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Polycentric forest governance for social equity of Indige-
nous Peoples? A critical appraisal

D. ADHIKARI

Crawford School of Public Policy, The Australian National University, JG Crawford Building, 132 Lennox Crossing, Canberra ACT 2600,
Australia

Email: dipika.adhikari @anu.edu.au

HIGHLIGHTS

e Polycentric forest governance literature lacks empirical studies on social equity outcomes for Indigenous Peoples.

e Existing studies highlight issues of hierarchical institutional nestedness, lack of political decentralisation and social heterogeneity that stifle
social equity for Indigenous peoples in polycentric forest governance.

e Polycentric systems studies miss theoretical depth and contextual nuances of socio-economic, cultural and political dynamics across scales
and levels that underpin polycentric interactions (such as shared autonomy, coordination, conflict resolution) vis-a-vis social equity for
Indigenous Peoples.

e C(ritical and in-depth research on polycentric forest governance aimed at advancing just and inclusive performance of polycentric institutions
for social equity of Indigenous Peoples is warranted.

e This review offers a research agenda to strengthen the theoretical and empirical scope of polycentric governance by building stronger
bridges with scholarship on environmental justice.

SUMMARY

Polycentric governance systems are considered to have higher capacity to respond to emerging socio-ecological challenges. However, it remains
unclear how these systems improve institutions’ ability to solve problems of social inequity for Indigenous Peoples (IPs). This critical
appraisal identifies and critically engages with existing research on polycentric forest governance to understand how polycentric institutional
arrangements and governance mechanisms influence social equity for IPs, and how objectives related to IPs social equity are presented in
empirical studies on polycentric forest governance. A systematic review of literature reveals that studies examining polycentric forest gover-
nance vis-a-vis IPs social equity are extremely rare. The literature also exhibits inconsistency in examining complex polycentric governance
interactions — such as shared autonomy, coordination, conflict resolution mechanism — in relation to IPs social equity, including distributive
benefits, participatory rights and tenurial or cultural recognition in forest. Existing empirical studies show that polycentric interactions can
negatively affect IPs’ social equity through hierarchical institutional nestedness, lack of political decentralisation, and entrenched social hetero-
geneity. However, rich empirical insights are missing that critically delve into these connections in-depth across diverse contexts in polycentric
forest governance. This review offers a research agenda to strengthen the theoretical and empirical scope of polycentric governance scholarship,
particularly by building stronger bridges with the scholarship on environmental justice.

Keywords: polycentric governance, Indigenous Peoples (IPs), social equity, environmental justice, forests

INTRODUCTION

Polycentric governance systems are considered to have higher
capacity to respond to emerging socio-ecological challenges,
especially within increasingly interconnected and multi-level
governance arrangements (Pahl-Wostl and Knieper 2014).
Polycentric governance involves multiple institutions from
interdependent domains — including governments, communi-
ties, civil society organisations, businesses and others —
operating at different scales (ranging from local to global)
and exercising varying degrees of autonomy in governance
processes (Carlisle and Gruby 2019, Morrison et al. 2019,
Ostrom et al. 1961). This notion of polycentric governance
raises the question as to whether multiple independent

institutions or actors are able to cooperate to resolve complex
socio-ecological problems. In normative sense, polycentric
governance is advocated to have the potential to (1) mitigate
the risk of institutional redundancy by allowing other institu-
tions to take over regulatory measures when one fails to
deliver the desired goal, thereby maintaining viability of the
resource or outcomes, while (2) enhancing adaptive capacity
(i.e., the ability to adapt or adopt effective governance prac-
tices through learning, experience and partnerships) and (3)
institutional fit (ensuring that institutions have the capability
to effectively address the desired goal) (Carlisle and Gruby
2019). Polycentric systems are also considered advantageous
in promoting cooperation, collaboration, mutual adjustment,
and conflict resolution for effective collective action to
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deliver environmental or public good outcomes (Ostrom et al.
1961, Ostrom 2010).

However, it remains unclear how polycentric governance
could improve actors’ ability to solve problems of justice and
liberty — one of the fundamental aspirations upon which poly-
centric governance was originally conceptualised (Aligica
and Tarko 2012). An issue ever more important amid growing
uncertainties and precarity in the world. Thus far, there is
limited attention to address social equity issues in commons
and the underlying context that shape process-related perfor-
mance of polycentric governance for social equity outcomes
(Baldwin et al. 2023, Jordan et al. 2015, Nagendra and
Ostrom 2012, Thiel 2017). This concern is even more
pronounced when considering how polycentric systems affect
social equity for Indigenous peoples (hereinafter IPs social
equity).

The debate on social inequities has remained central to
critical forest commons' studies over the past three decades.
An extensive body of critical literature addresses questions of
social inequities and injustices, including critical decentral-
ised forest governance, critical property, resource entitlement,
political ecology and economy, feminist environmentalism,
and decolonization (Agrawal 2001, 2005, Beck and Nesmith
2001, Bijoy 2021, Blaikie and Brookfield 1987, Jodha 1998,
Ribot 1998, Robbins 2017, Sen and Pattanaik 2019, Sengupta
2021). Scholars argue that exclusionary approaches in the
appropriation and provision of common-pool resources’
disproportionately impact the livelihoods and traditional
practices of marginalised social groups, especially Indigenous
minorities (Beck and Nesmith 2001, Bose et al. 2012,
Johnson 2001, Li 2007, Loughlin and Milne 2020). Social
inequities — including unequal distribution of resources, its
associated benefits, IPs exclusion from decision-making
processes, disregard for free, prior and informed consent and
non-recognition of customary rights, values and knowledge
systems — further displace and push marginalised Indigenous
groups into endless cycle of poverty, landlessness and poor
well-being (Beck and Nesmith 2001, Bose 2012, Kashwan
2013, Loughlin and Milne 2020). Schlosberg’s (2007) envi-
ronmental justice framework offers a comprehensive set of
principles of justice to mitigate such social inequities, encom-
passing distribution, procedural and recognition justice. Dis-
tributional justice focuses on equal distribution of resources
and associated benefits, including rights over land and forest
tenure. Procedural or participatory justice comprises active
and engaged participation necessary for individuals to attain
and transform distributional rights or governance functions.
It includes effective free, prior and informed consent mecha-
nisms, decision-making authority in and capacity building
for forest governance processes. Lastly, recognition justice
refers to rights that acknowledge individuals’ or communities’

cultural significance of resources, their rights of self-
determination and their practise of traditional knowledge
systems, and skills in natural landscapes. Environmental
justice principles offer a comprehensive framework to address
social inequities in socio-ecological systems.

Even though IPs social equity is considered crucial for
sustainable development and effective environmental out-
comes (Dawson et al. 2021, Kaur et al. 2023, Parsons et al.
2022, Pedersen 2016, RRI 2020), accumulated knowledge
remains limited regarding how complex interconnected inde-
pendent governance systems interact through cooperation
or conflict resolution mechanisms across decision-making
arenas, especially for IPs social equity. Thus far, there is lack
of critical in-depth understanding on whether and how poly-
centric forest governance systems work (or not) for IPs social
equity — i.e., to ensure equitable distribution of resources,
participation in decision-making, effective free, prior and
informed consent mechanism, decision-making authority
and capacity building and recognition of socio-cultural rights,
self-determination, knowledge systems, and skills.

To address this gap, this review identifies and critically
engages with existing research on polycentric forest gover-
nance to understand how polycentric institutional arrangements
and governance mechanisms influence IPs social equity, and
how objectives related to IPs social equity are presented in
empirical studies on polycentric forest governance. While the
purpose of the review is to synthesise current knowledge
on how polycentric forest governance may (or may not) work
for IPs social equity, it also draws insights from research on
social equity outcomes in other resource systems, such as
fisheries, marine and climate governance. Through a system-
atic appraisal of the literature, empirical studies were exam-
ined using Carlisle and Gruby’s (2019) theoretical assertions
on polycentric governance, with special emphasis on shared
autonomy, coordination and conflict resolution mechanism.
This critical appraisal highlights lack of depth and nuances in
existing polycentric forest governance research in relation to
IPs social equity. While polycentric governance systems offer
promising alternatives to resolve multi-scalar collective
action problems, there is a lack of critical, in-depth, empirical
research that warrant such claims. This review stresses the
need to rethink polycentric governance by placing autonomy
at the centre of analysis, debate and discussion, as it is the
only aspect that systematically distinguishes polycentric
governance from other governance systems such as multi-
level or collaborative governance. This rethinking will steer
polycentric research toward analysing complexity in shared
autonomy and interlinked cooperative and conflict resolution
interactions in governance systems for efficient and equitable
outcomes. This review offers a research agenda to strengthen
the theoretical and empirical scope of polycentric governance

! Drawing from Andersson and Agrawal (2011), Chhatre and Agrawal (2008) and Kashwan and Lobo (2014), T use ‘forest commons’ and
‘community forests’ interchangeably since both terms coincide with each another in reference to community based forest governance

systems.

Common-pool resources or commons refer to a resource system such as forests, grazing land from which potential beneficiaries obtain benefits

(Ostrom 1990). These systems develop set of agreed upon rules and arrangement that govern access to and the use of natural resources.
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scholarship, especially with the goal of building stronger
bridges with scholarship on environmental justice, moral
economy, and critical property. It is important to note that this
appraisal should not be regarded as a comprehensive review
of polycentric governance and social equity, but rather as a
focused critical examination of the influence of polycentric
forest governance on IPs social equity.

The following section establishes the theoretical frame-
work of polycentric governance and outlines its essential
characteristics. The methodological approach that guides
this critical literature appraisal is then presented, including
sampling strategy, coding and analysis. Subsequently, findings
are presented on the nature and depth of polycentric studies
concerning IPs social equity and how (or whether) polycen-
tric forest governance influences IPs social equity. These
findings are then discussed with broader polycentric gover-
nance arguments and key knowledge gaps. Finally, future
research directions and agenda are proposed in the conclusion.

POLYCENTRIC GOVERNANCE: CONCEPTUAL
STRUCTURE, HISTORY AND FEATURES

Conceptually, polycentric governance refers to a complex
arrangement of multiple, overlapping decision-making centres
who may operate with some degree of autonomy and act in
ways that take account of each other through processes
of cooperation, competition, conflict and conflict resolution
(Carlisle and Gruby 2019, Ostrom 1991). In simple terms,
polycentricity refers to many centres that enjoy the freedom
to make individual contributions to decision-making on deter-
mining and enforcing the rules of law for effective delivery of
public goods and services. In this sense, polycentric institu-
tions and actors “act on their own behalf, without centralised
coordination” in a governance system (Carlisle and Gruby
2019:933).

Michael Polanyi first used the term, referring to it as “a
social system of many decision centers having limited and
autonomous prerogatives and operating under an overarching
set of rules” (Aligica and Tarko 2012:237). Later, the contours
of the concept were operationalised by Ostrom et al. (1961)
in their empirical examination of metropolitan governance
and public administration in Los Angeles, USA. In line with
Polanyi, they observed multiplicity in political jurisdictions?
that function in independence to one another and note:

“Polycentric” connotes many centers of decision-making
which are formally independent of each other. Whether
they actually function independently, or instead constitute
an inter-dependent system of relations, is an empirical
question in particular cases. To the extent that they take
each other into account in competitive relationships, enter

into various contractual and cooperative undertakings or
have recourse to central mechanisms to resolve conflicts,
the various political jurisdictions in a metropolitan area
may function in a coherent manner with consistent and
predictable patterns of interacting behavior. To the extent
that this is so, they may be said to function as a “system”.
(Ostrom et al. 1961:831)

Building on this conceptualisation, Ostrom and colleagues,
found through a series of studies on police services in the
United States that “polycentric arrangements with small,
medium, and large departmental systems generally outper-
formed cities that had only one or two large departments”
(Aligica and Tarko 2012: 243 citing McGinnis 1999). The
idea was simple: more independent governments at different
levels produce superior public service outcomes than a few
large units. This notion spoke directly to emerging debates on
efficiency of monocentrism and polycentricism in political-
administrative governance systems. Importantly, polycentric
governance not only optimizes outcomes for public goods and
services but also “seems to be a necessary condition for
achieving ‘political objectives’ such as liberty and justice”
(Aligica and Tarko 2012:245) as it provides “more opportu-
nity for citizens and their officials to innovate and to intervene
so as to correct maldistributions of authority and outcomes”
(Aligica and Tarko 2012:246 quoting Ostrom 1998).

In later work, Ostrom (1991:225) defined polycentric
governance in a more succinct and structured manner, arguing
that “a polycentric political system would be composed of:
(1) many autonomous units formally independent of one
another, (2) choosing to act in ways that take account of
others, (3) through processes of cooperation, competition,
conflict, and conflict resolution.” These ideas were subse-
quently adopted in the domain of governance of commons or
common-pool resources by Elinor Ostrom to challenge the
popular Gargantua model or “centralised command and
control approach” of governance of socio-ecological systems.
Since then, polycentric governance has become a subject
of significant interest in commons and natural resource
management.

It is important to note that polycentricity is considered
richer than federalism (or even legal pluralism or hybrid
or collaborative governance), where governance units extend
beyond formal political units of government and may include
formal and informal institutions or actors (including private
enterprise and NGOs with some degree of independence)
across and within scales in the process of governance (Aligica
and Tarko 2012, McGinnis and Ostrom 2011, Morrison et al.
2017, Stephan et al. 2019). Moreover, in polycentric institu-
tional arrangement, decision-making centres emerge sponta-
neously rather than through structured design, for “optimal
allocation of resources and distribution of products” as

3 Here, the term ‘political jurisdiction’ is not used in the traditional sense referring only to the state (which many scholars used in context to
polycentric governance as highlighted by Stephan et al. (2019:23); rather, it is used in a broader sense that includes the critical roles of private
firms and non-profit organisations, NGOs and local groups in operating and producing public goods (that may be under regulations set by

state agencies (Ostrom et al. 1961).
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opposed to centralised planning (Polanyi 1951:179). Polycen-
tric governance systems in this way incorporate a wide range
of overlapping institutions, including formal government
agencies, civil society organisations, businesses, courts,
community institutions and individuals which may overlap
at multiple geographic levels (e.g., local, state and national)
and also cut across jurisdictional units (such as various
departments of a government) to enforce decisions (Carlisle
and Gruby 2019). Within this setup, while formal rule-making
authority often resides with state and local institutions, other
actors such as civil society organisation play ‘critical support-
ing roles’ in enforcing rules and influencing policies deci-
sions (McGinnis and Ostrom 2012:15). For instance, Gupta
and Koontz (2019) found that non-government organisations
in India played a pivotal role in directing local communities
toward available resources, facilitating training and providing
information on policy instruments made available by the
government while also acting as mediators for technical and
financial support (see, Meinzen-Dick et al. 2021). In this
sense, polycentric configuration at multiple levels and scales*
is considered significant for striking a balance between
centralised (or top-down) governance and decentralised or
bottom-up management of resources (Imperial 1999).

Institutional autonomy, where many autonomous units
are formally independent of one another without centralised
control, is considered one of the most important aspects of
polycentric governance. While initially formal de jure auton-
omy was considered an important qualifier of polycentric
governance (Ostrom et al. 1961), informal de facto indepen-
dence in decision making proves equally significant (Marshall
2015, Ostrom 1990). For instance, in the case of Maine fish-
ery, user groups known as “harbor gangs” exercised authority
in making and enforcing unwritten rules and norms on fishing
regulations in the region (Low er al. 2003:105). However,
shared autonomy is not the most common phenomenon
observed in the majority of empirical studies. For instance,
Marshall (2015) and Mudliar (2020) noted that while central
governments may formally recognise devolution of, or
independence in, decision-making to local community insti-
tutions, they may nevertheless continue to hold substantial
control over decision-making through limited subsidiarity,
fiscal dependence and lack of financial incentives, thus
limiting shared autonomy.

In theory, polycentric institutional configurations should
provide actors “a wide array of possible coordination mecha-
nisms to structure their interactions.” (Baldwin 2023:5).
However, polycentric interactions — where decision-making
centres choose to act in ways that take account of others
through processes of cooperation, competition, conflict, and
conflict resolution — constitute a self-organising exercise. As
Lebel et al. (2006) argue, governance systems can persist and
adapt or co-operate without centralised control or direction.

To establish cooperative linkages, polycentric actors must be
willing to undertake voluntary joint action, mutually adjust
and trust each other (Kellner et al. 2019). For instance, formal
institutions that lack the capacity or resources to perform
production functions for delivery of a good or services related
to natural resources would often outsource such production
functions to capable actors, such as research scientists, NGOs
and local community, as a means to cooperate in policy
implementation (Carlisle and Gruby 2019). Polycentricity
in this sense “allows considerable mixing and matching
of consumption, provision, and production units operating
at different scales of aggregation,” which forms part of a
deliberative process (McGinnis 1999:4).

Carlisle and Gruby (2019) argued that cooperation,
competition and conflict resolution are inextricably intercon-
nected. Blomquist and Schroder (2019:55), in agreement with
Carlisle and Gruby, noted that actors may compete or conflict
with each other “for power and influence, for more material
matters such as revenue or territory or personnel, or even for
constituents.” Such competition and disputes over distribu-
tional issues can undermine cooperation and lead to intense
conflict among actors (Poteete and Ostrom 2004). If compet-
ing interests remain unresolved, they can stymie improvements
in a governance system. Therefore, maintaining equilibrium
among competing interests becomes critical to conflict reso-
lution and the effective functioning of a polycentric governance
system. To enable conflict resolution, actors must either see
diminishing incentives to engage in conflictual behaviours or
be “willing to compromise on an issue” (Heikkila 2019:134).
However, establishing these mechanisms is heavily influ-
enced by political-economic interests, available resources and
the level of authority an institution has or can exercise over
another (Dietz et al. 2003).

Based on the foundational conceptualisation by Ostrom
et al. (1961), Carlise and Gruby (2018) proposed a set of
enabling conditions (i.e., contextual characteristics) and key
attributes necessary to achieve desired governance outcomes
for effective socio-ecological systems. They identified two
key attributes of polycentric systems: (1) multiple, overlap-
ping decision-making centres with some degree of autonomy;
(2) choosing to act in ways that take account of others through
processes of cooperation, competition, conflict and conflict
resolution. Within these two attributes, they offered theoreti-
cal proposition about seven enabling conditions that include:
(1) decision-making centres employ diverse institutions, (2)
decision-making centres exist at different levels and across
political jurisdictions, (3) the jurisdiction or scope of author-
ity of decision-making centres is coterminous with the bound-
aries of the problem being addressed, (4) generally applicable
rules and norms structure actions and behaviours within the
system, (5) decision-making centres participate in cross-scale
linkages or other mechanisms for deliberation and learning,

4 Drawing from Gibson et al.’s (2000) definition, I use the terms ‘level” and ‘scale’ distinctly. Gibson et al. (2000:218) define ‘scale’ as “the
spatial temporal, quantitative or analytical dimensions used to measure and study any phenomenon”. In contrast, ‘level’ is defined as
“units of analysis that are located at different positions on scale”. In this study, I use the term scale to refer to the jurisdictional dimension of
institutions and level to denote the unit of analysis within each jurisdictional scale.
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(6) mechanisms for accountability exist within the gover-
nance system, (7) a variety of formal and informal mecha-
nisms for conflict resolution exist within the system. They
theorized that the presence of these enabling conditions and
attributes makes polycentric governance robust and functional
for effective management of natural resources. For instance,
they noted that institutional diversity, cross-scale linkages for
deliberation and learning and conflict resolution mechanism
enhance the adaptive capacity of a governance system to man-
age actual or anticipated social or ecological change. Such
polycentric models are considered advantageous not only
to enhance adaptive capacity of institutions, but also reduce
institutional redundancy and produce institutions that are a
good fit to address the sustainability problem in question.
However, these benefits are subject to the inherent com-
plexity of polycentric governance systems, their context, and
the way they have evolved or changed over time (Baldwin
2023). It is important to note that the theoretical models of
polycentricity have not yet been tested widely and there are
only a handful of empirical studies that comprehensively
speak to its normative assertions. Nonetheless, scholars
argue that even though there are multiple, semi-autonomous
decision units situated across different scales and levels, this
does not guarantee that these units would take one another in
account through cooperation, competition or conflict resolu-
tion (Marshall 2015, Pahl-Wostl and Knieper 2014). Since
diverse decision centers may have varied perspectives, values,
resources, interests and goals, or have different rules and
procedures through which they balance conflicting interests,
polycentric governance may not perform as normatively
desired (Baldwin 2023). Studies show that polycentric
systems can weaken democratic accountability (de Wit and
Mourato 2022, Lieberman 2011, Thiel and Moser 2018), or
dilute the powers of locally accountable actors (Greer et al.
2018, Miiller and Chaliganti 2016). Similarly, multiplicity
and power imbalances in polycentric systems can easily
crowd out marginalized social groups and their traditional
institutions, as they often lack the resources and capacity to
participate in the complex governance arrangements (Carlisle
and Gruby 2018, Ebel 2020, Komakech and Zaag 2013).
Drawing on the normative assertions and practise of polycen-
tric governance, focusing on attributes of shared autonomy,
cooperation and conflict resolution mechanism, this review
critically examines empirical research on polycentric forest
governance vis-a-vis IPs social equity. The next section
presents methodological approach that guides the critical
appraisal, including sampling strategy, coding and analysis.

METHODOLOGY

A systematic review of literature on polycentric governance
systems was carried out to identify nuances and knowledge
gaps in existing empirical research on IPs social equity in
forests. Below, the sampling strategy and analysis employed
in the study are presented.

Sampling strategy

A series of searches on online databases was conducted using:
Science Direct and Scopus, Web of Science, JSTOR, and
Wiley Online Library; and search engines: Google Scholar
and Australian National University Library SuperSearch. The
search terms were initially informed by a review of scholarly
research papers, review articles, book chapters, and webinar/
seminar proceedings. A more comprehensive set of results
from peer-reviewed journal articles, books and book chapters
was ensured by using both databases and search engines
(Levitt 2018).

The search terms include: “polycentricity”, “polycentric
governance”, “community-forestry”, “community forests”,
“community-based forest governance”, ‘“decentralisation”,
“decentralization”, “decentralised governance”, “decentralized
governance”, “forest commons”, “forest”, “forest governance”,
“social equity”, “Indigenous peoples”, “First Nation peoples”,
“Aboriginal” “Indigenous justice” and ‘“Indigenous social
equity”. The search strategy was developed through an initial
review of literature and was refined iteratively. For instance,
initial terms were focused on ‘polycentric governance’ and
‘community-based forest governance’, which were later
expanded to include terms such as forests, forest commons,
community forestry, community forests. These search terms
were combined using the Boolean operator ‘OR’ and ‘AND’
between each term to refine searches and retrieve relevant
literature. In databases, searches were restricted to titles,
abstracts, and keywords; in search engines, the terms were
searched across the full text.

A total of 138 articles were retrieved from all the data-
bases and search engines, covering publications up to 2023.
All records were imported into Mendeley and duplicates were
removed using automated detection followed by manual veri-
fication. Duplicates were defined as records with identical
author, title, and publication year, or matching DOI numbers.
Thirty-seven duplicates were removed through this process.

These articles were screened in three phases. In the first
phase of screening, the articles (n=101) were separated into:
(a) theoretical or review articles (n=32) and (b) empirical
research articles (n=69). Abstracts of empirical research
articles were reviewed at this phase. Theoretical articles were
read in full to understand intricate details of normative asser-
tions of polycentric governance, as presented in the previous
section. In second screening phase, empirical research articles
were further divided into case studies on forest commons
(n=27) and other resource commons such as marine, coastal
and fisheries management (n=42). Each article was individu-
ally screened using Mendeley’s search function, with terms
such as forest, forestland, land, tenure and REDD+ being
applied. Full texts were then reviewed.

Lastly, in the third screening phase, empirical studies on
forest commons were assessed more strictly, as many studies
were found to have referenced polycentric governance only in
passing — often as a potential governance solution or narrative
— without providing substantive empirical evidence on its
arrangements or functions. A similar pattern was observed in
studies addressing IPs social equity. The following exclusion
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criteria were used to screen the empirical studies: (a) articles
without explicit focus on or discussion of polycentric gover-
nance interactions based on the theoretical framework, and
(b) articles without explicit reference to or discussion of IPs
social equity (presented in Table 1). The full text of the
articles was reviewed. To ensure screening reliability, 10
randomly selected abstracts were re-reviewed after one week,
which yielded 100% agreement with initial decisions. Sys-
tematic random sampling was used, with every second record
being selected from an alphabetically arranged list of articles
and these being reviewed using search terms such as polycen-
tric, polycentric governance, Indigenous, Indigenous peoples,
tribal, Aboriginal and First Nations.

Ultimately, only four empirical case studies that fully or
partially draw attention to and highlight polycentric forest
governance in relation to IPs social equity were identified. To
minimize potential bias and enhance reliability, all screening
and extraction decisions were documented in detail, specify-
ing the rationale for each decision. A detailed record was also
maintained, outlining the rationale for each inclusion and
exclusion decision (supplemental data available upon request).

Coding and analysis
The analysis of the final set of articles involved retrieving,
synthesising, and coding information, according to the elements

of polycentric governance framework (i.e., shared autonomy,

TABLE 1 Systematic literature review process

cooperation and conflict resolution mechanism) and their
effects on IPs social equity (i.e., distribution of resources, par-
ticipation and authority in decision-making and recognition
of socio-cultural rights). A codebook was developed to track
polycentric attributes and social equity features in the empiri-
cal articles. Each paper’s research questions, objectives and
findings were also summarised in Mendeley.

Given the limited literature addressing IPs social equity
in polycentric forest governance, empirical studies were also
examined broadly based on social equity outcomes in forest
and in other polycentric resource governance systems. Rele-
vant studies were identified from forest commons (n=23) and
other commons articles (n=42). For forest commons studies,
the decision rationale used in third screening phase was
referred to in order to identify relevant studies examining IPs
social equity. For other resource commons, searches were
conducted within each article for terms such as Indigenous
peoples, First Nations, Aboriginal, tribal, equity, social
equity, participation, participatory, decision-making, rights to
identify relevant studies. An open-ended coding process was
used to summarise key arguments and findings.

It is important to note that this review does not claim to
provide a comprehensive survey of polycentric governance
systems, and no claim is made regarding the extent to which
the selected studies represent the full range of polycentric
experiences. Instead, this appraisal offers critical understand-
ing on: first, the existing knowledge gaps in polycentric

Identification Records identified

Databases: Science Direct, Scopus, Web of Science, JSTOR, Wiley Online Library

Search terms: polycentricity, polycentric governance, community-forestry, community forests,
community-based forest governance, decentralisation, decentralized governance, forest commons,
forest, forest governance, social equity, Indigenous peoples, First Nation peoples, Aboriginal,

Indigenous justice and Indigenous social equity

Records retrieved (up to 2023)

138

Screening Duplicates removed

37

Records after duplicates

101

Abstracts screened and classified:

Theoretical/review articles

32

Empirical research articles

69

Empirical article Review of 69 empirical papers, classified as:

screening — Forest commons case studies

27

— Other resource commons (marine, coastal, fisheries) 42

Eligibility

Full-text review of empirical forest commons studies 27

Exclusion criteria:

1. No explicit reference to Indigenous social (in)equity outcomes (e.g., distributive inequalities,

participation, cultural rights)

2. No explicit discussion on polycentric governance interactions in the context of community

forest management

Empirical case studies highlighting polycentric forest governance and Indigenous social equity 4

Qualitative

synthesis analysis

Due to limited empirical studies, forest and other commons studies are also synthesised in the 65
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literature in relation to IPs social equity outcomes, and
second, the nature, scope and nuances missing in the available
literature on IPs social equity in polycentric forest gover-
nance. The findings of this qualitative analysis are presented
in the following section.

FINDINGS

Nature and depth of studies on polycentric forest
governance for IPs social equity

There are very few empirical studies (n=27) that either
mention or engage (partially or fully) with polycentric forest
governance in relation to social equity outcomes. Among
these studies, the majority (n=11) focus on polycentric gover-
nance interactions without specific emphasis on IPs social
equity. A few studies (n=5) engage with IPs social equity
issues in forest commons but do not explicitly address poly-
centricity in theory or practice. Many studies (n=7) examine
forest commons without engaging with either IPs social
equity or polycentric governance features. Only a handful
of studies (n=4) examine how polycentric forest governance
systems affect IPs social equity by considering distributive
benefits, participatory rights, and cultural recognition. Most
studies examine these interlinkages partially, with limited
focus on the full range of IPs social equity elements or poly-
centric governance system aspects. There is inconsistency in
the literature in examining complex polycentric governance
interactions (such as shared autonomy, coordination, conflict
resolution mechanism) in relation to IPs social equity dimen-
sions of distributive benefits, participatory rights and cultural
recognition in forest commons.

The majority of the studies highlight only specific con-
figurations of polycentric governance or particular aspects
of IPs social equity. Most studies consider polycentricity as
institutional diversity and overlapping jurisdictions that coor-
dinate with each other, a few examine governance interactions
and interlinkages concerning shared autonomy and conflict
resolution mechanisms. For instance, studies rarely engage
explicitly with how polycentric actors share decision-making
autonomy with IPs and their formal or informal institutions
(with the exception of de Wit and Mourato 2022). Similarly,
research seldom addresses what conflict resolution mecha-
nism exist, how they operate, for whose benefit, and how
they affect collective action within a particular institutional
contexts (except in studies such as Bissonnette et al. 2018,
Meinzen-Dick et al. 2021). These finding regarding inconsis-
tencies in examining polycentric governance echo the obser-
vations of empirical research on polycentric environmental
governance by Baldwin et al. (2023).

