing climate and
one of the most vulnerable economic sectors to its effects [11]. Feeding
a growing global population while simultaneously decreasing environ-
mental impact and protecting natural resources for future generations
is a major problem for the agricultural sector [30]. Food is necessary for
human survival; hence the agriculture sector is critical in the aspect of
sustainable development and climate change. Therefore, it would not be
in opposition to the United Nations Framework Convention on Climate
Change (UNFCCC) goal of food security. As a result, agricultural mitiga-
tion measures should be based on a win-win scenario [9, 31]. Agriculture
may have substantial environmental effects which may be positive, such as
carbon sinks by sequestering carbon in biomass products and soil organic
matter [30] and reducing flood risks via the adoption of specific agricul-
tural methods while negative environmental effects include pollution and
deterioration of land, water, and air [6].

At the farm level, the GHG emission from the agriculture sector can be
managed more effectively by controlling carbon and nitrogen fluxes [32].
For instance, it is feasible to minimize CH, emissions from cattle by enhanc-
ing the feed use efficiency, using improved breeds with higher productiv-
ity and manipulation of bedding and storage conditions. Simultaneously,
the N,O emissions can be reduced from crop production by implement-
ing measures that boost nitrogen use efficiency by crops at the low rate of
manure or synthetic fertilizer use, drainage management, manipulation of
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diets and grazing management [6, 32]. However, increase in the yield of
the crops and livestock can reduce the land competition to a greater extend
and thus the GHG [6]. For instance, the addition of biochar to the soil may
result in greater carbon abatement than conventional bioenergy solutions
including increased biomass and crop yield [33].

Moreover, in the aquaculture system, “Aquaponic aquaculture” and
“Bioflocs Technology” are two promising strategies to reduce N, O release.
When compared to Aquaponic aquaculture, which uses fish tanks and
hydroponically grown plants (Bioflocs Technology), the latter relies on
the cultivation of nitrogen-fixing heterotrophic bacteria in flocs inside the
fish culture component wherein heterotrophic bacterial growth is fostered,
resulting in nitrogen absorption [6, 17].

Several countries are concerned about and working to improve their
agricultural systems in light of the effects of climate change, particu-
larly emerging nations [20]. The adaptation measures include adoption
and implementation of the sustainable land use system/climate smart
agriculture such as organic and natural farming, agroforestry which has
the potential to net sink since trees trap carbon [34] compared to other
monocropping systems which are generally carbon source [22, 27, 28].
Concurrently, agroforestry can contribute to create a management system
that is based on an ecosystem approach and provides novel and benefi-
cial remedies to many of the negative repercussions of human land usage
including improved agricultural production, diversity, crop and livestock
yields [35, 36], non-point source pollution reduction, and rural develop-
ment [37-40]. Agroforestry systems are expected to sequester 12 - 228 Mg
ha' yr'of CO,, with a mean of 95 Mg ha yr' [41]. Adaptation and mitiga-
tion initiatives may benefit greatly from agroforestry, which has a technical
C reduction capacity of 1.1-2.2 Pg C in terrestrial ecosystems during next
50 years [42]. In their study, Kim et al. [27] documented that the shift from
monocropping to agroforestry can help to mitigate 27.2 + 13.5 t CO, eq
ha' y ' atleast up to the initial growth phase, i.e., 14 years due to the higher
C-sequestration rate in vegetative biomass and soil component (26.4 +
10.3t CO, eq ha' y') and negative net CH, and N,O emission (-0.8 + 3.2t
CO, eq ha' y'). In light of the above finding, agroforestry can be seen as
a strategy that combats the degradation of the environment, especially the
soil, while boosting crop diversification and raising the land’s productivity
[43]. Simultaneously, agroforestry is also recognized for its contribution to
conventional employment creation; therefore, it has the potential to pro-
vide dual advantages, i.e., revenue creation for impoverished farmers and
environmental and ecological stability including desertification and defor-
estation control [28, 43].
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Simultaneously, with the adoption of advancement in the technology,
indirect emission from farms can be reduced to a greater extend through
the adaptation of measures. In some instances, fossil fuel energy may be
substituted by bioenergy derived from wood, agricultural feedstocks, and
wastes, or the energy efficiency of the agriculture sector can be increased
[32]. Biofuel is a flexible fuel that may be utilized to generate power, liqui-
fied fuel, gasoline, hydrogen, or be straight burned. In addition, bioenergy
produces fewer CO, emission compared to traditional fuels such as fossil
fuels; its C was just taken from the atmosphere [44]. If crop residues and
savanna residue can be exploited for bioenergy instead of being burned, this
would serve the twin objective of simultaneously reducing GHG emissions
from burning agricultural residues and substituting bioenergy for fossil fuel.
However, use of bioenergy carries considerable risks if forests are removed
to cultivate bioenergy [45, 46]. Moreover, due to large-scale awareness
programs, farmers have made significant strides in adopting ecologically
friendly methods such as organic farming, natural farming, conservation
tillage, better manure storage and soil nutrient testing including improving
usage and management of fertilizers, pesticides, energy, and water, employ-
ing fewer inputs per acre [47]. Moreover, cultivating transgenic crops has
enabled the adoption of no- or reduced-tillage systems that employ weed
control instead of ploughing. In addition to conserving fuel and decreasing
emissions, this improves soil health and water retention by reducing runoff
and preventing soil compaction, so allowing moisture to be retained, thus
allowing soil to store carbon more efficiently [48]. The use of weedicides can
be further reduced using the estimation of weed seed bank at the farm level,
so that future weed menace can be predicted and suitable measures can be
adapted at an early stage, i.e., even before planting the crop [49].

10.3.2 Forestry and Other Land Use

Forests serve a critical role in upholding the local people’s livelihoods in
most of the developing countries. Forests encompass around one-third of
the surface area of earth, which are vital to the health of our ecosystem. For
instance, trees and forests absorb and store a significant amount of the CO,
that would otherwise contribute to global warming. Forests have a major
function in exchange of CO, between the atmosphere and biosphere [50].
Forests, particularly primary ones, are actively involved in the global C cycle
because photosynthesis and respiration store the majority of C in vegeta-
tion and its underlying soil [51-53]. Globally, 1.09 to 1.74 billion people
are dependent on forests to varying degrees for meeting their daily require-
ments, and around 0.2 billion indigenous communities are nearly entirely
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reliant on forests [54]. The human increase in food demand increases the
strain on forest areas and forest resources, resulting in an unsustainable use
of the nations environmental assets and a substantial loss of global carbon
stores [55]; it becomes the primary driver for decimation of natural forest
biodiversity and contributes significantly to the global GHG emission [56].

Risk management through adoption of a sustainable land use system
such as agroforestry on the agricultural ecosystem can help to reduce the
emission from deforestation and degradation of forest as it encourages sus-
tainable forest management (SFM) and environmental protection as well as
sustainability [57]. Simultaneously, the presence of the perennial compo-
nent, i.e., the trees to be specific multi-purpose tree species [58, 59] which
have abilities to supply diversified products such as food, fiber, fruit, tim-
ber, fiber, fuel wood with enhanced crop yield, helps people with a means
of subsistence even during drought years [34]. Therefore, it decreases the
dependence of the local people on the nearby forest and simultaneously
helps to expand the forest proportion of the landscape [28]. The strongest
effect of mitigation strategies to reduce the GHG emission includes reduc-
ing the deforestation, introducing afforestation/reforestation, proper forest
management and restoration [6, 60]. Potential intervention and strategies
for the management and reduction of GHG emission from AFOLU is
depicted in Figure 10.4 [8].

In particular, preventing or reducing deforestation, safeguarding natu-
ral and secondary forests, peat lands, wetlands, and mangroves, as well as
other human-induced disturbances like forest fires, insect infestations, and
shifting cultivation, will help conserve the prevailing C pools in forest bio-
mass and soil. The restriction on deforestation and afforestation are strate-
gies of preventing or reversing the reduction in terrestrial carbon stock via
increasing forest cover [44]. Forest fires should be appropriately managed
through the prescribed burning or early warning system. Simultaneously,
the planting of trees on the non-forested lands such agricultures (i.e., agro-
forestry), degraded and wastelands, enables these areas to also act as car-
bon sinks [6]. Moreover, forest ecosystems, being an economically viable
choice for C-sequestration, require a high degree of management to retain
their carbon stores [61] through proper implementation of the SFM prac-
tices, especially the certification of forest products and practices [8, 62]. The
timber production from the forest should be managed sustainably through
prolonging rotation periods, decreasing harm to surviving trees, introduc-
ing soil and water conservation methods, logging waste reduction, fertil-
izing, and making more effective use of wood; sustainable exploitation of
wood energy [6]. Simultaneously, more focus should be directed towards
the plantation initiatives, like joint forest management (at regional level)
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Agriculture LULUCF
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degraded lands v Restricting deforestation activities
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such as agroforestry, organic/natural farming certification of forestry product &
v Adoption of improved management practices
practices such as v Conservation of peatlands
> certification, v Conservation of existing natural forest
> water management e.g. drip irrigation v Enhancing efficiency e.g. tree-crops
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growing water stress and enhance v/ carbon capture in harvested wood &
resource use efficiency locking up carbon in long term
v Upgrades to agricultural infrastructure and v Promoting agroforestry/or other
supply networks for resources efficiency tree based system to decrease
v Improved agriculture & manure dependency on the forest.
management v/ Improved resource use efficiency in
v Sustainable intensification of production, processing, wood dring kilns and
e.g. through agroforestry/mixed cropping. mills

Figure 10.4 Potential intervention and strategies for the management and reduction of
GHG emission from AFOLU (adopted from [8]).

and REDD (reducing emissions from deforestation in developing coun-
tries) or REDD+ (reduce emissions from deforestation and forest degrada-
tion in developing countries) to satisfying climate change targets, as being
effective for encouraging afforestation and replanting and implementing a
framework for forestry development [52, 53].

10.4 Co-Benefit from AFOLU

In addition to changes in GHG balances, the implementation of AFOLU
mitigation measures has a number of institutional, socioeconomic, and
environmental effects which can have a beneficial or adverse effect on the
ecosystem. Potential co-benefits from the AFOLU mitigation strategies
are depicted in Figure 10.5 [6, 10]. However, co-benefits or adverse effects
from different strategies depend on various factors including geographical
region [6]. Specifically, AFOLU mitigation strategies may influence ten-
ure and rights to land for socioeconomic groups that depend on natural
resources [63] and thus help in clarification and harmonization of land
tenure as well as rights and preparation of the sectoral policies through
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Figure 10.5 Potential co-benefits from the AFOLU mitigation strategies (adapted from
[6,10]).

participative mechanism and decision-making process [6]. Some AFOLU,
such as agroforestry, organic/natural farming can boost food production
and employment generation and also produce higher income and diver-
sified products, thus securing livelihood security and improving human
well-being while increasing ecosystem resilience and providing ecosystem
services including conservation of soil water resources and cultural values
and traditional knowledge. However, some AFOLU mitigation strategies
only provide tangible benefits such as food while decreasing other envi-
ronmental services [64, 65]. AFOLU mitigation strategies can have a vari-
ety of effects on soil and water resources. Increasing soil organic carbon
can help to reduce climate change and enhance soil health. Although the
quantity of organic C that could be retained in soil is limited, several man-
agement strategies that increase soil organic carbon also improve farmland
and rangeland yields [66]. Reforestation and afforestation may potentially
offer co-benefits for climate change adaptation by protecting [67-69] and
restoring biodiversity ecologically varied ecosystems on previously devel-
oped cropland [70, 71] and ecosystem services [72].

10.5 Challenges

The foremost and major challenge is the lack of statistics about the GHGs
emissions from AFOLU activities, especially for recent years; this is mainly
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due to the absence of international institutional publishing AFOLU emis-
sions at regular intervals, which prevents a more exact characterization of
recent overall anthropogenic forcing [73]. However, this challenge is some-
how solved by the FAOSTAT which provides the yearly emission data from
the AFOLU at the country level. Another major challenge is that it is impos-
sible to precisely predict the quantity and spatial distribution of future mit-
igation potentials due to a variety of intrinsically unknown elements such
as population increase, and economic and technological advancement
[6]. Simultaneously, there are a number of obstacles to scaling up miti-
gating policy measures in AFOLU, including the need to assess the effects
of complex interconnections between diverse land use activities on pol-
icy effectiveness. Adapting to concerns about food security and farmers’
livelihoods provides policymakers with extra obstacles, particularly in the
least developed nations. It also demonstrates the difficulties in identifying
successful objectives and tactics for varied AFOLU programs with intricate
land use connections [74]. Moreover, FAO indicates that AFOLU GHG
emissions have roughly doubled in the last half-century and are expected
to rise by an additional 30 percent by 2050 due to the increased demand
for food production and land conversion, if greater reduction efforts are
not undertaken [75]. It is also anticipated that the contribution of devel-
oping nations to future GHG emissions would fluctuate greatly owing to
predicted increases in production for food by 2030, which will drive rapid
land use change [6].

Around the globe, INDCs and national plans have taken various AFOLU
initiatives for socioeconomic and sector-specific development, combating
global warming and climate change, and sustainable growth approaches
and tactics. However, these projects come in a number of forms and are not
always necessarily explicitly focused on lowering emissions. The majority
are intended to meet developmental and adaptation goals while also provid-
ing mitigation advantages [76]. Moreover, measurable targets are far more
prominent in the forestry sector compared to the agricultural sector in the
INDC tactics of nations. There are worries that food and AFOLU outcomes
will compete with each other. This could be because biofuel plantations
are taking up more land [77, 78], afforestation and reforestation are taking
up farmland [79, 80], or there are not enough options and flexibility for
agricultural development because of measures to stop or reverse land con-
version [79, 80]. Moreover, there are still socioeconomic, technical, ecolog-
ical, institutional, and other impediments and challenges to implementing
mitigation and adaptation initiatives [6]. Further emission reductions
are hampered by the difficulty of tracking and verifying emissions from
the LULUCF sector. Also, some ways to reduce GHG emissions elevate
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the concern of non-permanence as well as leakage, which can lead to the
transfer of activities to non-protected areas and put conservation areas in
countries with few resources at risk [81, 82]. Other difficulties linked with
additionality, permeability, and permanency have sparked discussions and
constitute the most significant obstacles [9, 32, 83]. Technical and institu-
tional frameworks and market access may also impede the implementation
of mitigation solutions, as well as the ability to accurately report emission
levels and emission components based on activity data [29, 84].

10.6 Opportunities: the Way Forward
and Future Perspective

AFOLU emissions are substantial and in future the proportion of total
emission is likely to expand [9] although not as quickly as fossil fuels emis-
sions, indicating that AFOLU emissions are dropping in proportion to
total emissions from all human activities [85]. Therefore, there is a need to
develop cost-effective strategies and policies controlling the AFOLU sec-
tor’s operations which must account for both mitigation and adaptation.
Simultaneously, there is an urgent need to expedite investments via encour-
aging innovation and technologies with a high probability of economic
success and widespread adoption, even beyond what nations have sought
in their INDCs [20] that can boost agricultural and forestry productivity
[86]. Thus, there should be enough finance possibilities for the AFOLU
sector in the smallholders as well as large farmers [87, 88]. Modularity, like
the Clean Development Mechanism and the Joint Implementation, may be
effective in the implementation of mitigation initiatives [9, 88]. This can
assist in orienting AFOLU activities toward the global dissemination of
breakthrough technology for efficient land use [10].