The depth and nuance of IPs social equity analysis also
remain limited in the majority of these studies. Even when
studies account for polycentric forest governance systems
in their complex multi-level (vertical institutions) multi-actor
(horizontal institutions) configurations and interactions,
many do not move beyond a narrow framing of IPs social

equity focused on participation and usufruct forest rights
(with few exceptions such as de Wit and Mourato 2022 and
Meinzen-Dick et al. 2021). Most studies narrowly define IPs
social equity in terms of (a) distributive benefits i.e., equitable
access to and use of forests, and (b) participation in collective
forms or councils, where IPs involvement often remains
limited to voicing concerns. Only de Wit and Mourato (2022)
highlight the issue and importance of Indigenous autonomy
(independence in decision-making) in forest governance,
moving beyond mere participation or involvement in collec-
tive forums.

Furthermore, recognition of IPs territorial, cultural and
spiritual rights remain entirely unaddressed in these studies,
with the exception of de Wit and Mourato (2022). Polycentric
forest governance studies do not explicitly engage with
IPs decision-making autonomy in forest governance, their
conservation and management rights, or the recognition of
their cultural and territorial rights and knowledge systems in
forest systems. In the study by de Wit and Mourato (2022) for
instance, IPs in the Amazon face serious concerns regarding
their rights over ancestral care, spirituality, and recognition of
cultural and territorial rights, concerns that remain unaddressed
in the polycentric arrangement of forest governance.

Overall, existing empirical research offers a limited under-
standing and insights into polycentric governance features
and IPs social equity aspects in forest commons. Studies from
other resource systems present similar patterns, with only a
small amount of empirical research highlighting how poly-
centric governance hinders or supports IPs equity issues in
natural resource governance (including Aswani et al. 2017,
Ebel 2020, Rodriguez-Ward et al. 2018).

What do we know about how polycentric forest
governance influences IPs social equity?

Most empirical studies examine polycentric governance
features for resource efficiency with only passing reference to
the issue or importance of social equity or Indigenous peoples
(with the exception of de Wit and Mourato 2022). Given
the limited focus of existing literature on polycentric forest
governance vis-a-vis IPs social equity, providing a concrete
response to whether or how polycentric forest governance
affects IPs social equity remains challenging. Nonetheless, a
common trend emerges from these studies suggesting power-
ful higher-level authorities generally exclude IPs and ignore,
undermine or crowd-out their traditional institutions and
authorities in decision-making processes within commons
(Bissonnette et al. 2018, Bixler 2014, Carlisle and Gruby
2018, de Wit and Mourato 2022, Ebel 2020, Gallemore et al.
2015, Garcia Lépez and Antinori 2018, Komakech and Zaag
2013, Long et al. 2018, Lorenzini 2022, Sovacool et al. 2017).
For instance, in de Wit and Mourato’s (2022) study in Peru
and Brazil, IPs traditional institutions and authorities faced
systematic undermining, even though some of the Indigenous
regional organisations participated in Indigenous Working
Groups for REDD+ low carbon development strategy. Indig-
enous organisations were mainly involved as participants in
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sporadic working group discussions for the carbon develop-
ment strategy with little to no decision-shaping authority.
This participatory arrangement neglected IPs autonomy in
decision-making and their distinct perceptions of nature —
rooted in spirituality, ancestral care and cultural values — by
reducing forests to carbon storage and stock indicators, that
many Indigenous organisations did not relate to.

The studies highlight three key critical issues within
polycentric forest governance mechanisms that affect IPs
social equity, including, hierarchical institutional nestedness,
inadequate political decentralisation and social heterogeneity.
These critical issues also emerge in broader empirical research
on polycentric governance across diverse resource systems.
Regarding hierarchical institutional nestedness, several studies
found that institutions which nested hierarchically (i.e., insti-
tutions taking orders or directives from above) substantially
undermine IPs decision-making and sovereignty in forest
governance, even when the institutional structure is formally
designed to function in a polycentric way. For instance,
studies highlight that powerful state and even non-state
actors (such as civil society organisation and local leaders)
at regional and sub-national levels determine IPs engagement
in local community institutions or participatory forums
(Adhikari 2026, Bixler 2014, Marshall 2008, Meinzen-dick
et al. 2021). In diverse geographical and resource contexts,
participatory and collaborative decision-making involving
IPs remains largely limited to consultations (on paper or in
terms of raising concerns) and coordination (to implement
activities) on pre-determined conservation goals and objec-
tives set by the higher-level powerful institutions or is entirely
absent (Adhikari 2026, Bissonnette ef al. 2018, Bixler 2014,
de Wit and Mourato 2022, Jedd and Bixler 2015, Kashwan
2013, Long et al. 2018, Rodriguez-Ward et al. 2018). Power-
ful higher-level state and non-state actors often maintain and
reinforce the hierarchical institutional status quo in forest
governance. In doing so, they systematically disable venues,
opportunities, and mechanisms for addressing conflicting
interests and/or establishing cooperative linkages with Indig-
enous groups, in order to advance their own political-economic
interests and priorities (Adhikari 2026, Kashwan 2013).

A slew of studies highlight inadequate political decen-
tralisation — i.e., the absence of meaningful devolution of
power, authority and resources to communities or their insti-
tutions — to marginalised Indigenous groups in polycentric
systems (Agrawal and Ribot 1999, Carlisle and Gruby 2018,
Komakech and Zaag 2013, Lorenzini 2022). Even though
formal rules recognise the importance of IPs and their institu-
tions in forest governance, their cultural and appropriation
rights, and their free, prior and informed consent in develop-
mental and conservation activities, the groups are most often
kept devoid of authority, resources and capacity (Bissonnette
et al. 2018, Garcia Lopez and Antinori 2018, Marshall 2008).
Because of the lack of devolved decision-making authority,
fiscal resources, or empowerment to uptake their responsi-
bilities in forest governance, what results is a ‘top-heavy form
of polycentricity’ where decision-making is dominated by
high-level institutions and Indigenous groups involvement
remain limited to either voicing concerns in collective forums

or public consultation (Carlisle and Gruby 2018:233, Long
et al. 2018, Marshall 2008). Studies in other resource commons
similarly highlight how inadequate devolution of authority
and resources to marginalised social groups systematically
excludes them from active participation due to high transac-
tion costs in cross-scale and cross-level collaboration and
conflict resolution mechanisms (Heikkila 2019, Gallemore
et al. 2015, Larson and Lewis-Mendoza 2012, Lubell et al.
2020).

Only a handful of empirical studies on polycentric forest
governance emphasize social heterogeneity as a critical factor
in constraining IPs social equity. Studies show that socio-
economic heterogeneity results in marginalised Indigenous
groups and their institutions being either captured and con-
trolled by powerful local elites and non-Indigenous groups,
or disregarded entirely in top-down governance processes,
thereby eroding IPs agency in collective decision-making
(see, Adhikari 2026, Kashwan 2016, Kashwan er al. 2021,
Larson and Lewis-Mendoza 2012, Mudliar and Koontz 2018).
Such heterogeneity hinders cooperation within social milieu
and with other actors, who may distrust each other due to
differences in preferences and interests (Aswani et al. 2017,
Ebel 2020, Komakech and Zaag 2013, Mudliar and Koontz
2018, Rodriguez-Ward et al. 2018). Deeply rooted social
hierarchies further alienate IPs from their territorial and
spiritual rights (Adhikari 2026). While some studies show
that clear policy design and implementation (Bissonnette
et al. 2018) and involvement of supporting actors such as
civil society organisation (Baland and Platteau 1997, Long
et al. 2018, Meinzen-dick et al. 2021, Pedersen 2016,
Tormos-Aponte and Garcia-Lopez 2018), may help balance
micro-power asymmetries and overcome cooperation failure,
these measures do not necessarily encourage genuine shared
autonomy with IPs or establish collaborative decision-making
with marginalised IPs (Adhikari 2026, Ebel 2020, Rodriguez-
Ward et al. 2018). As a result, IPs territorial and spiritual
rights remain sidelined within polycentric forest governance.
Moreover, intra-community heterogeneity marginalises certain
sections of IPs from others. For example, in Acre (Brazil),
Indigenous communities themselves highlighted that small
Indigenous groups were excluded from REDD+ Indigenous
Working Groups, with participation dominated by Indigenous
stakeholders based in capital cities. In this case, the social
heterogeneity within Indigenous communities is perpetuated
by a top-down governance model, which not only solidifies
existing social dynamics but also limits establishment of
collaborative linkages and conflict resolution mechanisms
(Ebel 2020, Komakech and Zaag 2013).

DISCUSSION

Polycentric governance systems are proposed to resolve
collective action problem when multiple independent actors
across scales and levels decide to cooperate and establish
conflict resolution mechanisms. Even though diversity of
actors is contended to make governance more challenging
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for resolving collective action problems, what is missing in
polycentric governance studies is examination of how inde-
pendence or autonomy of decision-making centers are config-
ured and operationalised in polycentric governance systems.
This literature review suggests that polycentric studies lack
depth in examining the range of polycentric governance
features (such as shared autonomy and conflict resolution
mechanism) and IPs social equity aspects (including IPs
distributive benefits, participatory rights and cultural recogni-
tion) in forest governance. Moreover, only a handful of studies
examine polycentric governance in relation to social equity
for Indigenous peoples. Most of these studies highlight criti-
cal issues within polycentric forest governance mechanisms
that stifle IPs social equity outcomes, including, hierarchical
institutional nestedness, inadequate political decentralisation
and entrenched social heterogeneity.

While these issues may not capture the full range of
dynamics within polycentric interactions, they are commonly
observed across broader critical polycentric governance
studies. In most polycentric governance systems, institutions
are hierarchically nested where higher-level institutions
establish partnerships with local institutions or communities
(and not vice-versa) to advance their own political-economic
interests (Adger et al. 2005, Young 2006). Such collabora-
tions frequently take the form of state-controlled community-
based natural resource management, in which state-designed
initiatives steer coordination with community actors rather
than fostering genuine subsidiarity and voluntary cooperation
among overlapping actors across scales, especially IPs
(Marshall 2008, Morrison 2017, Mudliar 2020, Mudliar and
O’Brien 2021). Studies suggest that nested bureaucratic pro-
cedures commonly prioritise goal achievement while avoiding
exhaustive coordination procedures and public deliberations.
As a result, dominant actors and institutions bypass demo-
cratic principles and processes in governing the commons,
thereby hindering effective integration of IPs in forest gover-
nance (Black 2008, Huitema er al. 2009, Lane and Morrison
2006, Rodriguez-Ward et al. 2018, Skelcher 2005).

Instead of enhancing the adaptive capacity of decentral-
ised institutions, dominant actors tend to resist sharing
technocratic expertise and maintain institutional nestedness,
without granting shared autonomy in implementation and
decision-making processes (Koontz 2006, Mudliar and
O’Brien 2021). Consequently, decision-making becomes ad
hoc (Wyborn 2015) and formal processes become dominated
by powerful interests (Adger et al. 2005, Koehler and Koontz
2008, Purdy 2012). These dynamics skew information and
knowledge in favour of powerful formal actors, limiting
exchange of information considered in collaborative efforts,
especially for marginalised social groups (Koontz 2019).
Such imbalances often lead to heightened conflictual behav-
iours and weakened (or absent) formal conflict resolution
mechanisms (Heikkila 2019). Ultimately, asymmetries of
authority, information and resources result in grave margin-
alisation of Indigenous communities, even within Indigenous
groups (Carlisle and Gruby 2018, de Wit and Mourato 2022,
Hamilton et al. 2018, Kashwan 2015). Moreover, top-down

enforcement contributes to maladaptive governance proce-
dures that fail to produce effective ecological and social out-
comes (Aswani 2017, Ebel 2020, Mudaliar 2020, Mudliar
2023, Rodriguez-Ward et al. 2018).

Marshall (2008), among other critical polycentric schol-
ars, strongly argues that appropriate subsidiarity and shared
autonomy among overlapping state and non-state actors,
combined with structural governance reforms, can challenge
hierarchically nested enterprises that entrench the dominance
of powerful agencies (Adger et al. 2005, Biddle and Baehler
2019, Carlisle and Gruby 2018, Gruby and Basurto 2014,
Young 2006). Devolution of authority and resources to IPs
and their institutions to manage access, use and control of
commons is also considered crucial to ensure accountability
and transparency in governance systems (Xu and Ribot 2004).
It also builds social capital and facilitates bargaining and
enforcement in situations of competing interests (Biddle
and Baehler 2019, Garrick and Villamayor-Toméds 2019). For
meaningful commons management, policies are thus required
to “transcend the ‘bundle of rights’ framework to embrace
a ‘bundle of powers’ approach, empowering Indigenous
communities, democratic institutions as well as relevant cross-
scale and cross-level state and non-state actors” (Adhikari
2026:19). To achieve this, formal recognition and political
decentralisation (sharing of autonomy) of traditional informal
IPs institutions is warranted (Lorenzini 2022), along with
reforms that address institutional political economy within
policy design and community-based governance practices.
Furthermore, political decentralisation requires strong fiscal,
technical and administrative support from cross-scale state
and non-state actors that can establish cooperative linkages
and provide robust conflict resolution mechanisms (Carlisle
and Gruby 2018, Koontz et al. 2019, Lorenzini and von
Jacobi 2024, von Benda-Beckmann 1981).

Moreover, cross-level and cross-scale institutional inter-
actions among quasi-autonomous institutions may create new
synergies and partnerships capable of challenging dominant
vested interests or advancing new social claims (Ebel 2020,
Pedersen 2016). Such interactions may compel powerful
elites or local institutions to partially, if not entirely, alter their
positions and interests and facilitate more equitable distribu-
tion of resources in the commons. However, social heteroge-
neity at the local level restricts creation of equitable venues
and opportunities for IPs to control, use, access and manage
resources (Aswani et al. 2017, Ebel 2020, Mudliar and Koontz
2018, Rodriguez-Ward et al. 2018). This occurs because
collaborative processes in heterogenous social milieus are
often shaped by evolving, unwritten norms, where underlying
values of difference, competition, and domination take prece-
dence, thereby crowding out marginalised IPs, their traditional
institutions, rights, priorities, aspirations and knowledge (Ebel
2020, Skelcher 2005). Ultimately, while most governance
systems may inherently exhibit polycentric institutions, their
ability to foster inclusivity, accountability and transparency is
subject to intricate socio-economic, political and historical
contexts (Berardo and Lubell 2019, Pahl-Wostl and Knieper
2014).
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In contrast to simplified narratives that ‘institutional nest-
edness’ fosters coordination, and mitigates institutional
redundancy, the effectiveness of nested institutions depends
heavily on aligning or ‘commoning’ institutional interests
beyond single-agency priorities, particularly to advance IPs
social equity (Adhikari 2026, da Silveira and Richards 2013).
The extent to which cross-scale state and non-state actors
acknowledge, legitimize, and strengthen the capacity and
autonomy of IPs and their institutions at the local level proves
crucial for enabling appropriation (access and use) and
provisioning (management) rights over community forests
(Baldwin et al. 2018, Favero et al. 2016). To achieve this,
policy measures at the international, national and subnational
levels are required to encourage polycentric institutions to
share objectives of acknowledgement, legitimization, and
strengthening autonomy of IPs and their institutions at the
local level. Besides, polycentric actors — including civil soci-
ety organisations, non-profit institutions, research centres
and philanthropic organisation, individuals — can contribute
by bringing polycentric actors together to deliver effective
ecological and socially equitable outcomes.

Even though existing polycentric literature reveals stark
connections between inclusive polycentric governance and
IPs social equity outcomes, significant research gaps remain
in critically examining these connections in-depth across
diverse contexts (Baldwin er al. 2023). It is critical to address
the issue and importance of IPs social equity in polycentric
forest governance. More empirical research is thus needed
that analyses power differentials across and within institu-
tions at micro, meso and macro levels, as well as interlinked
political and judicial processes that ensure inclusive forest
governance (Lubell et al. 2017, van der Plank er al. 2022,
von Benda-Beckmann 1981). Setting a research agenda on
polycentric forest governance for IPs social equity is crucial
to understand what factors shape polycentric performance for
or against IPs social equity. How does shared autonomy in
polycentric governance operationalise, and how can we create
and maintain local autonomous institutions, especially for
traditional informal institutions and marginalised social
groups in resource commons, for emerging socio-ecological
challenges? What also proves important to examine is how to
establish and maintain autonomy among diverse polycentric
actors (with particular attention to Indigenous institutions) in
order to unlock cooperation and conflict resolution mecha-
nism in effective resource governance.

Importantly, a just polycentric governance framework
needs strong grounding based on a comprehensive set of
social and environmental justice principles, encompassing not
only distributive justice (concerning forest resource rights)
but also procedural justice (involving participation, effective
free, prior and informed consent mechanism, decision-making
authority and capacity building) and recognition justice
(acknowledging cultural significance, self-determination,
knowledge systems, and skills) (see, Fraser 1998, Nussbaum
2003, Nussbaum and Sen 1992, Schlosberg 2007, Sen 2005).
When these justice principles are integrated within polycen-
tric systems of governance from the bottom-up into national
and sub-national policies, sustainable development goals and

climate change initiatives, they can meaningfully advance IPs
social equity in commons. Such inquiry proves crucial to
fully demystify the intricacies of IPs distributive, recogni-
tional and procedural rights that works for just and effective
polycentric forest governance.

Current empirical research has rarely considered IPs
formal or informal institutions when analysing polycentric
linkages in forest commons. It is thus important to incorpo-
rate IPs traditional institutions at the habitation level — from
the ‘bottom of the bottom-up’ — in future research (Adhikari
2026). Ultimately, the relaxed approach to polycentric gover-
nance frameworks in existing research underscores the
need for a theoretically rigorous and empirically grounded
examination of what happens when polycentric institutions
(including traditional Indigenous organisations) share
autonomy in decision-making processes in forest and other
resource systems.

CONCLUSION

The existing literature provides unclear answers to whether
and how polycentric forest governance works for Indigenous
peoples’ social equity. While polycentric governance systems
offer promising alternatives to resolve collective action prob-
lems in forest commons, critical in-depth empirical research
to warrant such claims remains lacking. Research particularly
lacks examination of how contextual nuances of socio-
economic and political dynamics at the micro, meso, and
macro levels underpin polycentric interactions (such as shared
autonomy, coordination, and conflict resolution) to influence
IPs social equity in community forests. Research on polycen-
tric forest governance has yet to undertake theoretically rigor-
ous and empirically rich analyses of inclusive polycentric
governance processes and social outcomes.

Ample critical research on polycentric governance exists
across diverse environmental domains — such as river and lake
commons (da Silveira and Richards 2013, Koontz et al. 2019),
fisheries management (Mudliar 2020), marine and coastal
governance (Adger et al. 2005, Gruby and Basurto 2014,
Morrison 2017) and climate change mitigation (Jordan et al.
2015, Sovacool et al. 2017, Sunderlin et al. 2015) — that could
serve as a valuable foundation for investigating critical poly-
centric forest governance. However, several factors necessi-
tate forest-specific insights prior to drawing on experiences
from other resource systems. These factors include differ-
ences in the materiality (form and nature) of a resource unit
and system, its affordance (uses and values) (Li 2014, Ostrom
1990), local and extra-local drivers (such as market scale and
importance), and the complex set of experiences and patterns
shaping institutional interactions and outcomes) (Armitage
2008). This review therefore argues for more critical, in-depth
research on polycentric forest governance aimed at advancing
just and inclusive performances of polycentric institutions for
IPs (see for instance, Lorenzini and von Jacobi 2024).

This review offers a research agenda to strengthen the
theoretical and empirical scope of polycentric governance
scholarship, especially with the goal of building stronger
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bridges with scholarship on environmental justice, moral
economy, and critical property. The normative assertions and
enabling conditions that polycentric governance research
brings to praxis need to address the pressing issue of IPs
social equity in forests by examining how distributional
equality, procedural inclusivity and recognition of rights,
values and knowledge systems of Indigenous communities,
manifest across scales (Schlosberg 2007). In doing so, it is
crucial to centre our attention on IPs traditional institutions
and their stewardship within polycentrically governed com-
munity forests. Future research could coherently examine the
normative and ontological aspects of polycentric governance
systems in forests to identify the factors that most critically
influence IPs social equity and its broader implications.
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HIGHLIGHTS

e The 2014-2023 institutional transformation of social forestry (SF) in Java marked a strategic shift from state-centric control toward

community-based management.

e Policy evolution progressed through three distinct stages: initiation (political vision), institutionalization (structural creation), and stabilization

(legal consolidation).

e Intense public resistance and legal lawsuits during the stabilization stage revealed a critical gap between top-down regulations and grassroots

expectations.

e While the transformation was systematically structured in official documents, it remains a ‘paper-based’ change that lacks robust implementation

at the field level.

e The 2024 ministerial decoupling of forestry and environment served as a pivotal turning point to address previous bureaucratic stagnation

and policy resistance.

SUMMARY

This paper examined regulators’ institutional capacity in transforming Java’s forest management through social forestry (SF) policy. Motivated
by massive public resistance and lawsuits against the 2022 Forest Area with Special Management (KHDPK) policy, this study employed
thematic content analysis of official documents (2014-2023). The research identified three transformative stages: initiation (Nawacita vision),
institutionalization (PSKL Directorate establishment), and stabilization (Job Creation Law and KHDPK). Findings revealed that despite
systematic legal structuring, transformation remains trapped in a state-centric paradigm, prioritizing internal bureaucratic consolidation over
substantive community-based management. Failure to adapt to stakeholder needs has triggered policy stagnation. The study acknowledges the
2024 ministerial restructuring as a critical turning point for future research to evaluate whether the new institutional dichotomy can overcome

previous bureaucratic failures.

Keywords: institutional capacity, social forestry policy, forest management transformation, public resistance, Java

INTRODUCTION

The institutional transformation of social forestry (SF) man-
agement in Indonesia, which was designed to move towards
community-based management (2014-2023), has stagnated
and sparked massive public controversy in Java (Adib et al.
2024a). This stagnation occurred because the reform efforts
undertaken by the government through the merger of minis-
tries into the Ministry of Environment and Forestry (2014)
tended to focus on integration and internal bureaucratic
restructuring, but failed to adapt effectively to the external
environment and stakeholder demands in the field (Widiyanto
et al. 2025, Purwanti et al. 2023). This is clear in the three
stages of institutional change — initiation (the Nawacita idea),
institutionalization (the formation of the Directorate General
of PSKL), and stabilization (the issuance of laws 11/2020
and KHDPK) — which in practice only transferred control of

forest area management from one state-owned enterprise
(Perum Perhutani) to another (KLHK). Ultimately, the
stabilization policy through the Decree of the Minister of
Environment and Forestry No. P. 287/2022 concerning Forest
Areas with Special Management (KHDPK) in Java was
strongly opposed by thousands of demonstrations, petitions
of rejection, and lawsuits at the State Administrative Court
(PTUN) (Adib et al. 2024a). Therefore, the Institutional
Capacity Transformation that occurred during this period
demonstrates that the paradigm shift from state-centric to
community-centric has failed to be substantively realized and
remains trapped within a centralized state control scheme.
The SF policy in Java has been in place since the Dutch
colonial era (1873), and modern implementation only began
in the 1970s (Pujo et al. 2018, Rahayu er al. 2024, Fisher
et al. 2018). In that era, studies were generally conducted that
focused on social aspects (Nurfatriani ef al. 2023, Ramadhan
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et al. 2025), economics (Rakatama and Pandit 2020, Piabuo
et al. 2025, Hidayat, Bahruni, and Trison 2025), and ecology
(Santika et al. 2019). However, research specifically address-
ing institutional aspects and institutional capacity building
is rare, creating a crucial knowledge gap. This gap occurs
because most studies tend to analyze SF from the perspective
of impacts and outcomes at the site level (Supriyanto et al.
2024, Santika et al. 2019), while there is a lack of attention
to policy mechanisms, the dynamics of regulatory structures,
and the underlying transformational processes. Furthermore,
regulators’ failure to prepare adequate monitoring and evalu-
ation mechanisms (Budi er al. 2021) often reflects a lack
of interest in strengthening forest management capabilities,
including critical dimensions such as human resource
capacity (Lawasi 2024) and technology (Chandra et al. 2025).
Therefore, research on institutional capacity transformation is
crucial to providing a more comprehensive understanding of
the successes and failures of SF programs within the broader
context of public policy.

This study aimed to explain the institutional transforma-
tion of SF in Java (Adib and Rustinsyah 2025, Adib 2025).
Although formulated systematically from 2014 to 2023
(Widiyanto et al. 2025), the process failed to shift the paradigm
from state control to community-based management. This
failure was evidenced by public resistance to the stabilization
policy (KHDPK) (Adib et al. 2024a). The reasons for this
failure were driven, among other things, by the Ministry of
Environment and Forestry’s (KLHK) regulator’s focus on
internal consolidation and institutional restructuring (through
three stages: initiation, institutionalization, and stabilization).
Internal consolidation was carried out while ignoring the need
for adaptation to the external environment and stakeholder
participation (Adib et al. 2024a). This is evident in the trans-
formation process, which practically only transferred forest
management authority from one state-owned enterprise (Perum
Perhutani) to another state agency (KLHK), with a more
centralized management system through the establishment
of the Indicative Map and SF Area (PIAPS) since 2016
(Widiyanto et al. 2025, Rahayu et al. 2024). This study sought
to uncover the roots of structural and institutional problems
that cause programs intended for social justice and sustain-
ability to end in controversy and innovation stagnation.

The institutional transformation of SF in Java (2014-2023)
resulted only in the transfer of authority from one state agency
to another (Perum Perhutani to the Ministry of Environment
and Forestry), rather than a community-based paradigm
shift (Widiyanto et al. 2025). This occurred because, in the
process, the Ministry of Environment and Forestry, as the new
regulator, focused too much on completing internal institu-
tional integration, such as developing internal regulations
and performance structures, thus neglecting communication
(C. Nugroho et al. 2025) and adapting to the external environ-
ment and the needs of forestry stakeholders in Java. This shift
in authority took place through three stages: initiation (the
Nawacita initiative), institutionalization (the establishment of
the Directorate General of PSKL and PIAPS), and stabiliza-
tion (the ratification of the Job Creation Law No. 11/2020 and
the Ministerial Decree No. 287/2022 concerning KHDPK)

(Adib et al. 2024a). Although this legal framework appears
robust and systematic in the documents, the implementation
of the KHDPK stabilization policy has sparked strong public
opposition, including demonstrations, petitions, and lawsuits
before the State Administrative Court. Thus, this institutional
transformation of SF has become merely a centralized admin-
istrative change, confirming that the policy remains under a
rigid state control system and fails to meet the expectations of
local communities.

Transformation of institutional capacity

The transformation of institutional capacity in managing
forest areas in Java urgently needs to be discussed, not only
within the island but also in the region of ASEAN countries
(Wong et al. 2020). The institutional capacity transformation
involves a series of steps taken to strengthen the capabilities
of an organization into two major dimensions, i.e., strength-
ening human resource capacity and technological resources
in the form of information technology infrastructure (Pujo
et al. 2018).

The transformation of institutional capacity in forest area
management in Java demonstrated that, the formulation of
policy and regulatory evaluation through institutional analysis,
community participation, analysis of inter-agency cooperation,
and capacity development (Uda et al. 2020, Rahayu et al. 2024,
Kailola er al. 2023) is essential for bridging the gap between
national mandates and local implementation. Through the
identification of implementation weaknesses and obstacles
(Carson et al. 2018), this policy evaluation mechanism intro-
duces more effective, inclusive, and sustainable regulations
(Adib et al. 2024a, Adib et al. 2024b). By addressing these
challenges, the framework ensures that future regulatory
adjustments are grounded in empirical field realities rather
than purely administrative ideals.

The institutional analysis describes the institutions’
structure and dynamics, including roles, responsibilities, and
interactions between relevant parties (stakeholders) in the
policy-making environment (regulators), operators and forest
care communities. Active participation by local forest com-
munities in planning and decision-making processes is crucial
for the successful implementation of forest policies and long-
term sustainability. Moreover, analyzing cooperation among
institutions by strengthening social networks focuses on pre-
serving forests (Garrett et al. 2021). Therefore, transforming
institutional capacity in the management of forest areas in Java
holds great importance and requires the attention of academia
and policymaking by improving the capacities of relevant
institutions, involving local communities, and building strong
collaboration towards sustainable forest management and
more effective land conservation in Java.

Social forestry: operationalization of agrarian reform
policy

Social forestry (SF) is sustainable forest management carried
out in state forest areas or privately operated forests by the
engagement of local communities and the implementation of
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customary laws as the main actors to improve welfare,
environmental balance, and socio-cultural dynamics (Nancy
Lee Peluso 1993, Zulkarnain 2021). This community-based
sustainable forest management (Rakatama and Pandit 2020)
continues the agrarian reform policy, which was established
to restructure resource ownership, control and consumption
(Zakaria et al. 2018). This management system is seen as
progressive in the interest of the people associated with forest
areas (Murti 2018, Peluso and Poffenberger 1989). SF policy
continues to develop internationally with four formal objectives,
namely institutional, social, environmental, and economic
(Rakatama and Pandit 2020).

SF policy is a series of agrarian reform policies designed
to ensure the legality of assets and land redistribution to the
main actors participating in forest management within a legal
structure (Supriyanto et al. 2021). The Ministry of Environ-
ment and Forestry Regulation No. 83/2016 establishes the
legal framework for SF, setting a national target for SF areas
at 12.7 million hectares (Pambudi 2020). Specifically in the
region of Java, the functional area of the state-owned forestry
sector, Perhutani, has been in place since the enactment of
Regulation P. 39 of 2017, covering an area of approximately
1.1 million hectares (Pane et al. 2021). As soon as the regula-
tion was published, there was a substantial public response
which was not only controversial, narrating both pros and
cons (Ramadhan and Amalia 2021, Pane, Yanis, and Susanto
2021), but also contradictory (Wibowo, Race, and Curtis
2013, Rakatama and Pandit 2020).