Moreover, regular revisions of AFOLU emission estimations are cru-
cial for scientific and political purposes. Better scientific assessments of
anthropogenic forcing and related trends are needed to accurately predict
the medium- and long-term climate consequences and to find effective
ways to reduce them [89, 90]. Simultaneously, all sub-sectors under the
AFOLU sector have an immediate need to address climate change. In order
to accomplish outcomes in a well-organized and operative manner, it is
crucial to eliminate sector-specific obstacles in AFOLU via an integrated
and robust strategy [20]. A thorough evaluation of forests™ total carbon
stores and fluxes must be augmented by an investigation of the impacts of
changing climate on forest structure, composition and productivity [91].
Evaluating forest biomass and carbon storage and its management through
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SEM encourage soil, food and climate security in tropical forest ecosystems
[92-94]. Also, it ensures healthy land by minimizing land/soil degradation
and delivers uncountable ecosystem services [95]. SFM including legumi-
nous plants also enhance nitrogen and carbon status into the vegetation and
soils that ensure a healthy environment and ecosystem [96-99]. Applying
sustainable intensification in the AFOLU sector enhances a climate-
resilient agro ecosystem which helps in achieving environmental sus-
tainability [100-103]. In future, the reporting of the GHG emission from
AFOLU sector should be made compulsory for all nations within the
framework of the UNFCCC [18].

10.7 Conclusion

There is no doubt AFOLU is one of the largest emitters of the GHG, par-
ticularly in developing countries. Without the AFOLU, however, it would
be impossible to sustain food and livelihood security. Therefore, greater
emphasis should be placed on sustaining the AFOLU system through effec-
tive application of the land and environment management plans. While
mitigation and adaptation strategies and plans should be given equal con-
sideration, it is important to prioritize those that have the potential for
both. Simultaneously, sustainable land use system and climate smart land-
scape such as agroforestry are the need of the hour for maximizing and
sustaining the land’s benefits while minimizing emissions from AFOLU.
However, the execution of mitigation measures is not simple, since they
are always accompanied by a number of negative impacts. Specifically, it
is challenging to achieve a balance among the goals of reducing emissions
and adapting to climate change and promoting development and reducing
poverty, or to design solutions which are effective on both fronts. Therefore,
in addition to mandating the inclusion of GHG reduction and adaptation
strategies from AFOLU in all national and INDCs, major investments and
technical innovation should be undertaken so that all nations work toward
GHG reduction.
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Abstract

Forest is one of the largest natural resources that provides many ecosystem services
and maintains environmental sustainability. Though forests provide a large number
of services, their health is steadily decreasing. The causes of the decrease in the health
of the forest is attributed to deforestation, illegal cutting of timbers, extensive agri-
culture practices, mining and developmental activities that are degrading the forest
ecosystem at an alarming rate. This process can be minimized carefully by framing
afforestation and restoration management plans. Adopting people-centric sustainable
forest management (SFM) including social forestry and forest protection programs
that can ensure soil, food and climate security in a more sustainable way is a good
start. Particularly silvicultural practices, such as fire protection, pest and disease con-
trol, soil and water conservation techniques, improve forest productivity and health.
Attempts of eco-restoration through natural (NR) or assisted (AR) for regaining the
forest regeneration and composition is the best solution, because site-specific resto-
ration is believed to be the fastest and surest technique. Further, the social transfor-
mation in terms of a concrete policy, governance and institutional reformations are
also equally needed for promoting forest management and its conservation.

Keywords: Afforestation, ecosystem services, land quality, forest degradation,
natural resources, ecological stability, restoration
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11.1 Introduction

Ecosystems are the structural and functional units where living organisms
interact with each other and the surrounding environment. There are many
types of ecosystems such as forest, grassland, agriculture, desert, ocean, riv-
erine, etc. The forest ecosystems have unique biotic and abiotic components
among all these ecosystems. Forest shows great diversity by harbouring
plants, amphibians, and mammals [1]. Forest also helps in maintaining cli-
matic changes by sequestrating —15.6 +49 gigatonnes/year of atmospheric
carbon during the years 2001 to 2009 [2, 3]. Forests provide various forms
of ecosystem services (e.g., food and fodder, preventing soil erosion, mit-
igating climate change, etc). Though this ecosystem provides comprehen-
sive services, due to high dependency on resource use, the ecosystem is
slowly losing its stability due to forest destruction, fragmentation, and the
replacement of native forest species with exotics [4]. The underlying driv-
ers of threats are the result of interaction of political, socioeconomic, and
technological processes that catalyses the proximate drivers. The global net
loss of forests was accounted to be 4.7 million hectares per year since 2010
[2]. However, deforestation rates were significantly higher. It was estimated
by UN FAO that each year about 10 million hectares of forest were cut down.

Understanding the role of restoration of degraded forests, many frame-
works are committed towards achieving fixed targets in the conventions.
Bonn Challenge and the New York Declaration on Forests have targeted
the restoration and rehabilitation of the 350 m ha of degraded land
through an afforestation program by the year 2030 [5, 6]. The Convention
on Biological Diversity (CBD) has also committed to restoring 15% of
degraded forests which is further strengthened by active ecological resto-
ration of degraded forests [7, 8]. This chapter discusses the status of for-
est degradation, its indicators and the criteria for assessment. Restoration
techniques at the ecological and social context are also included. The pil-
lars of sustainable forest management (SFM) and afforestation techniques
are discussed, which help in improving land quality and ecosystem man-
agement. Ecosystem restoration through forest management ensures soil,
food and climate security which is greatly employed in this chapter.

11.2 Forest Cover and Degradation

Assessment of global forest cover helps in the understanding of the mag-
nitude of management and its sustainability. Country-wise forest cover
(m ha) are reported in the order of Russian Federation (815)>, Brazil
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(497)>, Canada (347)>, USA (310)>, China (220)>, Australia (134)>,
Democratic Republic of the Congo (126)>, Indonesia (92)>, Peru, and
India (72 in each), respectively. In this context, world forest cover and its
distributions are depicted in Figure 11.1 [2]. However, its degradation is
also reported which is based on the extent and severity. The extent and
severity of land degradation is now becoming a global challenge. Land
degradation and its percentage are depicted in Figure 11.2 [9]. As per the
figure, various parameters such as unaffected and stable land, high land
degradation, moderately land degradation, bare land, water and improving
land have contributed 37%, 25%, 8%, 18%, 2% and 10% of degradation,
respectively. Approximately 10.0 m ha/year of forest areas have been lost
globally from 2015 to 2020 [2]. This rate of loss reduces the global canopy
which will shrink by 223 m ha by 2050 [10]. However, clearance of natural
forests has increased >1/2 of the new arable land in tropical countries from
1980 to 2000 [11]. Fire, flood, drought and emergence of infectious pests
and disease affect approximately 122 m ha of forest every year [12]. Mostly,
1.70 billion people who reside in or around the forest areas are directly
or indirectly affected by deforestation and forest degradation. Declining
forests increase the chances of flood and human-animal conflicts [13, 14].
Furthermore, forest degradation also induced various vectors and animal-
based infectious disease which affects environmental health and the eco-
system [15, 16]. Moreover, deforestation and forest degradation also affect
environmental health by inducing climate change and C footprint issues
due to emissions of 8.1+2.5 Gt CO,e yr' which was reported during the
period 2001-2009 [3]. But forest restoration ensures biomass production,
carbon management and ecosystem stability in a sustainable way [17, 18].

Forest Cover (m ha)

m Russian Federation
72 .
= Brazil

= Canada
m United States of America
m China
= Australia
= Democratic Republic of the Congo
= Indonesia
Peru

uIndia

Figure 11.1 Country-wise forest covers in the world [2].
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Figure 11.2 Percentage of global land degradation [9].

Forest degradation is a contemporary issue, and the consequences of for-
est degradation are complex and will remain for a longer time. Degradation
can cause a decrease in niche areas and in their diversity; it can also cause
pests and disease outbreaks and limit the regeneration of species by chang-
ing seed dispersal, deposition and recruitment. The process of degradation
occurs in many ways predominantly by endogenous (e.g., landslides, tree
fall, wild animal grazing, erosion) and exogenous (anthropogenic activities
like forest fires, grazing, construction of the dams, roads, etc.) pressures.
These ways of degradation depend on the place where the process takes
place, the intensity of the cause, and the temporal and spatial scales. The
causes of degradation can be predictable and measurable in many ways
(satellite imaginaries, ground-truthing, baseline survey, etc.). Generally,
ITTO has classified three types of degradation in the forest:

1. Degraded primary forest (resulting from extreme timber
exploitation).

2. Secondary forest (spontaneously regrowing on areas that
had been largely cleared).

3. Degraded forest land (degraded forest mostly occupied by
grasses and shrubs).

11.3 Indicators of Forest Degradation

In a natural forest unscientific logging practice, over-harvesting of minor
produces and development activities are often the precursors of degrada-
tion [19]. Landslide, tree-fall, and erosion are the effects of degradation
that is dynamic and spontaneous across time and space, and the intensity
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of the process is directly related to the threat that occurs by anthropo-
genic and natural factors [20]. Measuring these degradation processes
through succession, species distribution, abundance, etc., can provide
baseline information and may be considered to be easy and practicable.
But care has to be taken while assessing the process and it should not be
over-emphasized because properly logged forest stands may not neces-
sarily contain a complete balance of biodiversity.

11.4 Criteria for Assessment of Forest Degradation

The disturbance in forests is recognized as the driver of forest degrada-
tion such as species-specific harvest, biological infestation, regeneration
failures, conversion to monoculture, and other forms of disturbances.
These drivers not only destroy the flora but also affect the faunal diversity;
the process of assessing the threshold of degradation is complex and has
rarely been attempted [21]. However, the study of these drivers largely is
attributed to the availability of time, intensity, funds, etc., and the primary
variables used for the study are species density and richness, plant vigour,
the species height and diameter variables [22]. In addition, the soil is the
most commonly used functional indicator and must be checked prior to
the start of restoration [23]. However, the process for adopting these norms
including other technical skills must be explicit, readily adaptable, provide
quantitative information over time and also permit flexibility of scaling up
in other localities [24].

11.5 Forest Ecosystem Restoration

Forest provides various ecological functions that maintain environmental
health and sustainability [25-27]. Biodiversity conservation, multifarious
productions, soil and water conservation and several other functions are
delivered by the forest ecosystem. These functions ensure soil, food and
climate security along with maintaining ecological stability for the long
term during the time of framing restoration plans (Figure 11.3) [9, 28, 29].
The strategy of taking forest ecosystem restoration natural or assisted is
generally determined by its effectiveness and sustainability [30]. However,
the long-term strategy must integrate the prevention and mitigation mea-
sures of deforestation [31] by facilitating the transition towards a sus-
tainable future through restoration [32]. Recently, efforts are consistently
being made to achieve the targets set in the conventions for expanding
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Figure 11.3 Ecosystem stability and sustainability through forest functions [9, 28, 29].

reforestation regionally and globally [33, 34]. The Bonn Challenge and
Initiative 20x20 have committed to 350 and 20 m ha of degraded forest
restoration in the world and Latin America and the Caribbean by 2020
[35, 36], but these targets have rarely been achieved. The aim was to meet
restoration enhancement, ecosystem health and services in sustainable
ways. Thus, restoration of ecosystem structure, its services and biodiversity
health can be possible only through better restoration actions [37].

Many restoration projects are initiated which help in recovering ecosys-
tem services and attracting various financial supports [38, 39]. However,
the biggest challenge is the managing of degraded forests; success entirely
relies on technical, financial, and social inputs. The other challenges
involved in the restoration would be the site-specific conditions, the
scale of restoration, time, and funds are the prerequisites [40]. Presently,
management tactics for forests lack agreed common institutional moni-
toring and legal frameworks, therefore hindering restoration efforts [41].
In general, the cost of restoration varies from lower (natural or passive
approaches) to higher (artificial or active approaches) [20, 40] and wise
consideration should be made depending on the availability of funds and
feasibility of extrapolation of work. Generally natural restoration is the
surest method of restoration due to the fact that it is possible through the
colonization of native tree species in disturbed and degraded areas. This
process can be further initiated by human intervention that also helps
in protecting regeneration from overgrazing, animal intervention, biotic
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pressures, weeds and frequent fire occurrence. Similarly, direct seeding
process, nursery-based seedling plantation, thinning and tending oper-
ations are active restorations that speed up ecosystem restoration and
accelerate ecological succession.

11.6 The Restoration Indicators

The indicators for restoration must rely on the production potential of the
site. These indicators can be divided into different categories, such as biodi-
versity, ecological complexity, social implications, etc., based on relevance
with different restoration trajectories. These categories may be made while
connecting different contexts (sustainability, monetary benefits, adapta-
tion, etc.) and each context has its attributes and importance in the res-
toration process. In addition to previous tactics, a technical encrustation
is also equally important. For instance, competition between two species
leads to the suppression of one species. Therefore, asymmetric competition
if observed during the recruitment process hinders the restored sites due
to heavy competition in the later stages [42]. Similarly, both asymmetric
competition and low mortality can support high density at the initial stages
after the planting. However, higher density and biomass of neighbours also
affect target plants due to greater competition for resources [43].

11.6.1 Social and Economic Context

Social context refers to the cultural, economic, environmental, social and
political dimensions which characterise a society. Restoration ensuring the
improvement of economic and social outcomes through the local commu-
nities residing in the forest is a vital, triple-bottom-line approach. Success
in the restoration of the forest lies in assessing social and economic ben-
efits, costs, procedural guidelines, and their applicability [44]. The social
indicators of forest restoration must consider the local community’s
well-being and involve them in the decision-making for site selection and
monitoring. The primary users of the benefits that arise from the resto-
ration are the local communities and the values of the degraded forests
may be influenced by their desire to harvest forest products for household
consumption. In addition, the ecosystem services such as the hydrological
functions, religious and other cultural values attached to the forest are also
important. The restoration goals must be developed for monitoring a plan
of operations to enhance community sustainability and capacity building
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of workers and staff that would improve the quality of life in the fringe
areas and adjacent villages.

11.6.2 Ecological Context

The biggest challenge in restoration is the ecological perspectives of man-
agement, such as habitat improvement and biodiversity enhancement
while considering species which are most suitable to the site. However,
other factors such as unstable hydrology, nutrient-deficient soils, intro-
duction of exotics, etc., induce forest degradation. Forest successions also
would be prevented by physical, chemical and biological barriers that
affect ecosystem structure and ecological services. Poor seed and root-
stocks availability, higher seed predation, low soil fertility, inadequate
beneficial organisms (bacteria, fungi, etc.), invasive weeds, drought, fires,
etc., are key barriers to regeneration by natural means. However, these
factors totally depend on the ecosystem type and species distribution
patterns. Poor seed dispersal and its germination hinder regeneration
which directly affects composition of the forest to a greater extent. The
degradation beyond threshold makes its recovery impossible in these
areas. In this context, restoration may be achieved in these sites after a
successful understanding of ecological conditions. Also, sustainable land
use (SLM) practices including agroforestry in fringe areas where land
is owned privately can ensure eco-restoration and maintain ecological
stability [45, 46].

11.6.3 Silvicultural Context

The natural succession in degraded forests is intended to restore most
forests, which can rarely be possible without silvicultural interven-
tions. However, silviculture-based vegetation management are key
techniques that minimize competition and enhance regeneration for
greater ecosystem restoration. These measures include mechanical site
preparation, species selection, and weeding, followed by a prescribed
tire technique. Seedling survival and plant growth are higher under
the concepts of stress gradient hypothesis. However, the intensity of
stress can be judged by organic matter, soil moisture condition [47] and
plant competition. Similarly, silviculture management including tend-
ing operation also minimizes undesirable plants and enhances proper
growth and development of forest species by greater regeneration and
ecosystem restoration.
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11.7 Restoration through SFM and Afforestation

Forest provides both direct and indirect benefits which maintain soil-
food-climate security and degradation of this ecosystem is the greatest
environmental challenge which affects many aspects of ecosystem health
and services. Deforestation and forest degradation affect these services and
influence ecosystem health and productivity. Eco-restoration of degraded
forests is an urgent need for environmental health and sustainability.
Restoration of the forest ecosystem through the application of sustainable
forest management (SFM) is a viable tool that enhances productivity and
environmental health. SFM not only restores the forest ecosystem but also
enhances biodiversity which intensifies ecosystem services for a better sus-
tainable world. Enhancing forest cover through afforestation helps in main-
taining soil fertility, land quality, food-nutritional security and ecosystem
health. Adopting SFM and afforestation techniques sustains 1.60 billion
forest fringe people by providing timber, fuel wood, and NTFPs including
nutritious fruits, etc., and also provides employment opportunities to them
on a long-term basis [48]. However, degraded land can also be restored
through plantation of leguminous trees that promote carbon and nitrogen
availability and ensure soil and climate security [49—-52]. Therefore, a suc-
cessful implementation of SFM techniques including better research and
technological intervention help in eco-restoration of degraded land which
ensure many environmental services in a sustainable way.