Alongside these regulatory changes, institutional reforms
have been implemented to strengthen the governance of forest
management in Java. Most of these studies on this issue have
discussed social, economic, and ecological aspects (Siscawati
2013, Fisher et al. 2018, Rakatama and Pandit 2020, Fisher
et al. 2018). It is still rare to find studies that discuss institu-
tional aspects and capacity building on SF. This institutional
aspect explains the pros and cons of structuring forest man-
agement in Java. Ultimately, this institutional gap highlights
regulators’ failure to fulfill their mandates, primarily due to
the absence of robust monitoring and evaluation mechanisms
(Sunarso 2022).

To date, monitoring and evaluation of social forestry have
failed to focus on the strategic roles of regulators, particularly
the Ministry, which appears less prioritized in institutional
strengthening efforts (Pujo er al. 2018). This lack of focus
is critical because effective forest management requires a
balanced development of both human resource capacities and
technological infrastructure to ensure policy targets are met.
As such, strengthening the human resource capacity as part
and section of institutional capacity transformation should
involve three aspects: the transformation process, factors
influencing transformation, and transformation models. The
process of transformation of institutional capacity focuses on
the establishment and formation of institutions, community
empowerment (Jopang, Tunda, and Tarifu 2022, Tabara et al.
2018), liaising partnerships, capacity building (Langseth
et al. 2023), and the mechanism of monitoring and evaluation
(Iriyani et al. 2020).

Valuable lessons can be learned from studying the experi-
ences of other countries that have incorporated SF within
their agrarian reform programs. For example, in Brazil and
Denmark, SF was implemented as a direct continuation
of agrarian reform policies to ensure social equity (Robles
2018, Boberg-Fazli¢ et al. 2022). Similarly, the Chinese gov-
ernment targeted landscape governance through systematic
implementation (Zhang 2019), while Sweden’s approach
involved over two decades of institutional stabilization (Pemer
and Skjglsvik 2018). Gaining insights from these diverse
international experiences provides essential benchmarks for
the execution and implementation of SF policy in Indonesia.

METHODS

This study employed a qualitative approach with thematic
content analysis to explore the transformation of institutional
capacity within SF policies in Java from 2014 to 2023. The
research focused on the paradigm shift in forest management
— moving from a state-centric model toward community
involvement — through three transformative phases: initiation,
institutionalization, and stabilization. Primary data sources
were gathered from official regulatory documents, government
policy reports, and scientific publications relevant to the
Nawacita vision and the implementation of Forest Area with
Special Management (KHDPK). The data were analyzed
using a systematic five-stage coding technique, progressing
from initial identification to final verification, to translate
regulatory texts into a concrete narrative of institutional change.
The systematic research workflow, encompassing data input,
the multi-stage analysis process, and the synthesis of findings,
is illustrated in the following flowchart.

This study was qualitative research with a descriptive
approach focusing on thematic content analysis to explore the
transformation of institutional capacity within SF policies in
Java. The scope of this research covered the period from 2014
to 2023, specifically examining the shift in forest management
paradigm from a state-centric model toward community
involvement through three transformative stages: initiation,
institutionalization, and stabilization. The primary geographi-
cal focus was the working areas of Perum Perhutani across
four provinces in Java (See Map), namely Central Java, East
Java, West Java, and Banten.

As a content analysis study, the participants in this
research did not refer to individuals as direct informants, but
rather to policy and regulatory documents issued by regula-
tory institutions as the units of observation. The primary data
sources were derived from official documents of the Ministry
of Environment and Forestry (MoEF), government policy
reports, and scientific publications related to the transforma-
tion of SF in Indonesia. The document selection criteria
were based on online accessibility, relevance to the Nawacita
vision, institutional strengthening (Directorate General of
PSKL), and implementing regulations such as the Job
Creation Law Number 11/2020 and the ministerial decree on
KHDPK (SK 287/2022).
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FIGURE 1 Flow Chart of the Research Method

The primary instrument in this study was the researcher as
the key instrument, assisted by Mendeley reference manage-
ment software to organize and classify the data. Additionally,
data extraction tables were employed as instruments to filter
essential information, such as keywords (Nawacita, conflict
resolution, community welfare), strategic phrases (President’s
vision and mission, community participation), and abstract
concepts (paradigm shifts, public resistance). These instru-
ments ensured that all data were systematically documented
in accordance with the institutional capacity transformation
framework.

Data collection was conducted through digital documen-
tation studies from July to September 2023 by accessing
official government databases and scientific journal reposito-
ries. The collection process followed strict document filtration
stages to ensure the relevance of the texts to the policy phases
under study. The collected data included legal regulations,
strategic plans (Renstra of the Directorate General of PSKL
2015-2019), Indicative Maps of SF Areas (PIAPS), and
data related to public resistance, such as lawsuits in the
Administrative Court (PTUN) that emerged during the policy
stabilization stage.

Data analysis was conducted using thematic content
analysis consisting of five systematic steps: comprehensive
document collection, repetitive reading and initial coding,
grouping codes into major themes, data extraction into tables,
and final verification. The data were categorized into three
main phases: initiation (Nawacita vision), institutionalization
(establishment of the Directorate General of PSKL), and
stabilization (formalization through the Job Creation Law and
KHDPK policy). Specifically, during the stabilization stage,
the analysis was expanded to include data on public resistance,
such as documentation of demonstrations, rejection petitions,
and legal lawsuits in the Administrative Court (PTUN). The
inclusion of resistance data is crucial to verify whether the
institutional capacity transformation, which appears adminis-
tratively robust in policy documents, aligns with field-level
acceptance. This analytical flow aimed to reveal the contra-
dictions between regulatory progress and substantive imple-
mentation barriers that trigger obstacles in policy stabilization.

RESULTS

The transformation of forest area management in Java from
state-based to community-based has been implemented
through the SF program in three stages: initiation, institution-
alization, and stabilization. These stages were implemented
through the structuring and implementation of statutory regu-
lations. Moreover, the Ministry of Environment and Forestry
(KLHK), Indonesia, offers to enforce rules in the SF policy.

The initiation stage (2014-2015): Nawacita and the
vision for social forestry

The initial stage of SF was proposed by President Joko
Widodo when he was running for the presidential candidacy
in 2014. This agenda of change was portrayed in the vision,
mission, and campaign platform known as Nawacita Jokowi
(Vision and mission). The vision and mission of Jokowi were
intended to allow the people to achieve a politically sovereign,
economically independent, and culturally diverse Indonesia.
As such, Nawacita has a vision of organizing change into
nine agendas (Table 1). Among three of the nine agendas, the
first, sixth, and seventh were focused on or related to forest
management. The first agenda was designed to strengthen the
state system with reforms and law enforcement that could be
dignified, trustworthy and free from corruption. The sixth
agenda aimed to increase people’s capabilities and skills to
meet international standards. The seventh agenda was focused
on economic independence by targeting strategic sectors of
the domestic economy (Widodo and Kalla 2014, Ditjen PSKL
KLHK RI 2016). The initiation stage of this institutional
arrangement was also carried out by merging two ministries
(Tables 1 and 2) by the President of the Republic of Indonesia
(KLHK) (Table 1). Thus, the Ministry of Environment and
Forestry prepared a strategic plan for 2015-2019 in this
regard (Table 1).
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TABLE 1 Social Forestry Program through Vision and Mission (Nawacita) in 2014

Basic Regulations /

No. Initiation of the Formation of Social Forestry Institutions NI Source
Legislation / Ideas

1. Nawacita is a policy of the Joko Widodo and Jusuf Kalla Joko Widodo’s speech in the (Widodo and Kalla.
administration to realize community welfare starting from the Presidential Campaign in the 2014, Widodo et al.
outskirts. The main objective of the Nawacita program is to 2014 Indonesian Presidential 2018)
improve the lives and welfare of the community, quality of life of  Election
the Indonesian people through Agrarian Reforms. The target of
agrarian reform is abandoned Land Use Rights (LUR) and barren
lands to be redistributed to farm workers, while also providing
legalization for state lands

2. Article 4 (ii). The Directorate General of Social Forestry and Presidential Regulation (Presiden RI. 2015,
Environmental Partnerships; .... (Article 30), .... The Directorate = (PERPRES) No. 16 of 2015 Presiden RI. 2020)
General of Social Forestry and Environmental Partnerships has concerning the Ministry of
the task of formulating and implementing policies in increasing Environment and Forestry
community participation in forest management, handling (Article 4 (i) and Article 30)
customary forests, and environmental partnerships.

3. Regulation of the Ministry of Environment and Forestry, Strategic Plan of the Ministry (Menteri LHK. 2015,

Indonesia Number P.39/Menlhk-Setjen/2015 concerning the

Strategic Plan for 2015-2019.

of Environment and Forestry
for 2015-2019

Menteri LHK. 2020)

The institutionalization stage (2015-2019): structural
integration within the MOEF

The President and the Minister of Environment and Forestry
planned the institutional transformation in SF. The President
established SF institutions by merging two ministries into
one, the Ministry of Environment and Forestry (KLHK).
In KLHK, article 4 (i), the Directorate General of SF and
Environmental Management (Ditjen PSKL) was established
(Table 2). In establishing the PSKL institution, the Ministry
of Environment and Forestry focused on three steps for
completing the institutional structure of the PSKL Directorate
General including the scope of roles, responsibilities and
functions for 2013-2017 (Table 2), preparation of the Strategic
Plan (Renstra) of the Directorate General of PSKL, Ministry
of Environment and Forestry for 2015-2019 (Table 2), and
to determine a map of the area of forest areas in Java in an
indicative SF map (PIAPS). Thus, during these changes, PIAPS
underwent its 7th revision in 2016 (Table 2), indicating SF in
a yielded area in 2017.

Forestry operations in Java cover forest areas of four
provinces, including Central Java, East Java, West Java, and
Banten (Table 2). This policy, implemented by the President
and the Minister of Environment and Forestry, has become
the legal basis for determining the SF policy in the work of
Perum Perhutani in four provinces in Java. However, among
these four provinces, only Yogyakarta (a special region) is not
managed by the Perum Perhutani.

The stabilization stage (since 2020): the Job Creation
Law and KHDPK implementation

The stabilization of SF policy implemented by the President
emphasized legal certainty by enacting Law number 11/2020,
Government Regulation (PP) 23/2021 (see Table 3). According

to policy 11/2020 articles No. 29A and 29B, the SF program
focuses on the sustainability and protection of forest areas.
A giant forest area was given to individual farmers, forest
farmer groups, and companies pursuing business permits. In
policy document 23 of 21, article 108 para (1) and para (2),
the implementation of forestry for various purposes is defined
as a forest area with special management determined by the
Ministry of Environment and Forestry.

The respective Ministry, based on these two legal frame-
works, then issued a Decree (Kepmen LHK) SK.8878/2021
concerning Indicative Maps and SF Areas (PIAPS) revision
VII (see Table 3). After a year, SK 9978/2021 was followed
by with Decree Number 287/2022 concerning Forest Areas
with Special Management (KHDPK) in Java covering Central
Java Province, East Java Province, West Java Province, and
Banten Province. Since 2020, the SF program was started
through the stipulation of legislation, implementing regula-
tions by the President, and two technical rules by the Ministry
of Environment and Forestry, as a basis for structuring the
forest area management in Java, except Yogyakarta.

DISCUSSION

The three stages of institutional transformation have estab-
lished their legal frameworks through the legislation and
regulations implemented in Java. However, the Ministry
further stipulates policies and rules for implementation at the
stabilization stage. The special implementing regulations on
the island of Java issued a decree of the Minister of Environ-
ment and Forestry number 287 related to Forest Areas with
Special Management (KHDPK). However, the public resisted
the decree P. 287 circulated by the concerned Ministry of
Indonesia.
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TABLE 2 Institutionalization of Social Forestry from 2015-2017

No. Establishment of Social Forestry Institutions Basic Regulations/Legislation Sources

1. Presidential Decree Number 16 of 2015 concerning the Presidential Decree Number 16 of 2015 (Presiden RI.
Ministry of Environment and Forestry’s duties (Article 2)  concerning the Ministry of Environment 2015) is revoked
status revoked and replaced with Presidential Decree and Forestry’s duties (Article 2) status and replaced with
92/2020 regarding the Ministry of Environment and revoked and replaced with Presidential (Presiden RI.
Forestry, CHAPTER II ORGANIZATION, Part One Decree 92/2020 regarding the Ministry of ~ 2020a)
Organizational Structure “...Article 6 (i) Directorate Environment and Forestry, CHAPTER II
General of Social Forestry and Environmental Partnership.” ORGANIZATION, Part One

Organizational Structure

2. “..... after the merger of the organization and work Establishment of the Directorate of Social ~ (Sambodo 2015,
procedures of the directorates by the Regulation of the Forestry and Environmental Management,  Ditjen PSKL
Minister of Environment and Forestry Number P.18/ Organizational Structure and Scope at the ~ KLHK. 2015:4)
MenLHK-I1/2015 concerning the Organization and Work Directorate General of PSKL 2013-2017
Procedures of the Ministry of Environment and Forestry.
According to Article 1005, the Directorate General of
Social Forestry and Environmental Partnerships has the
task of formulating and implementing policies in the field
of increasing community participation in forest
management, handling customary forests, and
environmental partnerships.”
o to carry out its duties and functions, as regulated in
Article 1007, its organizational structure consists of; (1)
Secretariat of the Directorate General; (2) Directorate of
Preparation of Social Forestry Areas; (3) Directorate of
Handling Conflict, Tenure, and Customary Law; (4)
Directorate of Social Forestry and Customary Forest
Business Development; and (5) Directorate of
Environmental Partnerships.”

3. “Ministry of Environment and Forestry Directorate General Rencana Strategis Ditjen PSKL (Ditjen PSKL
of Social Forestry and Environmental Partnership. Kementerian LHK (2015-2019). Strategic =~ KLHK. 2015)

Regulation of the Director General of Social Forestry and
Environmental Partnership Number: P. 11/Pskl —
Setdit/2015 Concerning the Strategic Plan of the
Directorate General of Social Forestry and Environmental
Partnership for 2015-2019”

Plan of the Directorate General of PSKL,
Ministry of Environment and Forestry
(2015-2019)

4. Regulation of the Minister of Environment and Forestry of

the Republic of Indonesia

“Number P.§3/MENLHK/SETJEN/KUM.1/10/2016
Concerning Social Forestry”

“Number 39 of 2017 concerning Social Forestry in the
Working Area of Perum Perhutani”

(Men LHK. 2016,
Men LHK. 2017)

Regulation of the Minister of Environment
and Forestry of the Republic of Indonesia
Number P.83/MENLHK/SETJEN/
KUM.1/10/2016 Concerning Social
Forestry.

Number P.39/MENLHK/SETJEN/
KUM.1/6/2017 concerning Social Forestry
in Perhutani Working Areas.

The vision and mission (Nawacita) is the idea of Presiden-
tial Candidate (Capres) Joko Widodo (Table 1), which was
put forward at the launch of the campaign to run for the
presidential nomination in 2014 (Hastangka 2020), not only
as a mandate that covers direction and strategy in the forestry
sector (Hastangka 2020, Zulkarnain 2021, Utomo 2021),
but also as a translation of agrarian reform and Indonesia’s
development strategy from the periphery, starting from the
grassroots level (Pambudi 2020, Supriyanto et al. 2021,
Zulkarnain 2021). These Agrarian Reforms were then desig-
nated as a national priority to improve community welfare
(Waryanta 2016, Aldillah 2020). As such, agrarian reforms

are the basis for initiating the SF program as an embodiment
of Nawacita and for identifying other potential forest areas.
These areas were considered barren land, therefore, the
government declared these areas through Presidential Regula-
tion (Perpres) Number 86/2018 as land for agrarian reform
(TORA).

The Minister of Environment and Forestry identified and
highlighted the TORA program in the form of land redistribu-
tion (Wicaksono er al. 2019). Moreover, the TORA is an
implementation of Nawacita focusing on nine million hectors
of forest area (Aldillah 2020), to utilize the areas that were no
longer productive in improving welfare and creating social
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TABLE 3 Stabilization of Social Forestry Programs through Legislation 2020-2022

No. Stabilization of Social Forestry Programs

Basic Regulations / Legislation /

- . Source
Implementation Provisions

1. “Article 29A. (1) Utilization of protected forests and
production forests, as referred to in Article 26 and Article 28,
may be carried out for social forestry activities. (2) Social
forestry, as referred to in paragraph (1), may be given to: a.
individuals; b. forest farmer groups; and c. cooperatives.”
“Article 29B. Further provisions regarding business licensing
for forest utilization and social forestry activities are
regulated by government regulation.”

Law Number 11 of 2020 concerning  (Presiden RI. 2020b)

Job Creation Articles 29A and 29B

2. Article 108 paragraphs (1) and (2);
“Part Three Forest Areas with Specific Purposes. Paragraph 1
(General).
Article 108. (1) For specific purposes, Forest Areas may be
designated as: a. Forest Areas with specific purposes; b.
Forest Areas with special management; or c. Forest Areas for
food security. (2) The Minister shall make the determination
as referred to in paragraph (1).”
Article 125 paragraphs (1), (7),
“(1) The Central Government may delegate the
implementation of Forest management to state-owned
enterprises in the Forestry sector.”
“(7) For Protected Forest Areas and Production Forest Areas
that are not delegated the implementation of Forestry as
referred to in paragraph (2), their management shall be
delegated to state-owned enterprises in the field of being
designated as Forest Areas with Forest Area management in
the context of the Establishment of Special Areas for the
interests of Social Forestry, Forest Arrangement and Forest
Area Arrangement in the context of Utilization of Forest
Areas, Use of Forest Areas, Forest Rehabilitation or
Utilization of Environmental Services which are the authority
of the Central Government.”

Government Regulation no. 23 of
2021 concerning Forestry
Implementation Article 108
paragraphs (1) and (2); Article 125
paragraphs (1), (7)

(Presiden RI. 2021)

3. “Decree of the Minister of Environment and Forestry of the
Republic of Indonesia No. SK.8878/MENLHK-PKTL/REN/
PLA.0/12/21 Concerning Indicative Maps and Social
Forestry Areas Revision VII”

(Men LHK. 2021,
Men LHK. 2021)

Decree of the Minister of
Environment and Forestry of the
Republic of Indonesia No. SK.8878/
MENLHK-PKTL/REN/PLA.0/12/21
Concerning Indicative Maps and
Social Forestry Areas Revision VII

4. “Decree of the Minister of Environment and Forestry of the
Republic of Indonesia No. SK.287/MENLHK/SETJEN/
PLA.2/4/2022 concerning Determination of Forest Areas
with Special Management in Parts of State Forests in
Production Forest and Protected Forest Areas in Central Java
Province, East Java Province, West Java Province, Banten
Province.”

Decree of the Minister of
Environment and Forestry of the
Republic of Indonesia No. SK.287/
MENLHK/SETJEN/PLA.2/4/2022
concerning Determination of Forest
Areas with Special Management in
Parts of State Forests in Production
Forest and Protected Forest Areas in
Central Java Province, East Java
Province, West Java Province,
Banten Province.

(Men LHK. 2022)

and economic justice for the community (Nugroho et al.
2021). The goal of agrarian reform from an institutional
perspective has also faced criticism (Aldillah 2020) due to its
top-down approach and lack of clarity in its implementation.
Moreover, the TORA locations determined by the Ministry

were not only the targeted forest areas but also many agrarian
conflicts and even conflicting community claims over forest
areas. The criticism of TORA policy as a basic framework for
institutional structuring of the SF program emphasizes the
need for revisions.
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The implementation of agrarian reform in Java differs
significantly from the experiences reported in the literature
concerning Brazil and Denmark. Agrarian reform in Brazil,
driven by farmers for more than three decades since 1985, has
had only a limited impact on changing the situation (Robles
2018). In this movement, Agrarian reform was still treated
as a political promise by the elite, but the political elite could
not shift the dominance of agribusiness. The democratic
government in Brazil has encouraged the opening of new
land frontiers by providing significant economic incentives
(Hershaw and Sauer 2023). The land redistribution has been
balanced by further land ownership. In response to this policy,
investors weakened agrarian reforms efforts and opened up a
dependency on the agricultural economy, which is sensitive in
a social and environmental context. In these circumstances,
the political and economic crises that occurred in Brazil
have increasingly eroded the struggle for agrarian reforms.
In Denmark, it was designed and portrayed as a pro-market
and pro-farmer policy in the 18th century, which increased
inequality (Boberg-Fazli¢ et al. 2022). The gap in land
ownership is based on land type, which has increased in
areas classified as productive. As a result, many regions have
disproportionately received surpluses, whereas, in other places,
poor people are emulated to rural areas. Although in a differ-
ent period, agrarian reforms experienced in these two countries
compared to Indonesia, even though it started with an initiation
action in 2014, has shown a step forward with the designation
of land as an objective of agrarian reform (TORA).

The institutionalization of SF in continuation to the initia-
tion stage was executed with the establishment of the Direc-
torate General of SF and Environmental Management (Ditjen
PSKL). This PSKL represents an increase in responsibility
status to echelon I level (Directorate General), which was
previously under a work unit equivalent to echelon II. This
increase in institutional status requires the Ministry of Envi-
ronment and Forestry to abide by internal improvements and
regulate the policies that support the directions given by the
President (Pambudi 2020). The formation of the Directorate
General of PSKL is a response to the implementation of
agrarian reform, which has faced various challenges. The
challenges in institutional improvements include consolidat-
ing strong regulations, licensing updates, human resource
qualifications, budget allocations, updating coordination,
policies, and joint ownership with the local governments
(Ayuningutami and Najicha 2022). The institutional improve-
ments and internal consolidation are also intended to achieve
the target of 20% (approximately 4.2 million hectares) of the
12.7 million hectare area from 2015 to 2019 (Fisher et al.
2018, Pambudi 2020, Pane et al. 2021). Launching the SF
permit involves several steps, including the regional govern-
ment and community-based organization (CSOs). The limited
internal capacity also triggers conflict. The conflict occurs
when the community feels the SF policy does not align with
the existing guidelines. And there is no legal certainty in man-
aging forest areas around their settlements (Pane ez al. 2021).
Thus, more substantial legal certainty in the form of a law is
needed to stabilize the SF program.

Furthermore, the Chinese government has also launched
an institutional improvement program in line with efforts to
achieve environmental development targets through landscape
management policies and landscape governance systemati-
cally by linking six inseparable elements (Zhang 2019). These
six elements include improving conflict resolution, which
has implications for social and ecological environmental
problems, increasing the capacity of state administrators in
landscape management, developing new land use manage-
ment systems with good ecological security and broader
ecosystem services, providing more significant public benefit
to the landscape, developing civil society and democracy, and
structuring the landscape architecture education and research
curriculum. These elements of governance change the con-
ventional paradigm of landscape as an ‘ecological environ-
ment’ into an institutional system of ‘ecological civilization.”
Thus, strengthening the institutions of ecological civilization
has also been directed at various dimensions of education
and research in landscape architecture. Further, institutional
analysis is also introduced in courses such as the sociology
of landscape in educational institutions. The discussion in
these courses focuses on the influence of social institutions,
laws and regulations, policies related to the landscape, and
the applicability of rules and regulations. The institutional
improvements are also based on the experiences of China,
which have been launched systemically, including structuring
the curriculum in formal activities such as through education
and research.

The establishment of a legal framework through legislation,
even though it has a strong position as institutional stabiliza-
tion of the SF program, is seen as a tenure that guarantees
certainty and boom in businesses of forest areas. The institu-
tional stabilization to improve more technical forest manage-
ment mechanisms can be done by strengthening managerial
skills to reduce disparities by encouraging community forest
management (Rakatama and Pandit 2020, Wollenberg et al.
2007). Besides, this strong structure of legal certainty has
become an important legal milestone for the stakeholders so
that they may not be evicted from the designated areas when
implementing the SF program (Syanurisma 2022). However,
efforts to overcome the gap between expectations and reality
have reportedly faced five challenges. Firstly, SF activities are
still under a strict state control scheme through administrative
procedures and bureaucratic design (Adib 2025), making
the forest management system ineffective and increasing
operational costs. Secondly, contesting forest area manage-
ment rights leads to conflict between community members.
Thirdly, the SF schemes have an unequal distribution of rights
and responsibilities. Fourthly, unfair compensation for the
contributions made by each stakeholder, SF is often still viewed
within the framework of the interests of each stakeholder. And
lastly, local village elites receive forest concessions more as
compared to the ordinary village residents. These differences
in getting concessions give rise to internal conflicts between
local village communities. In line with managerial weakness-
es in implementing this forestry program, FAO research in
2015 conducted on 23 countries found out that only three
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countries had provided SF provisions in their forestry laws.
However, there is lack of implementation (Aggarwal et al.
2021). The institutional stabilization for strengthening legali-
ties is insufficient to effectively implement SF policy, which
requires strong management skills at various levels and in
the field.

A longitudinal study conducted by Pemer and Skjglsvik
(2018) in Sweden regarding the implementation of new regu-
lations involving institutional work found that the regulatory
implementation process was carried out through four waves:
the initial impact as a result of institutional shocks (1994—
1999), the response (2000-2004), recovery (2004—2008), and
the stabilization (2009-2013). The first wave describes the
dissemination of information in the field. In the second
wave, the response dealt with navigating a new institutional
landscape. In the third wave, the public procurement/service
landscape remained fragmented. Meanwhile, in the wave
of stabilization, public organizations and local businesses
collaborated to encourage dialogue and the development of
public services. In each wave, different bureaucratic, market,
and professional techniques were used, but the regulators also
implemented top-down hierarchical institutional activities.
These four waves follow sequential processes as the phases
of institutional work relate to each other and give rise to new
types of institutional work.

Therefore, implementing these new regulations is not
always one-way but a two-way process of action and counter-
action that moves forward until resolution. Sweden’s experi-
ence shows that reaching the stabilization stage can take up
to two decades; this requirement for policy stability offers a
significant lesson for structuring policies in other regions.

Recent developments: The 2024 ministerial restructuring
and its implications

The stabilization stage, which combined the two previous
stages, initiation and institutionalization, was ineffective. The
failure to structure forest area management in Java is not only
marked by resistance from the public, with various rejections,
lawsuits, and demands for revocation in the Court of Justice
(PTUN) but also proved a failure in implementing changes in
the established paradigm. The paradigm established in forest
area management through SF from state-based to community-
based practically shifted authority from one state (BUMN in
the forestry sector Perhutani) to another state (Ministry of
Environment and Forestry), with a more centralized manage-
ment system by establishing Indicative Maps and SF Areas
(PIAPS) since 2016 (Rakatama and Pandit 2020). Thus, the
determination of PIAPS is revised every six months, the latest
in 2023 being the 8" revision (MenLHK 2023). The Ministry
of Environment and Forestry took over this forest area of
1.1 million and 2.4 million hectares in Java to manage it
through the Forest Area with Special Management policy —
KHDPK (Men LHK 2022). The shift in authority from one
state to another, followed by massive resistance from the
public, is a sign of the stagnation of innovation carried out
by the Ministry of Environment and Forestry. This stagnation

occurred due to the failure to adapt to the external environ-
ment, which focused on structuring the internal integration of
Ministry of Environment and Forestry (KLHK) institutions.

The first element is internal integration. In carrying out its
duties, the bureaucracy of the Ministry of Environment and
Forestry (KLHK) must concentrate on completing internal
integration matters. Internal integration (Rosenberg 2020),
carried out by the Ministry of Environment and Forestry,
deals with structuring internal regulations and performance
in its institutions in three stages. The arrangement of legal
rules has been uploaded on the official website since February
2017 (Ditjen PSKL KLHK 2017). The publication, launched
by the Ministry of Environment and Forestry (KLHK) at
the Directorate General SF and Environmental Partnerships
(Ditjen PSKL), includes the documents related to statutory
regulations, Presidential regulations, Government regulations,
Decree of the Minister of Environment and Forestry, regula-
tion of the Minister of Environment and Forestry (Permen
LHK), Decree (SK) of the Minister of Environment and For-
estry, and Decree of the Directorate General of PSKL. A total
of 15 regulations from 2015-2023, Minister of Environment
and Forestry’s Decree (SK) (3 SK 2016-2017), Minister of
Environment and Forestry’s Decree concerning PAPS revi-
sion 1 Per Province (10 provinces in 2017) and Decree of the
Director General of PSKL (2017) concerning changes to the
SF Working Group (POKJA PS). The publications prepared
since 2015 are in the strategic plan of the Directorate General
of PSKL 2015-2019, Directorate of SF Area Preparation
(Dit PKPS), Directorate of SF Business Development and
Customary Law (Dit BUPSHA), Directorate of Conflict
Management, Tenurial and Customary Forests (Dit PKTHA),
Directorate of Environmental Partnerships (Dit KL), SF and
Environmental Partnership Center (BPSKL) strategic plan
for Sumatra, Java Bali Nusa Tenggara, Kalimantan, Sulawesi,
Maluku Papua 2015-2019. The work plan and performance
report (2018 to 2023) and the publication of the 2023 docu-
ment are up to the budget and performance program of the
Ditjen of PSKL (KLHK 2023). This focus on completing
internal integration has forgotten an inseparable part of the
KLHK’s duties as a regulator: adapting to the external envi-
ronment (Fatem et al. 2018, Klein et al. 2019) for forest area
management stakeholders in Java. Thus, the stakeholders
managing forest areas in Java (Perhutani), environmental
NGOs, and LMDH (Forest Village Community Institutions)
at the local, regional, and national levels.

Secondly, the institutional transformation, which empha-
sizes structuring internal integration within the Ministry of
Environment and Forestry, does not necessarily reduce stake-
holders’ ability to adapt to the changes in the external environ-
ment. The external environment in managing forest areas in
Java is undergoing multiple changes, including climate change,
environmental observers and researchers, community demands,
the Perhutani, and non-governmental organizations. The flex-
ibility in responding to change is a challenge for innovative
action in maintaining sustainable forest area management.
The flexibility of innovative actions is oriented towards build-
ing solid partnerships between KLHK regulators and stake-
holders, strengthening strong multi-actor partnerships, and
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encouraging innovation in adapting to environmental changes.
Additionally, the regulators drive stakeholders’ collaboration
as a structural component of the innovation system of the
organizations. Fieldsend and colleagues (2022) examined 200
European partnerships involving farmers and foresters. As a
result, the innovation process and stakeholders successfully
determined the structure that is more appropriate for specific
stakeholders given the circumstances. The influential factors
in this regard include actor capacity, aspirations, and net-
works. Furthermore, the discussion encompasses the topic of
co-innovation, its influence on partnership size and work plan
structure, the types of activities, and the need to engage with
‘larger fringe groups’ within the supporting environment.

Third, the institutional landscape of Indonesian forestry
underwent a seismic shift in late 2024 with the dissolution of
the integrated Ministry of Environment and Forestry (MOEF)
and the re-establishment of a standalone Ministry of Forestry
(Rahmi et al. 2025). This restructuring represents a critical
response to the bureaucratic ‘overload’ and policy stagnation
identified during the 2014-2023 period (Ekowanti et al. 2025).
While the previous integrated model aimed for synergistic
land management, the the findings of this study suggest that it
often resulted in internal consolidation. This process prioritized
state-centric administrative control rather than community-
centric empowerment.

The new dichotomy — separating forestry’s production
and conservation functions from environmental oversight —
offers a dual-edged sword for SF in Java. On the one hand,
it provides the Ministry of Forestry with an opportunity to
specialize its institutional capacity and streamline the imple-
mentation of KHDPK without the burden of overlapping
environmental mandates. On the other hand, it risks resurrect-
ing old ‘sectoral egos’ and coordination barriers that could
further delay the resolution of public resistance and legal
disputes. Ultimately, the success of this 2024 transformation
will depend on whether the new Ministry can move beyond
‘paper-based’ legalism and foster a more inclusive, equal
partnership model as a core strategy for forest governance
(Adib et al. 2024b).

CONCLUSION

The present study discussed the SF policy in Java, Indonesia,
which the government of President Joko Widodo institution-
ally transformed. The SF policy has not changed from its
original form, although the President can change or revise it.
The institutional transformation through the initiation, insti-
tutionalization, and stabilization stages is simply shifting the
implementation of forestry in Java from Perum Perhutani to
the Ministry of Environment and Forestry (KLHK) through
the Directorate General of SF and Environmental Manage-
ment (Ditjen PSKL). The SF policy is still under the control
of the state paradigm in management, which is more central-
ized. The centralization of forest area management in SF
can be seen as a scheme which ensures that land and forest
resources are under the strict control of the state through
various administrative procedures and bureaucratic structures.

This state-based management scheme is equivalent to the
management carried out by Perum Perhutani from the 1970s
to 2014.

The concept of institutional capacity transformation used
in this research reveals three main stages for forest area
management: initiation, institutionalization and stabilization.
Mr. Joko Widodo carried out the initiation stage of the SF
program during his 2014 presidential candidacy campaign
under Nawacita, the idea of which is a national vision used as
a basis for the documents written in the 2015-2019 RPIMN.
The institutionalization stage was carried out through
Presidential Regulation (Perpres) Number 16 of 2015, which
merged two ministries in the Ministry of Environment and
Forestry (KLHK). Presidential Decree 16/2015 confirms the
establishment of the Directorate General of SF and Social
Management (Ditjen PSKL).

The Ministry of Environment and Forestry executed the
institutionalization of the SF program in Java by establishing
Indicative Maps and SF Areas (PIAPS) and its implementa-
tion in the working area of Perum Perhutani (P 39/2017). The
stabilization stage of the SF program is strengthened in the
Job Creation Law - UUCK (11/2020 articles 29A and 29B).
In this UUCK, the term ‘SF’ was written explicitly in the legal
system in Indonesia for the first time. Further, it concludes
that, through the content analysis of the stages of policy
determination, evaluation of institutional capacity transfor-
mation, and recommendations for community empowerment,
this research makes a significant contribution to improving
environmental sustainability, community welfare, sustainable
resource management, community empowerment and achiev-
ing sustainable development goals as a whole. Thus, this
research provides new insight for establishing more sustain-
able forest area management policies and more prosperous
communities in and around forests.

The limitations of this research lie in its primary reliance
on statutory documents and official technical provisions
available through public domains, which may not fully capture
the informal dynamics of institutional change. Furthermore,
this study is bounded by the temporal context of 2014-2023,
during which the forestry and environmental sectors were
integrated under a single ministry (MOEF). The significant
structural separation of these sectors into the Ministry of
Forestry and the Ministry of Environment in late 2024 marks
a new era that necessitates further investigation. Future
research should transition from document-based analysis to
longitudinal panel data surveys or ethnographic approaches to
evaluate how this new institutional dichotomy influences the
effectiveness of SF in Java, particularly in overcoming the
public resistance and bureaucratic stagnation identified in
this study.
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HIGHLIGHTS

e Forest law serves as a direct indicator of a nation’s commitment to sustainability.

e The ownership structure directly determines the legal model.

e The ‘implementation gap’ constitutes a widespread cause of policy failure.

e Legal protection is unlikely to succeed without an effective enforcement chain.

e Climate adaptation has replaced sustainable yield as the primary driver of forest law reform since 2020.

SUMMARY

The legal regulation of silvicultural interventions — science-based practices for establishing, tending, and regenerating forests — serves as a direct
indicator of a nation’s commitment to sustainable forest management (SFM). This study conducts a structured comparative legal analysis of
legislative frameworks governing silviculture in five countries, each exemplifying a distinct governance model: Tiirkiye (prescriptive state-
centric), Sweden (liberal, goal-oriented), Germany (federal, incentive-based), Canada (provincial jurisdiction with Indigenous rights), and
Brazil (private-land focused, implementation-challenged). Employing the Institutional Analysis and Development (IAD) framework, the
research systematically compares national legal regimes across six analytical variables: regulatory system, ownership-governance nexus, silvi-
cultural standards specificity, enforcement architecture, adaptive capacity, and transnational norm integration. Primary legal texts were analyzed
through directed content analysis, supplemented by secondary sources and recent jurisprudence.

The analysis yields three principal findings. First, ownership structure operates as a constitutive element shaping regulatory architecture,
resulting in five governance paradigms with functionally equivalent yet formally distinct silvicultural controls. Second, a cross-cutting ‘imple-
mentation gap paradox’ demonstrates that the two countries with the strongest constitutional protections, Tiirkiye and Brazil, exhibit the
greatest divergence between de jure protections and de facto outcomes. Third, since 2020, climate adaptation has supplanted sustainable
yield as the primary driver of forest law reform in Europe, while recognition of Indigenous rights has become the dominant reform impetus
in Canada. The study introduces a ‘Regulatory-Institutional Alignment Framework’ to account for the differential effects of governance on
the interaction among legal design, institutional capacity, enforcement integrity, and political commitment. These findings provide practical
guidance for policymakers and legal researchers, with several reform proposals supported by comparative evidence.

Keywords: silviculture, forest governance, comparative law, sustainable forest management

INTRODUCTION

The world forests play a key role in addressing the two
interconnected crises of climate change and biodiversity
destruction, holding around 30% of the world’s annual levels
of anthropogenic CO, emissions as well as providing for more
than 80% of the world’s terrestrial species (Pan et al. 2011,
Marques et al. 2019). Forest services and socio-economic
value for 1.6 billion peoples forests need governance to bal-
ance conservation and use for productive purposes (Agrawal
et al. 2008). The Sustainable Forest Management (SFM)
paradigm, defined at the 1992 Rio Earth Summit and further
developed in the UN Forum on Forests, assumes forests as

resilient systems stewarded for long-term ecological sustain-
ability, productivity and equity from generation to generation
(Odera 2004, Burton 2025, Mishra and Agarwal 2024). SEFM
translation into practice focuses on silvicultural practices
which control the selection, establishment, growth and struc-
ture of forest to conform to various functional requirements
(Matthews 1989). These interventions (thinning, selective
logging, clear-cutting and regeneration) are the concrete
mechanisms of establishing forest ecosystems. Contemporary
silviculture is increasingly influenced by an ecological theory
that aims at replicating the natural processes and increasing
resilience and is a departure from production-led approaches
(e.g. Puettmann 2021, Puettmann, ef al. 2025, Messier et al.



30  U. Birben and F. Cakir

2022). They are constructed through forestry government
policy and by legislation which provides rules, inducements,
and sanctions that shape human behavior (Cashore et al.
20006). The legal framework thus has the duty of navigating
the basic contradiction between active intervention in silvi-
culture and ecological limits determined by sustainability
(Siry et al. 2005). The formation and enforcement of these
legal systems are, therefore, critical as to whether SFM is
maintained as an aspiration goal or becomes an operational
reality.

Despite a growing body of research on SFM, comparative
forest law scholarships have been predominantly descriptive,
focusing on single-country case studies or high-level policy
narratives rather than systematic, institutionally grounded
comparison of specific silvicultural provisions (Giessen 2013,
Godechot 2018). Scholarship on comparative legal methodol-
ogy in environmental law has highlighted constant challenges
in multilingual legal source analysis and the distinction
between functional and structural comparison (Vifuales 2024).

This study fills these gaps via addressing the following
main research question: How different national legal and gov-
ernance regimes regulate silvicultural interventions to pursue
SEM goals, and what institutional considerations account for
the different efficiency of these strategies?

The period since 2020 represents an inflection point in
global forest governance. Sustainable yield has now been
replaced as the major reason for forest law reform in Europe
by climate adaptation: Germany adopted the Bundes-
Klimaanpassungsgesetz (Federal Climate Adaptation Act) in
2023, and Sweden’s inability to achieve its goal of achieving
‘Sustainable Forests’ environmental quality has been officially
recognized by the OECD (2025). In Canada, landmark deci-
sions such as Yahey v. British Columbia (2021) and Gitxaala
v. British Columbia (2023) have extended Indigenous rights
to forest resources, and the 2023 wildfire season that scorched
2.84 million hectares in British Columbia alone revealed sys-
temic governance failures (Daniels et al. 2024). Furthermore,
in Brazil, when enforcement revived post-2023 under a new
government, infraction notices doubled and alerts surround-
ing deforestation dropped by 43% (Nunes et al. 2024), and
the Supreme Federal Tribunal mandated a reduction of defor-
estation in the Amazon to zero by 2030 (STF ADPF 743/760).
Concurrently, the European Union Deforestation Regulation
(EUDR), with enforcement deadlines now set for December
2026 (Council of the EU 2025), heralds a new era of decision-
making (Sandstrom et al. 2017) — from voluntary governance
to mandatory extraterritorial compliance. These developments
stress the critical need for a rigorous comparative analysis
that reflects the contemporary dynamics remaking forest law
around the world.

This paper challenges these dynamics by drawing on a
structured institutional comparison: How do national legal
regimes regulate silvicultural interventions to promote SFM,
and what institutional features strengthen or weaken their
performance amid the climate-biodiversity nexus? To address
this, the study compares and contrasts five countries which
are representative of a spectrum of governance paradigms:

Tiirkiye (prescriptive state-centric), Sweden (liberal, goal-
oriented), Germany (federal, incentive-based), Canada
(federally decentralised, judicially constrained), and Brazil
(private-land focused, implementation-challenged). This choice
reflects differences in legal traditions (civil vs. common law),
political institutions (unitary vs. federal), patterns of forestry
ownership, and mechanisms for enforcement. The analysis
is structured with the help of the Institutional Analysis and
Development (IAD) framework (Ostrom 2005), operation-
alised in six specified analytical variables, allowing a system-
atic cross-national comparison across countries that goes
beyond descriptive legal narration to institutional explanation.

METHOD
Conceptual framework

The analysis within the paper is based on three interconnected
conceptual models which together present a comprehensive
lens for the evaluation of forest law as an institutional
phenomenon.

Institutional Analysis and Development (IAD) Framework.
The IAD approach (Ostrom 2005) casts forest law as a set
of ‘rules-in-use’ that organize interactions among actors
(state agencies, landowners, communities, markets) within
an ‘action arena.’ Using the operationalisation methodology
proposed by Cole et al. (2019) and the institutional grammar
tool refined by Epstein et al. (2024), the current study analy-
ses legal rules at three nested levels: operational rules (e.g.,
clearcut area limits, regeneration deadlines, riparian buffer
widths), collective-choice rules (e.g., management plan
approval processes, stakeholder consultation requirements), and
constitutional rules (e.g., ownership regimes, constitutional
forest protections). The biophysical conditions component
of the IAD framework recognises how ecological contexts
(boreal, temperate, tropical) shape both the design and effec-
tiveness of silvicultural regulation. Recent systematic reviews
which have applied IAD to forest governance attest that insti-
tutional diversity — rather than a single optimal model — char-
acterises effective forest management worldwide (Kimengsi
et al. 2023, Carlisle and Gruby 2019, Nagendra and Ostrom
2012).

Adaptive governance. By stressing the unpredictable
structure of forest ecosystems under climate change, the cur-
rent study considers legal systems against the lens of learning,
flexibility, and polycentricity dimensions (Folke et al. 2005,
Chaffin et al. 2014). These rigid, top-down systems are
opposed to systems that employ feedback loops and stake-
holder engagement. In agreement with Abrams and Elbakidze
(2023), the analysis posits four primary components of adap-
tive forest governance: political will, legal framework flexi-
bility, higher-level institutional support, and local capacity
building. This lens has special significance in this regard for
appreciating how legal frames react to a climate adaptation
imperative post-2020.

Transnational Legal Orders (TLOs). The EUDR, on the
other hand, is viewed not simply as a trade regulation but as a



transnational legal order that penetrates domestic legal sys-
tems, establishing new compliance architectures and redefin-
ing ‘legality’ through supply chain due diligence (Halliday
and Shaffer 2015). Recent literature has stressed the legiti-
macy challenges and possible market leakage effects of such
extraterritorial regulations (Muradian and May 2026, Boston
and Tanger 2025). These dimensions are explored in the
comparative examination below.

Analytical variables and comparison matrix

To enhance comprehensiveness in the legal narrative, six
analytical variables were defined a priori to enable systematic
cross-national comparison. These variables ground the insti-
tutional dimensions of the IAD framework in the silvicultural
regulation context:

Case selection and justification

Five countries were selected through purposive sampling
designed to maximize variation along the main dimensions
identified in the IAD framework (George 2018, Seawright
and Gerring 2008). By this ‘most different systems’ design we
can ascertain how institutional variables — rather than their
shared cultural or historical features — shape regulatory out-
comes (Przeworski and Teune 1970). A summary of selection
criteria and case characteristics is given in Table 2.

Data sources and analytical procedure

The study utilizes both primary legal texts (constitutions,
forest acts, implementing regulations, judicial decisions), and
secondary sources (policy documents, academic literature,
government audits, NGO reports). For each jurisdiction, anal-
ysis was conducted in three sections: (1) finding and carefully
extracting legal provisions of the six analytical variables, (2)
structured content analysis of extracted provisions based on
the institutional grammar tool protocol (Epstein et al. 2024),
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whereby institutional statements were coded into their
components (actors), objects (targets), deontic operators
(permissions, obligations, and prohibitions), conditions,
and consequences, and (3) a cross-national comparison of
coded provisions for convergence, divergence, and functional
equivalence.

Methodological limitations

The core legal analysis of non-Turkish jurisdictions relied on
translations in English of Swedish, German, and Portuguese-
language laws. Although the principal forest acts of Sweden
(Skogsstyrelsen 2022), Germany (BWaldG as amended), and
Brazil (Forest Code Law 12,651/2012) have official English
translations, not all regulatory contents that are situated within
subordinate regulations or judicial opinions can be translated
accurately. In order to counterbalance this limitation, the
analysis was triangulated with peer-reviewed secondary
literature written by authors with knowledge of jurisdiction-
specific legal matters. Primary sources were accessed first-
hand for Canadian law, which was in English. A fully rigorous
comparative legal analysis ideally would entail collaboration
alongside legal experts at the local level in each jurisdiction
(Vifiuales 2024), so this represents an avenue for extending
future research.

FINDINGS

This section presents the results of the directed content
analysis for each jurisdiction, structured according to the six
analytical variables defined. The presentation is organized
by country to preserve the internal coherence of each legal
system, followed by a systematic cross-national comparison.

The Prescriptive State-Centric Model: Tiirkiye

Regulatory system: Tiirkiye’s forest governance operates
within a prescriptive, command-and-control framework. The

TABLE | Analytical variables for comparative legal analysis

Analytical Variable

Definition

TAD Level

Regulatory Design

The nature and specificity of legal rules governing silvicultural activities
(prescriptive vs. goal-oriented, command-and-control vs. incentive-based)

Operational / Collective-
choice rules

Ownership-Governance
Nexus

How forest ownership structures determine regulatory philosophy and the
allocation of management authority

Constitutional rules

Silvicultural Standards
Specificity

The degree to which legal texts specify concrete silvicultural parameters
(clearcut limits, regeneration deadlines, riparian buffers, species
requirements, diameter limits)

Operational rules

Enforcement Architecture

The institutional chain from detection to sanctioning, including monitoring
technology, administrative capacity, judicial processing, and fine collection

Operational / Collective-
choice rules

Adaptive Capacity

Legal mechanisms for incorporating new scientific knowledge, responding
to climate change, and enabling stakeholder participation in management
decisions

Collective-choice /
Constitutional rules

Norm Integration

The degree to which domestic legal systems incorporate or respond to
international instruments (EUDR, CBD, FSC/PEFC, UNDRIP)

Constitutional rules
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TABLE 2 Case selection: key institutional dimensions

Dimension Tiirkiye Sweden Germany Canada (BC) Brazil
Legal tradition Civil (Continental)  Civil (Nordic) Civil (Germanic) Common law Civil (Iberian)
Political structure Unitary Unitary Federal Federal Federal
(presidential) (parliamentary)
Forest ownership 99% state ~T75% private ~48% private 94% Crown ~54% private
(public)
Primary regulatory  Prescriptive Goal-oriented Incentive-based Rights-based /  Conservation
logic command plan-based obligations on
private land
Enforcement Moderate (political Moderate (relies on ~ High (differentiated by =~ Weak (chronic ~ Volatile (politically
capacity interference) self-compliance) Lénder) underfunding)  dependent)
Climate adaptation ~ Climate Law No. No dedicated act Klimaanpassungsgesetz Province-level ~ STF judicial
legal status 7552 (2025) (SFM objective (2023) policy mandates
failing)

Constitution (Article 169) declares all forests state property,
prohibits their reduction in area, and mandates state manage-
ment for the public benefit (Coskun 2002, Aydin and Elvan
2005, Coskun 2006). Forest Law No. 6831 (1956, as amended)
and its implementing communiqués vest near-exclusive silvi-
cultural decision-making authority in the General Directorate
of Forestry (GDF), which functions simultaneously as law-
maker, manager, and enforcer. This dual capacity creates a
structural imperative for detailed technical specifications gov-
erning all aspects of forest management across the national
territory (Baskent er al. 2005, Kose and Dasdemir 2023).

Ownership-governance nexus: The state owns 99% of
Tiirkiye’s forests, and so is effectively both a regulator and
operator. This monopoly does not provide a requirement for
negotiation in relation to private owners, but leaves account-
ability gaps: but unlike private-sector forestry operations in
other jurisdictions, the state’s own management decisions
are not subject to independent judicial review, creating a
structural deficit in oversight. This constitutional protection
of forest areas under Article 169 paradoxically coexists with
systematic political erosion: 63 979 permits were granted
under various legislative exceptions between 2012 and 2022,
converting 406 202 hectares of forest land to non-forest uses
(Atmis et al. 2024, Tolunay 2021, Yildirnm and Ayanoglu
2014). Presidential reclassification authority under the 2/B
provision has been exercised 27 times since 2018, removing
26.7 km? from forest status (Ozgiir 2024).

Specificities in silvicultural standards: Silvicultural inter-
ventions are regulated through detailed management and
silviculture plans prepared by the GDF. Clearcut sites are
determined by these plans, with blocks of more than 10-
15 hectares generally not preferred. Until criteria for success
are met (e.g., 80% seedling survival within two years), refor-
estation obligations apply. Any harvesting, thinning and
regeneration activities should have GDF authorization and
be strictly in line with the specified technical specifications
provided by central authorities.

Enforcement regime: Criminal (imprisonment and fines)
punishments for illegal cutting and forest damage were

prescribed in Law No. 6831. The effectiveness of enforce-
ment is, however, obstructed by political interference.
Caliskan ez al. (2025) that have shown that legislative changes
have repeatedly prioritised economic consumption over envi-
ronmental protection. The catastrophic 2021 Manavgat fire
(60 000 ha from four concurrent arson ignition points) high-
lighted weaknesses in both prevention and response capacity
(Ekberzade et al. 2025).

The capacity for adaptability: Tiirkiye’s 2024-2030 Cli-
mate Adaptation Strategy was adopted in 2024 and Climate
Law No. 7552 enacted in July 2025, establishing a legal foun-
dation for climate-responsive forest management. But this
top-down governance structure does not allow for incorpora-
tion of local ecological knowledge and community role
in decision-making. Elvan et al. (2021) has revealed that
Turkish legislation meets FAO criteria to 78.1%, but has
significant deficiencies on adaptive management practices
and mechanisms for stakeholder engagement.

The export market is creating indirect EUDR compliance
pressures on the economy with transnational norm integra-
tion: Tiirkiye is not an EU member state. The country’s
pursuit of alignment with EU governance of forests has been
sporadic, with domestic priorities repeatedly overshadowing
international commitments.

The liberal goal-oriented model: Sweden

Regulatory system: Sweden is based on the principle of ‘Free-
dom with Responsibility,” which is written into the Forestry
Act of 1993 (Skogsvardslagen). This aim-driven strategy
confers substantial freedom upon forest operators to make
management decisions, while placing certain law-based
obligations on them. It is thus this Act, whose pioneering aim
is the equitable value-based attribution of production and
environmental goals, that legally recognises forests as complex
ecosystems rather than mere timber production sites and is a
progressive mandate (Appelstrand 2007, Lindahl ez al. 2017).

Ownership-governance nexus: More than 75% of forest
land is privately held by around 330 000 individual owners



and businesses. It can be said that this divided structure
of ownership renders prescriptive command-and-control
regulation infeasible and mandates that the approach must
have this specific purpose. The Swedish Forest Agency
(Skogsstyrelsen) uses consultative services, field inspections
and remote monitoring as a tool for the Swedish Forest
Agency to stimulate compliance instead of by directing it,
rather than coercing it (Olofsson and Jakobsson 2023, Nylund
and Ingemarson 2007).

Specificities in silvicultural standards: Clearcut opera-
tions involve notifying Skogsstyrelsen when they exceed
0.5 ha. Based on species and site productivity minimum
harvest age limits are 45 to 100 years. The most significant
law is the legally obligatory reforestation duty ‘without delay’
(interpreted as within approximately three years). Biodiver-
sity safeguards include compulsory retention of trees, dead
wood, and buffer zones. Yet there are no clearcutting area lim-
its: 97% of logging is carried out by method of clearcutting
(Angelstam et al. 2020, Heder Brandt 2023). Approximately
3% of productive forestland is managed under continuous-
cover forestry (Hertog et al. 2022).

Enforcement regime: The system relies primarily on self-
compliance by landowners and is done primarily by Skogs-
styrelsen who conduct post-harvest inspections on a sample
basis. Non-compliance carries administrative penalties.
Limitations of the enforcement model are reflected in the con-
tinued gap between the environmental goals and ecological
targets (Eckerberg 1987).

The capacity for adaptability: The OECD (2025) indicated
that Sweden has yet to reach the objective of the ‘Sustainable
Forests” on environmental quality by 2030 and more than
400 species are categorised as threatened by forest activities
(Skogsstyrelsen 2022). The forest sector has portrayed
clearcutting as ‘the best way to produce profits and also the
most sustainable mode of harvesting’, even as scientific
literature suggests that biodiversity continues to erode
(Angelstam et al. 2020). The Swedish model is also hampered
in this respect by the continuous exclusion of Sdmi reindeer
herding rights from forest governance. Despite the ground
breaking 2020 case of Girjas Supreme Court awarding Sami
communities unique hunting and fishing rights in their terri-
tories (Allard and Briannstrom 2021), about 70% of the top
yielding lichen pastures have been lost to commercial forestry
activities (Uboni et al. 2020), which is a failure of the ‘respon-
sibility’ part in reconciling production processes of resource
extraction with the rights and survival of peoples.

Transnational norm integration: Sweden as an EU-
member state is responsible to implement EUDR require-
ments. FSC certification has adopted tougher standards than
national law, however, the effectiveness of certification is
contested in its relationship to intensive industrial forestry.

Federalism and incentive-based regulation: Germany

Regulatory system: Forest governance in Germany is orga-
nized along two tiers of the federal level. The Federal Forest
Act (Bundeswaldgesetz, BWaldG) of 1975 lays down the
basic laws and minimum standards, and 16 state (Lénder)
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forest laws detail implementation policies adjusted to fit
local ecological and economic conditions in a specific area
(Winkel 2014). The ‘Close-to-Nature Forestry’ (Naturnahe
Waldwirtschaft) philosophy has been incorporated in most
state-level laws as the guiding principle.

Ownership-governance nexus: Germany’s relatively com-
plex ownership structure, which combines about 48% private
(typically in small plots less than 20 hectares) 29% state 19%
corporate, and 4% federal, requires an approach uniting legal
responsibilities with financial incentives. The approximately
two million small private forest owners demand broad
guidance to install technically challenging close-to-nature
silvicultural systems (Bieling 2004, O’hara 2016, Puettmann
et al. 2015)

Silvicultural standards specificity: Clearcutting is gener-
ally prohibited or severely restricted in most jurisdictions,
requiring state approval and limited to rare occasions. Natural
regeneration is favored over artificial planting. Native species
are mixed with uneven-aged stands through legal and financial
incentives. Regeneration timelines are typically determined
2-4 years after harvest and vary across states. According to
the latest report released by the Technical Assessment Bureau
in 2024, 3.3 million hectares of German forest must undergo
a transformation towards climate-resilient mixed stands
by 2050 (TAB 2024, BMEL 2021, BMEL 2024, Holzwarth
et al. 2020).

Enforcement regime: State forest agencies conduct peri-
odic inspections. Implementing financial incentive programs
creates positive compliance incentives along with administra-
tive sanctions for non-compliance. The system is also well-
suited to Germany’s high institutional capacity as well as its
rule-of-law nature (Ebbesson 2010, Mann 2012).

The capacity for adaptability: The Federal Climate
Adaptation Act of 2023 elevated climate-resilient forests as a
national legal priority in which legal and financial support for
the forest conversion program would be strengthened. Due
to events such as the collapse of the governing coalition in
November 2024 and the failed Federal Forest Act reform
plan, the Federal Forest Act reform was abandoned altogether
yet the example shows that political discontinuity obstructs
adaptive governance. Between 2018 and 2021, Germany lost
501 000 hectares of canopy cover as a result of drought,
storms, and outbreaks of bark beetles (Thonfeld er al. 2022,
BMEL 2021), demonstrating the need for prompt adaptation.
Kreuer et al. (2025) describe the current moment as a ‘forest
policy crisis that needs urgent transformation.’

Transnational norm integration: As an EU member state,
Germany is directly subject to EUDR implementation require-
ments. The EUDR’s integration into Germany’s existing reg-
ulatory architecture is facilitated by the country’s established
framework for forest monitoring and certification.

Provincial jurisdiction and Indigenous rights: Canada
(British Columbia)

Regulatory system: Canada’s forest governance is shaped by
constitutional federalism, with primary jurisdiction over natu-
ral resources delegated to provinces and territories. British
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Columbia (BC), which contains 60% of Canada’s remaining
old-growth forest, is used as the primary case. The Forest
and Range Practices Act (FRPA) and the Forest Planning
and Practices Regulation establish the regulatory framework
through mandatory forest management plans and results-
based compliance (Howlett 2001, Howlett and Rayner 2006).

Ownership-governance Nexus: Ninety-four percent of
Canada’s forests are publicly owned Crown land, managed
through tenure agreements with forestry companies. This
creates a principal-agent relationship where the government
(principal) delegates management to licensees (agents) under
contractual terms specifying silvicultural obligations. The
constitutional ‘duty to consult’ with Indigenous peoples
fundamentally constrains provincial authority.

Silvicultural standards specificity: clearcut area limits in
BC generally range from 40 to 60 hectares based on manage-
ment plans. Riparian reserves are 0-50m depending on stream
classification, but there are also other management zones
of 20—-100m. Regeneration obligations specify 3-5 years for
setting up and 9-20 years for free-growing status. It is found
only around 2.7% of high-productivity big-tree old growth
remained in BC, which led to the Fairy Creek protests (2021—
2025) — the biggest civil disobedience campaign in Canadian
history, with over 1 100 arrests (Merkel and Gorley 2020).

Enforcement regime: Sanctions consist of fines, suspen-
sion of harvesting rights, and timber seizure, but ongoing
chronic underfunding of enforcement staff makes a preventa-
tive field investigation almost impossible.