11.8 Forest Resilience

Forest ecosystem is self-sustaining; it recovers itself from many distur-
bances based on its persistent ability and functions. Understanding of
various effects is important for forest management and its conservation
goals which are being discussed under the ongoing series of deforestation
changes in the world. Quantifying forest recovery and resilience needs sig-
nificant workability, technically and financially. Assessment of disturbance
patterns and the process of recovery depend on topography, landscape
size, time, staft availability, etc. [53]. Further, the ecosystem resilience
and its sustainability generally depend on reestablishing attributes such
as vegetation structure, successional stage, and the choice of the species
in assisted regeneration and existing regeneration is a good indicator of
restoration practice [54]. This can explicitly exemplify the self-regenerat-
ing of Nothofagus production in Chile forests explaining that harvesting
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trees below a specific basal area relative to site type. This causes a reduction
in the resilience of the forest ecosystem and an unpredictable shift in the
succession stages. On the other hand, forest productivity, resilience and
sustainability are also affected by over-harvesting practices.

11.9 Forest Recovery

Existing forests and woodlands can deliver a variety of ecosystem ser-
vices that depends on their extent of distribution and their global cover-
age (Figure 11.4) [33]. However, case studies of forest degradation and its
recovery in the world are depicted in Table 11.1.

The recovery of the ecosystem also depends on disturbance frequency,
climate, and vegetation type [55]. The recovery of an ecosystem from
the disturbance can be described in terms of resilience, “the persistence
of interactions within a system” and a measure of the ability to absorb
changes. The forest ecosystem normally resists disturbances and then
recovers from disturbances [56]. However, the threshold of resilience and
recovery are two important phenomena in determining forest health [57],
and therefore understanding the pattern of recovery is a key challenge to
pursue post-disturbance management.

M Forest area (K ha) B Woodland area (K ha)
2,000,000 -
1,800,000 - 1,770,156

1,600,000 -

1,400,000 -
1,224,452

1,200,000 -
1,000,000 -

800,000 - 684,468

600,000 - 516,935

399,094

400,000 - 320,057

200,000 - 167,255 121,187

0 -

Tropical Sub-tropical Temperate Boreal

Figure 11.4 Assessment of forest and woodland areas in the world [33].
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Table 11.1 Case study of forest degradation and its recovery in different regions of the world.
Name Description Problems Initiatives References
Land use policy This is open woodlands Deforestation and Reforestation has been [58]
changes type which exists in woodland clearance promoted in this area.
for natural the Shinyangan region exposed the soil health Biodiversity and ecosystem
regeneration of Tanzania. Pasture- and fertility. Soil erosion restoration achieved.
(NR) in the based traditional problem existed in Soil quality and fertility
region of agroforestry system this region due to land enhanced. Fodder is utilized
Tanzania is practiced in this degradation. for animals for feeding
region. purposes in dry period.
Overall, land quality and
forest-based ecosystem
services enhanced.
Natural Demographic change Deforestation and Forest plantation and [59]
regeneration occurred in this woodland cleared for woodlands have been
(NR) in the region agricultural expansion. promoted in these affected
region of Puerto A scanty forest exists in regions. This ensures higher
Rico steep mountain region. land quality, soil fertility,

Soil erosion, landslide,
land degradation, etc.,
are reported extensively.

food and environmental
security at sustainable basis.

(Continued)
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Table 11.1 Case study of forest degradation and its recovery in different regions of the world. (Continued)

Name Description Problems Initiatives References

Direct seeding of The region was degraded | Rainforest ecosystem Diversified forest recreated [60]
rainforest species continuously has been lost due through forest plantation
in the wet- to heavy felling and based on the principle
tropics region of deforestation activity of “Maximum Diversity
Australia which also initiated land Method” that helps in

degradation problem maintaining eco-restoration
extensively. Degradation and its sustainability in the
also affected biodiversity rainforests.

including flora and fauna

species.

Acacia and Tropical and sub-tropical | Exotic species like Acacia Reforestation program initiated [61]
Eucalyptus based forests existed in this and Eucalyptus were which helps in maintaining
monoculture region cleared extensively. forest covers and deliver
system in Deforestation and variety of ecosystem services
the region of woodland clearance for soil, food and climate
Vietnam decreased the soil health security. Exotic species like

and fertility. Soil erosion
problem was prevalent
in this region due to land
degradation.

Acacia and Eucalyptus were
introduced under reforestation
program. Some private
nurseries have developed for
raising Eucalyptus and Acacia
seedlings.

(Continued)
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Table 11.1 Case study of forest degradation and its recovery in different regions of the world. (Continued)
Name Description Problems Initiatives References
Mt. Popa Forest Mt. Popa Forest Reserve | Deforestation and Eucalyptus camaldulensis [62]

Reserve in the
region of Burma

established in the
central Burma region
which protects
surrounding Buddhist
monastery

woodland clearance
have been observed
clearly during Second
World War. Illicit timber
felling for firewood

and biodiversity losses
have been reported.
Deforestation caused
drying of natural springs
due to denudation of
mountains.

tree species were planted
extensively in denuded

and degraded areas under
the supervision of forest
department. The plantation
enhanced biodiversity

and intensifies ecosystem
services for promoting land
and environmental quality.
Eco-tourism projects are also
initiated in this region.




286 LAND AND ENVIRONMENTAL MANAGEMENT THROUGH FORESTRY

11.10 Policy and Future Roadmap

Eco-restoration of degraded forests is rigorously discussed by policy makers,
researchers, and other stakeholders in many national and international plat-
forms. Land degradation is continuously rising which affects overall ecosystem
health and services. A degrading forest ecosystem not only affects productiv-
ity but also minimizes many important forest-based benefits. However, recent
policies have stressed combating of forest degradations and its restoration
strategies but it is not applied up to the mark. Existing policies must be revised
and reframed in favour of adopting SEM and afforestation technologies which
helps in restoring land, soil fertility and forest ecosystem productivity in sus-
tainable ways. Policy must be reframed in the context of biodiversity conserva-
tion, C footprint and climate change mitigation to enhance forest restoration
through sustainable forest management (SFM). However, degraded land must
be targeted for afforestation and forest plantation which enhance forest covers
and help in ecosystem restoration for the long term [63, 64]. Therefore, an
effective policy and good governance are needed to restore forest landscapes
which promise soil-food-climate security for a sustainable world.

11.11 Conclusion

Forest degradation and its restoration is raising concern due to its severity.
Anthropogenic activities including deforestation, intensive farming prac-
tices, mining and developmental projects affect forest species, its diversity
and ecosystem services. Deforestation and degradation of forest ecosys-
tems also enhance C footprint and climate change by releasing GHGs into
the environment. This must be regulated through people-centric forest
management and conservation techniques. In this context, adopting SFM
and other afforestation techniques not only improves land quality and
ecosystem health but also enhances forest covers throughout the world.
Eco-restoration can be possible through better management and conser-
vation techniques that rely on forests. Policy and good governance must be
formed for enhancing forest health and productivity for eco-restoration,
which is the basis of sustainable development.
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Abstract

The productivity, health and sustainability of the world’s forests are declining
due to various natural and anthropogenic or human-made deleterious activities.
Deforestation, overexploitation of timbers, overuse of natural resources, mining
activities, forest fragmentations and various unsustainable land-use practices
destroy the health and productivity of forest ecosystems. These deleterious activ-
ities affect not only vegetational structure and diversity but also regeneration
and soil quality. Forest plays an important role in atmospheric carbon balance,
improving soil fertility and health, rhizosphere biology, efficient nutrient cycling,
and maintaining food and climate security at a global scale. These tangible and
intangible services of forests can ensure that the goal of sustainability is achieved.
The delivery of ecosystem services through forestry promises various multifari-
ous and uncountable benefits to humankind. Climate change mitigation through
forestry is another important dimension which can be possible through carbon
sequestration process. This process can add carbon into vegetation and soils as
biomass and soil organic carbon (SOC) pools which indirectly affect fertility and
productivity. Healthy soil is a basis for quality and nutritive food that offers health
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benefit, human prosperity and sustainable development. Therefore, judicious uti-
lization and management of these resources is key concern for sustainability and
social development. Therefore, sustainable forest management (SFM) is viewed
as an integrated approach which maintains soil-food-climate security along with
environmental sustainability and ecological stability. A policy and future roadmap
must be framed in accordance to maintain forest, soil and climate health that ful-
fils the goal of sustainable development at the global level.

Keywords: Forest, environment, ecosystem services, land degradation,
sustainability

12.1 Introduction

Forests are recognized as the largest natural resources that harbor a variety
of flora and fauna and deliver uncountable ecosystem services in both tan-
gible and intangible ways [1]. It has multifarious approaches for sustaining
entire human civilization by maintaining social, economic, culture and
environmental dimensions on a sustainable basis [2—4]. Forest is a life-
sustaining natural resource that manages and conserves other resources;
its uptake and proper utilization maintains overall ecosystem structure
and related services [5]. It regulates water and soil quality which are very
important natural resources that add a better growth and development of
varying life forms in the forest ecosystem. Likewise, Mediterranean forests
deliver key soil-based ecosystem services due to its greater ecological and
biological diversity along with maintaining the heterogenous nature of the
forest ecosystem [6, 7].

Climate change mitigation is another prospect of forest treasure that
can be possible through the process of carbon sequestration in which tree
species capture atmospheric carbon and fix into varying parts of vegeta-
tions [8, 9]. This process will add biomass in the form of timber, fuelwood,
firewood, fodder (for animals) and NTFPs (non-timber forest products).
Moreover, accumulation of biomass and productivity run in parallel to cli-
mate change mitigations which entirely link with land, energy and climate
footprints in tropical forest ecosystem [10, 11]. However, these biomass
accumulation processes are affected by site quality and nutrient load which
entirely affects whole vegetational attributes [12]. These forest products are
a viable income source for forest fringe peoples and strengthen farmers’
livelihoods prior to achieving the goal of sustainable development.

The term sustainability reflects the judicious use of resources at present
and in the future without disturbing environmental health. Eco-designing
of natural resources can ensure environmental sustainability and ecological
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stability [13]. A better and scientific management of forest would be help-
ful in enhancing diversifying products that intensify ecosystem services
and maintain overall soil-food-climate security, which is a prerequisite
for fulfilling the dream of sustainable development at a global scale [3, 14,
15]. Forest adds leaf litter and other residues into the soil which under-
goes decay and decomposition by soil inhabiting microorganisms that add
organic matter as SOC pool and maintains overall soil fertility. However,
SOC s agood indicator of soil fertility that helps in maintaining soil health,
and healthy soil is directly linked with better forest ecosystems and overall
sustainable development [16].

Today, deforestation and other anthropogenic activities such as min-
ing, illicit felling of timbers, encroachments, industrialization, forest fires,
etc., affect a forest ecosystem by disturbing its health and productivity and
causing degradations [17-19]. Similarly, unsustainable land use systems
definitely destroy the land quality and its fertility that overall affects the
soil quality, food productions and climate security by releasing greenhouse
gases (GHGs) into the atmosphere [20, 21]. These changing climate con-
ditions, unsustainable land use and related footprints affect Mediterranean
forests and related ecosystem services (ES) [22]. All these activities will
affect environmental sustainability, ecological stability and overall sustain-
able development at local scale. Therefore, a synthetic approach is required
for achieving the goal of sustainability which not only maintains the health
of a forest ecosystem but also intensifies the ecosystem services for mainte-
nance of ecological stability [23, 24]. In this context, SFM is a good strategy
and represents a hope for achieving the goal of sustainable development at
the social, economic and environmental levels.

In view of the above, this paper comprehensively discusses forest eco-
systems, including a global overview and the forest’s role in ecosystem
services such as soil-food-climate security for maintaining environmental
and ecological stability which helps in achieving the goal of sustainable
development.

12.2 World Forest: An Overview

There was a time when forests were distributed over the whole landscape
of the earth, but now the area has shrunk and is being reduced day by day
due to deforestation and other anthropogenic activities. These deleterious
activities affect not only an area coverage, ecosystem services and eco-
nomic security but also overall sustainability. Forest ranked second after
agriculture land use system as the largest natural resource which takes part
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in farmers’ socioeconomic development and livelihood security [25]. Trees
are a principal component of human well-being and play an important role
in improving the livelihood of 2.5 billion people that are dependent upon
agriculture and engaged in varying forms of farming practices [26, 27].
As per one estimate, globally around 820 million poor people lived in the
savannah regions that are directly or indirectly connected with nearby for-
est areas and depended on them for sustaining their lives [28]. This fig-
ure represents the people’s dependency on forests for their livelihood, so
restoring forest ecosystems would be helpful in strengthening the socio-
economic status of farmers and food security which could help to achieve
the goal of sustainable development in a global context.

12.3 Forest under Changing Climate

A rigorous discussion has been conducted on climate change by policy
makers, stakeholders, academics and scientists and has become the most
common topic of discussion at national and international platforms. There
are two schools of thought; first, degradation of forest through deforesta-
tion and other anthropogenic activities leads to GHGs emissions being
released into the atmosphere, which cause the climate change phenom-
enon. Second, climate change is affecting our forest ecosystem in terms
of yield, productivity, phenology, reproductive biology and morphology,
which in turn diminishes overall health, farmers’ wealth and environmen-
tal sustainability. In India, as per one researcher’s estimate, climate change
threatens half of the total forest area within the geographical limit. These
threatened forest areas include the dense forests of Central India, Eastern
and Western Ghats, and the upper Himalaya regions [29]. These findings
have been modified and synthesized by Chaturvedi et al. [30] and accord-
ing to them, approximately 77% of changes occurred in forest types of the
Indian subcontinent.

The impacts of climate change are very dramatic in most parts of Asia,
Africa, Europe and other Mediterranean regions. Extreme weather has
created severe effects by disturbing morphology, phenology, growth rate,
timber quality, species compositions, distribution, diversity and overall
dry matter productivity of tropical forest. Vegetation shifting, its diversions
and mortality are other impacts that were observed as a result of the chang-
ing climate and global warming. Similarly, climate variability affects tree
species nature, distributions and shifting from one to other places [31-33].
The tree species of boreal biomes is becoming the invasive alien for the
biome of arctic regions, whereas conifers vegetations shifted towards
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deciduous characteristics of larch forest ecosystem. Likewise, coastal veg-
etations comprising mangroves ecosystem are also affected by extreme
weather events by intrusion of salty water that threatens the marshy and
swampy vegetations. Meanwhile the coral reefs are also vulnerable due to
this extreme climate variability [34]. Further, the expansion of shrubby
areas in the arctic tundra biomes is another impact that was observed due
to the climate change phenomenon [35]. Various research was conducted
on changing climate impact and on varying tree species in the world, which
is depicted in Table 12.1.

These climatic impacts on forest resources not only minimized the
forest covers but also deprived the other resources, biodiversity, related
ecosystem services and overall vegetation structure, composition and
its diversity [45, 46]. In this context, a question appears, “How does cli-
mate change affect forest sustainability at a global scale?” Climate change
becomes a major hurdle behind the dreams of sustainable development
by affecting overall forest productivity and health. Forest regulates climate
but due to extreme weather conditions the overall species composition,
diversity and productivity are disturbed, which affects the overall forest
ecosystem. These disturbances directly affect biodiversity and related
ecosystem services and lead to unsustainable and degraded quality of
the environment [47, 48]. Thus, it is now clear that a great synergy exists
among healthy climate and forest that leads to sustainable development.
Moreover, the SEM practices will help in mitigating climate change and
global warming by minimizing the excessive GHGs emission through the
carbon sequestration process. Thus, SFM helps in maintaining soil-food-
climate security and promotes the environmental sustainability and eco-
logical stability at global scale [45, 47, 48].