The capacity for adaptability: The judicial activism in
Canada profoundly defines the Canadian model’s adaptive
capacity. The Yahey v. British Columbia decision of 2021
found that cumulative effects of industrial activity — which
includes forestry — infringed Treaty 8 rights, which posed
a direct threat to BC’s forestry regime at the center of its
jurisdiction. The 2023 Gitxaala v. British Columbia decision
(upheld by BCCA in 2025) established mineral claims
regimes inconsistent with the UN Declaration on the Rights
of Indigenous Peoples (UNDRIP) and set precedent that
applies to forestry as well. The catastrophic 2023 wildfire
season (2.84 million hectares burned in BC, Daniels et al.
2024) has simply intensified demands for governance reform.

Transnational norm integration: Canada adopted UNDRIP
into domestic law through the United Nations Declaration on
the Rights of Indigenous Peoples Act (2021), creating binding
domestic obligations. EUDR compliance pressures affect
Canadian softwood lumber exports to European markets.

Conservation obligations and the implementation gap:
Brazil

Regulatory system: Brazil’s Forest Code (Law 12.651/2012)
controls land use on private land through two core mecha-
nisms: Permanent Preservation Areas (APPs) — ecologically
significant areas with 30-500 m buffers, steep slopes, and the
like where development is not permitted — and Legal Reserves
(LR) — requiring landowners to maintain natural vegetation
on a percentage of their property: 80% in the Amazon biome,
35% in Amazon cerrado transition zones, and 20% elsewhere
(Brancalion et al. 2016).

Ownership-governance Nexus: Approximately 54% of
Brazilian forest area is private, so that private responsibility
under the Forest Code serves as the central focus of forest
governance. The Environmental Rural Registry (CAR) system,
which recorded more than 6.5 million rural properties, is the
main source for compliance monitoring. However, Furumo
et al. (2024) have shown that legal reserves have been overes-
timated by 9.7 million hectares because CAR registrations
overlap, severely hurting the system’s reliability.

Silvicultural standards specificity: Clearcutting is banned
in Legal Reserves and APPs. Legally approved management
plans are required for sustainable forest management in Legal
Reserves. Of the 5 jurisdictions studied, Brazil’s riparian
buffer requirements (by river width, 30-500 m) are the most
protective. But the amnesty provisions for illegal deforesta-
tion committed before July 2008 and the 20-year period under
Environmental Regularisation Programmes (PRAs) have had
a serious effect on effective implementation.

Enforcement regime: Brazil is one of the countries
equipped with world-leading detection capacity via DETER
and PRODES satellite systems. The post-2023 enforcement
resurgence saw some striking results: data indicates that
Amazon deforestation decreased from 9 001 km? (2022) to
6 288 km? (2024, 30.6%) and further down to an estimated
5 796 km? (2025) (Mingoti and da Silveira 2025, Pinheiro
2024). The numbers of violations notices double and defores-
tation alerts decrease by 43% (Nunes et al. 2024). The Amazon
Fund has collected R$3.9 billion in new donations since 2023,
returning international cooperation to balance. Still, the
actual rates of collection by fine-taker remains really low and
so undermine deterrence in the long term.

The capacity for adaptability: ITn ADPF 743/760 the
Supreme Federal Tribunal decreed through its decisions the
federal government must cut the Amazon deforestation
amount to 3,925 km?*year by 2027 and achieve zero defores-
tation by 2030, this is the first intervention into an area of
forest policy. Such judicial activism offers potent adaptive
tools and is contingent on political will.

Transnational norm integration: Brazil’s inclusion in
EUDR’s norms is undergoing pressure. The regulation desig-
nated 140 countries as low risk and four (Belarus, Myanmar,
North Korea, Russia) high-risk. Brazil’s classification will
have an outsized impact on its agricultural exports to the EU,
providing strong external incentives for tighter domestic
enforcement.

Comparative analysis

This section synthesizes the country-level results presented,
comparing the five jurisdictions across the six analytical
variables and identifying cross-cutting patterns that inform
the theoretical analysis.

Comparative silvicultural standards
Table 3 provides a systematic comparison of the specific

silvicultural provisions identified through the directed content
analysis.
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TABLE 3 Comparative silvicultural standards across five jurisdictions

Provision Tiirkiye Sweden Germany Canada (BC) Brazil
Clearcut Permitted via Notification Generally banned,  40-60 ha max via  Prohibited in LR and
regulation management plans, >0.5 ha, no strict ~ state permit required plans APP

>10-15 ha max, age limits

discouraged 45-100 yrs
Regeneration Until 80% survival ‘Without delay’ 2-4 years (state- 3-5yrs 20-year PRA window
deadline (result-based) (=3 years, level) establishment, 9-20

process-based)

yrs free-growing

Riparian buffers

General duty under

General

State-level rules

0-50 m reserve +

30-500 m (by river

management plans conservation duty (variable) 20-100 m width), most protective
management zone
Legal reserve Not applicable (state ~ Not applicable Not applicable Not applicable 80% Amazon, 35%
requirement land) cerrado 20% elsewhere
Retention / Natural regeneration ~ Mandatory Mixed species, Wildlife tree APPs, connectivity
biodiversity emphasis in plans retention trees, natural regeneration patches, riparian corridors
dead wood preferred retention

Primary sanction Criminal Administrative Administrative fine  Fine, licence High fines (very low
type (imprisonment + fine) fine suspension, timber  collection)

seizure

There are three striking patterns in the comparison:

1) Functional equivalence despite formal divergence:
All five jurisdictions accomplish the essential goal
of controlling timber extraction and guaranteeing
regeneration, but through formally dissimilar means.
Tiirkiye employs result-based criteria (survival rates),
Sweden uses process-based timelines, and Brazil
relies on spatial restrictions (legal reserves).

2) Brazil’s regulatory outlier status: Brazil’s Legal
Reserve requirement, obligating landowners to maintain
up to 80% natural vegetation, which has no equivalent
in other jurisdictions, and it also represents an utterly
new regulatory logic — one based not on public land
management regulation but on the restriction of the
use of private land.

3) Orders-of-magnitude variation in regeneration time-
lines: The range of regeneration deadline extends from
Tiirkiye’s indefinite result-based framework, through
Sweden’s approximately three-year process obligation,
to the 20-year PRA window in Brazil, demonstrating
that there are orders of magnitude differences between
the time frames available for forest recovery.

The implementation gap paradox

A key conclusion from the comparison is the ‘implementation
gap paradox’: countries with the best provision, constitution
or legislation, for forests show the greatest disparity between
the implementation of their laws and practice. Tiirkiye’s
Article 169 as a constitutional provision guarantees the best
protection of forest land in the tested jurisdiction, but 406,202
hectares of forest land were converted under legal exceptions
from 2012 to 2022 (Atmus et al. 2024, Tolunay 2021, Yildirim

and Ayanoglu 2014). Brazil’s Forest Code implements the
boldest of private-land conservation requirements (80% legal
reserves in the Amazon), with the 2012 amnesty and 20-year
PRA period undermining progress. In contrast, Sweden and
Germany, with less constitutionally-mandated protections,
exhibit a more consistent and although imperfect, linkage
between legal goals and practical effects.

This paradox provides the hint that constitutional
entrenchment is not sufficient to deliver a solution and can
thus generate moral hazard as it promotes reliance on formal
protections and disregards institutional capacity. The efficient
enforcement chain would need coordinated capacity across
three dimensions: (1) Technology of detection (Brazil first
with DETER/PRODES) (2) Administrative and judicial
processing (Germany second with Léinder-based institutional
structure) and (3) Persistent political commitment (to where
all five are vulnerable).

Ownership structure as a constitutive element

In line with institutional theory (Ostrom 1990 2005), the
analysis shows that ownership structure is not only consid-
ered a contextual factor but a constitutive element in formu-
lating regulatory systems. From the comparison, five distinct
ownership—governance paradigms emergee:

1. The state monopoly paradigm (Tiirkiye), which results
in prescriptive, centralised regulation in which the
state constructs, implements, and enforces rules — a
structure that, while granting uniformity, cultivates
accountability shortfalls.

2. The fragmented private ownership paradigm (Sweden)
requires goal-driven regulation that is dictated by
owner discretion, resulting in flexibility but inadequate
environmental outcomes.
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3. The hybrid incentive model (Germany) addresses
the issues of complex mixed ownership by offering
financial remuneration and advisory services, it yields
higher ecological standards, but at the cost of scale
bureaucratic difficulties.

4. The public stewardship paradigm (Canada) governs
Crown land in negotiated delegated tenure agreements
limited by Indigenous rights — a paradigm increasingly
disrupted by judicial intervention.

5. The private conservation obligation paradigm (Brazil)
creates a relatively new and unprecedented set of con-
servation responsibilities on private landowners, which
has led to severe political pushback and enforcement
difficulties.

Transnational norm integration and the EUDR

The EUDR represents a qualitative shift in international forest
governance from voluntary soft-law instruments to binding
extraterritorial regulation. The regulation’s repeated post-
ponement (enforcement now set for December 30 2026
for large/medium operators, June 30 2027 for micro/small)
underscores the implementation challenges of extraterritorial
governance (Council of the EU 2025). For EU member states
(Sweden, Germany), the EUDR creates additional compli-
ance layers atop domestic forest law. For non-EU exporters
(Tiirkiye, Canada, Brazil), it generates market-access pres-
sures that effectively extend EU regulatory standards beyond
its borders. Recent literature raises concerns that EUDR
unilateralism creates legitimacy problems and risks market
leakage to non-EU markets (Muradian and May 2026, Zabel
et al. 2025), while others question the regulation’s consistency
with GATT principles (Boston and Tanger 2025, Nasution
et al. 2025). These tensions will likely intensify as enforce-
ment begins.

DISCUSSION AND CONCLUSION
Toward a regulatory-institutional alignment framework

The comparison demonstrates that one institutional variable
will not explain the effectiveness of silvicultural regulation
from any one institutional variable. Rather, it is a product of
the interaction of four perspectives: (1) legal design adequacy
—how well the operational provisions respond to the particu-
lar silvicultural challenges of the jurisdiction, (2) institutional
capacity — the bureaucratic and technological capacity for
implementation, (3) enforcement integrity — the independence
and efficacy of the enforcement chain from discovery through
punishment, and (4) political commitment — the ongoing
readiness to emphasize environmental interests over rival
claims and demands.

This ‘Regulatory-Institutional Alignment Framework’
provides some theoretical basis beyond the widely observed
‘ownership structure determines legal model’ concept in a
new sense. For this reason, even though ownership structure

does inform regulatory systems, misalignment in the four
dimensions creates the implementation gap paradox across
jurisdictions, as this framework explains. Tiirkiye demon-
strates good legal design but weak enforcement integrity
(political interference leads to weak enforcement integrity).
Brazil shows strong legal design and detection technology but
weak political commitment (historically shaky with instabil-
ity). Sweden features a moderate legal design with high levels
of institutional capacity but few legal aims for environmental
standards. Germany displays the most alignment across all
aspects — but unprecedented biophysical pressures resulting
from climate change come ahead of institutional response.

The climate adaptation inflection point

The post-2020 era means a structural shift in the relationship
between silvicultural regulation and its purpose. Climate
adaptation has replaced sustainable yield on the policy agenda:
Germany’s Climate Adaptation Act (2023) and the identifica-
tion of 3.3 million hectares needing conversion (TAB 2024),
and Sweden’s recognition of falling short of its sustainability
goals (OECD 2025) indicate a fundamental change. In Canada,
the 2023 wildfire season (2.84 million hectares in British
Columbia alone) and landmark Indigenous rights determina-
tions are reforming governance from the ground up. In Brazil,
the Supreme Federal Court’s zero-deforestation mandate
represents a judicial intervention of unprecedented scale.
These developments challenge the traditional comparative
law assumption that legal systems change gradually.

On the contrary, there is evidence that the climate crisis,
the recognition of Indigenous rights, and extraterritorial gov-
ernance (EUDR) are acting as simultaneous external shocks
that are compressing timelines for institutional adaptation.
Legal systems developed for steady-state resource manage-
ment are now being forced into the service of major change,
with varying degrees of success.

For Tiirkiye, which has a complex state forestry tradition
grounded in tradition and experience, the comparative
evidence points to specific reform pathways guided by the
following lessons learned from similar jurisdictions:

Germany the development of a systematic financial incen-
tive program for climate-adapted silviculture could, based
on Germany’s forest conversion experience, promote
forest conversion in a way that does not require state
management to be exchanged for forest conversion. More
precisely, Law No. 6831 could be revised to create a ‘For-
est Ecosystem Services Fund’ funded by timber proceeds,
directly paying for carbon sequestration, biodiversity
enhancement, and water protection services.

Sweden While Tiirkiye’s ownership structure does not
allow direct adoption of the ‘Freedom with Responsibility’
model, the inclusion of result-based outcome monitoring
(using Sweden-type remote sensing technology for forest
monitoring) can help strengthen enforcement application
while keeping its administrative burden low.



Canada Tiirkiye’s forest village communities (approxi-
mately 7 million people living in or near forests) have
structural similarities with Canada’s Indigenous forest
communities. For instance, establishing a statutory ‘duty
to consult’ with forest village councils before manage-
ment plans proceed could improve both legitimacy and
adaptive capacity. The Canadian experience also warns
that such provisions need sufficient institutional support
to be meaningful.

Brazil Tiirkiye ought to reinforce constitutional protec-
tions against political erosion by introducing an indepen-
dent ‘Forest Ombudsman,” with jurisdiction to judicially
challenge 2/B reclassifications and other exceptions.
Brazil’s experience shows that constitutional safeguards
without an independent guardian of these institutions
can make them vulnerable to political manipulation. The
removal or strict judicial limitation of the 2/B reclassifica-
tion mechanism, through which 406,202 hectares of
constitutionally protected forest area have been converted,
is the single most significant reform measure found in the
comparison.

This comparative legal analysis of silvicultural regulation
in Tiirkiye, Sweden, Germany, Canada, and Brazil has made
three key contributions to the literature on forest governance.
Firstly, the paper demonstrates that ownership structure acts
as a constitutive feature — not solely as a contextual factor —
resulting in five different regulatory paradigms with function-
ally similar but formally distinct sets of silvicultural controls.
This finding goes beyond the established observation that
‘ownership determines legal model’ by detailing how differ-
ent ownership forms lead to different regulatory outcomes.
Secondly, the discovery of the ‘implementation gap paradox’
— where countries with the strongest formal protections have
the largest implementation gaps — challenges the widely held
belief that constitutional entrenchment ensures environmental
protection. The proposed Regulatory-Institutional Alignment
Framework provides an explanatory model based on the
combined effectiveness of legal design, institutional capacity,
enforcement integrity, and political commitment, which
accounts for this paradox. Thirdly, the analysis shows a post-
2020 turning point in global forest governance marked by
three concurrent pressures: climate adaptation as the primary
reform driver in Europe, Indigenous rights recognition as the
main reform vector in Canada, and extraterritorial regulation
(EUDR) as an emerging regulatory system. These forces
are shortening the timelines for institutional adaptation and
placing unprecedented demands on domestic legal systems.

It is important to note that since the legislation was
translated from Swedish, German, and Portuguese, there are
potential interpretive limitations. The analysis of legal texts,
with a focus on de jure analysis supplemented by secondary
evidence of implementation, should not be seen as an empiri-
cal measurement of de facto outcomes. While the policy
developments discussed in the letter (notably the EUDR
timeline, Brazilian enforcement practices, and Canadian

A comparative legal analysis of silvicultural interventions 37

jurisprudence) are evolving, this will require updating
particular data points.

As far as potential future research is concerned, three
directions have been identified: (1) to quantify empirically
the implementation gap through paired comparison of legal
provisions and measurable ecological outcomes (e.g., regen-
eration success rates, biodiversity indicators), (2) to broaden
the comparative lens to include additional governance mod-
els, particularly community-based forestry regimes in South
and Southeast Asia, (3) longitudinal monitoring of EUDR
implementation effects on domestic forest law reform in both
EU member states and exporting countries. This evidence
suggests that effective forest governance in the era of climate
crisis mandates not just well-crafted legal texts, but sustained
institutional alignment across the full spectrum from legal
design through enforcement to political commitment.
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HIGHLIGHTS

e Forest regulations, trade policies, tariff, and trade agreements regulate the wood trade.

e Nepal has transitioned from a net importer to a net exporter for the wood sector.

e Sawn and carpentry woods have no competitive advantage, leading to a net importation.

e Ply and carved wood benefit from clustering and integration with the furniture sector.

e Existing policies should be revised to enhance wood supply, support technology transfer and create market demand for domestic timber.

SUMMARY

The prevailing gap in knowledge surrounding to the export-import performance of Nepal’s forestry sector limits the ability to properly under-
stand the sector in general, and particularly the competitive position of the wood sector. Adopting four assessment tools: RCA, RTA, TCI, and
MSI, the export-import performance of six selected wood products were evaluated. Recognizing the uniqueness and non-substitutability
features of carved wood products, the paper proposes targeting an international niche market and adopting a product differentiation strategy.
The paper concludes by proposing recommendations for revisiting policies to enhance access to input products for domestic industries, support
technology transfer, and create market demand for domestic timber, at least in public-financed construction works.

Keywords: wood sector, trade performance, competitiveness, product-differentiation, export duty, cost disadvantage

INTRODUCTION

Nepal is divided into five physiographic regions: Terai (plain),
Churia (Siwalik/foot-hills), Middle Mountains, High Moun-
tains, and High Himalaya sharing 14.4%, 12.7%, 29.5%, 19.7%
and 23.7% landmass, respectively (DFRS 2015). Moreover,
the country exhibits all major climate types due to elevation
gradients (Peel ef al. 2007). The southern plains and mid-hills
fall under the Indomalayan realm and the northern part falls
under the Palearctic realm representing it as a biographical
transition zone (Olson et al. 2001). The Census administered
by the National Statistics Office (NSO) recorded a total
population of 29,192,480, which is shared by the Terai, Hills,
and Mountains at 53.7%, 40.3%, and 6%, respectively (NSO
2021). The southern plain is highly populated due to suitable
land for intensive farming, and holds almost 55% of the total
cultivated lands, whereas Hills and Mountains share 35% and
10%, respectively (Timilsina et al. 2019). Since the Terai has
improved access to public infrastructures, this region is host
to agro-based processing industries which export surplus
production. With improved road access, the urban cities of
the Terai and hills expanded manufacturing industrial estates,
targeting the input products and labor availability.
Approximately 44% of Nepal is under forest cover with a
further 2.7% classified as other wooded land (FRTC 2024).

Forest distribution pattern, accessibility status, and the com-
mercial potential of existing forest varies throughout the five
physiographic regions of the country, as shown in Table 1.

The Terai is highly fertile, densely populated, and recog-
nized as the country’s food basket and hub of the manufactur-
ing industry. As a consequence, there is pressure on forests
to extract from them high-value tropical hardwoods, expand
agricultural land, and develop industrial estates. The Churia
forests are also a potential source of tropical hardwoods,
however, the government has enforced stringent harvesting
standards for commercial timber harvesting in forests above
19-degree slopes to protect fragile watersheds (GoN 2017).
The forests in the mid-hills are fragmented and managed
by local communities as Community Forests (CF). These
Mid-hill CF are underutilized due to rapid outmigration and
increased access to wood substitutes for household energy
and building materials. As a result, CF contributed to the
restoration of degraded forests in the Mid-hills. The mountain
forests are in remote topography, where population density and
transportation facilities are poor which makes these forests
expensive for timber production. However, High Mountain
forests are valued for hosting high- value and low-volume
medicinal herbs and extracts. Due to less human pressure, for-
ests have low extractive potential, leading the High-mountain
and the High Himalaya to be relatively intact.
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TABLE 1 A snapshot of Nepal’s forests and their extractive potential (DFRS 2015)

Forest Stem Vol. >50 cm DBH

Region Cover  (m'ha) stems/ha Forest type Extractive potential

Terai (plain) 6.9% 161.66 35.61 Tropical/Sub-tropical High due to road access to tropical hardwood
broadleaved forests forests & clustered wood industries.

Churia (foot-hill)  23.0% 147.49 48.79 Sub-tropical Moderate due to fragile ecosystem.
broadleaved/ conifer

Mid-hill 37.8% 124.26 39.32 Sub-tropical Forests are fragmented and mostly managed
broadleaved/ conifer & by the local communities, as Community
Temperate broadleaved  Forests (CF). They have low potential due to

high extraction and delivery costs.
High-Mountains 32.3% 225.24 53.18 Sub-alpine conifer The remote location and difficult terrain

forest

makes them less accessible. Forests have

High-Himalaya

Montana grasslands &
shrub lands

lower commercial value due to excessive
extraction and delivery costs.

The Constitution empowers the government to adopt
policies relating to the protection, promotion, and use of
natural resources (MoLJPA 2020), and the federal parliament
legitimizes legal frameworks to govern natural resources,
including the forests. The Ministry of Forests and Environ-
ment (MoFE) is empowered by the Government of Nepal
(GoN) to regulate all types of forests and environment-related
issues in the country. Forests are regulated by two federal
Acts, the National Parks and Wildlife Conservation Act 1973
(MoLJPA 2025") and the Forest Act 2019 (MoLJPA 2025?),
and their respective Bylaws, guidelines, and directives.

The Forest Act governs all types of forests, outside the
Protected Area (PA), which is known as the National Forest
(NF). The NF accounts for almost 82.7% of forests, and the
PA accounts for 17.3% (DFRS 2015). The NF generally refers
to the natural forests managed by the state and non-state
agencies. The Forest Research and Training Centre (FRTC),
under the Ministry of Forests and Environment (MoFE),
periodically updates the forest area by using remote sensing
images supplemented with field verification in predetermined
permanent sample plots. Since images cannot distinguish
between forests that are either privately or publicly owned,
there is doubt about including both under the category of
forests. Therefore, while analyzing the NF data sets, such
limitations need to be considered.

The state-managed NF includes two regimes: protected
and managed forests. The protected forests do not contribute
to the domestic timber market due to restrictive harvesting
standards, but the government-managed forests (GMF) do.
Similarly, the NF managed by non-state actors adopts four
different management modalities based on the rights and
concessions in management contracts: Community Forests
(CF), Collaborative Forests (CoF), Religious Forests, and
Leasehold Forests. The CF and CoF, collectively named
Community-Based Forest Management (CBFM), contribute
to the domestic timber market. Whereas the religious and
leasehold forests do not. Therefore, the term forest refers
to all types of forests in this paper, but economic potential
of each forest types is determined by its property rights
arrangement, harvesting standards, and market access.

In domestic timber market, the GMF and CBFM are two
important sources of hardwood timber for the construction
and manufacturing sectors. In this paper, the term hardwoods
refers to the hard, heavy, and durable timber produced from
broadleaved forests, used as building construction materials.
Similarly, plantation forests are recognized as industrial plan-
tation forests (IPFs), which contribute to supplying softwoods
for the local veneer, plywood, and furniture-making industry.

The escalated migration of the working population from
rural to urban areas has elevated labor costs, making agro-
activity less attractive, and farm lands are abandoned as unde-
rutilized lands (UUL). The expansion of UUL has led farmers
towards less labor-intensive agro-forest activities, one of which
is tree planting to maintain private ownership in those UULSs.
The expansion of forests and shrub lands aligns with the
agriculture sector census, which reveals that agricultural land
has decreased by 0.3 million hectares from the 2.52 million
hectares reported in 2011/12 (NSO 2023).

Private forests consist of numerous small farmers who
dominate the input product market for veneer sheets, plywood,
and the furniture industry. Furthermore, the wood carving
industry also relies on private forests for input products.

OBJECTIVE

A systematic literature review confirmed that trade-related
systematic data for the wood sector were available for 2013
onwards. A comprehensive study on export-import perfor-
mance of the wood sector was lacking, which limited the
ability to properly understand the competitive position of this
sector. Acknowledging such limitations, there was justifica-
tion for a national-level performance assessment of this sector
to contribute to enhancing its competitive position. Therefore,
the objective of this paper is to assess the competitiveness of
the wood sector through market landscape analysis and trade
performance indicators in order to propose recommended
strategies for enhancing the forestry sector performance and
its export potential.
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RESEARCH METHODS
Methods and Tools

A hybrid approach was adopted, combining qualitative and
quantitative analysis, to evaluate external and internal drivers,
focusing on the market landscape and competitiveness of
Nepal’s wood sector. Integration of both contributed to under-
standing the wood sector’s competitive position, strategic
advantage, and empirical validation of wood products.

The market landscape analysis included drivers influenc-
ing the domestic timber market and visualized cost-driving
forces to highlight strategic leverage. To evaluate competi-
tiveness, four assessment tools were used: Revealed Com-
parative Advantage (RCA), Relative Trade Advantage (RTA),
Trade Competitiveness (TC) Index, and Market Share Index
(MSI), most of which were already adopted in the wood
sector (Thamiem 2011). The assessment results are presented
in Table 2, sourcing from various authors (Tyzynski 1951,
Richardson 1971, Fagerberg and Solie 1987, Cooper et al.
1988, Danna-Buitrago and Stellian 2022).

Data sources

The raw timber production-related annual data were extracted
from two secondary sources — MoFE (2024) and Dangi (2024).
The national-level annual export-import data were sourced
from the Customs Department’s official website for six
years (DoC 2019/20, 2020721, 2021/22, 2022/23, 2023/24,
2024/25). Similarly, global-level export-import data were
extracted from the UN website for the year 2024/25 (United
Nations 2024, 2025).

The trade-related databases are maintained in a standard,
universally accepted system known as the Harmonized
System (Harmonized System n.d.) which is adopted for many
other purposes, including trade policies and taxes, and it uses
6-digit numbers. The first two digits designate the chapter,
the second two digits designate the heading, and the last two
digits designate the subheading. Following this system, the
wood sector-level analysis included products listed under
HS-Codes 440111 to 442199. For product-level assessment,

six products were selected from the following 4-digit num-
bers: 4403, 4407, 4408, 4412, 4418, and 4420. The first two
digits 44 refer to Chapter 44, which includes raw and manu-
factured wood products. The next two digits specify the type
of woods, such as 03 referring to round timber and 07 to sawn
timber. The detailed features of selected wood products are
shown in Table 3.

The export-import performance assessment used six year
data (July 2019 to June 2025). Two products were considered
as key substitutes for wood materials. The selected substitutes
included the Poly Vinyl Chloride (PVC) and Aluminum
products, listed in the HS-code 39252000 to 39259090 and
76042100 to 76042900, respectively. However, Aluminum-
based wires, foils, PVC-based reservoirs, and tanks were
excluded as non-substitutes. The import trends of these sub-
stitutes were considered while analyzing the timber export
and import trends in the domestic market.

Limitations

The significance of multiyear data in evaluating the competi-
tiveness of the wood sector is acknowledged. However, due to
resource constraints, this study utilized single year data for
assessing competitiveness of six wood products.

RESULTS
Market landscape analysis

A clear understanding of external and internal forces helps in
framing the prevailing issues and developing evidence-based
production strategies. Considering the prevailing slackness
in the national economy, particularly timber users such as the
construction and manufacturing sectors, there is a need to
evaluate the strengths, weaknesses, opportunities, and threats
(SWOT) in the domestic timber industry to mitigate business
risk. A critical review of the timber supply chain, exporting
competitive products, advancing technology, and influencing
policy instruments is considered useful in developing produc-
tion strategies and scoping the market.

TABLE 2 General features of tools used in measuring competitiveness of wood products

Tools Formula Variables Interpretation
RCA; RCA = (X1 X% X = export of commodity i by country a score > 1 means i is competitive;
(X1 X¥) X = total exports of country a; but < 1 non-competitive
X, = global exports of commodity i;
X" = total global exports
MSI, MSI, = X%/ X% X;* = export of commodity i by country a % contribution of a country in world

X;* = global exports of commodity i;

export of i (X;)

RTA, RCAf— ((Mf/ M%)/ M = imports of i by country a;
M¢“ = total imports of country a;

(M / M)

> 0 hints at ; is competitive; < 0 hints
disadvantage

M;” = global imports of commodity i; and

M* = total global imports;

TCI, (X =M X+ M%) X;* = export of commodity i by country a;
M = imports of i by country a;

> 0 hints at ; is competitive; and < 0 is
disadvantage
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TABLE 3 Selected wood-based commodities, and their respective codes

SN Features of Wood-based product segments HS-Codes
1 wood in the rough, whether or not stripped of bark or sap wood or roughly squared 4403
2 sawn wood of thickness exceeding 6mm 4407
3 veneering for plywood/ laminated wood, and sawn lengthwise of thickness < 6mm. 4408
4 plywood, veneered panels and similar laminated woods 4412
5 Builders joinery and carpentry of woods, including wood panel/flooring panels 4418
6 Wood marquetry, carved decorative wood, statuettes, ornaments, art and craft objects 4420

Timber supply trend: The national-level forest inventory
indicates an average growing stock of 164.76 M?ha in
4.93 million ha of NF (DFRS 2015). Since no survey-based
estimate is available for private forests, a conservative
assumption of 15 percent of the NF is estimated to be 0.74
million ha (Dangi 2024). There is a gap between the projected
and actual timber supply in the domestic market (DoF 2015,
MokF, 2024, MoFE, 2024, 2025). Figure 1 below illustrates
that domestic market supply trends are generally increasing,
although significant fluctuations are evident. Administrative
barriers and unpredictable natural disasters have disrupted
the timber production and supply chains. The administrative
barriers have particularly impacted CBFM regimes, while
natural disasters, earthquakes, and the COVID-19 outbreak
have impacted across all forest regimes.

Nepal experienced a devastating earthquake on 15 April
2015, of magnitude 7.8, which damaged over 100 000 private
houses in Kathmandu alone (Kadel et al. 2023). The round
timber required for the reconstruction of damaged houses in
40 district was estimated at 1.48 million m* (MoFSC 2015).
Furthermore, the report acknowledged that the short supply of
domestic timber will create space for the market to manage
demand through imports of construction wood and substitutes.
The construction activities were at a high pace during the
reconstruction phase (2016-2021), and the country experi-
enced a shortage of wood-based construction materials in the
domestic market. Since timber supply from domestic sources

was less than demand, the market responded by increasing
imports of construction wood and substitutes, as shown in
Figure 2 below.

As the reconstruction phase approached exit, the country
was hit by the COVID-19 outbreak in 2020, which caused
stagnation in economic activities across all sectors. As a
result, there was a reduced demand for hardwoods in the
construction sector and softwoods in the manufacturing
sector during the post-COVID-19 period. By amending the
Forest regulation, GoN lifted the export ban on timber (GoN
2022) and reduced its export duty by quadruple (DoC 2024).
The foreign trade statistics (FTS) confirmed that both policies
positively contributed to enhancing exports of wood products
and reducing imports of construction timber and substitutes,
as shown in Figure 2. The increased export aligns with the
trends of raw timber supply in Figure 1 above.

Softwood timber supply from private forests escalated
after the Fifth Amendment in the Forest Regulation 1995 (GoN
2015). The deregulated harvesting and transport permits have
contributed to pushing timber supply in the domestic market,
as shown in Figure 1. Despite the revision in export duty,
hardwood supply from GMF and CBFM did not improve
as expected. Both sources underperformed due to stringent
harvesting standards and administrative hurdles. Therefore,
an uncertain and unpredictable supply chain increases trans-
action costs and risks of losing competitiveness in the market.

FIGURE 1 Raw timber supply trends in the market (Source: MoF 2024, MoFE 2024, 2025)

1200
1000
800
600
400
200
0

IN THOUSANDS CUBIC METER

=
= =
— =
o O
o
o o
~N o~

2007/08
2008/09
2013/14

Round timber supply trends from domestic sources

u
=
S
=

-
o
~

FISCAL YEARS

L
F

2015/16
2016/17
2017/18
2018/19
2019/20
2020/21
2021/22
2022/23
2023/24
2024/25




46  R.B. Dangi

FIGURE 2 COVID-19 impacts in the trade pattern of timber and substitutes (FTS 2019-2025)

3000 +—

2000 +

Import trends of construction material : wood and substitutes

1000 - — e —

201920  2020/21

2021/22

Fiscal Years

== Timber export(in Mil.NRs) == Timber import{in Mi.NRs) == PVC-product imports (Mil Rs)
= Alumunium imports (Mil.Rs)

202223 2023/24 2024/25

Revealed competitiveness: The industrial survey high-
lights that furniture making represents approximately 85%
shares of the domestic wood-based industry (NSO 2022),
which requires two input products: plywood and small-sized
sawn softwoods. It is noted that the plywood market flour-
ished during the post-earthquake reconstruction phase for its
reasonable costs, durability, workability, and availability in
the domestic market. As a consequence of increasing demand
from the construction sector, the veneer and furniture-making
sectors had opportunities to grow.

The plywood industry required peeled veneer sheets,
which fueled the expansion of the veneer industry. Since the
veneer industry required less skilled labor, they concentrated
in the locations where softwoods were available. In contrast,
plywood makers required skilled labor, and they concentrated
in the urban areas of the Terai to ease exports. The veneer
producers targeted accessible Mid-hills and the Terai to secure
the required softwood logs. However, the required sawn timber
for the furniture sectors was produced from local small and
medium-sized sawmills.

There are 80 plywood-producing firms that have estab-
lished 100 veneer-sheet producing units to supply 80 percent
of their demand for the Veneer-sheets (TRN 2024). It shows
that the remaining 20 percent of demand is met from imports.
Nepal also exports veneer sheets to India (Plyreporter 2024).
Therefore, the veneer industry has the potential to substitute
imports by enhancing production capacity and reducing the
cost, and export the domestic surplus.

The input products required by the furniture-makers are
price-sensitive due to the availability of various categories of
similar products in the market. Similarly, required hardwoods
for the construction sector are supplied by sawmills concen-
trated in the Terai region. Moreover, sawn hardwood is also
price-sensitive due to the availability of alternative materials
in the market. The export performance shown in Figure 3

confirms that plywood reveals strong competitiveness due
to its low cost advantage in conifer and tropical plywood.
Since FTS indicates imports of cheap plywood, this suggests
adopting a cost-focused strategy targeting the niche market
for sub-tropical plywood to increase the cost of switching to
imports for the furniture industry.

Terai-based sawmills supply timber to the construction
sector, which includes so-called branded hardwoods, such as
Shorea robusta and Termenalia tomentosa. Due to the under-
supply of hardwoods, their export base is small, as shown
in Figure 3. Moreover, they supply high-quality furniture-
making sawn woods, such as Dalbergia sissoo, Dalbergia
latifolia, and Tectona grandis. Since these hardwoods are
available in tropical and subtropical forests, they influence the
input product market of the construction sectors.

The import trends of carpentry wood products exhibit
an increasing trend, positioning Nepal as a net importer. The
export value of carved wood products outweighs the total
imports of similar products, justifying its competitiveness.
However, firms producing carved wood products face supply
constraints for input products and skilled labor, which limit
their production capacity and marketplace. Therefore, it posi-
tions Nepal as a net exporter in the international niche market.

Advancing technology: Products lose their competitiveness
when close substitutes improve their costs and performance.
The immediate substitutes of plywood include fiberboards
and particle boards in the furniture-making sector. The con-
struction sector uses polyvinyl chloride (PVC) and aluminum
products as alternative building materials for timber. Similarly,
wood-plastic composites and high-tech engineered woods are
considered potential future substitutes for plywood. There-
fore, the revealed competitiveness of plywood will be eroded
when cutting-edge technology reduces its cost and improves
the performance of alternatives, leading plywood products
into a volatile market.
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FIGURE 3 Export-Import performance of six wood products (FTS of July 2019 to June 2025)

Export-import performance of wood sector in Nepal
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Nepal stands among the highest remittance-receiving
countries, roughly one-third of GDP, which has pushed up
the marginal cost of labor relative to capital. As a result,
labor-intensive activities, such as harvesting, sectioning, log
delivery, veneer sheet drying, sheet sorting and stacking, and
trimming, are becoming expensive. The low interest rate in
the domestic financial market and lower acquisition cost for
forest operation machines indicate that the user cost of capital
is moderate. Since capital and labor are highly substitutable,
the credit constraint is moderate to accessing capital for
automation.

Since hardwood forests are limited, the timber supply is
a binding constraint, and capital investment in this segment
may increase the capital-labor ratio but may not increase
output, as expected. Therefore, sawn timber producers target-
ing the construction sector may consider switching from
cost-minimization (factor substitution) to value appreciation
production strategy in order to enhance efficiency per unit
volume. With that background, hardwood products must focus
on investing capital for efficiency improvement and adopt
strategic targets for the local market.

Unlike hardwoods, the softwood supply chain is relatively
smooth due to the overwhelming share of private sources in
the domestic market. Moreover, the elasticity of labor substi-
tutions is high, indicating that softwood processing firms can
reasonably substitute labor with capital invested in machines.
The veneer and plywood maker may consider investing capi-
tal in the automated peeling, drying, and pressing machines.
Therefore, veneer and plywood products need to adhere to the
strategic advantage of low cost and broader markets.

Certain products require skilled labor, where the elasticity
of substitution is low. In such products, the anticipated
negative effect of remit-driven wages must be addressed by
adopting labor productivity enhancement and product differ-
entiation strategies. Carved wooden products are one of
such segments which, due to their unique features created by

highly skilled labor using a special type of raw timber, are
export competitive and capable of capturing premium prices.
The limited market supply enables the carved wood industry
to sell its products in the international market. Therefore,
despite limited export volumes, they are competitive due to
quality differentiation and strong cultural foundations. At
the outset, this industry may consider focusing on product
differentiation targeting niche international markets.

Policy influence: The GoN enforced a high export duty on
raw products when domestic industries were in their infancy.
Now, the GoN has lifted export bans and reduced export duty.
The weak export performance in raw and sawn timber
indicates their cost disadvantages, while steady growth in the
veneer and plywood sectors reflects their advantages. There-
fore, export duty of NRs 6/kg for veneer sheet (MoICS 2018,
p-163) enabled a competitive position. Similarly, the export
duties of NRs 15/m? on plywood and NRs 15/kg on carpentry
woods (NBSM 2022, p.126) were supportive in positioning
both products competitively. It implies that a high export duty
functions as a trade barrier, and a fair duty facilitates exports.

The export performance of raw and sawn timber was
lower due to the high export duty. The GoN reduced the duty
by quadruple to respond to the contracted domestic demand.
The recent export performance reveals that it contributed
positively, but insignificantly. The customs duty has been
increased to 100% from 50% (NBSM 2025) although the
implications are yet to be studied.

It is worth noting that the export performance of plywood
and veneer sheets increased after being listed as export
preferential commodities (Dol 2022, 2023). Therefore, such
trade-friendly policy measures positively contribute to boost-
ing exports. Moreover, automation reduces risks for supply
shocks and foreign exchange fluctuations. The GoN may con-
sider adopting an industrial policy to incentivize processing
industries to cluster in spatial locations where backward and
forward functional linkages are well established and potential
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TABLE 4 Business strategies for wood products in domestic timber industry in Nepal

Strategic Strategic advantages
Targets ILaEr @ Differentiation
International Cost effective production of veneer sheets Overall differentiation of Pine made plywood
Market for plywoods responding to prevailing (limited resource but unique features), unique
contractionary economy aiming to carved wood products of Nepal listed under
transition towards product differentiation ~ HS-Code 4418, and carved wood marquetry
strategy, when economy resumes back. products under HS-Code 4420 targeting
international niche market to capture premium
prices for their nonsubstitutability nature.
Domestic Low cost focussed production of branded Focus on differentiation of wooden kitchen wares
Market hardwoods, such as Shorea robusta listed  listed in HS-Code 4419 to enhance their

under HS-Code 4407 to off-set imports of

competitive position in the domestic market to

similar items.

reduce imports.

Source of competitive advantages

for reinforcement. Based on the above analysis, production
strategies for six wood products are presented in Table 4.

Trade competitiveness assessment

The export—import performance of selected wood products
were evaluated using four assessment tools. Their results are
outlined below.

Revealed Comparative Advantages index: The RCA was
introduced to measure the export performance of the country
for a specified product relative to the global average, and it is
used to identify competitiveness based on the trade data of the
respective country (Balassa 1965). It expresses the relative
competitiveness of a specific sector or product segment, and
benchmarks competitiveness based on export performance.
Adopting Balassa equation (1) below.

RCA; = (X7 / X"/ (X" | X)) (1)

The numerator X"/ X" refers to the ratio of export of com-
modity i to total exports of Nepal. Similarly, the denominator
X"/ X" refers to the ratio of global exports of commodity i to
total global exports. The X", X" values were extracted from
the FTS (DoC 2024, 2025) and X;*, X" values were extracted
for the period July 2024-Jun 2025 from the UN-website
(United Nations 2024, 2025), and result presented in Table 5.
However, RCA is considered as a first-level diagnostic tool

due to remit-driven wage inflations and further validated with
additional tools to draw on corrective measures.

Relative Trade Advantage (RTA) index: This was intro-
duced by Vollrath, to address asymmetry issues of export-
focussed analysis and combines relative export advantage and
relative import penetration into a single index (Vollrath 1991),
as shown in equation (2) below.

RTA/ = RCA; — (M; / M") / (M;* / M*)) )

In this equation, the first part refers to the RCA of six
commodities, and the remaining part refers to the relative
import penetration of them. The M, and M" denote the
imports of six commodities and total imports of Nepal,
respectively. The M;* and M" denote the global imports of
six wood products and total global imports, respectively. The
required data for M;" / M” value extracted from FTS (DoC
2024, 2025) and M;” and M" from the UN-website (United
Nations 2024, 2025). These data were used in equation (2),
and the assessment result is given in Table 6.

From the above table, carved wood, veneer and plywood
hold strong competitive advantages, and raw timber has
weak advantages. However, the sawn timber and carpentry
wood have disadvantages due to domination of imported
commodities in the domestic market. However,

Trade Competitiveness (TC) index: This tool enables
to explain the country’s status on foreign trade balance and

TABLE 5 Revealed competitive advantage assessment of six wood products

Commodities X"in$ X"in § X" in $ X"in § RCA Interpretation
Raw timber 89467 1980663127 1982536985 16731484142027 0.38 non-competitive
Sawn timber 729 28486001357 0.0002 non-competitive
veneer sheet 14749950 2610938939 47.72 competitive
Plywood 50713220 9423269642 45.46 competitive
Carpentry wood 360874 11119119426 0.274 non-competitive
Carved wood 1683463.2 1325584810 10.73 competitive

(Note: Exchange rate for 1 $= NPR 139.87. Adopted Hinloopen and Van Marrewijk (2001) to interpret as follows: O< RCA<0.8 for
non-competitive, 0.8—1.25 for neutral, 1.25-2.5 for weak trade advantage, and >2.5 for strong advantage)
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TABLE 6 Relative trade advantage assessment for six wood products of Nepal

Commodities RCA/ M/ ($) M ($) M” ($) M” ($) RTA Interpretation
Raw timber 0.38 13884.7 12,898,807,944  8,758,156,764  18,265,533,650,676  0.38 competitive
Sawn timber 0.0002 93810.3 29,879,051,970 -0.004  non-competitive
Veneer sheet 4772 14,243,340 3,383,305,335 41.81 competitive
Plywood 45.46 2,290,570 13,383,161,312 43.06 competitive
Carpentry wood 0.274  6,195,053.31 14,749,539,742 -0.727  non-competitive
Carved wood 10.73 1,683,463 1,811,633,229 9.41 competitive

(Note: Exchange rate for 1 $ = NPR 139.87)

reflects the role of foreign trade in the domestic economy (Vu
et al. 2019). Comparing domestic trade to global trade, using
required data from Table 5 and Table 6 above in equation (3)
below, the competitiveness of six wood products are presented
in Table 7.

TCIL" = (X" = M) 1 (X" + M) 3)

Market share (MS) Index: This tool was introduced by the
League of Nations and GATT (Tyszynski 1951). Adopting
equation 4 below and employing data from above Table 5, the
results for six wood products are given in Table 8 below.

MSI” = (X! / X*)*100 4)

The X" / X}” ratio refers to export of commodity i from
Nepal to global export of commodity i. The result expresses
the percentage share of Nepal in the global exports for
commodity i. The higher value is interpreted as the absolute
presence of commodity i in the global market. The required
values for X" were extracted from FTS (DoC 2024, 2025) and
X" from the UN Comtrade (UN 2024, 2025). Since Nepal

cannot be key players in the global market due to its small
economy and limited capacity to modernize its production
technology. Therefore, the result of MSI" is paired with RCA/”
and proposed three products competitive and the rest not.

Table 8 shows that the position of plywood holds strong
competitive advantages, veneer has a fragile advantage, and
round wood has a small export base due to surplus products
because of stagnated economic activities. Moreover, carpen-
try and sawn timber are considered non-competitive products
due to strong competition with rivals in the domestic market.
However, carved wood has export potential, but in limited
volume to capture a premium price from a secured niche
market.

DISCUSSION

Many countries, including Nepal, enforced raw log export
bans and adopted strict regulation against trans-boundary
trade in order to foster their domestic industries to capture

TABLE 7 Trade competitiveness assessment for six wood products of Nepal

Commodities X" ($) M/ ($) TCI” Interpretation

Raw timber 89467 13884.7 0.73 Competitive advantages, but doubtful
Sawn timber 729 93810.3 -0.98 Net importer due to strong competition
Veneer sheet 14749950 14,243,340 0.02 Fragile and less export advantages
Plywood 50713220 2,290,570 0.91 Outstanding export competitive advantages
Carpentry wood 360874 6,195,053.31 -0.89 Net importer due to strong competition
Carved wood 1683463.2 1,683,463 0.000001 Competitive advantages in niche market

(Note: Adopting Vu and et al. (2019), 0.8 < TCI < 1 value for outstanding competitive advantage, 0.5 < TCI* < 0.8, for higher advantages,

and 0 < TCI £ 0.5 for no advantages)

TABLE 8 Summary of trade competitiveness assessment results of six wood products

HS-Code Commodities RCA RTA TCI MSI Result interpretation
4403 Raw timber 0.38 0.38 0.73 0.005 Small export base due to surplus
4407 Sawn timber 0.0002 -0.004 -0.98 0.000003  Net importer due to competing rivals
4408 Veneer sheet 47.72 41.81 0.02 0.56 Fragile net exporter due to rivals
4412 Plywood 45.46 43.06 0.91 0.54 Net exporter with trade advantages
4418 Carpentry wood 0.274 -0.727 -0.89 0.0032  Net importer due to competing rivals
4420 Carved wood 10.73 9.41 0.000001 0.127 Net exporter in secure niche market
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revenue from value-additions (SPFP 2016, Mariya-Sube and
Woodgate 2019, Apeti and N°’Doua 2023). The export bans
caused market distortions in Southern Thailand, Viet Nam,
and the Philippines (Muhamad 2000, Lakanavichian 2001,
Tuynh and Phuong 2021, Guiang 2001) and countries such
as Indonesia and Malyasia, adopted raw log export bans and
enhanced their domestic earnings by exporting processed
products (Lakanavichian 2001, Hyde 2003, Islam ez al. 2010).

Bhutan and India extended forest cover by enforcing
export bans and strict regulations, respectively (Namgyal
2025, Ghosh and Sinha, 2016). Sri Lanka reduced timber
price and illegal logging by enforcing reduced import tariffs
(Weerahewa and Gunatilake 2010). Nepal enhanced exports
of processed products by adopting a modest export duty.
Generally, labor-abundant nations earn by trading labor-
intensive products and capital-abundant countries earn by
capital-intensive products. Nepal used to be a labor-abundant
country, but rapid outmigration has eroded its comparative
advantages on labor-intensive productions.

The concentrated sawmills and plywood in the Terai
region where cross-border labor mobility is high, challenges
classical comparative advantage theories. Heckscher-Ohlin
and Factor Price Equalization (Balassa 1965, Leamer 1995,
Samuelson 1948). Labor mobility is stimulating the cluster-
ing of wood industries, which indicates labor endowments
alone cannot lock-in the comparative advantages for Nepal.
This implies that impediments in trade stimulate factor
movements and factor mobility barriers stimulate trade in
goods, indicating scope of factor substitution (Mundell 1957).
Ghimire et al. (2021) claim that capital-intensive production
decisions depend on community infrastructure, which hints
at alternative approaches that can internalize spatial and
agglomeration dynamics in order to enhance competitiveness.

As a consequence, existing wood industries in the Indo-
Nepal border cities offer empirical evidence that the factor

proportion theory (H-O model) provides a necessary baseline
to understand potential comparative advantages, but not
sufficient to conclude competitiveness. The core-periphery
and industrial clustering model of Krugman (1991) suggests
that underlying forces for agglomeration reduce cost and
create a self-reinforcing loop by developing a thick labor
market in the core area. Therefore, the clustering in the Indo-
Nepal border is justified for prevailing infrastructures, labor
mobility, and producer-buyer networks, and forest-rich
hills and mountains are left behind as periphery due to weak
infrastructures.

Referring to the Krugman-model, Venables (1996, 2000)
considered that linkages between the raw product suppliers
(backward linkages) and processed product suppliers and
vice-versa reduced delivery cost to market (forward linkage).
Since concentrated industries have the opportunity of taking
advantage from knowledge spillovers and mutual learning,
the veneer producers target softwood forests (backward link-
ages), and plywood clusters in Indo-Nepal border targeting
the domestic and global market (forward linkage). Similarly
the hardwood sawn timber producers target hardwood forests
(backward linkages) and they are clustered in the Terai
regions targeting the domestic market and exports (forward
linkage).

The industry owners producing plywood and veneer prod-
ucts have the advantages of clustering and integrating with the
furniture-making industries to benefit from cross-sectorial
knowledge, technology, and skill transfers. Moreover, the
raw log and sawn timber industry segments indicate that they
are facing cost disadvantages due to inefficient production
and trade barriers. Drawing results from Tables 4 to 8,
Table 9 presents the competitiveness in the global market and
required policy interventions to enhance the competitiveness
of respective products.

TABLE 9 Nepal’s trade performance in wood sector and recommended policy intervention

Products Country position

Strategic target

Policy intervention

Raw logs Non-specialized net

exporter

Strategic advantage in reducing costs Reduce import tariff on tools to reduce
and targeting the domestic market.

production loss. Revise royalty rate & Export
duty to reduce cost.

Sawn timber Non-specialized net

importer

Strategic advantage in reducing costs Reduce export duty and list it under export
and targeting domestic markets.

preferential commodities. Make timber use
mandatory in public works to boost demand.

Veneer sheet
net exporter

Specialized but fragile Strategic advantage in reducing costs Enhance softwood supply from GMF, CBFM
and targeting international markets.

and deregulation in private forests. Credit
facility for investment in automation.

Plywood Specialized net

exporter

Strategic advantage in reducing costs ~ Selfreliant in domestic supply of input
and targeting international markets.

products (veneer sheets)

Carpentry wood  Non-specialized net

Strategic advantage in differentiation  Policies for raw logs and sawn timber will

(aggregate) importer and targeting domestic markets substitute imports by domestic woods
Carved wood Niche market exporter Strategic advantage in product Support exports organizing trade fairs linking
products for carved wood differentiation and targeting with tourism. Encourage product branding and

international niche markets.

certification.
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CONCLUSIONS

The timber trade in Nepal has been strictly regulated, with
export restrictions and a heavy export duty imposed to foster
domestic industries. After adopting liberal trade policies,
export restrictions were lifted, and export duties on raw and
sawn timber were reduced. Despite that effort, export perfor-
mance did not improve due to labor migration-induced wage
inflation. In contrast, the export performance of veneer,
plywood, carpentry and carved woods performed well due to
a modest export duty. Combining the results from quantitative
indices with a strategic framework constructed from qualita-
tive analysis, Nepal’s position with its trade partners is
proposed, as follows:

1) Specialized exporter: plywood is proposed in this
category due to high index values for RCA, RTA, MSI,
and TCI tools.

2) Specialized but limited and fragile exporters: veneer
products are included here due to high indices for
RCA, RTA, and MSI, but low in TCI which indicates
that it has limited net export strength due to imports of
similar products.

3) Non-specialized net exporter: raw log products are
included for moderate TCI, and lower values for
others. It has a minimal export base due to a contracted
domestic market and reduced export duty in 2024,
but recently increased duty raises doubts about its
competitiveness in the future.

4) Non-specialized net importer: Sawn timber and
carpentry woods are included in this category due to
their negative RTA and TCI, positioning Nepal as a net
importer due to cost disadvantage.

Credit should go to the plywood and veneer industry for
a successful transition from a net importer to a net exporter,
despite a 20% stake of imported veneer as input products in
domestic plywood manufacturing. Noting market volatility
in the plywood products due to improved performance of
direct substitutes, plywood is proposed as a specialized export
product.

Recognizing wood carving as competitive and sustain-
able, it is proposed that consideration is given to this niche
market with focus on product differentiation to capture
premium prices.

Plywood and carved wood should be considered as advan-
tageous products of clustering and integration with furniture-
making industries, and authorities should ensure access to
input products, technology transfer, and enforce timber mate-
rial standards to expand demand, at least in public-financed
construction works.
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HIGHLIGHTS

e Small rural properties in the semi-arid region of Northeast of Brazil are underutilized due to low levels of support and technology.

e The volume of wood production from sustainably managed forests in the Caatinga is not sufficient to meet the energy consumption needs
of the industrial sector.

e The wood production from planted eucalyptus forests in already degraded areas is an important option for generating additional household
income.

e Systems associated with eucalyptus forestry (agriculture, beekeeping, forage production, etc.) consolidate alternatives for semi-arid farmers.

e FEucalyptus camaldulensis, E. crebra e E. tereticornis are suitable for planting in the semi-arid region for the production of firewood and
charcoal.

SUMMARY

This study aimed to analyze the importance of implementing Fucalyptus L’Heritier silviculture in the formation of energy forests in small rural
properties in the semi-arid ecoregion of Brazil known as Caatinga. To this end, a bibliographic review was carried out based on the technical-
scientific literature related to the topic, available in official databases, journals and research platforms. The energy matrix (the type of energy
source available to commercial, industrial and domestic sectors) of the region still consumes a large volume of native wood in the Caatinga
ecoregion, largely extracted illegally. Alternative sources are crucial for conserving this already impacted ecosystem. Due to eco-physiological
characteristics, some eucalyptus species tolerate the soil and climatic conditions of the Brazilian semi-arid and have properties suitable for
energy production. It is concluded that wood production from planted eucalyptus forests, implemented in already degraded areas on small rural
properties in the semi-arid region of Brazil for energy purposes, is an important opportunity to establish a clean and renewable, socioeconomic

development system within the broader context of environmental conservation.

Keywords: Caatinga, Eucalyptus, sustainable development, energy production, conservation

INTRODUCTION

Although much has been written about the natural manage-
ment of forests, and the commercial improvement of trees and
systems analogous to forests (Puettmann et al. 2015, Arts and
Koning 2017, Franklin ef al. 2018, McEwan et al. 2020, Betts
et al. 2021), little attention has been paid to establishing
planted eucalyptus forests in the semi-arid region of North-
east Brazil as an alternative for socioeconomic development
in the region. This is particularly the case when considering
the interaction of rural inhabitants with tree species in agricul-
tural landscapes as an economic and energy alternative, in

order to contribute to sustainable development, as occurs in
regions in arid and semi-arid regions of Africa (Ndegwa et al.
2011, Eijck et al. 2012, Karlberg et al. 2015, Miller et al.
2016, Kuyah et al. 2016, Njenga et al. 2019).

Energy forests have been defined as planted forests of
fast-growing species of tree or woody shrub, gown specifically
to produce energy (woodfuels), in order to provide biomass or
biofuel for heating or other domestic or industry uses (coal,
firewood, and other products) (Mead 2005, Lauri ef al. 2014,
Lavoranti et al. 2021). In Brazil, from the perspective of
energy matrices, woody biomass is a major source of energy
production for commercial, industrial, and agroindustrial
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purposes, as well as for domestic purposes. In the Northeast
Region, where the woody species used as energy resources
originate almost entirely from native forests, (97% of
consumption) and where 80% of energy resources (firewood
and charcoal) are illegally extracted from the Caatinga
(Riegelhaupt and Pareyn 2010, Silva 2016, Gioda 2019), it is
especially important that alternative forms of renewable
energy are identified and utilized.

From the point of view of plant energy resources, fire-
wood alone represents around 60% of all energy used for
cooking in the region, in addition to its use in small local
enterprises, such as artisanal ceramic production, for example
(Gioda 2019).

The estimated demand for firewood and charcoal in North-
east Brazil in 2015 was approximately 60 million m?* year.
Projections for 2030 indicate stability or a slight increase
in the demand for wood for energy from the industrial and
commercial sectors of the Northeast, along with stagnation
or a reduction in the demand for firewood and charcoal from
the residential sector (Pareyn et al. 2024). However, of the
volume of firewood consumed in the geographic region
of Northeast Brazil, only about 5% comes from Sustainable
Forest Management Plans (SFMPs), with the majority coming
from illegal extraction of the different Caatinga vegetation
physiognomies (Riegelhaupt and Pareyn 2010, Moreira 2011,
Silva 2016, Coelho Janior et al. 2019, Gama 2021). There-
fore, considering the growing demand for this natural resource
in various consumer sectors, the volume produced can be
considered very low. This is due to factors such as the popula-
tion density of woody species, which varies greatly between
different environments, and differences in the age of harvest-
ing, in addition to the low Mean Annual Increment (MAI),
which is around 5 m3/ha/year, although it can vary from 0.3
to 10.9 m¥ha/year depending on the heterogeneity of this
vegetation in the Caatinga (Riegelhaupt et al. 2010, Alves
etal. 2011).

In terms of production volume, wood production in the
Caatinga can vary between 40.29 to 60.88 m?/ha, as observed
in regions of Rio Grande do Norte (Santos et al. 2020a), with
an average of 86.1 m*ha observed in Pernambuco (Almeida
et al. 2023). It can, therefore, be concluded that the woody
material available in the natural stocks of Caatinga vegetation
is insufficient for a growing and constant local energy demand.

Given these challenges some consideration has been given
to the implementation of planted forests with species of the
genus Eucalyptus L'Heritier (Myrtaceae) due to its high
annual productivity in other areas in Brazil (Rodigheri et al.
2007, Santarosa et al. 2014).

The agricultural and forestry economic sectors in coun-
tries facing edaphoclimatic problems frequently resort to
genetic materials that can tolerate abiotic stresses, such as
heat, salinity, floods, diseases, and drought (Acevedo et al.
2020). Specifically with silviculture for agroforestry, there
is a growing need to seek the performance of tree species
in terms of faster growth rates and improved products with
higher yield and wood quality (Simons and Leakey 2004,
Gumucio et al. 2018, Corona et al. 2016, Udawatta et al.
2019). Notably, this becomes necessary in semi-arid regions

that have a history of large environmental impacts and low
human development, such as in the Cerrado and Caatinga
biomes (Miccolis et al. 2019, Melo et al. 2024).

In this aspect, the development of research on manage-
ment and technological improvement of wood properties
can generate information and technologies that increase the
capacity of plantations to establish a sufficient wood stock to
regularly supply the energy phytomass needed by consumer
sectors, with quality, added value, and in the shortest possible
time due to short rotations (Alves et al. 2011).

In particular, the use of eucalyptus species (Eucalyptus
spp.) has been identified as an important option for socioeco-
nomic development and environmental protection in semi-
arid regions (Gama et al. 2025a), and as an alternative to meet
the demand for wood for fuel. This is pertinent given that in
the last 10 years the production of firewood and charcoal from
native forests in the semi-arid region of the Northeast has
been drastically reduced (Gama et al. 2025b), with a large
part of this decrease caused by the reduction of natural wood
stocks in the native forests of the Caatinga (Travassos and
Souza 2014, Santos et al. 2023).