12.4 Forest for Ecosystem Services

The forest sustains lives of every organism by delivering ecosystem ser-
vices in both tangible (direct) and intangible (indirect) ways. Tangible ser-
vices include timber products, fuelwood, firewood, fodder (for animals),
nutritive fruits, medicinal and aromatic plants, spices and other NTFPs. It
can be utilized by people residing near the forest and improves social, eco-
nomic and cultural values by strengthening the livelihood security [49, 50].
Soil fertility enhancement, higher microbial population, better rhizosphere
biology, efficient nutrient cycling, higher SOC pools, water availability
and its conservations are key advantages promised by sustainable forest
practices. Additionally, enhancement in nutrient use efficiency, resources
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Table 12.1 Extreme weather and its impacts on forest tree species in different

regions of the world.

Forest tree species in different

Extreme weather and its

vegetational shifting

regions of the world impacts References
Oak tree (Quercus species) Region experienced a heavy | [36]
based forest ecosystem in the drought condition that
regions of U.S.A. resulted in declined
population of Oak tree in
forest
Ash tree (Fraxinus species) Region experienced a [37]
based forest ecosystem in drought and freezing
the regions of Pennsylvania condition that promoted
(USA) insect outbreak
conditions which caused
dieback disease that led
to higher mortality of tree
species
Scots pine (botanically known | Region experienced freezing | [38]
as Pinus sylvestris) based and cold temperatures
forest ecosystem mostly that resulted in dieback
prevalent in the European disease and loss of the
region needles
Cotton tree (botanically known | Experienced higher [39]
as Ceiba pentandra) based temperature that caused
forest prevalent in the USA emergence of pink
bollworm pest and
resulted in heavy tree
mortality
Citrus (comes under Rutaceae Experienced higher [40]
family) based forest temperature, which
prevailed in Australia caused emergence of
leafroller moth
Apple pear (botanically Experienced higher [41]
known as Pyruspyrifolia) temperature & resulted
based forest prevalent in global warming has
the regions of Himanchal shifted Pyrus species to
Pradesh, India peach forest through

(Continued)
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Table 12.1 Extreme weather and its impacts on forest tree species in different
regions of the world. (Continued)

Forest tree species in different | Extreme weather and its

regions of the world impacts References
Apple tree (botanically known | Experienced higher [42]

as Malus pumila) mostly temperature & resulting

prevalent in the regions of global warming that has

Himanchal Pradesh (India) shifted apple tree to Kiwi

plant

Apple tree (botanically known | Experienced extreme [43]

as Malus pumila) mostly temperature

prevalent in the regions of
Asian continent

Sal and Gurjan tree Experienced wide extreme [44]
(Dipterocarpus species) temperature that
based forest ecosystem in threatened the overall
the region of North and tree species
western Ghats in Indian
subcontinent

conservation, food and nutritional security, climate security, environ-
mental sustainability and overall ecological stability are other recognized
intangible services provided by a forest ecosystem [51]. Better manage-
ment practices, i.e., sustainable and ecology-oriented forest management
and conservation will strengthen the ecosystem services at a satisfactory
level that will be a recognized pillar for sustainable development [52].

12.5 Forest for Soil Management

Soil is another of the largest natural resources that support other natu-
ral resources such as forest, agriculture, agroforestry, animals, etc. There
is a great link between soil quality and vegetation structure. Topography,
land forms, soil physico-chemical properties, nutrient loads, etc., affect the
vegetation types, structure, compositions and diversity [9, 12]. Forests add
litter and other residues that decay and get decomposed by soil inhabiting
microorganisms to release essential nutrients that in turn are taken up by
the extensive root system of higher plants and utilized for better growth
and development. In parallel, forest is a good sink of carbon in which
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vegetation absorbs atmospheric carbon and fixes it into different parts of
tree species (stem, branch, roots and leafs) which add biomass and carbon
into the vegetation and soils [17, 53]. Therefore, soil carbon sequestration
is a viable strategy that not only maintains the carbon balance but also
improves fertility and productivity of soil through better SOC pools and
other nutrients. In this context, nitrogen fixing leguminous MPTs (multi-
purpose trees) would be helpful in promoting soil nitrogen content and its
mobilizations into the plants for better metabolic activities. Thus, we can
say there is a great connection between forest and soil ecosystem.
Presently, land degradations are becoming major problems that not only
affect overall land use pattern but also disturb food-soil-climate security.
In this context, Figure 12.1 represents the extent and status of land degra-
dations worldwide. An unaffected and stable land contributed maximum
percentage (37%) followed by high and moderate land degradation as 25%
and 8%, respectively, whereas bare land contributed 18% but only 10%
of land system was observed under improvement [54]. People across the
globe are aware of the importance of forest and its role in managing soil
and other resources, its conservation and overall sustainable development.
In this context, several countries have managed the existing forest areas
for improving the clean water system, ameliorating desertification areas,
controlling soil erosion, and maximizing the coastal stabilizations, as is
represented in Figures 12.2, 12.3, 12.4 and 12.5, respectively [55]. Thus,
forest has the greatest potential to restore soil fertility, regulate water and
nutrient cycling, and maintain climate and food security at global level.
Similarly, adopting plantations and scientific-based farming systems can
improve degraded and wasteland for better yield and productivity.

Land degradation percentage (%)

m Unaffected and Stable land

m High land degradation

= Moderately land degradation
m Bare land

m Water

= Improving land

Figure 12.1 Status of land degradation in the world [54].
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Figure 12.2 Managed forest area for availability of clean water [55].
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Figure 12.3 Managed forest areas for controlling desertification [55].

301



302 LAND AND ENVIRONMENTAL MANAGEMENT THROUGH FORESTRY
Managed forest area for erosion control

mTimor-Leste
16.9 B Austria
‘ m Switzerland

m Ukraine
m Tajikistan

. = Romania
® Guadeloupe
u Serbia
Slovakia
‘ . u Turkey

Figure 12.4 Managed forest areas for erosion control [55].
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Figure 12.5 Managed forest area for the coastal stabilization [55].

12.6 Forest for Food and Nutritional Security

Healthy forest will produce quality food and nutritive fruits that could
potentially fulfill the food requirement of a rising population. A single
forest ecosystem can sustain millions of people by providing diverse forms
of food, fodder, edible fruits, flowers and other NTFPs. That will not only
fulfil the demand, but also surplus production will be economically viable
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for the forest fringe people and strengthen their livelihood. There is a
great nexus between forest and food that drives nation development in
sustainable ways. Forest makes quality and nutritious fruits available to
people that improve their health, wealth and livelihood security [3, 56,
57]. Gum productions are important NTFPs that add extra income for the
farmers due to its efficient utilizations in various forms [58]. Beside tim-
ber, the productions of gum, katha, catechu, dye, resin, sal leaves, etc., are
the other important NTFPs that sustain the lives of people and maintain
food-income-climate security at a global scale. However, degradation of
land and deforestation activity affects regeneration and important trees
which directly or indirectly affect yield and productivity. But better man-
agement and protection of forest by applying SFM activities will surely
help in strengthening farmers’ livelihoods through ample production on
a sustainable basis which is a prerequisite for sustainable development [3,
5, 59].

12.7 Sustainable Development: A Wake-Up Call

The term “sustainable” is widely used at national and international platforms
due to its importance for betterment of our Mother Nature. The manage-
ment and conservation of natural resources without destroying the present
and future environment are the basic principles of sustainable development
[46]. Applying an ecology-oriented system in forests and any farming sys-
tems is the key for achieving the goal of sustainability [60]. Land degrada-
tion, resource depletion, depriving soil fertility arise as bottleneck problems
which are the major hurdles to sustainable development [61]. Forest and
other resource conservation are the prerequisite for maintaining environ-
mental sustainability and ecological stability. Unsustainable land use prac-
tices, unscientific farming technology, higher synthetic inputs, illicit felling
of timbers, overexploitation of natural resources, etc., are the major hurdles
to be overcome in order to create sustainable development. That is why it
is necessary to focus on resource conservation through ecological-oriented
systems that enhance biodiversity which intensifies ecosystem services and
overall ecological sustainability. The term sustainability offers a perfect eco-
system through better social, economic and environmental development
[62, 63]. Therefore, both ecological and sustainable intensification in land
use systems are viable strategies which add higher yield and productivity,
maintain soil-food-climate security and improve the economy of poor
farmers. This eco-intensification helps in achieving the goal of sustainability
for better human civilizations [64, 65].
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12.8 A Journey from Forest to Sustainable Forest
Management

A synthetic approach is needed for exploring a journey that begins from
forest and leads to SFM practices that not only maximize the yield, produc-
tions and biodiversity but also intensify ecosystem services. The old and
unscientific forest management practices are poorly recognized and have
been replaced by new ecological and sustainable-oriented practices. These
sustainable practices maintain forest health and productivity and promote
ecosystem services by diversifying vegetation composition and structure.
Poor land management, deforestation, unscientific way of farming sys-
tem, and other anthropogenic activities resulted in degradation of forest
ecosystem. In this context, adopting SFM promises better protection and
higher productivity of forest vegetations along with overall environmental
sustainability at global scale. Sustainable harvesting of timber and forest
products (fodder and NTEPs, etc.) and their efficient utilizations are also
helpful in maintaining socioeconomic status of farmers that strengthen the
farmers’ livelihood. Moreover, SFM is potentially certified for better car-
bon sink that adds organic matter and carbon content into the soil as SOC
pools and balances the carbon in the atmosphere [9, 66]. Similarly, climate
smart agriculture, conservation agriculture, agroforestry, farm forestry,
extension forestry, urban forestry and community forestry can enhance
socioeconomic status of farmers and ensure soil-food-climate security at
global scale [67, 68]. Thus, SFM is an integrated approach for maintaining
environmental sustainability and ecological stability which is a pillar for
sustainable development and betterment of human civilization.

12.9 Policy and Future Roadmap

A good governance and policy are needed for promoting SFM, which is
the pillar for achieving the goal of sustainable development. Sustainability
is not possible without efficient utilization of resources including main-
tenance of environmental health. Policymakers must take an effective
decision for promoting SFM which maintains soil-food-climate security
from local to global level. Land, energy and carbon footprint are another
important dimension which is strongly linked with forest ecosystem that
must be added to strengthen an effective policy. Further, policy should
be aimed towards controlling forest degradation, checking illicit felling
of timber and NTFPs, solving the problems of encroachment, enhancing
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livelihood security and also looking into climate change mitigation at
global scale. However, a wide gap of knowledge exists in addressing climate
change impacts on changing forest biomes across the globe. Thus, a future
roadmap must be undertaken to explore the impact of climate variability
on forest biomes, its attributes, vegetational shifting, and mortality due to
insect infestation [69, 70] that would make it easier to achieve the goal of
sustainable development for better human civilization.

12.10 Conclusions

Deforestation and other anthropogenic activities decrease forest health
and productivity by affecting new regeneration, vegetation composition
and its diversity. Loss of biodiversity, poor ecosystem services, unhealthy
soils and GHGs emissions are the common outcome of forest degradations
that seriously affect our natural ecosystem and environment sustainability.
In this context, SFM becomes a good strategy that not only maintains soil-
food-climate security but also enhances farmers’ livelihoods and builds a
better human civilization which is the pillar of sustainable development.
Thus, governance and policy must be reformed for better adoptability of
SEM through which we can achieve the goal of sustainability in social, eco-
nomic and environmental dimensions.
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Abstract

The Port Blair Municipal Council (PBMC) is a township in Andaman and Nicobar
Islands (ANTs), of Indian sovereignty situated in the Bay of Bengal (BoB). In fact,
it is a colonial township with an illustrious and gruesome history of alien regimes
like the British and the Japanese. The PBMC presently has a geographical extent
of 41.44 Km? it is the capital and the center of all ANIs activities. Land degra-
dation is an difficult problem that triggers a chain of environmental challenges
like increased soil erosion, increased runoft, poor groundwater recharge, shal-
low landslides, carbon sequestration, and land surface temperature (LST). Thus,
land degradation and its aforementioned related environmental challenges were
gauged by the changes in land-use and land cover (LULC). The LULC changes
were quantified using multi-temporal Landsat time series (2000 and 2020) satellite
data products. Various modules were deployed for assessing the environmental
challenges on the geospatial platform. The modules include the climatic water bal-
ance (CWB) model, revised universal soil loss equation (RUSLE) model, InVEST,
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and LST. The results articulate that in two decades surface runoff, soil erosion,
shallow landslides, and LST have increased significantly.

Keywords: Carbon storage, carbon sequestration, LST, LULC, PBMC,
shallow landslides, soil erosion

13.1 Introduction

Globally, degradation of land is one among the most obligatory grave
problems with irreversible environmental implications [1, 2]. About 25%
of the land area is believed to be ruthlessly damaged, while 36% is mod-
erately degraded globally [3]. Anthropogenic influences like population
explosion, deforestation, urbanization, etc., are considered as the reasons
for land degradation [4] of which alteration in LULC is the major reason
[5, 6]. Because of indiscriminate practices of LULC, 10%, 20%, and 30%
of the world’s grasslands, croplands, and woodlands respectively are lost
annually [7]. Also, it adversely affects the nutrient value and water holding
capacity of the soil [1, 8, 9]. Further, global changes in LULC especially
through deforestation over the past century have rendered the planet Earth
unable to maintain healthy, sustainable ecosystems, and this has huge eco-
nomic and irreparable environmental repercussions [10].

Alteration in LULC triggers subsequent environmental implications
like increased surface runoff [2, 6, 11, 12], enhanced soil erosion [1, 2, 6,
7, 11, 12-14], increased flooding [7], high susceptibility of landslides [15,
16], reduced carbon store and enhanced carbon emission [17-19], and
increased land surface temperature (LST) [20, 21]. Importantly, land deg-
radation contributes to climate change and vice versa [23, 24]. Land deg-
radation and its aforementioned implications can be accurately quantified
with the aid of geospatial technologies [1, 2, 5-12, 14-16, 18-26].

13.2 Study Area at a Glance

The study area, Port Blair Municipal Council (PBMC) is the only municipal
council with an illustrious colonial history and is located in the picturesque
Andaman Nicobar Islands (ANIs) in the Bay of Bengal (BoB). Also, it is the
capital and center for all the ANIs activities with 24 wards. It was promul-
gated on 15" August 1957 [27] with ten revenue villages as wards viz., 1)
Aberdeen village including Aberdeen Bazaar and Ross Island, 2) Phoenix
Bay, 3) Delaneypur, 4) Bunyadabad, 5) Haddo, 6) Chattam, 7) Junglighat,
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8) Shadipur, 9) South Point, and 10) Lillypur. Later during the three sub-
sequent delimitation periods, 30™ April 1985 [28], 6" May 1995 [29], and
23rd April 2015 [30] one, seven, and six revenue villages respectively were
annexed to the first formulated ten wards. Thus, as on date, the PBMC
encompasses 24 wards.

The current extent of the PBMC is 41.44 Km?, circumscribed by the
geographical coordinates 11°35°30” and 11°41’30” N and 92°41’30” and
92°45’30” E, with a perimeter of 55.31 Km (Figure 13.1). According to the
2011 Census of India [31] more than half (1,44,418) of the island’s popula-
tion is residing within the PBMC limits. Owing to the huge population in
a very small area, land degradation is pertinent with grave environmental
repercussions. Hence, an investigation was undertaken to quantify the spa-
tio-temporal degradation of land and its environmental implications using
GIS and remote sensing technologies.
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Figure 13.1 Study area map.
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13.2.1 Meteorology

The annual average precipitation of the area under investigation is 3180
mm in 150 rain days. The annual relative humidity is around 81%, with
temperatures ranges from 23.90°C to 30.20°C [32]. During the southwest
monsoon (from May to September), the study area receives significant rain-
fall of 76.35%. During the northeast monsoon (October to December) 22%
of precipitation was recorded and in the course of pre-monsoon (January
to April), 1.64% of rainfall was received. Furthermore, tropical cyclones
formed in the BoB frequently strike the area of research [33].