On the other hand, according to Simmons et al. (2002),
although natural regeneration allows for timber production, it
is not a recommended system from an economic standpoint.
This is because, in addition to the lack of selection of indi-
viduals in terms of physiological quality, as occurs in seedling
production, it is a system that does not guarantee productivity
on an economic scale. Therefore, planted Eucalyptus spp.
forests in semi-arid regions of northeastern Brazil are a
logical option to meet the demand for timber resources and
the possibility of regional development mainly by establish-
ing eucalyptus energy forests on small rural properties, where,
according to Gama et al. (2025a), forest formations are still
scarce in semi-arid regions. According to Santarosa et al.
(2014), eucalyptus species may be preferred by small properties
due to their rapid growth, adaptability to diverse ecological
regions, and the economic potential provided by the various
applications of their wood.

According to Eisfeld et al. (2017), forestry implemented
in these regions with a low Human Development Index
(HDI) and where agriculture is unfeasible, generates positive
economic impacts, providing opportunities for social and
economic advancement. In addition, Eisfeld et al. (2017)
observed that silviculture implemented has a low environ-
mental impact, as the wood from silviculture contributes to
the conservation of native forests. Thus, the use of eucalyptus
species in silviculture in the region may be opportune, covering
social, economic, and environmental aspects.

Given this context, a literature review was conducted with
the objective of analyzing the characteristics and importance
of implementing eucalyptus (Eucalyptus L’ Heritier) cultiva-
tion forests for the production of wood for fuel — woodfuels
— (firewood and charcoal) — also known as ‘energy forests’ —
on small rural properties in semi-arid regions of Brazil.
Structurally, as a narrative review, it was constructed with
stages organized as follows: identification of the topics
covered, selection of specialized technical-scientific literature,



of relevant legislation and official data, and with the presenta-
tion of the review topics systematized into defining topics,
based on Pautasso (2019).

The metadata collected on the subject were gathered from
academic and institutional platforms, as well as from national
and international journals. The bibliographic search in the
databases (Science Direct, Web of Science, Scopus, Scielo
and Google Scholar) and the official platform of the Brazilian
government was carried out using keywords related to the
topics of interest: the semi-arid region of Brazil (economic,
socio-environmental aspects and human development),
eucalyptus silviculture (cultivation systems, phenotypic
plasticity in the region, productive potential and alternative
uses of the wood) and small rural properties (integration of
eucalyptus, maximization of land use and optimization of
economic capacity), without applying any temporal cut-off line.

After the collection, screening, qualification and selection
phase of the studies, the final organization was carried out,
with the studies being aligned according to the objective of
this study. The results of the studies were synthesized and
presented according to the themes encompassed in their
respective subjects.

Semi-arid region of Brazil

Ranging between the parallels 3°-~18° South Latitude and
35°-46° West Longitude, the current Brazilian semi-arid
climate region has a total extension of 1 182 697 km?, distrib-
uted across 1 262 municipalities between the North-eastern
states and the northern region of Minas Gerais. The popula-
tion in this region is estimated at 27 830 765 inhabitants,
distributed as approximately 63% in urban areas and 37% in
rural areas (Brazil 2017, 2019a). Originally, the semi-arid
region was occupied by 808 357 5 km? of Caatinga (Santos
et al. 2020b), which corresponds to 79.35% of the region’s
vegetation (Figure 1).

The semi-arid region is characterized by a climate with an
average precipitation of 800 mm/year, average temperature
ranging from 20 to 28 °C/year, with a low temperature range
varying from 5°C to less than 2°C, low aridity index (< 0.5),
ratio of average annual precipitation to average annual
potential evapotranspiration), 60% risk of drought, and daily
percentage of water deficit equal to or greater than 60%
(Zanella 2014, Brazil 2017, Silva and Bezerra 2020).

The soils forming the region comprise a mosaic with vari-
ous classes distributed throughout the extension, including
shallow soils of crystalline origin or deep soils with sedimen-
tary soils, sometimes with rocky outcrops, low water reten-
tion capacity, low nutrient and organic matter content, with
predominance of Latosols and Ultisols soil types (Marques
et al. 2014, Gama and Jesus 2020).

The Caatinga vegetation in the region is of the hyperxero-
philic type, occupying more than 50% of the areas in the driest,
with rainfall below 500 mm, and hypoxerophilic Caatingas
occurring in wetter zones (Santos et al. 2011). Savannah
typology enclaves in the Caatinga are composed of a mixed
flora with elements typical of two biomes, the Cerrado and
the Caatinga itself (Nepomuceno et al. 2021).
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From a socio-economic perspective, both the Human
Development Index (HDI) and the Firjan Municipal Develop-
ment Index (FMDI) are low to moderate (between 0.4 and
0.6) for most semi-arid municipalities (61%). The HDI in this
region is below the national average of 0.75 (Freitas 2009,
Buainain and Garcia 2013, Silva and Bezerra 2020). From an
economic standpoint, the semi-arid region has experienced
low development and widespread poverty, with direct trans-
fers from Social Security (retirement and pensions) and
income transfer programs representing the most important
sources of income for most families, with family agricultural
production largely restricted to local and regional economies
(Buainain and Garcia 2013, Mattos et al. 2021, Sabourin
2021).

In general, deforestation of the Caatinga (loss of forest
cover) practiced for the purpose of agricultural land use has
not translated into human development in most municipalities
of the semi-arid region, according to data from Alencar et al.
(2024). Furthermore, according to the authors, based on
cycles of expansion and contraction in different agricultural
frontiers, there has been no reduction in poverty, income
inequality, infant mortality, or increased longevity.

In the semi-arid region, rural occupation reflects two
sets of factors: dominant low-productivity, labor-intensive
production systems and structural variables, particularly the
importance of smallholdings, which serve as units for subsis-
tence and housing for the poorer rural population who have
no alternatives for survival in other activities (Buainain and
Garcia 2013). Furthermore, as observed by Alencar et al.
(2024), the exploitation of natural resources alone, when it
occurs, is insufficient to achieve sustainable progress in the
development of this region.

About the smallholdings, despite totalling approximately
one million establishments, they represent insufficient eco-
nomic units for ensuring sustainability in a broad sense in the
conditions of the semi-arid environment, as they contribute
with only 31% of the total value of agricultural production in
the semi-arid region (Buainain and Garcia 2013). However,
according to Buainain and Garcia (2013), the agricultural
sector is still the backbone of rural society and the main
economic activity in most small municipalities in terms of
population.

On the other hand, although the rural population is sig-
nificant, there has been a pronounced population displacement
(forced migration) from rural areas to local, small, and medi-
um-sized cities, due to the lack of opportunities in rural areas
(Gongalves 2001, Buainain and Garcia 2013, Oliveira et al.
2019). Rural families, for the most part, only produce enough
for their own consumption, and therefore, the scenario of
prolonged droughts in the semi-arid region presents a perma-
nent risk to food and nutritional security (Mattos et al. 2021).
There is also a portion of the population that ends up migrat-
ing to other regions of the country in search of better living
conditions, a phenomenon more evident during periods of
drought (Freitas 2009, Tavares et al. 2019).

A particular effect of the fragility of these populations’
quality of life may be reflected in environmental degradation
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FIGURE 1 Geographic delimitation of the Caatinga biome and the semi-arid climate region in Brazil. Scale: 1:250 000, Brazilian

Geodetic System DATUM Sirgas 2000. Source: (Brazil 2019b)
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through the suppression of Caatinga vegetation as an alterna-
tive for employment and income (Tavares e al. 2019). This
can be evidenced by the fact that pastures occupy more than
40% of the area of rural establishments in the semi-arid
region, which is more concerning in some municipalities in
Bahia, such as the microregion of Itapetinga, where more
than 70% of its territory is comprised of pastures (Santos
et al. 2011). Another example in Bahia is the microregion of
Ribeira do Pombal, which presents a very high level of degra-
dation, with about 90% of its area susceptible to desertifica-
tion, and only 35% of its territory containing areas of original
vegetation cover (Gama et al. 2022). Habitat loss is a real
situation in the Caatinga, where, of the original vegetation
cover that occupied an area of 40 582 671 ha (Sanquetta et al.
2018), there was a total loss of 6 076 939 ha of its original
vegetation in 17 years (from 2002 to 2018) (Santos et al.
2020a).

The loss of forest remnants tends to bring drastic changes
in regional climate and hydrology, where conservation efforts
would be more effective with an increased awareness of
the urgency of this problem at a larger spatial scale (Watson
et al. 2018, Betts et al. 2021). This is a recurring problem
in the Caatinga, where changes in land use impact the eco-
hydrological dynamics, especially where pastures replacing
native forests degrade due to inadequate management under
adverse climatic conditions (Souza et al. 2016, Ribeiro et al.
2019, Silva et al. 2025).

The economic, social, and environmental problems gener-
ated by habitat loss in the semi-arid region of Brazil highlight

the urgent need for the development and consolidation of
public policies whose aim is coexistence with the semi-arid
region and restoring the environment in areas prone to
desertification (Freitas 2009). In view of this, it is noted that
although numerous non-governmental organizations focus
on ecological restoration, few encourage the planting of fast-
growing species on smallholdings, whether for commercial
purposes or for self-consumption, which could be a good
initiative to alleviate pressure on remaining native forests
(Simmons et al. 2002).

Therefore, for strategies to be effective and habitat loss to
be contained, local populations must be involved as active
participants in the process of acquiring knowledge and using
natural resources, rather than mere passive spectators (Nufiez-
Cruz et al. 2018). This is necessary because the lack of knowl-
edge and encouragement of forest management practices,
and unfamiliarity with the values of trees and wood yields,
severely limit the development of silviculture in local agricul-
tural systems, notably hampering any projects in this direction
(Arnold and Dewees 1998, Simons and Leakey 2004).

Eucalyptus silviculture in small rural properties

To illustrate the high impact of eucalyptus wood productivity
compared to native species, the study by Gadelha et al. (2015)
estimated a consumption of firewood from the Caatinga of
1.91 million m* (with the exploitation of 25 489 ha/year of
woody vegetation). Converting energy efficiency to eucalyp-
tus wood use, this volume would fall to 1.58 million m® of



firewood, exploiting only an area of 8,346.51 ha/year. In that
case, considering only the gypsum sector of Araripe in
Pernambuco (encompassing the municipalities of Araripina,
Ipubi, Trindade, Bodoc6 and Ouricuri).

It can also be noted that, in addition to the productivity
gains from timber production, planted forests allow for the
direct protection of just over 17,140 hectares of remaining
native Caatinga vegetation (Gadelha et al. 2015). Thus, the
use of renewable energy, combined with advanced and
efficient silvicultural production technologies, contributes,
as emphasized by Bichel and Telles (2021), to reducing the
suppression of native vegetation. In this way, planted forests
can act as mitigators of environmental degradation in the
semi-arid region, since the removal of native vegetation in
this region occurs beyond its natural regeneration capacity
(Alves et al. 2011, Gadelha et al. 2015). As such, planted
forests promote the conservation of remaining Caatinga areas.
Kremen and Merenlender (2018) classified this as ‘productive
landscapes,” in which, while meeting human needs (in this
case, timber from planted forests), they conserve biodiversity
and maintain ecosystem services (of native forests).

From a practical and labour standpoint, energy forests
represent a type of plantation that requires few silvicultural
treatments, allowing for short-term harvesting in strip systems
without occupying large areas of the property and thus avoid-
ing compromising agricultural production, nor requiring
exclusive dedication, allowing owners to engage in other
activities. However, in semi-arid environments, more inten-
sive silvicultural interventions may occur during the planting
phase, from which the plant acquires the ability to adapt to
the edaphoclimatic conditions of the environment during the
initial stage of development and growth, such as in planting
systems in pits with different depths, with cultural treatments
in growth management, with alternative hydrogel systems
to reduce water stress and ensure the survival of seedlings
(Noulekoun et al. 2017, Jo and Park 2017, Crous 2017), and
after establishment, considering that it is an intensive forestry
system for firewood production, pre-commercial thinning
(non-extractive thinning) or pruning to obtain clean wood is
not necessary. This is because, in addition to the objective of
planting not being the production of sawn timber, the effects
of pruning are not significant for the growth of unthinned
stands (Montagu et al. 2003, Forrester and Baker 2012, West
2014). As such, this is ideal for the production of biomass for
renewable energy with low maintenance costs for small rural
landowners.

In this context, energy forest formations composed of
Eucalyptus spp. plantations stand out for having rapid growth,
environmental plasticity, and ease of resprouting and propa-
gation (Alves et al. 2011).

It is worth noting that, due to the examples of significant
economic return and thanks to the availability of selected
material for various regions and commercial purposes, com-
bined with competitive costs, areas planted with Eucalyptus
spp., especially clones, are constantly expanding throughout
the Brazilian territory (Xavier and Silva 2010), although the
most common practice has been for the owner to lease their
land for eucalyptus forestry as a viable alternative to ensure
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long-term security and appreciation of their property (Valverde
et al. 2004, Soares et al. 2010). However, for semi-arid
regions, characterized by a predominantly small-scale agrarian
structure and distant from the main consumer centers, forest
formation on small properties by the landowners themselves
in these regions is more advantageous, both for supplying
the regionally closest consumer sectors and for the timber
use itself.

In other words, producing timber large enough to supply
specialized industries such as pulp and paper or steel is
practically unfeasible, for technical, logistical, and economic
reasons, without the necessary support for forestry activities
suited to semi-arid conditions, which would encompass a
wider range of operations in the forestry sector. Furthermore,
according to Valverde et al. (2004), this would meet the needs
of a more dynamic forestry policy, adapted to new trends
and markets.

An alternative to conventional pure Eucalyptus spp. plan-
tations in high forest monocultures or coppices, is to adopt
strategies of mixed intercropping in Agroforestry Systems
(AFS) or Integrated Crop-Livestock-Forest Integration (ICLF)
systems (Kleinpaul er al. 2010, Lima and Gama 2018). These
systems have the capacity for multiple uses and alternative
benefits, providing indirect gains, in addition to the productive
potential of wood biomass. For example, flowering can serve
as pasture for bees (beekeeping and stingless beekeeping),
destined for the production of honey and other bee products
(such as propolis and bee pollen), enhanced by the broader
seasonal phenology due to the diversity of eucalyptus species
and other plants in the consortium, allowing combinations at
different times of the year, even when natural floral sources
are scarce (Wolff and Schuhli 2021). In the semi-arid regions,
this occurs more intensely due to prolonged droughts, causing
the characteristic dry spells in the region (Tavares et al. 2019,
Mattos et al. 2021). Another source of income could be the
extraction of essential oil from eucalyptus leaves (Vitti and
Brito 2003), before obtaining wood as the final product.

In terms of the efficiency of agrosilvopastoral systems,
Ferreira et al. (2024), in a study conducted in Pernambuco
on intercropping tree species with foraging crops, observed
that the hybrid eucalyptus (E. urophylla x E. tereticornis)
presented average production values of 164.43 ton/ha,
higher than the 47.1 ton/ha of native species such as angico
(Anadenanthera colubrina var. Cebil — Fabaceae) and aroeira
(Myracrodruon urundeuva Allemdo — Anacardiaceae), after
10 years of planting. Thus, systems associated with eucalyptus
forestry (agriculture, beekeeping, stingless beekeeping, forage,
etc.) can provide alternatives for semi-arid farmers, generat-
ing diversified and rotational economic returns throughout
the year, according to the production of the employed crop
or associated cattle farming (forage), in addition to the gains
from wood production.

It is worth noting that among the possible market opportu-
nities, there is also the carbon credit market, which permits
the addition of value to forest resources (Jacovine et al. 2008)
as a potential generator of capital flow, offering conditions for
carbon offsetting through the Clean Development Mechanism
(CDM), not only with the establishment of planted forests but
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also through the conservation of native forests (Jacovine et al.
2008).

In the case of planted forests, however, as observed by
Nufez-Cruz et al. (2018), before any decision, it is important
to know the species from which one intends to obtain results
via commercial planting, since insufficient knowledge
about eco-physiological conditions and propagation methods,
coupled with inadequate silvicultural practices for the planted
species, can lead to losses due to low survival and productiv-
ity, especially when local soil and climatic factors are disre-
garded. Other important factors to consider, before any initial
planning, are the necessary conservation strategies, in addi-
tion to the levels and types of possible impacts on planned
forest areas, aiming for the least possible pressure on local
biodiversity and other forest resources (Medeiros et al. 2011,
Betts et al. 2021).

Due to their aforementioned characteristics and high
adaptability to arid environments, Eucalyptus spp. stand out
as the best economic option for energy demand (Gadelha
et al. 2015) in the semi-arid region of Brazil. In Africa, for
example, in environments with a tropical climate similar to
the Brazilian semi-arid region, Eucalyptus spp. have already
been cultivated in broad ecological zones and poor environ-
ments, resisting certain diseases and environmental stresses,
generating substantial incomes for rural and urban families
(Daba 2016, Alemayehu and Melka 2022, Getnet et al. 2022).
Emphasis should be placed by environmentalists, researchers,
and policymakers on supporting users, managers, and produc-
ers of Eucalyptus spp. wood in the proper selection of species
according to the chosen purpose and management strategy,
with the choice of the appropriate planting site, so that
environmental impacts are minimized and economic benefits
are optimized (Daba 2016, Betts et al. 2021).

Scientific research on Eucalyptus spp. aiming for their
adaptation to the tropical climate in the semi-arid regions
of Northeast Brazil has been conducted since the 1970s
through Embrapa Semidrido (Brazilian Agricultural Research
Corporation of the semi-arid region), headquartered in the
municipality of Petrolina-PE. These studies have been based
on the use of some species of this genus in agroforestry
systems in areas with rainfall below 600 mm/year. From the
perspective of production value and adaptability to environ-
mental conditions similar to those of the Caatinga, scientific
research has indicated that species such as FEucalyptus
crebra, E. camaldulensis, E. tereticornis, E. pellita F. Muell,
E. brassiana S.T. Blake, E. exserta F. Muell, E. tessellaris
(F. Muell) KDHill & LASJohns (Corymbia tessellaris
KDHill & LASJohnson), and Eucalyptus alba Reinw (ex Bl)
are the most suitable for wood production in the semi-arid
region, especially due to their resistance to local conditions
of low rainfall (Drumond et al. 2004, Alves et al. 2011,
Santos et al. 2011, Gadelha et al. 2012, Gadelha et al. 2015,
Gongalves et al. 2017). According to these studies, species like
Eucalyptus crebra F. Muell., E. tereticornis Sm, Eucalyptus
grandis W. Hill ex Maiden, and E. camaldulensis Dehnh
showed the best results in terms of biomass volume produced,
in addition to the high survival rates observed, comparable
only to species native to the semi-arid region of the Caatinga

(Drumond et al. 2004, Alves et al. 2011, Santos and Santos
2012, Gadelha et al. 2015).

Furthermore, some species with medium tolerance to
semi-arid conditions, such as Corymbia citriodora (Hook.)
K.D.Hill & L.A.S.Johnson (previously called Eucalyptus
citriodora), Corymbia torelliana (F.Muell.) K.D.Hill &
L.A.S.Johnson (previously called Eucalyptus torelliana),
Eucalyptus grandis, and Eucalyptus urophylla S.T.Blake,
can also be indicated as alternative species to be planted for
energy purposes (Gongalves ef al. 2017).

Among the most tolerant species, E. crebra, E. camaldu-
lensis, and E. tereticornis have shown resistance to rainfall
limits at least 600 mm/year, where E. camaldulensis, in some
regions, resisted at least 500 mm/year (Drumond et al. 2004),
which is considered an unviable precipitation range for many
agricultural and forage crops (Santos ef al. 2011). The drought
resistance exhibited by E. camaldulensis is mainly due to its
faster, deeper, and more branched root system, as well as its
behavior of exploiting a larger volume of soil for water
absorption (Gongalves and Passos 2000). Taking into account
its fast growth and high ecological plasticity, species of this
genus can present an Annual Increment of Merchantable
Area (IMA) of 20 to 45 m*/ha/year in rotations of six to eight
years (Gongalves et al. 2017). Some clones have achieved
significant results, such as the hybrid of Eucalyptus urophylla
x E. tereticornis x E. pellita, with an average production of
90 t/ha or 94.7 m*/ha, considered a density of 95% (0.95 g/cm?)
at 4.5 years, studied in the Araripe region in Pernambuco
and subjected to an average precipitation of 650 mm/year
(Alves et al. 2011). Still on the topic of pure hybrids, the
result from the crossing of E. brassiana and E. urophylla
has also shown good results under the same environmental
conditions (Gadelha et al. 2015).

In terms of accumulated energy, the highest amount of
energy stored per m? in Eucalyptus spp. wood occurs between
five and seven years of age, on average. Additionally, age
also influences the basic density, which has been recorded on
average from 0.6 to 0.7 g/cm?, depending on the species. For
example, the species E. camaldulensis presented an average
of 4,649.0 kcal/kg at seven and a half years of age (Costa
etal. 2017).

Deep soils are the most suitable, especially due to their
water retention capacity at depths greater than ten meters,
which is an important criterion for selecting the most suitable
for afforestation and for improving biomass production
predictions (Laclau ef al. 2013). Regarding the soil conditions
in the semi-arid region, no problems related to this species
have been reported, since the predominant soils in the region,
mainly Latosols and Argisols, have characteristics that are
favourable for the silviculture of Eucalyptus spp. As a conse-
quence, 82% of forest plantations with species of this genus
in this region are on these two types of soils (Gongalves et al.
2016, Gama and Jesus 2020).

As discussed by Simmons efr al. (2002), the decision
to plant trees is essentially an economic decision to incorpo-
rate trees into an agricultural system, which is relatively
uncommon among small producers in Brazil, mainly due to
the absence of government incentives, through subsidies or
legal requirements.



The participation of public and private sectors in promot-
ing and fostering silvicultural activity for wood purposes
on small rural properties becomes an important economic
development strategy. In many underdeveloped countries,
eucalyptus cultivation has been adopted as a source of income
in areas with poor quality soils, where certain crops would not
develop without intensive soil management, unlike eucalyp-
tus (Daba 2016). Furthermore, in densely populated rural
areas of Africa and Asia, for example, forest plantations have
been expanding more rapidly, mainly due to government
policies promoting reforestation (Mcewan et al. 2020).

Due to the technological, social, economic, and environ-
mental benefits that the silviculture of Eucalyptus spp. can
generate in semi-arid regions, mainly due to its adaptation to
low rainfall (largely a limiting factor for many agricultural
crops), the lack of policies and incentives for the implementa-
tion of planted forests with species of this genus on small
rural properties in the semi-arid region of Brazil is not
justified. The outcome is that the semi-arid region of Brazil
represents one of the largest silvicultural voids of Eucalyptus
spp. in the country.

Researchers including Arnold and Dewees (1998), Pandey
et al. (2016), Miller et al. (2016), Duguma et al. (2019) and
Sheppard et al. (2020), highlight the danger represented by
the lack of government incentives for farmers’ access to forest
product markets, which can inadvertently interfere with and
harm subsistence economies and their conversion to market
economies. Although less extensive than reforestation, due
to succession, tree planting reduces the demand to open up
virgin lands, minimizes the degree of ecological disturbance
on farm sites, and provides a means of increasing land value,
in addition to the recovery of abandoned agricultural lands
(Simmons et al. 2002, Brancalion and Holl 2020, Lodh
et al. 2025).

Furthermore, the sectors (commerce and industry) that
consume Eucalyptus spp. woody biomass in the Northeast
can be a factor in the decentralization of the forestry sector in
relation to the rest of Brazil, notably through the production
of firewood and charcoal (Soares et al. 2010). Consequently,
this allows for greater added value to timber products gener-
ated in the region, especially because eucalyptus wood is a
renewable energy product.

As noted by Santarosa et al. (2014), when planned and
managed properly, forest planting of eucalyptus species in
small and medium-sized rural properties contributes to diver-
sifying production and income. This is also of public interest,
as it prevents a rural exodus and unemployment, ensuring an
additional source of income for farmers, concurrently with
other agricultural activities, and primarily helps to reduce
pressure on the deforestation of remaining natural forests. In
many locations, wood production from native forests has been
replaced by reforestation wood, where the genus Eucalyptus
spp. represents the most cultivated genus for this purpose
(Santos et al. 2017, Gama et al. 2023). If there is a focus on
planting energy forests in already deforested, abandoned, and
degraded areas in semi-arid regions of the Northeast (Gama
et al. 2022), it is possible to achieve an additional source of
planned and low-impact income, which can help contain the
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deforestation of the preserved remaining native forests on
rural properties.

Therefore, it is important to correctly identify the species
that can be used, adapting to the local environment, and gen-
erating the desired results satisfactorily, primarily because it
is a highly restricted semi-arid climate environment. Authors
such as Simons and Leakey (2004), Akinyele (2019), Khasa
and Atangana (2019), Nair et al. (2021), Sax et al. (2022) and
Varghese et al. (2024) have highlighted that this is possible
through the ‘domestication’ of species, whereby scientists,
authorities, commercial companies, forest inhabitants, or
farmers select, manage, and propagate trees for the purpose
of providing both products (wood, fruit, fodder, etc.) and
services (protection of water sources, soil improvement,
erosion control, etc.).

In view of this, an important strategy is the use of species
with efficiently improved genotypes, adapted to local climatic
conditions, and which are managed using appropriate man-
agement practices, allowing for an increase in productivity
and ensuring constant production (Gongalves et al. 2017).

Other factors that may contribute to tree planting, besides
economic motivation and species knowledge, according to
Simmons et al. (2002), Smith et al. (2016), Lawry et al. (2017),
Brancalion and Holl (2020) and Rakotonarivo et al. (2023),
are tree and land tenure security as without this security, small
farmers will hesitate to invest time and money in tree planting
efforts.

Notwithstanding, while eucalyptus forests are the most
viable alternative for improving the quality of life for popula-
tions for small rural properties in the semi-arid region, we
cannot fail to highlight the need for incentives for research in
forestry engineering, so that native species of the region can
be studied with the aim of establishing more energy planta-
tion. Studies that identify native species with high calorific
potential and capable to rapid growth.

FINAL CONSIDERATIONS

Energy forest formations with species of the genus Eucalyptus
L’Heritier on small rural properties in the semi-arid region
of Brazil represent a viable opportunity to establish a clean
and renewable energy matrix, serving local and regional
commercial, industrial, and residential sectors.

Silvicultural activity on small rural properties in the
Brazilian semi-arid region is a fixed asset that generates
income for local families and contributes to the permanence
of small producers on the property, reducing turnover and
migratory flow.

Planted forests of Eucalyptus spp. for the purpose of
renewable biomass energy production drastically contributes
to reducing the extraction of native wood from the region,
which is often carried out illegally or without due care.

Promoting eucalyptus cultivation in the semi-arid region,
whether in combination with other methods or planted alone,
is an alternative for sustainable socioeconomic development
and mitigation of degradation in this region, as it reconciles
energy production with the conservation of remaining native
vegetation and associated biodiversity.
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HIGHLIGHTS

e This study is the first to integratively quantify the significant potential of Nepal’s private forests for carbon storage, biodiversity conserva-
tion, and livelihood support.

e Two distinct models are revealed: Terai forests are high-carbon-density systems (74.23 t C/ha), while Mid-Hill forests are high-diversity
systems with more evenly distributed biomass.

e Ecological dominance is directly shaped by farmer preferences, high-value timber in the Terai and multipurpose species in the Mid-Hills
proving management is a deliberate socio-economic strategy.

e The relationship between ecological importance (IVI) and biomass is strong in species-rich Mid-Hills forests (p = 0.78) but weak in the
Terai, showing fundamentally different mechanisms for carbon storage.

e Private forests are a major, underutilized asset for climate mitigation (e.g., REDD+). Our findings demand region-specific policies to unlock
their full environmental and economic potential.

SUMMARY

Globally, natural forests have declined since 1990, while planted and private forests have expanded by 123 million hectares. With careful species
selection, private forests can offer significant environmental and financial benefits. This study collected and analyzed data from 28 private
forests (PFs) across two distinct physiographic regions of Nepal, the Terai and Mid-Hills, assessing their ecological characteristics, carbon
sequestration potential, and farmers’ species preferences. Findings reveal contrasting ecological patterns: Mid-Hill Private Forests (MPF)
exhibited higher species richness and more evenly distributed biomass, while Terai Private Forests (TPF) were dominated by a few high-biomass
species such as Shorea borneensis and Tectona grandis, storing over three times more carbon per hectare than MPF. Farmers’ preferences
mirrored these contrasts, with multipurpose species favored in the Mid-Hills and high-value timber species in the Terai. Ecological dominance
(IVI) strongly predicted aboveground biomass in MPF (p = 0.78, p < 0.001) but showed a weak association in TPF (p = 0.42, p = 0.08), high-
lighting divergent species roles in carbon storage. Our findings demonstrate that private forests hold untapped potential for carbon trading
(REDD+), biodiversity conservation, and achieving the UN Sustainable Development Goals. This study provides vital information for evidence-
based policy change and sustainable private forest management by integrating carbon sequestration, biodiversity indices, and farmer preferences
across Nepal’s physiographic gradients.