13.2.2 Physiography

The focus area is comprised of young folded mountains and is a further-
ance of the Arakanyoma ranges [34]. All hill ranges in the focus region
are dome-shaped, forested, and run parallel to one other trending north-
south. The elevation range from Om to 161m above the MSL. Generally,
the landscape of the research area is rugged and rolling. The study area
is categorized by four types of geomorphic features: 1) low to moderately
steep hills, 2) narrow intermontane valley, 3) gradually sloping pediments
on the coastal tracts, and 4) coastal plains.

13.2.3 Geology

The research region contains two major rock types: 1) sedimentary rocks,
which consist mostly of an alternating array of greywacke, siltstone, shale,
and conglomerate (Andaman flysch group) from the Oligocene epoch.
Mithakhari group, another group of sedimentary rock, comprises con-
glomerate, girt, sandstone, shale, and limestone lenses produced from
the Paleocene to the Eocene periods. 2) Volcanic rock (Andaman ophi-
olite suite) composed of pillow lava with pyroclastics, pelagic sediments
with acid to intermediate intrusives, gabbro, and ultramafic containing
dunite, harzburgite, and anorthosite, produced between the Jurassic and
Cretaceous periods [34, 35].

13.2.4 Soil

The soils of the research area are either in situ on the hill ranges or emplaced
in the valleys and alongside the coast. The soil around the coast is sandy
and composed of old corals, shingles, etc., that are extremely porous.
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On the hills, it is stiff clay and dark red loam but in contrast, clayey loam is
encountered on the valley floor and on the downslope of hills [35].

13.3 Materials and Methodology

13.3.1 Materials

Two satellite data, viz., Landsat-7 ETM+ (2000) and Landsat-8 (2020)
with path 134 and row 052 encompassing the study area were retrieved
from www.earthexplorer.usgs.gov. Similarly, elevation data (ASTER-
GDEM) was downloaded from www.asterweb.jpl.nasa.gov/gdem.asp.
Port Blair municipal administrative boundary in *.shp format was
obtained from the Town and Country Planning Section, Andaman
Public Works Department. The soil and geology were inferred from
the soil resource atlas of Andaman and Nicobar Island [36] and the
Geological Survey of India map, respectively. Further, meteorological
data (2000-2020) was procured from the Directorate of Economics and
Statistics, Andaman and Nicobar Administration. All the data were
curated in ArcGIS 10.5 software to get results of multi-temporal LULC,
land surface temperature, soil erosion, and landslide, while the results
of surface runoff and carbon storage and sequestration were derived
using the climate water balance model [37] and InVEST 3.10.2 soft-
ware, respectively.

13.3.2 Methodology

The methodology adhered to unfold the environmental implications of
land degradation is synoptically presented as a flow chart (Figure 13.2).
The secondary data like the soil map and geology map was geo-rectified
with the aid of the PBMC administrative boundary map. Also, the afore-
mentioned maps and the multi-temporal satellite data products (2000 and
2020) were clipped to the PBMC boundary, projected to UTM Zone 46N
and WGS84 datum. Thematic features within the PBMC administrative
boundary were digitized from respective sources in the ArcGIS 10.5 plat-
form. Several researchers, for example [1-7, 11-19], opined that alter-
ation in the LULC patterns has manifold environmental repercussions.
Henceforth, quantification of LULC forms the strong foundation of the
present study; also its derivatives in various dimensions were used to gauge
the implications of land degradation.
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2000 Landsat-7 ETM+ ASTER GDEM.

2020-Landsat-8

Siope Map

Figure 13.2 Methodology for quantifying the implications of land degradation.

13.3.2.1 LULC

The changes in LULC were delineated using six satellite image inter-
pretation indices techniques. Those techniques are NDWI-Normalized
Difference Water Index [38], NDBI-Normalized Difference Building
Index [39], MNDWI-Modified Normalized Difference Water Index [40],
NDVI-Normalized Difference Vegetation Index [41], NDTI-Normalized
Difference Turbidity Index, and NDPI-Normalized Difference Pond Index
[42]. The False Colour Composite (FCC) of NDVI, NDBI, and MNDWT;
displayed on red, green, and blue panels respectively allowed the decipher-
ing of LULC features like vegetation, built-up area, high tide line, and water
body. Further, the FCC of NDTI, NDPI, and NDWI revealed on red, green,
and blue panels respectively permitted the identification of mangrove for-
est, forest, plantation, etc. The values of all the indices ranged from -1 to
+1.

13.3.2.2  Surface Runoff

A climatic water balance (Eq 13.1) is a budgeting exercise that determines
the amount of precipitation that becomes runoff, evapotranspiration, and
groundwater recharge [43—45]. Runoft is calculated separately for each
rectangular grid cell of computational elements of the model developed by
[37]. This model requires 1) monthly rainfall and temperature as tabular
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data (Andaman administration website: http://andssw1.and.nic.in/ecostat/
index.php), 2) land-use classification records, 3) hydrologic soil group
data, 4) flow direction map, and 5) soil-water holding capacity map. The
workflow of this model is depicted in Figure 13.2.

P=ET + RO + ASW (Eq. 13.1)

Where, P, ET, RO, and ASW, are precipitation, evapotranspiration, run-
off, and small change in soil moisture respectively.

The flow direction map was developed from the ASTER-GDEM using
the hydrology toolset in ArcGIS. The available soil-water holding capacity
(AWC) and its corresponding infiltration rate of four classes of soil texture
of the study area by [46] were considered in this model (Table 13.1). Surface
runoff from each rectangular grid cell was computed using the Natural
Resources Conservation Service (NRCS) curve number rainfall-runoff
relationship from the United States Department of Agriculture [47]. This
rainfall-runoff relationship is determined by four basin characteristics:
antecedent runoff condition, LULC soil type, and land surface condition.
A drainage basin’s curve number (CN) is calculated using a combination
of land use, soil, and antecedent soil moisture condition (AMC). This clas-
sification is based on the least permeable infiltration rate of the soil stra-
tum, as defined by the United States Department of Agriculture [48], as
described above. Each soil and land-use groups combination was assigned
an NRCS curve number.

13.3.2.3  Soil Erosion

The Revised Universal Soil Loss Equation (RUSLE) developed by [49, 50]
was used to compute the amount of soil erosion and is given by the equa-
tion (Eq. 13.2).

REP = (5)'* * LC,, * R * K/1000 (Eq.13.2)

Where, REP, S, LC,.o R, and K are Relative Erosion Potential (ton/
ha/ Year), Slope (Percentage rise), land cover associated with relative ero-
sion rate (as per the standards of the International Geosphere-Biosphere
Programme - IGGBP it is unitless), average rainfall (mm) and soil erod-
ability factor (ton/ha/year) respectively.

The slope percentage is a topographic factor derived from the ASTER-
GDEM using the surface toolset in ArcGIS. The LC,  factor is assigned
to various land-use classes of the study area based on IGGBP guidelines.
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Table 13.1 Inputs for calculating surface runoff, soil erosion, landslides.

Surface Runoff

AWC and infiltration rate for different soil textural classes [47]

USDA Soil Class Textural class Infiltration rate (cm/h) AWC (mm/m)
Soil A Sandy >12.5 40 to 90
Soil B Loamy Sand 10.0to 12.5 60 to 120
Soil C Sandy Clay Loam 1.0to 3.5 110 to 150
Soil D Clay Loam 0.5to0 1.0 140 to 210
NRCS Curve Number for different soil groups and LULC [48]

Curve Number
LULC Code Land Use Soil A Soil B Soil C Soil D
11 Settlement 59.0 74.0 82.0 86.0
22 Plantation 32.0 58.0 72.0 79.0
41 Forest 30.0 55.0 70.0 77.0
51 Water body 100.0 100.0 100.0 100.0

(Continued)
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Table 13.1 Inputs for calculating surface runoff, soil erosion, landslides. (Continued)

Soil Erosion

USDA soil erodobility factor for different soil texture class

Relative erosion rate for land use based on IGGBP [49, 50] [49, 50]

Landuse LCRER Soil Class K (Erodability factor)
Water body 0.5 Sandy 0.05
Evergreen forest 1.0 Loamy Sand 0.12
Plantation 12.0 Sandy Clay Loam 0.27
Urban and built up (Human settlement) | 21.0 Clay Loam 0.28
Ranking for landslide hazard zonation

Feature Class Ranking Feature Class Ranking
Soil texture LULC

Sandy 3 Water body 0

Loamy Sand 3 Forest 1

Sandy Clay Loam 2 Plantation 2

Clay Loam 1 Human settlement 3
Geology Slope in degree

(Continued)
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Table 13.1 Inputs for calculating surface runoff, soil erosion, landslides. (Continued)

Andaman flysch 2 Gentle (0 to 5) to Moderate (5to 15) | 1

Oophilite suite 1 Moderate to steep (15 to 35) 2
Steep (>35) 3

Drainage Density (Km?)

High (>2.5) 1 Low (0 to 1.5) 3

Moderate (1.5 to 2.5) 2

Carbon pool LULC lookup table of quantum of carbon stored in (in Mg/ ha) [53]

LULC C-AGB C-BGB C-soil C-dead
Settlement 15 10 60 1

Water body 0 0 0 0
Plantation 125 5 115 1
Forest 350 129 129 58
wetland 10 5 20 0

C-AGB: quantum of carbon in above-ground biomass, C-BGB: quantum of carbon in below-ground biomass, C-soil: quantum of carbon stored in
soil. and C-dead: auantum of carbon stored in dead organic matter
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The susceptibility of particles to be affected by rainfall is known as rain-
fall erosivity. The soil erodibility factor was prepared based on the USDA
guidelines (Table 13.1). The vector maps prepared based on the aforemen-
tioned parameters were converted into a raster of similar dimensions.
Using the raster calculator toolset of ArcGIS the soil erosion is quantified.

13.3.2.4 Landslide Hazard Zonation

There are multi-parameters for demarcating landslide hazard zonation [15,
16, 51]. However, LULC, slope, soil, drainage density, and geology are the
fundamental geo-environmental parameters through which landslide haz-
ard zones can be efficiently and accurately demarcated. Drainage was auto-
matically generated using the hydrology tool; thereafter density of drainage
was estimated with the aid of line density algorithm in ArcGIS software.
Similarly, the slope angle is derived from the ASTER-GDEM using the sur-
face toolset. Individual ranking weightage was assigned to all the feature
classes of the aforementioned geo-environmental thematic maps (Table
13.1) based on their vulnerability to landslides. The ranked vectors were
converted into a raster of a similar dimension. Unlike the quantification
of soil erosion, landslide hazard zonation was also demarcated using the
raster calculator toolset of ArcGIS.

13.3.2.5 Carbon Storage and Sequestration

The Natural Capital Project at Stanford created InVEST 3.10.2 (Integrated
Valuation of Environmental Services and Tradeoffs), a set of models to aid
in environmental decision-making [52]. This model can calculate the net
quantity of carbon stored in various land parcels throughout a timeline.
The model necessitates an estimation of carbon quantity in at least one of
the four basic carbon pools, that were first specified by [53] for each LULC
type, and later, in 2006, it was standardized by [54]. The four carbon pools
are 1) above-ground biomass, 2) below-ground carbon biomass, 3) soil
organic carbon biomass, and 4) dead organic carbon. The classified LULC
in raster format is linked with the carbon pool LULC lookup table. The
carbon pool LULC lookup table of the study area was inferred from [54]
and is presented in Table 13.1.

13.3.2.6 LST

Thermal bands of Landsat-7 ETM+ and Landsat-8 OLI are extensively
deployed to quantify the land surface emissivity (LSE) and are a vital
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parameter to calculate LST [20, 55, 56]. The NDVI rationing method was
used to calculate the emissivity per pixel of satellite images for the corre-
sponding LSE [57]. LST of multi-temporal satellite data (2000 and 2020)
was quantified based on the methodology adopted by [20].

13.4 Results and Discussion

13.4.1 LULC

A delimitation of the PBMC on 6™ May 1995 resulted in the annexation of
seven adjacent revenue villages. Similar delimitation on 23" April 2015 led
to the annexation of six more adjacent revenue villages (Figure 13.1). These
delimitations led to massive deforestation in order to facilitate human
occupancy and related infrastructural development activities (Figure 13.3
and Table 13.2). The forest cover in the year 2000 was 1156.73 ha that had
considerably reduced to 478.18 ha in 2020. In contrast, the human set-
tlement had increased from 2660.62 ha to3451.15 ha in 2000 and 2020
respectively. Similarly, the areal extent of coconut and arecanut plantations
was also reduced during the aforementioned periods. A massive loss of
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Figure 13.3 Pre- and post-tsunami LULC in PBMC.



Table 13.2 Detailed breakup of pre- and post-tsunami changes in LULC.
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LULC class 2000 C Storage 2020 C Storage C sequestred in 2

2000 Area (ha) MKg/ha LULC class 2020 Area (ha) MKg/ha decades MKg/ha
Forest 1156.73 770.38 Forest 478.18 318.47 451.91
Settlement with | 2660.62 228.81 Settlement with 3451.15 296.80 -67.99

Vegetation Vegetation
Jetty 27.53 2.367 Jetty 31.00 2.67 -0.30
Plantation 267.11 65.71 Plantation 88.14 21.68 44.03
Water Body 8.02 0.00 Water Body 8.03 0.00 0.00
Mangrove 25.81 0.90 Mangrove 7.24 0.25 0.65

Tsunami- Created | 82.09 2.87 -2.87
Wetlands

Total 4145.82 1068.17 Total 4145.82 642.74 425.43
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mangroves was observed due to the 2004 tsunami. Also, the down wrap-
ping of landmass (82.09 ha), followed by permanent water-logging result-
ing in the formation of tsunami-created wetlands [35, 58, 59].

A sizeable amount of forest patch was present in ward no: 12, 16, 18
and revenue village (RV): 20, 21,22, 23, and 24 even after five years of the
6™ May 1995 delimitation and the 2004 tsunami. Massive infrastructural
growth was observed in PBMC coupled with 23 April 2015 delimita-
tion. The areal extent of the forest cover had shrunk considerably. It is
imperative that the delimitation of the PBMC boundary resulted in the
degradation of the land. The implications of land degradation are dis-
cussed below.

13.4.2 Quantification of Surface Runoff

The implementation of the climatic water balance model by [37] in the
research area articulates that more than 60% (Table 13.3) of precipita-
tion enters the sea as runoff [59]. The increased runoff is influenced
by factors such as undulating topography, high-intensity tropical rains,
low infiltration rate, climate change, and land degradation in the study
area. In fact, alteration in the LULC, especially human settlement and
related infrastructural development, is a key factor in the compaction
of the sub-surface resulting in increased surface runoff, decreased
infiltration, and accelerated soil erosion [6, 60]. Also, high-intensity
tropical rains have inadequate capacity to infiltrate into the sub-surface
regime [61]. It is imperative that the delimitation of the PBMC bound-
ary resulted in decreased forest cover and accelerated runoff (Figure
13.4).

13.4.3 Quantification of Soil Erosion

During the pre-tsunami period majority of the PBMC encountered low
soil erosion ranging from zero to 32 tonnesha'yr'. However, after the
2004 tsunami and subsequent delimitation on 23" April 2015 resulted in
infrastructural developments on the steep slopes resulting in increased soil
erosion [6, 60], especially in the recently annexed revenue villages (RV19
to RV24). Moderate (32 to 101 tonnes ha' yr') to high (>101 tonnes ha™
yr') soil erosion was encountered in revenue villages annexed to PBMC
wards (ward no: 19 to 24). Also, denudation of forest cover increased the
risk of accelerated soil erosion [6]. The eroded materials were escorted to
the adjacent sea through the streams rendering poor coastal water quality,
eutrophication, drop in dissolved oxygen, etc. 1, 2, 6, 7]. Increased activity
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Table 13.3 Year-wise breakup of hydro-meteorological water balance.

Year | Rainfall | PET (%) Soil moisture (%) | Runoff (%)
all values in mm & in brackets percentage

2000 3756.60 1103.98 (29.39) 137.17 (12.42) 2515.45 (66.96)
2001 | 3776.30 | 1048.48 (27.76) | 116.17 (11.08) 2611.65 (69.16)
2002 3783.70 1065.40 (28.16) | 87.40 (8.2) 2630.90 (69.53)
2003 3783.70 1090.91 (28.83) | 58.04 (5.32) 2634.74 (69.63)
2004 3816.70 1132.26 (29.67) | 48.92 (4.32) 2635.51 (69.05)
2005 | 332130 | 1057.17 (31.83) | -67.79 (-6.41) 2331.92 (70.21)
2006 3305.90 1101.09 (33.31) | 0.00 (0.00) 2204.81 (66.69)
2007 3029.80 1070.97 (35.35) | 0.00 (0.00) 1958.83 (64.65)
2008 | 3109.60 | 1136.45 (36.55) | 0.00 (0.00) 1973.15 (63.45)
2009 3273.40 1165.95 (35.62) | 0.00 (0.00) 2107.45 (64.38)
2010 3437.40 1171.57 (34.08) | 0.00 (0.00) 2265.83 (65.92)
2011 3647.00 1179.95 (32.35) | 4.17(0.35) 2462.87 (67.53)
2012 3204.00 1051.10 (32.81) | 0.00 (0.00) 2152.91 (67.19)
2013 3190.70 1109.64 (34.78) | -9.84 (-0.89) 2090.90 (65.53)
2014 3183.40 1115.35 (35.04) | -10.46 (-0.94) 2078.50 (65.29)
2015 | 3183.40 | 1113.93 (34.99) | -6.55 (-0.59) 2076.02 (65.21)
2016 3203.60 1127.27 (35.19) | 0.80 (0.07) 2075.53 (64.79)
2017 3169.90 1127.17 (35.56) | -32.71(-2.9) 2075.43 (65.47)
2018 | 3037.60 | 1094.11 (36.02) | 0.00 (0.00) 1943.49 (63.98)
2019 3223.90 1160.15 (35.99) | 0.00 (0.00) 2063.75 (64.01)
2020 2948.50 1081.26 (36.67) | 0.00 (0.00) 1867.24 (63.33)

of soil erosion was observed during the southwest monsoon followed by
the northeast monsoon because of high-intensity tropical precipitation.
Further, deforestation on the slopes resulted in shallow landslides during
tropical hydro-meteorological events [15, 51]. The pre and post tsunami
soil erosion is been depicted in Figure 13.5.
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Figure 13.4 Pre- and post-tsunami surface runoff in PBMC.

Legend

Tonnes/Ha/Year

I o-3210w

[ ]32-101 MODERATE

I 101 > HIGH

(a) REP 2000 (b) REP 2020

Figure 13.5 Pre- and post-tsunami soil erosion potential in PBMC.
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13.4.4 Demarcation of Shallow Landslide Hazard Zonation

Landslides are caused by intricate interactions between a huge number of
partially linked objects. These traits are divided into two groups: (1) quasi-
static (preparatory) variables comprising the slope, soil characteristics,
altitude, aspect, LULC, lithology, drainage density, etc., and (2) activating
parameters like sesmic activity and intense rainfall [16, 51]. The distribu-
tion of the overall threat rating was used to create a landslide hazard zone.
The threat rating ranged from 5 to 14. Thus, the threat rating was classi-
fied as low, moderate and high ranged as 5-8, 9-11, and 12-14 respecively.
The results suggest that around 71% of the PBMC is not susceptible to
landslides, while 19% and 10% of the study area are susceptible to mod-
erate and high risk of landslides. Also, on-the-ground verification sug-
gests that the bulk of the human populace lives in moderate to high-risk
zones. Furthermore, historic landslides were documented in the high-risk
zones (Figure 13.6) either during the southwest monsoon or the northeast
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Figure 13.6 Shallow landslides vulnerable zones of PBMC.
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monsoon, indicating that the triggering agent of shallow landslides in the
probe area is due to intense tropical hydro-meteorological events [15, 16,
51].

13.4.5 Quantification of Carbon Sequestration

Carbon store is a widely used ecosystem health indicator in response to
climate change [62, 63], and it was quantified using the most trustworthy
InVEST model [64, 65]. Through this model, the total carbon stored in
various land-use classes was estimated to be 1068.17 MKg/ha and 642.74
MKg/ha for the years 2000 and 2020 respectively. The amount of carbon
sequestered in two decades accounts to be 425.43 MKg/ha. This quan-
tum of carbon sequestration can be attributed to land degradation (Table
13.2).

13.4.6 Quantification of Land Surface Temperature

Urbanization is required for the world’s fast-rising population to achieve
a higher level of living standards. The primary effect of urbanization is
a change in LULGC, alteration in topography (landfilling or land cutting),
and deforestation that encourages an increase in land surface tempera-
ture [20, 21, 66—70]. A comparison of pre- and post-tsunami LULC (Table
13.2 and Figure 13.3) articulates that human settlement has increased
at the cost of degradation of forests and plantations in the study area.
That is, 1156.73 ha of forest during pre-tsunami (2000) has reduced to
478.18 ha (post-tsunami, 2020). Similarly, the areal extent of plantation
is reduced to 88.14 ha (2020) from 267.11 ha (2000). In contrast, human
settlement has increased from 2660.62 ha (2000) to 3451.15 ha (2020). It
is imperative that human settlement imparted huge pressure on the green
zones like forests and plantations, resulting in an increase in LST [66].
Urbanization occurs at every nook and corner of PBMC as a result of
human settlements, commercial establishments, job oppurtinities, thor-
ough connectivity, all forms of services, mainly higher educational facili-
ties, etc. [20, 21]. The quantified LST from 2000 and 2020 Landsat satellite
data indicated that the temperature was 29.8°C and 30.6°C respectively.
The satellite image quantified LST is at par with surface temperature data
of PBMC for 2000 (29.93°C) and 2020 (30.77°C) which are taken from
the Directorate of Economics and Statistics (http://andsswl.and.nic.in/
ecostat/index.php). Thus, in a span of two decades, the LST has increased
by 0.8°C.
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13.5 Conclusion

The aim of the current investigation was well realized through the applica-
tion of different models on geospatial platform. It was understood from the
study that land degradation (alteration in the LULC) is the key factor hav-
ing diverse implications for the past twenty years. This involves increased
surface runoff, soil erosion, shallow landslides, and LST considerably in the
past twenty years. In contrast, a decrease in the carbon store and increase
in the carbon sequestration has not only increased the LST but also can
have serious implications over the regional and global climate regime. The
geospatial technologies not only aid in assessing the land degradation but
also its implications effectively as well. Furthermore, the geospatial tech-
nologies are a candid tool for monitoring and predicting land degrada-
tion and its impacts commendably as well. PBMC is experiencing vertical
expansion because of the paucity of land surfaces for horizontal expansion.
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Abstract

Leguminous species is considered as one of the most important sources of bio-
logical nitrogen (N) fixation into the soil. This species has multifarious impor-
tance due to its diverse nature of utilization both in tangible and intangible forms.
Acacia nilotica (L.) willd. Ex. Del (Babool) is an N-fixing multipurpose legume
plant that is distributed in Asia, Africa, South America, Australia and Mexico. It
is a complex species with nine varieties/subspecies, of which the majority (six) of
species are native to tropics of African region and the remaining (three) species
are native to India. A. nilotica is considered as an important economic species as it
provides tannins, gums, fodder, wood and medicinal importance besides its bio-
logical N-fixing ability. Due to its hardy nature and wider adaptation range it can
be utilized under agroforestry system towards the rehabilitation and restoration of
drylands, wasteland and degraded lands along with the agricultural productivity.
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14.1 Introduction

Land degradation is a serious problem across the globe which affects
agroecosystems, forest ecosystems and associated ecosystems to a greater
extent. Land is degrading day by day due to faulty and unscientific farm-
ing practices, production technology and human interference which not
only affect food security but also accelerate the various forms of footprints
(land, water, carbon, etc.) in the ecosystem and environment. This chang-
ing scenario needs prior attention towards proper planning and manage-
ment towards sustainability and sustainable development.

Under the scenario of land degradation, a scientific farming system that
incorporates various stratified crops, vegetation and plant species can be
a suitable option to fulfill the food requirement as well as sustainability. In
this perspective, use of MPTs (multipurpose tree species) especially legumi-
nous in nature can serve as a natural engineer of soil developments through
biological nitrogen (N) fixation. Babool (Acacia nilotica) or Kikar or Indian
gum Arabic tree is found throughout the African and South Asian regions
and is commonly found in the dry parts of India, Iran, Pakistan, Irag, etc. In
Australia, South America and Mexico this species was introduced [1]. It grows
naturally and also has been widely planted by farmers in Asian countries like
Bangladesh, Pakistan and India and in semi-arid to arid zones globally. Babool
has an important place in traditional agroforestry due to its multiple benefits
and being hardy in nature as well as the fact that it can withstand waterlogging
conditions in rice fields and provide fuel, fodder, timber, gums, etc. [2].

In an Indian context, nearly one-fifth of the total area is under wasteland.
The increasing pressure on the natural forest stand has depleted the vegetal
cover across the country to a significant level which leads to soil degrada-
tion and increases the land degradation scenario. In the Indian condition,
soil is deficient in N reserve and other essential elements. Therefore, there
is a need to explore the more potential and economic efficient practices and
technology that can help towards stabilization, recovery and restoration of
land degradation. In this perspective, A. nilotica seems to be promising
and an important choice of species among the leguminous plants due to
its fast-growing traits, adaptability, drought resistance capability, N fixing
potential and multipurpose nature. This is a well-known species in the
Indian condition and many authors have reported that it has good N fix-
ation that enriches the soil N [3], thus it is mostly utilized in agroforestry,
farm forestry and wasteland development programs. This chapter explores
the A. nilotica role in land restoration, recovery, reclamation and manage-
ment leading towards sustainable utilization of land resources.
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14.2 Habitat, Distribution and Ecology

The species A. nilotica is distributed naturally and widely in drier belts of
Africa, India, Burma, Egypt, Sri Lanka, Senegal, Arabia and Asian sub-
continents. In India, the species is mostly distributed throughout the Sind
tracts. Besides this, it appears in farmlands, agricultural lands, wastelands,
roadsides and grazing lands, etc. A. nilotica seedlings, tree on field bunds
and Acacia tree during flowering are depicted in Figure 14.1. Mostly Babool
trees are found in isolated manner and rarely in contagious or clumped
and a limited distribution in the forests. This is mostly planted in the farm-
ing lands in the plains of India.

The southern tropical thorn forest and southern tropical dry deciduous
forest reflects its distribution in India [4]. It can resist severe temperature
of >50°C and drought, and it grows in tropical to subtropical climatic con-
ditions that receive rainfall from 250-1500 mm. The ecological implication
of Babool is towards degraded land reclamation and it grows well in river-
ain alluvial, saline, alkaline, calcareous pans and black soils [5].

Acacia tree Acacia tree during flowering

Figure 14.1 Acacia nilotica - seedlings, tree on field bunds and Acacia tree during flowering.
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14.3 Acacia nilotica-Based Agroforestry

Agroforestry is the practice of integrating the crops with the forest tree
species along with the domestic animal production in the same unit of the
land. This promotes on-farm and oftf-farm tree production that leads to
efficient natural resources utilization, management and sustainable pro-
duction system with an eco-friendly approach [6—8]. A. nilotica is a com-
ponent of the traditional agroforestry system in India and is prevalent in
the central part of India. It boosts agricultural productivity and soil sus-
tainability due to its leguminous nature and adds the N into the soil sys-
tem through biological N-fixation process. A. nilotica seems to be the most
potential species under traditional agroforestry in Chhattisgarh, due to its
hardy nature and higher acclimatization potential under diverse environ-
mental conditions providing various diversified agri-based products [9].
The productivity of the soil is the major concern of modern times due
to the process of land degradation, deterioration of soil health and qual-
ity through biotic interferences. This leads to a focus on the judicious
approach to the farming system that can accelerate productivity as well
as the recovery of soil health and quality. In this perspective, the incorpo-
ration of leguminous trees in agroforestry systems seems to be promising
and soil N can be managed efficiently through the biological N-fixation
process. A. nilotica can play an important role due to rapid growth traits,
resistance to drought, and multipurpose N-fixing. Due to these character-
istics babool can be efficiently utilized as a component of agroforestry as
well as utilizing the wastelands through diversified process and produc-
tion potential which can fulfill the current needs and future demands of
fuel, fodder, fibre, timber and other non-timber produces and soil health
through biological N-fixation. A. nilotica has positive impact over paddy
cultivation in terms of nitrogen-fixing ability and enhancement in organic
matter which makes it one of the most preferred species in rice bunds.

14.4 Acacia nilotica and Soil Sustainability

Various research reports reflect the positive influence of A. nilotica on the
improvement of the quality of the soil as well lowering the erosion of top
soil by precipitation which protects the enhancement of sand particle and
improves the clay contents. The rhizosphere of babool tree is widely col-
onized by the Rhizobium which directly signifies the nodule formation
that determines and helps towards N-fixation in the soil. Moreover, the
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N-fixing bacteria also help stabilization of nutrients with the assemblage
of mycorrhiza [10]. This leads to an improvement in the root potential to
explore high soil volume and thus accelerates the utilization of available
nutrients as well as unavailable form to available forms. A. nilotica contrib-
utes towards restoration and sustainable development of saline soils due
to its tolerant potential (moderate level, ECe 15-25 dS/m) [11]. Generally,
the plant species was selected for land reclamation, short rotation forestry,
as bio-drainage because the annual water use by A. nilotica was 1248 mm
on a severely saline site and 2225 mm on a moderately saline site [12]. It
is reported that babool tree improves the soil characteristics as well as fer-
tility through N-fixation, nutrient loading, rhizosphere biology, litterfall,
improvement in soil biota which lead to enhance the nutrient cycling that
protect the soil from degradation [13].

Acacia species also have positive effects on soil conductivity and pro-
mote root growth for succeeding plants in any degraded land areas [14].
This species also enhances nutrient pools in the soils under any dry or
saline conditions [15]. It also helps in the restoration of wastelands where
the erosion through water is more and it helps in the stabilization of ravines
as well as protecting and checking the development of the gullies which
degrade the lands. The Multiple benefits of Acacia nilotica towards soil and
environmental sustainability is depicted in Figure 14.2 [16].

( Produce diversified )
products (Fuel, fodder,

timber, gum, etc.)
| J

Fix Nitrogen Build
up soil N pool

Improve Soil Improve Soil
Productivity Organic Matter

Improve Soil Biota
biodiversity 2 ]

[ Enhance overall

Figure 14.2 Multiple benefits of Acacia nilotica towards soil and environmental
sustainability [16].
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14.5 Acacia and its Role in Soil Carbon Sequestration

C storage and sequestration is a very important process for ensuring a cli-
mate resilient ecosystem [17, 18]. Many tree species in forest or any farming
system have capacity to sequester atmospheric carbon and store it in the
form of biomass and maintain carbon storage and flux for a long time in the
ecosystem [19, 20]. Leguminous trees have great potential to store carbon
in plant parts and soils as SOC pools. This species enriches soil quality by
enhancing nutrient status and carbon pool into the terrestrial soil ecosys-
tem. Acacia nilotica not only maintains nitrogen status but also improves
soil carbon pools through greater potential of carbon sequestration process.
This process helps in biomass production (fuelwood, timber and NTFPs)
and mitigating C footprints and climate change. Acacia nilotica is a legumi-
nous tree and integral component of many farming systems. This tree shed
foliage on floor which decomposed and mixed with soil to maintain soil
carbon status. As per Jhariya et al. [21] Acacia nilotica tree has potential to
fix 228.4 kg/tree biomass carbon that further mixed with soil and enhanced
SOC pool for better soil fertility. Similarly, legume trees have higher poten-
tial of carbon sequestration as compared to non-leguminous plants [22, 23].
Acacia nilotica, Cassia siamia and Dalbergia sissoo have greater potential to
C sequestration as compared to Tectona grandis which is a non-leguminous
tree species in the red laterite soil of Chhattisgarh, India [24].

Several authors have studied the integration of Acacia tree with other
plants and their impacts on soil health and carbon pools. These integrated
systems are greatly helpful in eco-restoration of degraded land through bet-
ter soil carbon pools and related services. The integration of Acacia nilotica
with other tree species (Leucaena leucocephala, Ficus infecroria and Morus
alba) and grasses (Panicum maximum, Cenchrus ciliaris and Chrysopogon
sp.) was helpful in eco-restoration of degraded land through better SOC
pool by carbon sequestration process in the Bundelkhand region of India.
These processes not only help in land and soil restoration but also check
C footprint and climate change mitigation for sustainable environment.
SOC pools were reported higher under an Acacia-based integrated sys-
tem which becomes an effective tool for degraded land restoration in the
tropical regions [25]. Similarly, integrating Acacia nilotica with Shisham
(Dalbergia sissoo) tree is viable for land restoration program under social
forestry scheme of the Haryana region, India. Approx. 32.8 and 8.5 Mg/
ha of carbon pool have been reported in above and below ground in this
region. A total 111.7 Mg/ha of carbon was reported in the depth of one
meter of soil which comprises 95.9 and 15.7 Mg/ha of organic and inor-
ganic carbon pool, respectively. Thus, not only a single Acacia tree but
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their integration with other plants is also helpful in maintaining SOC pools
(through C sequestration) which ensure eco-restoration of land and miti-
gate climate change problems [26].

14.6 Acacia nilotica: A Promising N, Fixing Tree

Acacia nilotica is a promising nitrogen-fixing tree which integrates in
any agroecosystem and restores degraded land. This has a fast-growing
nature and great potential to fix atmospheric nitrogen into the soil. This
species withstands drought condition and provides timber, fuelwood and
NTFPs including gum which is highly valuable in the market [16, 27].
Acacia nilotica-based agroforestry system is recommended in wasteland
for restoring land quality and soil fertility due to its N, fixing in nature. It
enhances organic carbon and nitrogen status into the soil in the paddy cul-
tivation [9]. This species has strong preference over biological nitrogen fix-
ation. A symbiotic relationship exists between Rhizobium species and the
root system of the babul. Rhizobium bacteria species initiates the forma-
tion of the root nodule in the babul tree which promotes BNF mechanism
under nutrient (nitrogen) deficient areas. However, Rhizobium species exe-
cute a key role in greater ecological function by root nodules formation
which enhances nutrient absorption rate, especially phosphorus under
stress condition. However, fewer studies are available on Acacia nilotica
and its significant effects on variation of the soil structure and quality. This
legume species has greater significant effect on nitrate mobilization which
is highly reported in this babul-soil based ecosystem [28, 29]. Moreover,
combination of Acacia nilotica (babul) and Prosopis julifiora has significant
effects on soil by increasing nitrogen status under Indian perspective [30].
Similarly, Acacia species promotes eco-restoration of the degraded land by
enhancing nitrogen content in the surrounding vegetation, which helps in
increasing horizontal structure of vegetation and its shading 31, 32].

14.7 Acacia: A Promising Tool for Land Restoration

The genus Acacia has many different species which are distributed in a
wide range of S.E. Asia, Australia and other island regions [33]. Moreover,
many species of Acacia are considered as highly invasive in the world [34].
Acacia species is a fast-growing, multipurpose and nitrogen-fixing tree
species which reverts degraded land into a sustainable land use system.
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This species enriches soil quality and enhances SOC pool and nitrogen sta-
tus that ensure ecosystem restoration of the degraded land and wasteland.
However, this species is reported as highly invasive in another eco-region
where it has been introduced other than the native region. This species has
greatest potential to restore nutrient status and perform significant nutri-
ent cycling in wasteland and highly degraded areas. Acacia species enrich
nitrogen status and soil carbon accretion in unfertile or unproductive land
[34]. This species has potential to change the ecosystem by greater role
of nitrogen fixation and organic carbon accumulation into the soil that
ensure land health and quality [35, 36]. Other than babul, several other
species of Australian Acacia have potential for biodiversity restoration and
its conservation in degraded land. Also, it has potential to enhance nutrient
cycling and nutrient restoration in degraded and wasteland [37]. Similarly,
Acacia mangium has great potential to degraded land rehabilitation, soil
fertility enhancement and ecosystem restoration [38]. This species pro-
vides approximately 190 kg of nitrogen per hectare annually along with
12 tons of dry litters, which is quietly helpful in restoration of degraded
land in the region of Brazil [39]. Similarly, growth parameter of Acacia
nilotica and some other leguminous trees are changed on the degraded
land. Growth attributes of some leguminous tree species in alkaline soil
environment in India is depicted in Table 14.1 [40, 41].

Table 14.1 Growth attributes of some leguminous tree species in alkaline soil
environment in India [40, 41].

Survival | Height Diameter | Dry biomass | Plantation
Species (%) (m) (cm) (tha') age

Acacia nilotica 76.7-81.7 | 2.31-3.66 | 6.4-8.6 39.09-69.78 7

Acacia 45.3-59.3 | 1.77-2.24 | 4.7-4.8 -
leucophloea

Dalbergia sissoo | 83.5-86.3 | 1.87-1.99 | 5.3-6.1 1.18-1.75

Pithecellobium 69.7-86.7 | 1.62-1.70 | 4.2-5.4 2.14-3.96
dulce

Prosopis juliflora | 86.0-97.4 | 2.59-3.98 | 5.3-8.3 22.06-51.27

Parkinsonia 76.7-80.3 | 1.89-2.36 | 3.3-4.1 0.90-1.15
aculeata
Tamarindus 15.3-26.5 | 1.29-1.30 | 3.6-4.1 -

indica
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14.8 Acacia and Its Other Sustainability Roles

Legumes play the greatest role in soil and environment health through res-
toration of degraded land. A legume towards soil quality, health and sus-
tainability is depicted in Figure 14.3 [21, 42, 43].

Moreover, legume play an important role in maintaining carbon and
nitrogen budgeting for ensuring ecosystem health and environmental sus-
tainability [44]. The babul tree is also known for providing various services
in a sustainable manner to resource-poor farming community through
supply of various non-timber forest products besides the agricultural crops
and timber. These facilitate livelihood opportunity through gum produc-
tion which has diverse use in various industries such as paper, pharmaceu-
tical, tannins, printing, clothe and textile, etc., and provides a good source
of fuelwood production in the tropics. Its flowers attract the honeybee and
can make a good base for beekeeping. The fruits (pods) are edible, nutri-
tious and make good-quality fodder for domestic animals especially in lean
periods when green fodder becomes limited or unavailable. Plants are also
known to have medicinal value and are utilized for various purposes [1].

Besides N-fixing ability and potential, the species is also reported for the
higher C sequestration potential among various legumes and nonlegume

r e
Soil amelioration and restoration of
degraded lands through N fixation |- Helping in perfect nutrient cycling
and organic matter addition
/ J
' :f;: ""'," 2
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Figure 14.3 Legumes towards soil quality, health and sustainability [21, 42, 43].
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species. It can add significant biomass C in the plant-soil systems. Besides,
it has some allelopathic ability which performs as natural herbicide and is
used as biological weed control [45]. The babool tree can produce 167 ton/
hectare of wood at rotation period that have about 45 m* marketable wood
[46]. Moreover, a single 15-year-old tree has a market value of Rs. 1,000 or
30,000-90,000 per hectare [46]. In India, babul is used for the rehabilitation
of the Chambal ravines (over 50,000) for restoring soil health and inhibit-
ing further land degradation [47].

14.9 Policy and Future Roadmap

Acacia nilotica is a leguminous and multipurpose tree species which is an
integral component of forest plantation, agroforestry and any other sus-
tainable land use system. This species provides several tangible (fuel wood
& NTFPs) and intangible services and maintains fertility through land res-
toration program. However, this species becomes invasive to most regions
of the world and also affects land quality and fertility. Integration of legu-
minous tree species in forestry and agriculture practices ensures ecosys-
tem health and environmental sustainability [48]. This species also checks
climate change by capturing atmospheric carbon through C sequestration
process. Thus, Acacia and other leguminous MPTs-based plantation in any
land use system (forestry and agroforestry) is involved in resource con-
servation, climate change mitigation, agro-ecosystem management and
environmental services [49-51]. A policy must be framed for promotion
of Acacia plantation for utilizing multifarious benefits including ecolog-
ical stability. Acacia tree involved in C storage, biomass production, soil
fertility enhancement, soil enrichment, maintenance of soil nitrogen and
carbon pools which is amongst its great environmental services. A future
roadmap design for promotion of Acacia plantations in any degraded and
poor land areas also helps in restoring ecosystem and delivering several
environmental services in sustainable ways. Scientific research and sound
technology are needed for Acacia plantation to ensure soil and climate
security.

14.10 Conclusions

Acacia nilotica (babul) is a multipurpose legume and drought tolerant
characteristic having the inherent potential for rehabilitation and resto-
ration of degraded soils. It helps to build up soil N and organic carbon
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that ameliorate the soil quality and health. It is a widely used species in the
traditional agroforestry system in the central part of India. This species
sequesters atmospheric carbon and stores into the tree parts and soil as
SOC pool that helps in mitigating C footprint and climate change issues.
Moreover, enhancing SOC status and nitrogen content improve soil health
and quality. Acacia species rehabilitate degraded land by ecosystem resto-
ration through greater C sequestration capacity. Thus, an effective policy
and technological intervention are needed for promotion of Acacia plan-
tation in degraded land that would enhance biodiversity and promise soil
and climate security in sustainable ways.
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Abstract

Preservation of soil fertility is an urgent current global problem and will continue
to be so in the future. This is a crucial factor influencing the ability to achieve food
security goals, overcome hunger, and achieve sustainability targets. Various mech-
anisms are suggested to be developed and implemented to stimulate sound land
use practices, and economic ones are judged the most desirable. Developed market
relations and fair farmland pricing are among the leading economic tools in this
context. With 32.8 million ha of arable agricultural land, Ukraine, transforming
the farmland relation system towards market mode, represents an excellent case to
explore the elaboration of a fair, environmentally friendly approach for farmland
pricing regulations. This chapter explains the overall conditions (starting points)
for the development of the land market in Ukraine development with an emphasis
on the environmental consequences of the Moratorium on farmland sales and the
current state of agriculture development. This paper proposes the farmland value
assessment approach by analysing the evolution of farmland valuation regulatory
requirements in Ukraine and their compliance with current economic conditions
and soil protection objectives. The suggested method is based on rental income
calculations, assessment of the standard land use income gained due to compli-
ance with crop rotation requirements, revision of capitalisation rate, and consid-
eration of land plot distance to socioeconomic infrastructure. The obtained results
complement the existing proposals for land valuation, stimulating the sound land
use practices. They can also serve as a guide for regions experiencing the transfor-
mation of the farmland ownership system.
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15.1 Introduction

Land and its fertility are the main resources and assets in agriculture.
This implies the need to value land like any other asset and moreover, the
assetization of land is a way toward rural poverty alleviation [1]. Given
that agricultural land totals 41.3 million hectares (68.4% of Ukraine’s ter-
ritory, as of January 1, 2020) of which 32.8 hectares are arable lands [2],
the fair land valuation becomes a crucial issue under the launch of land
reform, i.e., the transition from the moratorium on selling agricultural
lands to the land market. It is worth saying that land value becomes a
critical point in deciding about land sales or leases for 6.9 million land-
owners (16% of the country’s population as of mid-2017) being hostage to
the moratorium [3]. That is why the land value and conditions of its sale
are such important social issues also. Moreover, the use of appropriate
and fair land valuation methods is of paramount importance amidst the
reform of power decentralisation launching in Ukraine. Agricultural land
value affects the local budgets’ inflows (this is the main income source for
rural communities’ budgets) and so, the development capacities of local
communities and, consequently, the reform success. Transformation of
land relations towards market mode opens new opportunities for rural
revitalization and the realisation of the success story depends on the
state’s role in this process, regulations development, fairness and rele-
vance of farmland value estimates [4]. The modern agricultural land’s
economic valuation method needs to be more reliable, and scientifically
sound, simultaneously ensuring efficient ownership. The latter involves
not only the achievement of short-term profits but rather guaranteeing
land rational use and soil fertility increase in the long run [5]. Nowadays,
soil restoration is one of the most important tasks of humanity, and
the success of this task resolution determines the success in achieving the
goals of sustainable development [6-9]. The land market is one of the
tools to stimulate sustainable agriculture practices, primarily through
land pricing [10, 11]. This chapter explores the specifics of Ukrainian
agriculture’s past and current development trends influencing the land
value and outlines the conceptual and methodological provisions for the
procedure of normative monetary valuation of agricultural land to com-
ply with land market transformation challenges and the need to increase
soil fertility.
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15.2 Moratorium on the Sale of Agricultural Land
and Its Social, Ecological, and Economic
Consequences in Ukraine

The transitional provisions of the Land Code of Ukraine adopted in 2001
[12] establish the Moratorium on the sale of agricultural land in Ukraine —
the temporary solution to ensure proper protection of newly formed land-
owners during the formation of the institutional, legal, organisational, and
economic environment necessary for the full realisation of acquired rights
in a market economy. Consequently, this temporary moratorium lasted for
20 years until the Law “On Amendments to Certain Legislative Acts of
Ukraine on the Conditions of Agricultural Land Market” [13] introduced
the land market launching on July 1, 2021. In view of the Moratorium dura-
tion and land question’s social significance, this was a historic moment.
Overall, the moratorium resulted in the establishment of a rental land use
system distinctive as follows [14, 15]:

- An alternativeless model of land management for the
landowner;

- landowner’s full dependence on tenant and failure to exer-
cise the property rights in full;

- land user’s dictation concerning the lease terms;

- low efficiency of agricultural commodity production and
low investment attractiveness, resulting in a lack of financial
resources for production development, technical re-equipment,
and renewal; for measures aimed at rationalising the land use;

- low rent;

- the spread of shadow land sales schemes;

- decrease of land value from the owner’s viewpoint.

The system of rental land relations—formed following the moratorium—
had catastrophic consequences for land use and soil health in Ukraine. The
reduction of agricultural land area amounted to 326.3 thousand ha, a third
of which was transformed into a building land; there was a reduction in the
area of fallows, pastures and perennial crops, i.e., lands contributing to the
soil’s fertility and being of ecological importance. All that took place during
the moratorium, meaning that the latter led to the formation of a land use
system contradicting the principles of rational land use, preservation of nat-
ural resources and public and private property. As a result, the problem of
agricultural land’s deterioration has significantly deepened: soils have lost
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much of their humus, and the world’s most fertile chernozems have become
medium-fertile soils continuing to deteriorate. The main problems of soil
health have only been exacerbated: dehumidification, erosion spread, nutri-
ents and microelements shortage, oxidation, and alkalinisation [15, 16]. In
the circumstances, land market development requires elaboration of a fair
and relevant land valuation approach allowing the consideration of existing
soils’ quality and stimulating measures for its enhancement. As the land
value directly depends on the agriculture state and specifics, the next para-
graph analyses the latest trends in Ukrainian agriculture development.

15.3 An Overview of Agriculture in Ukraine

According to information of the State Statistics Service of Ukraine [2, 17],
in recent years there has been a marked tendency of technical crops’ sown
area to increase annually (Table 15.1) at the expense of areas under cereals
and legumes, potatoes, vegetables and melons.

As can be observed, the share of sunflower—the most harmful crop for
soil fertility—has increased by 2.2 percentage points over five years. Most
notably, sunflower’s share in the total sown area exceeds 20% each year,
being inconsistent with the requirements of agronomic science concerning
crop rotation.

Harmful to the soil quality, a reduction of fodder crops’ share is also
noticeable during the period analysed. The declining number of farm ani-
mals (of all species except for poultry) is the main reason for this (Table
15.2). The livestock decrease ranges from 9.1% (sheep and goats) to 19.1%
(pigs) and results from high input costs (primarily for feed) and low prices
for outputs.

The decrease in livestock and a related significant drop in the livestock
industry affect the agriculture output structure in Ukraine (Figure 15.1).
The share of livestock production continued to decline all years in a row
to only 20.9% in 2019, which is 3.2 points lower than in 2015. The optimal
structure of agricultural output, as it is known, presupposes equal shares of
crop and livestock production. Thus, the existing pattern negatively affects
soil fertility: firstly, the insufficient livestock development makes the appli-
cation of enough organic fertilisers into soils impossible; secondly, the
livestock decline causes forage crops’ reduction, leading to optimal crop
rotation’s failure.

Disparities in the structure of agricultural output affect the value of
land as the primary resource. Investigating the land value change in the
organic agriculture transition context, Meng et al. [18] point out the need
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Table 15.1 Sown area under agricultural crops in Ukraine (authors’ compilation
on [2, 17]).

Change
from 2015
Indicator 2015 | 2016 | 2017 | 2018 | 2019 to 2019

Agricultural 26902 | 27026 | 27585 | 27699 | 28001 | 1099.0
crops, total,
thsd. ha

Share in total
sown area, %:

Grain and 54.8 53.3 53.0 53.6 54.7 -0.1
leguminous
crops

including maize | 15.3 15.9 16.4 16.5 17.9 2.6
for grain

Industrial crops | 31.0 32.8 33.6 33.5 32.6 1.6

incl. sunflower | 19.0 22.5 21.9 22.1 21.2 2.2

Potatoes, 6.8 6.8 6.7 6.6 6.5 -0.3
vegetables,
and cucurbits
crops

Fodder crops 7.4 7.1 6.7 6.4 6.2 -1.3

Table 15.2 Number of agricultural animals, thousands heads (authors’ compilation
on [2,17]).

2015 to
Indicator 2015 | 2016 | 2017 2018 2019 2019, %
Cattle 3750 | 3682 3531 3333 3092 82.5
incl. cows 2167 | 2109 2018 1919 1789 82.6
Pigs 7079 | 6669 6110 6025 5727 80.9

Sheep and goats 1325 1315 1309 1269 1205 90.9

Poultry, million 204,0 | 201,7 204,8 211,7 220,5 108.1
heads
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Figure 15.1 Agricultural output in Ukraine, % (authors’ compilation on [2, 17]).

to consider the livestock industry’s impact when assessing soil fertility.
Scholars believe land will provide less income when used in organic farm-
ing than in the case of intensive agriculture. Hence, the former is accompa-
nied by a land value decline.

15.4 Evolution of Monetary Valuation of Agricultural
Land in Ukraine and Modern Challenges

The “Methodology of monetary evaluation of agricultural lands and lands
in settlements” [19] first introduced the approach for agricultural land
normative monetary valuation in 1995. Current regulation—approved
by the Cabinet of Ministers of Ukraine in 2016 [20]—evidences a certain
evolution of this approach. Both documents prescribe the use of a rent
approach for land economic valuation in Ukraine. Although the last regu-
lation (2016) is more consistent with the land relations market transforma-
tions, both documents have discussion issues. The first regulation fails to
comply with the current socioeconomic conditions of the industry’s devel-
opment because of the use of outdated prices and capitalisation ratios. The
regulation issued in 2016 ignores the land plot’s location. Both methods
fail to pay adequate attention to the promotion of rational land use and soil
health preservation. The regulation of 1995 does not consider soil condi-
tions in the land assessment procedure, while the last—the regulation of
2016—fails in stimulating rational land use.

Modern agriculture in Ukraine is mainly of intensive character involving
monoculture production technologies accompanied by applying mineral
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fertilisers and chemical plant protection products. This affects soil quality
and causes its changes. Intensive use of chemical fertilizers not only affects
soil quality but also induces climate change and global environmental
health [21-23]. Therefore, intensive agriculture and agricultural expansion
destroy soil health and enhance land, energy and climate footprints [24,
25]. Given this, the regulation of 1995, applying the soil quality rating of
1993 as a basis for the normative land valuation, is outdated and does not
correspond with the modern vision of soils’ composition and fertility fac-
tors. In particular, Maurya et al. [26] suggest creating a minimum data set
covering physical, chemical and biological parameters to assess soil quality
being constantly affected by natural and anthropogenic factors.

Modern normative monetary land valuation approach should ensure
the establishment of a fair price for land, allowing access to land resources
to all agricultural producers (this is a universal problem relevant also to the
United States [11, 27], for example). This fair price must reflect all qualita-
tive land characteristics, including soil fertility, location, distance to large
cities—centres of sales, and opportunity to use the land for different pur-
poses. Sanz et al. [28] and Yagi H. and Garrod G. [29] mention the need
to preserve agricultural lands located around cities, which is possible also
with the land pricing mechanism. Establishing a fair price and its control
is essential given that lower quality land can be sold at higher prices to
be used for other purposes, i.e., decommissioning. Such an experience
occurred in Slovakia [30].

Apart from land market establishment and development, preservation
of soils from degradation and their restoration to expand the provision
of ecosystem services are one of the main problems of land use globally.
Applying sustainable intensification in farming system enhances soil fertil-
ity and restores land quality which ensures greater ecosystem services [31].

When applying principles of rational land use, soil fertility can increase,
which can be judged as an ecosystem service delivered from land users to
society. As for any services, the provision of ecosystem services must be
paid for, for instance, through compensatory payments. These payments
are an essential part of comprehensive soil management regulation and
practice [32, 33]. They must go in line with land valuation, and increased
soil fertility needs to be remunerated at higher rates [34]. Schild et al. [35]
demonstrate that agricultural lands, providing additional ecosystem ser-
vices measured via the variety of food produced, usually have a higher
value. Due to this, scholars emphasise the need to consider ecosystem ser-
vices while valuating the agricultural lands [35, 36]. At the same time, the
existing methodological provisions for land valuation in Ukraine disregard
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the ecosystem services of agricultural land use and thus provide no incen-
tive for soil and biodiversity protection and conservation.

15.5 Conceptual Provisions for the Assessment of
Land Resources from the Standpoint of their
Multifaceted Nature

Many factors affect the market price of agricultural land: soil physical char-
acteristics, climate, land productivity, infrastructure availability, regional
development scenarios, and investment [37]. Agricultural land could serve
as a production resource (tool), an object of production, and a spatial
basis for production development. When evaluating agricultural land, all
characteristics contributing to such a multifaceted land nature need to be
involved and assessed: soil’s natural quality; features affecting the ease of
cultivation; investment efficiency; location of the land plot (Figure 15.2).

Land evaluation

A

As a production As an object of As a spatial
tool production basis
Natural soils Parameters _ Parameters Distance to
parameters influencing the ease influencing the centers of sales
2 investments
A of cultivation X
efficiency

4

] f
Nl Area Transport
Standard yields 'r?dedslttr:'?::tls o infrastructure
inv .
Length into land quality
| Crop rotation improvement

range <«—| Configuration Distance to high
et

demand markets

l—

<« Ecological Above sea level
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. I
' Landscape and relief Availability of social
infrastructure

Figure 15.2 Three-dimensional views on the land: parameters to be accounted for when
evaluating the land (Olha Kovalova’s development).
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The proposed concept models agricultural land as a multifaceted
(three-dimensional) production factor. As a production tool, the land is
affected by the natural qualities of the soil, determining a certain level of
standard (biological) yield. Soil’s natural qualities and the standard yield
are, in turn, influenced by a crop rotation range to be followed in intensive
agriculture mode. Therefore, we suggest considering the yield of a crop
rotation range when evaluating the agricultural land. This will allow more
accurate determination of the income gained from the land in the standard
conditions, i.e., at the level of fertility caused by introducing the standard
crop rotation range. Using a standard crop rotation set in the land evalua-
tion will also help comply with the recommended crop range, ensuring the
soil’s quality preservation.

When assessing the land as an object of production, one should consider
its properties affecting the ease of cultivation (area, configuration, land-
scape, etc.) and additional investment for soil fertility improvement. This
will allow determining the income gained from the land more accurately.

The assessment of the land as a spatial basis for agriculture should con-
sider the availability of infrastructure and logistics factors, such as the
distance to the centres of sale and the quality of transport infrastructure
affecting costs and, consequently, income. The distance to the high-demand
markets affects the potential sales, influencing the land’s income. The social
infrastructure development provides for the availability of young, qualified
personnel, controlling agricultural outputs and income. Thus, considering
the above land characteristics offers a more objective valuation.

15.6 Development of a Methodology for the
Normative Monetary Land Valuation to
Stimulate Rational Land Use

Agriculture state and development directly affect the land value. Current
trends in Ukrainian agriculture indicate the feasibility of using a crop rota-
tion range, allowing the consideration of ecosystem services of agricultural
land use instead of one group of crops (cereals, according to the regulations
of 1995, 2016) when assessing agricultural land. This provides for the more
accurate calculation of income gained from the land use and the preser-
vation of soil fertility (when adopting the regulations on mandatory com-
pliance with the recommended crop rotation set for land users). Madalla
and Majule [38] note that cultivating profitable crops such as sunflower,
corn, and sorghum significantly reduces soil fertility and, consequently,
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the land value. Other research [10] shows that in the intensive agriculture
system, the primary value determinant is yield; however, accompanied by
high greenhouse gas emissions. Given this, scholars try to find the right
approach to involve environmental impact factors in decision-making
[10]. In this context, using crop rotation range for land valuation allows
finding the trade-offs between profitable crop production and soil fertility
protection.

Using a standard crop rotation set for the normative monetary land
valuation (with a constant review at the end of crop rotation duration)
provides a more accurate land value calculation, including generated
ecosystem services. Normative monetary value, calculated in this way,
can be used to establish the scheme for paying fines for reducing fertil-
ity and compensation payments for increasing fertility. This goes in line
with the Law of Ukraine “On Land Valuation,” stating that the normative
monetary land value is used “.. for the development of indicators and
mechanisms for economic incentives for rational use and land protec-
tion” [39].

We suggest the following steps for the development of a land evalua-
tion methodological approach that would meet the conditions of the land
market, agricultural production, and rational land use: 1) setting a basis
for normative monetary land valuation, which should be a rental income;
2) calculation of a differential rental income in kind following the formula
below. Like the idea of Sardaro et al. [10] to use implicit marginal prices
to assess the environmental impact of land use, the difference between the
income generated by soils of the best and worst quality is the main idea
underlining the proposed approach (f.1.1).

D (SR, - SR )Py B,
R;= =1 N (15.1)

where R - differential rental income gained from one ha of arable land,
uah/ha;

SR,- soil quality rate for soils of the best quality, points;

SR - soil quality rate for soils of the worst quality, points;

P, - price for one point of soil quality for the i-type crop;

P_~ sale price for the i-type crop from crop rotation range, uah/

centner;
N - number of crops in the crop rotation.
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The differential rental income is then used to determine the normative
monetary land valueas follows (f. 1.2):

NLV=(R,+R) Tk k *... *k, (152)

Where NLV- normative agricultural land value (for arable land), uah/ha;
R - absolute rental income gained from one ha of arable land,

uah/ha;
T. - capitalization period, years;
k, -k, -... - k- adjustment coefficients reflecting characteris-

tics of the land as a spatial basis for agricultural production,
according to Figure 15.1.

When calculating an absolute rental income, it is necessary to consider
the data on state support of agriculture, including support for the livestock
industry, and funds allocated to finance land protection measures. The total
(absolute) rental income could be calculated based on the total estimates of
the following costs: the lease payments, the amount of state-funded invest-
ments in agriculture; costs for the land management and land protection
measures. The use of standard (biological) yield—which each type of soil
provides due to fertility, rather than technology—underlies the calculation
of revenue gained from the agricultural land.

To modernise the land evaluation approach, a review of the capitaliza-
tion period is also needed. We suggest using a crop rotation duration of
ten years as a capitalisation term. A new survey of soil quality and re-eval-
uation of land need to be conducted after this basic period. This period
allows for timely review of land value estimates and to introduce a mech-
anism for land protection stimulation. This term corresponds to the Law
of Ukraine “On Land Valuation” [39], according to which revaluation of
land should be conducted every five or seven years. This approach will
ensure that, first, the data of the normative monetary valuation of land
will be constantly updated and correspond to modern realities; secondly,
permanent soil monitoring made for land value reassessment at the end of
crop rotation will stimulate the rational use and soil preservation practices
implementation. The following mechanisms could be developed based
on the proposed approach for land evaluation to enable rational land use:
1) control over crop rotation due to the frequency of evaluation; 2) fines
(compensations) for changes in fertility.

To consider the availability of infrastructure and logistics factors
when evaluating the land, we propose to add coefficients reflecting the
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characteristics of the land as a spatial basis for agricultural production:
1) distance to the centres of sale; 2) quality of transport infrastructure;
3) distance to the high-demand market; 4) social infrastructure develop-
ment. Use of these coefficients will make it possible to adjust the norma-
tive monetary value according to the location conditions.

Further improvement (adjustment) of normative monetary valuation of
agricultural land requires conducting modern soil quality grading based
on an agrochemical survey of soils to determine the content of nutrients,
trace elements, and pollutants. The development of mechanisms to stim-
ulate rational land use and soil protection based on normative monetary
valuation of agricultural land is another urgent issue.

15.7 Conclusion

A brief overview of the socio-ecological and economic consequences of
the moratorium on the sale of agricultural land, designed to protect the
interests of landowners in Ukraine, showed significant deterioration in soil
quality, and exacerbation of problems in the field of agricultural land use.
Against the background of the dominance of intensive agricultural pro-
duction and the growing focus of producers to produce profitable crops,
reducing livestock (and, accordingly, the quantity of organic fertilizers), a
further deterioration of soil quality is observed. In these conditions, when
transitioning to the land market, it is important to provide such regulatory
tools that would stimulate rational land use, protection, and preservation
of soils. Economic incentives, through the farmland pricing mechanism,
are expected to be the most efficient.

Existing regulations of determining the normative monetary value of
farmland in Ukraine are not perfect both in terms of matching the mod-
ern economic conditions and from the standpoint of incorporating the full
range of functions performed by land resources in agriculture.

We propose an approach to the normative monetary valuation of farm-
land based on the consideration of the multifunctionality of land resources
and the assessment of results that can be achieved following the recom-
mended crop rotation set. The proposed method is built on the assessment
of differential and absolute rental income gained due to compliance with
the recommended crop rotation range, addressing of farmland’s spatial
parameters, and revision of the capitalization rate, which will allow peri-
odic and timely monitoring of land use and revaluation of assets. In addi-
tion, when calculating income, it is also proposed to account for the land
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resources improvement costs, which will further encourage land users to
make such investments.

This study reveals the problematic aspect of introducing market rela-
tions in the field of farmland use and deepens the existing approaches in
farmland valuation to incentivise the best practices of land management.
Those issues are relevant in a global context due to the need to protect
biodiversity and soils, ensure food security, and achieve sustainable devel-
opment targets. Farmland value determines the affordability of food in
the long run and constitutes a sustainability concern: on the one hand,
lower farmland price means lower food prices, and on the other hand, it
means farmers’ income decline and higher risks of losing soil fertility. A
fair, scientifically sound, and environmentally friendly farmland pricing
mechanism could allow finding the trade-offs. This chapter is an attempt
to propose such an approach for arable land. The following research issues
could constitute future studies in this field: valuation of other types of agri-
cultural lands and lands in settlements; assessment of ecosystem services
in agriculture and rural tourism; rethinking of taxation schemes to stimu-
late environmental-friendly land use practices.
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