Keywords: carbon sequestration, comparative analysis, farmer preferences, private forestry, REDD+

INTRODUCTION

Forests are the richest biological communities on earth and
have been recognized to harbour a significant proportion
of global biodiversity (Naidu et al. 2016). Globally, forests
cover approximately 31% of the Earth’s land surface, totaling
4.06 billion hectares (FAO 2020, 2022). Due to various
national and international policy interventions, the global

annual deforestation rate declined from 16 million hectares
in the 1990s to 10 million hectares between 2015 and 2020,
although this decline remains concerning. Of the global forest
area, 93% (3.75 billion ha) is naturally regenerating, while
7% (290 million ha) is planted forest. However, naturally
regenerating forests have continuously declined since 1990,
whereas planted forests expanded by 123 million ha despite
the growth rate slowing over the last decade (FAO 2020).
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Forests in Nepal play a vital role in environmental stability
and livelihoods (Aryal er al. 2025). While community and
national forests have received substantial attention in policy
and research, private forests those owned and managed by
individual farmers remain a largely untapped resource (Hirsch
and Schmithiisen 2010). Despite recent policy reforms,
including the Forest Act (2019) and the Forestry Sector
Strategy 2016-2025, which acknowledge private forests’ role
in climate resilience and rural economies, their formal regis-
tration and integration into national climate strategies remain
limited (CFD 2017, GoN 2015). This gap is especially perti-
nent given Nepal’s REDD+ readiness and the potential for
private forests to contribute significantly to carbon mitigation
and rural prosperity (Bhattarai er al. 2023, Maraseni et al. 2020).

Forests are crucial for climate regulation, biodiversity
preservation, and rural livelihoods, especially in forest-rich
countries like Nepal (Dhakal er al. 2022). While community
and national forests have garnered considerable attention in
research and policy, private forests remain relatively over-
looked despite their expanding area and potential (Tole 2010).
These forests, owned and managed by individual farmers,
could play an important role in carbon sequestration, biodi-
versity conservation, and income generation yet basic data on
their structure, biomass, and carbon stocks are limited (Henry
et al. 2009). Understanding their ecological and socio-
economic aspects is essential, particularly across Nepal’s
varied physiographic regions where forest dynamics differ
greatly (Pandey et al. 2023). This study addresses this global
and national research gap by examining the ecological
patterns and carbon potential of private forests in the Terai
and Mid-Hills, thereby supporting evidence-based policies
and management strategies. Private forests are still relatively
understudied, despite growing research on forest carbon and
biodiversity in Nepal, which has predominantly focused on
community-managed forests (Joshi et al. 2021a,b, Joshi and
Singh 2020) and specific national contexts (Joshi and Bhatta
2023). While a recent study assessed carbon in private forests
across physiographic regions (Joshi et al. 2023a), there still
remains a critical gap in integrated studies that simultane-
ously examine species diversity, biomass carbon, and farmer-
driven species selection. This knowledge gap restricts our
ability to comprehend how private woods in Nepal’s Terai and
mid-hill regions contribute to biodiversity conservation and
climate mitigation. From a conceptual standpoint, private
woods function within a unique socio-ecological framework
where species composition, dominance, and related carbon
storage capacity are directly influenced by the preferences
of individual farmers. We hypothesize that the Terai and Mid-
Hills have different private forest systems due to different
environmental conditions and market access. In the fertile,
market-connected Terai, private forests are likely dominated
by high-value timber species, leading to relatively high carbon
stocks with lower species diversity, while multipurpose species
are expected to predominate in the more subsistence-oriented
Mid-Hills, supporting higher biodiversity but more evenly dis-
tributed carbon stocks. Private forests differ from community
or state-managed forests in this setting of individual-driven
management, where collective governance systems frequently
prioritize conservation goals in addition to livelihood benefits.

The aim of this study was to evaluate the ecological
features, carbon sequestration capacity, and farmers’ species
preferences in private forests of Nepal’s Terai and Mid-Hills
regions. Specifically, we compared forest structure and
diversity, estimated carbon stock density, analyzed ecological
dominance (IVI)—carbon relationships, and assessed how
farmers’ species choices align with ecological functions.
This research presents four key innovations: (1) it combines
ecological data on species diversity, biomass, and carbon
sequestration with socio-economic insights into farmers’
preferences and management practices, offering a compre-
hensive understanding of how private forests support both
environmental sustainability and local livelihoods; (2) it
provides a new comparative analysis of private forests in two
distinct physiographic regions, Terai and Mid-Hills, illustrat-
ing how different environmental conditions affect forest
dynamics and carbon sequestration potential; (3) it investigates
the feasibility of implementing REDD+ (Reducing Emissions
from Deforestation and Forest Degradation) in privately
owned forests, broadening REDD+’s scope beyond commu-
nity and national forests to include private lands; and (4) the
study’s farmer-focused approach examines how economic
incentives and regional environmental factors influence
species preferences, further connecting private forest man-
agement with climate change mitigation and biodiversity
conservation.

MATERIALS AND METHODS
Study area

This research was conducted in private forests located in
two physiographic regions of Nepal: Chitwan district (Terai
region-TPF) and Kavrepalanchok district (mid-hill region-
MPF) within Bagmati Province (see Figure 1). Chitwan and
Kavrepalanchok were purposefully selected because of their
contrasting physiographic, ecological, and socio-economic
conditions, which directly support the study’s goals. Chitwan’s
private forests are dominated by high-value timber species
with high carbon density, while Kavrepalanchok’s forests
contain multipurpose species that support diverse local liveli-
hoods. These differences enable a strong comparison of species
diversity, forest structure, and carbon storage potential, as
well as an analysis of how farmer preferences shape forest
management. For every district, a list of possible private
forests was created. Forest sizes between 0.1 and 0.5 hectares
were taken into account throughout the screening procedure.
In the end, fourteen private forests were chosen from every
region. In addition, two wards from various municipalities
were selected at random within each district to identify the
private forests while accounting for field data collection
accessibility.

Policy and Socio-economic Context

Private forestry in Nepal operates within a distinct historical
and policy landscape. Early initiatives, such as the mandate
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FIGURE 1 Selected districts for the study area and private forest distribution
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by Prime Minister Juddha Sumsher requiring sapling planting
before tree felling, reflected early recognition of sustainable
use. However, the 1957 Private Forests Nationalization Act
severely restricted private ownership and discouraged tree
planting for decades (Dhakal er al. 2012). Recent legal
reforms, particularly the Forest Act (2019) and the Forestry
Sector Strategy 20162025, have begun to reverse this trend
by formally acknowledging private forests’ contributions to
national forest cover, rural livelihoods, and climate objectives,
including Nepal’s Nationally Determined Contributions (NDC)
(GoN 2015). Despite this, registration remains low, only
2,902 hectares were officially recorded across 62 districts as
of 2017 (CFD 2017) indicating a significant implementation
gap. This policy backdrop directly informs farmer decision-
making and species selection, which we captured through semi-
structured interviews to understand management rationales.

Data Collection

Before field deployment, coordination meetings were held
with the Division Forest Offices (DFOs) of Kavrepalanchok
(MPF) and Chitwan (TPF) to obtain lists of registered private
forests along with their contact information (Figure 2). The
preliminary lists provided by the DFOs were subjected to a
multi-stage screening process to ensure the selected private
forests were representative and suitable for a robust compara-
tive analysis. The screening was based on two primary criteria:

Forest Patch Size (0.1-0.5 hectares)

This specific size range was selected for critical methodolog-
ical and ecological reasons. Firstly, it represents the most
common landholding size for dedicated private woodlots
in Nepal, ensuring our sample reflects the predominant
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socio-ecological system of interest (CFD 2017). Secondly,
and most importantly, standardizing the forest area was
essential to control for the well-documented and confounding
influence of patch size on forest structure, biomass, and bio-
diversity (e.g., Chave et al. 2005). By holding area relatively
constant, we isolate the effects of our key independent vari-
ables, physiographic region and associated species composi-
tion on carbon stock and diversity metrics. This design allows
for a more precise attribution of observed differences to
regional and management factors rather than to area effects.
Finally, this size range made the application of a total enumera-
tion (100% census) method logistically feasible, ensuring
high data integrity for each sampled unit.

Spatial Distribution

To capture the inherent environmental and socio-economic
heterogeneity within each district and avoid spatial autocor-
relation, we ensured the selected forests were distributed
across multiple administrative units. Specifically, we selected
two wards from different municipalities within each district.
This stratified approach ensures that our sample is not
clustered in a single micro-climate or market area, thereby
increasing the external validity of our findings for the broader
physiographic region. Following this rigorous screening, a
final sample of 28 private forests (14 from each district) was
selected for detailed inventory.

In parallel, relevant documents, including acts, policies,
guidelines, and forest inventory strategies, were reviewed.
These included publications from the Department of Forest
Research and Survey (DFRS) and the Forest Resource
Assessment (FRA) Final Report (2015). Before starting
fieldwork, the team equipped themselves with field forms,
topographic maps, GPS units, and necessary inventory tools.
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FIGURE 2 Workflow for selecting and preparing private forests in Kavrepalanchok and Chitwan districts, Nepal, for field

inventory and data collection
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The field forms included essential details such as the owner’s
name, forest area, registration date, GPS coordinates, forest
type, and forest condition, along with sections to record mea-
surements of trees, poles, and saplings. Inventory equipment
was inspected, and GPS coordinates for each site were
preloaded. Similarly, during the forest inventory, informal
discussions were held with each landowner to understand
the history and management of their forest. We specifically
inquired about the reasons for planting the dominant species
observed. While not a formal structured survey, these conver-
sations provided critical contextual data on farmer motiva-
tions, which we recorded as field notes. The reasons cited by
farmers for species selection were later categorized and are
reported here to ground our interpretation of the ecological
data in local knowledge.

Forest sampling design and measurement

The inventory of private forests employed a total enumeration
method (Joshi et al. 2023a). Trees and poles with a diameter
at breast height (DBH) greater than 10 cm were measured.
DBH was estimated at 1.3 meters above ground using diam-
eter tape, and tree height was measured with a Silva clinom-
eter. The basal area (BA) was calculated (m*ha) using DBH
data and plot size (Figure 3).

Ecological and carbon assessment framework

Understanding the phytosociological information of specific
tree species is crucial for a better grasp of their ecology

(Kharakwal 2009). Identifying plant communities allows us
to gather data on habits, habitats, niches, vegetation structure,
and various interactions among them (Khan et al. 2017). Sim-
ilarly, recognizing patterns of vegetation and species diversity
is essential for conserving natural areas, which has been
a major focus of ecological research (Zhang et al. 2013).
Analyzing the dynamic nature of vegetation in relation to
particular eco-environmental conditions requires detailed
information on plant diversity and distribution (Sorecha and
Deriba 2017). Thus, vegetation analysis remains a critical tool
for plant ecologists, applicable in range management and
comparative studies (Tarin et al. 2017).

Estimating aboveground biomass (AGB) is a vital part
of research on carbon stocks and the global carbon balance
(Ketterings et al. 2001). While this study focuses on AGB, it
is important to note that total biomass, including belowground
biomass, can be calculated by using specific conversion factors
for AGB, such as multiplying AGB by 1.24 for tropical forests
(IPCC 2006). AGB remains a reliable metric for comparing
the structural and functional features of forest ecosystems
across different environments (Brown et al. 1999). Ecological
studies have long used permanent sampling plots to measure
biomass stocks (Brown 2002, Fearnside 1996). Tree AGB is
closely linked to trunk diameter (Brown and Lugo 1992, Brown
1997), allowing researchers to use forest inventory data to
estimate AGB stocks and their changes over time. Multiple
studies have shown that diameter and height are dependable
predictors for estimating AGB (Chave et al. 2001, Clark et al.
2001, DeWalt and Chave 2004). Environmental factors such
as topography, hydrology, and soil properties can affect stand
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FIGURE 3 Schematic diagram of the research methodology for estimating tree biomass and carbon stocks in private forests of
Nepal’s Terai and Mid-Hills regions
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density and AGB (Clark and Clark 2000). Therefore, estimat-
ing AGB is essential for understanding ecosystem carbon
storage and fluxes (Sun and Liu 2020).

Assessing farmer preferences and management rationale

To move beyond ecological inference and directly understand
the socio-economic drivers behind species composition, we
complemented the forest inventory with a survey of private
forest owners. During the field visit to each of the 28 selected
private forests, we conducted semi-structured interviews with
the landowner or primary manager (n=28). The interviews
were designed to elicit two key pieces of information:

Species preference ranking
Farmers were asked to rank the tree species on their land in
order of importance/value to their household.

Planting and management rationale

For their top-ranked species, we asked open-ended questions
to understand the primary reasons for planting and retaining
them. The prompts included: “Why did you choose to plant
[Species X]?” and “What are the main benefits you get from
[Species X]?” Responses were recorded in field notebooks
and later coded into thematic categories (e.g., ‘High timber
value,” ‘Fodder,” ‘Soil fertility,” ‘Fast growth,” ‘Medicinal use’).
This qualitative data provides the direct evidence linking the
observed forest composition (IVI, biomass) to the underlying
farmer motivations, allowing us to test the hypothesis that
species selection is a deliberate process driven by socio-
economic needs within environmental constraints.

Data analysis
Quantifying tree species diversity

We considered plants with a diameter of at least 10 cm at
breast height as established plants and used them for diversity

p

Carbon Stock

estimation, for the quantitative data analysis frequency,
density, basal area, abundance, and Importance Value Index
(I.V.I) of tree species were calculated by using the method
described by Zobel et al. (1987) with some modifications. We
produced species accumulation curves using Kindt’s precise
accumulator method (Ugland et al. 2003) and Chao2 richness
estimator values (Magurran 2004) to compare and estimate
the overall species number per management approach. Species
richness, individual numbers, Simpson diversity index (1-D)
(Simpson 1949), and Shannon diversity (Shannon 1948) were
used to compare plant species diversity at both the plot and
landscape levels.

Aboveground Biomass and Carbon Stock Estimation

The total stem volume of each tree species was calculated
using the volume equation (Equation 1) developed by Sharma
and Pukkala (1990).

In (V) =a+bIn (dbh) + c In (ht) (1)

where, V = total stem volume with bark (m?); dbh = diameter
at breast height (m); ht = total tree height (m); and a, b, ¢ =
species-specific parameter estimates. The stem volume (m?)
obtained from Equation (1) was divided by 1000 to obtain the
cubic meter volume, and then the stem volume was multiplied
by a species-specific dry wood density to obtain the oven-
dry weight of stem biomass (Khanal er al. 2010, Subedi
et al. 2010). Aboveground biomass (AGB) was estimated
using species-specific allometric equations and wood density
values, an approach consistently applied in our prior carbon
stock assessments in various Nepalese forest systems (Joshi
et al. 2020, Rauniyar et al. 2023). The Global Wood Density
Database (Chave er al. 2009, Zanne et al. 2009) provided
the wood density data, which were then augmented with
references unique to Nepal (Sharma and Pukkala 1990).

Then, the biomass carbon content was calculated using an
Equation 2 developed by IPCC (2006):

AGC = 0.47 x AGB )
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Where, AGC=Aboveground Carbon (Mg) and AGB= Above-
ground Biomass (Mg)

Finally, the aboveground carbon stock per hectare was
calculated by dividing the total aboveground carbon stock by
the total forest area (Equation 3), a widely applied method
in carbon accounting following standard forestry and IPCC
protocols (IPCC 2006, Subedi et al. 2010):

_ Total Carbon (tonnes)

Carbon (tonnes / ha) = Total Area (ha) (3)
otal Area (ha

This study focuses on aboveground carbon (AGC) as the
primary metric for carbon storage, aligning with IPCC Tier 1
reporting and practical forest inventory constraints. While
belowground biomass is a significant carbon pool, it was
accounted for using the IPCC (2006) default multiplier (AGB
x 1.24) for tropical forests. Our AGC estimates thus provide
a conservative, measurable, and policy-relevant baseline for
assessing carbon sequestration potential in private forests.

Statistical analysis

All statistical analyses were performed using R software (R
Core Team 2024). Normality assumptions were tested using
the Shapiro-Wilk test for all variables (diversity indices, I'VI,
and AGB), with p > 0.05 indicating normality. Based on these
results, Carbon stocks were compared using the Wilcoxon
rank-sum test (non-parametric). Similarly, diversity indices
(Shannon, Simpson, and Dominance) and other normally
distributed parameters were compared using Welch’s t-test.
The IVI-AGB relationship was analyzed using Spearman’s
correlation (p) due to non-normal distributions (Shapiro-Wilk:
p < 0.05 for both regions).

RESULTS
Distribution of diameter class

MPF showed a high concentration in the 10-19.9 cm diameter
class, with 5 966 trees falling within this range. The number

of trees decreased significantly in subsequent diameter
classes, with a minor peak of 78 trees in the 20-29.9 cm class.
Similarly, the TPF group exhibited a higher concentration of
trees in the 10-19.9 cm diameter class, with 3 351 trees. The
TPF group, however, had a notable peak in the 30-39.9 cm
diameter class, with 1 451 trees (Figure 4). The number of trees
decreased significantly in the subsequent diameter classes.

The diameter distribution of tree stems revealed contrast-
ing patterns between the two forest types (Figure 5). While
both MPF and TPF exhibited the highest stem density in
the 10-20 cm DBH class (347 individuals/ha and 547 indi-
viduals/ha, respectively), their distribution patterns diverged
substantially in larger classes. TPF displayed a near-continuous
reverse-J shaped distribution, with stem density gradually
decreasing from 237 individuals/ha in the 20-29.9 cm class
to 0 individuals/ha in the 40— >70 cm class. In contrast, MPF
showed an abrupt decline after the 10-20 cm class, with
complete absence of trees in the 30-59.9 cm diameter range,
followed by a minor resurgence of larger trees in the 60—
69.9 cm (4 individuals/ha) and >70 cm (2 individuals/ha)
classes. Overall, TPF maintained relatively higher stem
densities across larger diameter classes compared to MPF,
indicating a more balanced age structure.”

In the MPF, most tree species fall within the dbh>10 cm
class (19 species), with a significant drop in species numbers
for larger dbh classes. Only 1 species is found in the dbh>70 cm
class, whereas the TPF forest type showed a more even
distribution of species across dbh classes. It had the highest
number of species in the dbh>20 cm class (6 species), and
the number gradually decreased for larger dbh classes. No
species were found in the dbh>70 cm class (Figure 6).

Distribution of height class

MPF had a higher number of trees in the 0-9.9 m and 10-19.9 m
height classes (3 050 and 2 798 trees, respectively), whereas
TPF had a larger number of trees in the 20-29.9 m height
class (3 549 trees). No trees exceeding 30 meters in height
were recorded in either forest type, with the vast majority of
individuals concentrated in the 0-29.9 m height classes
(Figure 7).

FIGURE 4 No. of tree individual distribution with different DBH class
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FIGURE 5 Diameter class distribution of tree individuals (density in ind./ha.) across MPF and TPF. The X-axis represents
diameter at breast height (DBH) classes (cm), and the Y-axis represents tree density (no. of stems/ha)
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FIGURE 6 No. of tree species distribution with different DBH classes
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Contribution of tree species in carbon stock

In MPF, Pinus patula (37.73%) and Choerospondias axillaris
(37.34%) were the most significant contributors to aboveg-
round carbon (AGC), while in TPF, S. borneensis (68.79%)
and T. grandis (19.66%) dominated carbon stocks. The Table 1
highlights the carbon storage potential (in tonnes) of various
tree species within two forest types: MPF and TPF. Across MPF,
carbon storage values exhibited a wide range, from minimal
contributions by species such as Abies pindrow (0.00705 t)
to significant contributions by P. patula (130.00858 t) and
C. axillaris (128.65545 t). Similarly, TPF showed consider-
able variability, with Bombax ceiba contributing as little as
0.42864 t, while S. borneensis stands out with a remarkable
313.08956 t. Notable trends include the dominance of a few
high-carbon species in each forest type, which significantly
skew the averages. Most MPF species display moderate
carbon storage values below 10 t, whereas TPF species like
T. grandis and Swietenia mahagoni form a middle tier with
values ranging from 26 to 89 t. The total aboveground carbon
(AGC) stock was found to be 344.55 + 9.18 tonnes in the
MPF and 455.12 + 49.18 tonnes in the TPF. These findings
suggest distinct patterns of carbon sequestration across species

and forest types, highlighting the ecological and climatic
importance of conserving specific high-carbon species (Table 1).
While performing the Wilcoxon rank sum test, it indicated
no statistically significant difference in carbon stock between
the Terai and mid-hill regions (W=26, p=0.052), though the
result was marginally non-significant. When normalized per
unit area, the total AGC was estimated at 20.01 = 0.53 tonnes
per hectare for MPF and 74.23 + 8.02 tonnes per hectare
for TPF. These results reveal a significant contrast in carbon
density between the two physiographic regions, with TPF
exhibiting more than threefold higher carbon stock per hectare
compared to MPF (Table 1).

Forest Importance Value Index (IVI) and Aboveground
Biomass (AGB) differentiation

The study of species composition, IVI and AGB in MPF and
TPF revealed significant ecological differences between
the two forest types in Nepal, as well as distinct patterns in
the roles and contributions of individual species. In MPF,
P. patula was the dominant species in both IVI (111.01) and
AGB (276.61 Mg). However, C. axillaris displayed high AGB
despite a lower IVI. This species contributed significantly to

TABLE 1 The percentage share of species contribution to the carbon stock of both PFs

MPF TPF
Rank Species I?tGm(l:lTeSs])E C (%) Species I?tGm(l:lTeSs])E C (%)
1 Pinus patula 130.01 37.73 Shorea borneensis 313.09 68.79
2 Choerospondias axillaris 128.66 37.34 Tectona grandis 89.49 19.66
3 Alnus nepalensis 27.90 8.10 Swietenia mahagoni 26.51 5.82
4 Quercus leucotrichophora 26.27 7.63 Dalbergia sissoo 14.43 3.17
5 Pinus wallichiana 7.36 2.14 Melia azedarach 11.17 2.45
6 Rhododendron spp. 5.93 1.72 Bombax ceiba 0.43 0.09
7 Mpyrica esculenta 5.54 1.61 - - -
8 Castanopsis indica 3.83 1.11 - - -
9 Schima wallichii 3.13 0.91 - - -
10 Prunus cerasoides 3.05 0.88 - - -
11 Quercus semicarpifolia 0.86 0.25 - - -
12 Albizia lebbeck 0.69 0.20 - - -
13 Betula alnoides 0.60 0.17 - - -
14 Taxus wallichiana 0.12 0.03 - - -
15 Sauraria nepalensis 0.32 0.09 - - -
15 Azadirachta indica 0.17 0.05 - - -
17 Brassaiopsis hainla 0.05 0.02 - - -
18 Cinnamomum tamala 0.06 0.02 - - -
19 Abies pindrow 0.01 0.00 - - -
Total AGC (tonnes) 344.55+9.18 100 Total AGC (tonnes) 455.12+49.18 100
Total AGC (tonnes/ha) 20.01 = 0.53 - Total AGC (tonnes/ha) 74.23 + 8.02 -




the forest’s total biomass, highlighting its role as the main
biomass contributor. Alnus nepalensis and Quercus leucotri-
chophora, with AGB values exceeding 50 Mg, also played
notable roles in the ecosystem, though their biomass decreases
sharply relative to their IVI. Despite a decline in AGB, these
species maintain ecological importance, suggesting they play
crucial roles beyond biomass contribution. Other species,
such as Rhododendron spp., Myrica esculenta, and Schima
wallichii, contributed minimally to both biomass and ecolog-
ical significance, with much lower AGB compared to the
dominant species. These species showed a declining trend in
both IVI and AGB, reinforcing their secondary ecological
roles in MPF. The total IVI for MPF was 300, indicating a
relatively balanced distribution among species. The total
AGB was 733.09 Mg, supporting the idea of biomass being
more evenly distributed, with P. patula remaining dominant
in both biomass and ecological importance (Figure 6). In TPF,
S. borneensis had the highest IVI (134.07) and biomass
(666.15 Mg). T. grandis, with an IVI of 101.35 and AGB of
190.40 Mg, also holds a significant ecological role, despite
a lower biomass contribution. This suggests that while
T. grandis’s biomass is lower than S. borneensis’s, its ecologi-
cal importance remains substantial. S. mahagoni and Melia
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azedarach showed further declines in IVI and AGB, reflect-
ing reduced ecological significance and biomass contribution.
Dalbergia sissoo and B. ceiba, with very low IVI and AGB,
are among the least ecologically significant species in TPF.
Both forests had a total IVI of 300, but TPF’s total AGB of
968.34 Mg is notably higher, indicating biomass concentra-
tion in a few dominant species (Figure 8). This pattern suggests
TPF is characterized by fewer species with larger biomass per
individual, unlike MPF, where more species contribute more
evenly to biomass. The correlation between IVI and AGB was
strongly positive in MPF (p = 0.78, p < 0.001) but weaker in
TPF (p = 0.42, p = 0.08), implying that in the Mid-Hills,
ecologically dominant species (high IVI) disproportionately
contribute to biomass. Conversely, Terai forests showed a
decoupling of ecological importance and biomass accumula-
tion, likely due to the dominance of a few high-AGB species,
such as S. borneensis.

The Shapiro-Wilk test for normality revealed that the IVI
values for MPF significantly deviated from normal distribu-
tion (W = 0.570, p < 0.001), while IVI values for TPF were
approximately normally distributed (W = 0.826, p = 0.099).
Despite the non-normality detected in MPF, a Welch two-
sample t-test was conducted to compare IVI values between

FIGURE 8 Importance Value Index (IVI) and Forest aboveground biomass (AGB) differentiation in both PFs
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MPF and TPF. The results indicated no statistically signifi-
cant difference in IVI between the two forest types (r =—1.486,
df = 5.786, p = 0.1896). The mean IVI was lower in MPF
(mean = 15.79) compared to TPF (mean = 50.00), but the 95%
confidence interval (-91.06 to 22.63) crossed zero, suggest-
ing the observed difference was not statistically meaningful
(Figure 9a).

Similarly, the Shapiro-Wilk test revealed that AGB values
for both MPF (W = 0.493, p < 0.001) and TPF (W = 0.692,
p = 0.005) significantly deviated from a normal distribution.
Despite violating normality assumptions, a Welch two-sample
t-test was conducted to compare AGB between MPF and TPF.
The results indicated no statistically significant difference in
AGB between the two forest types (t = —1.154, df = 5.353,
p=0.2975). The mean AGB was lower in MPF (mean = 38.58
tonnes) compared to TPF (mean = 161.39 tonnes), but the
95% confidence interval (-391.07 to 145.46) included zero,
showing that the difference was not statistically significant
(Figure 9b).

Floristic diversity

Table 2 presents the Shannon Diversity Index (H) statistics
for two forest types, MPF and TPF. The Shannon Diversity
Index, a measure of species diversity, shows higher average
diversity in MPF (Mean H = 0.7) compared to TPF (Mean H
= 0.35). MPF also exhibits greater variability (SD. H = 0.59)
and a higher maximum value (Max. H =2.04) than TPF (Max.
H = 1.02). The median diversity in MPF (Median. H = 0.54)
is nearly double that of TPF (Median. H = 0.29), suggesting
consistently higher species diversity in MPE. Despite differ-
ences in mean and median values, the interquartile range
(IQR. H) is similar for both forest types, indicating compa-
rable variability within the central 50% of the data. The
comparison of Shannon diversity indices between MPF and
TPF using a Welch two-sample t-test showed no statistically
significant difference between the two forest types (t = 1.89,
df = 21.41, p = 0.072). Although the mean Shannon Index

was higher in MPF (mean = 0.698) compared to TPF (mean =
0.348), the difference was not statistically significant at the
5% level. The 95% confidence interval for the mean difference
ranged from —0.035 to 0.735, indicating substantial overlap
between the groups (Figure 10a). Although MPF exhibited a
higher average Shannon diversity than TPF, the difference
was marginal and did not reach statistical significance. This
suggests that while MPF may tend to have greater species
diversity, the variability within and between forests types
likely contributed to the observed non-significant result.

The dataset provides statistics on the Simpson Diversity
Index (D) for MPF and TPF. The mean Simpson index for
MPF (0.35) is higher than that for TPF (0.21), indicating that
MPF has greater species evenness and less dominance by any
single species. Additionally, the median Simpson index for
MPF (0.23) is higher than TPF’s (0.15), further supporting the
idea that MPF has a more balanced distribution of species.
While MPF has a slightly higher standard deviation (0.28)
and maximum value (0.84) compared to TPF (0.22 and 0.61,
respectively), this suggests greater variability in species
evenness across MPF areas. Both forest types have similar
interquartile ranges (IQR), with MPF at 0.38 and TPF at 0.41,
indicating that the central 50% of diversity values are distrib-
uted similarly in both forests. The minimum Simpson index
value of O for both forest types suggests that some areas
have complete species dominance (Table 2). The Simpson
diversity indices of MPF and TPF were compared using a
Welch two-sample t-test. The analysis showed no statistically
significant difference in Simpson diversity between the two
forest types (t = 1.3901, df = 24.806, p = 0.1769). The mean
Simpson Index was higher in MPF (mean = 0.347) compared
to TPF (mean = 0.213), but the difference was not significant
at the 5% level. The 95% confidence interval for the mean
difference ranged from —0.064 to 0.332, suggesting consider-
able overlap in Simpson diversity between the two groups
(Figure 10b). Although MPF had a higher mean Simpson
diversity than TPF, the difference was not statistically signifi-
cant, implying that both forest types maintained relatively
comparable levels of species evenness and dominance.

FIGURE 9 Comparison of Importance Value Index (IVI) and above-ground biomass (AGB) between MPF and TPF
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FIGURE 10 Comparison of Shannon, Simpson, and dominance diversity indices between MPF and TPF
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TABLE 2 Descriptive statistics of Shannon (H') and Simpson (D) diversity indices in MPF and TPF

Shannon Diversity Index (H’)

Simpson Diversity Index (D)

PF

Mean H' Min. H’ Max. H’ SD.H' IQR.H’ Median H" MeanD Min.D Max.D SD.D IQR.D Median D
MPF 0.7 0 2.04 0.59 0.61 0.54 0.35 0 0.84 0.28 0.38 0.23
TPF 0.35 0 1.02 0.36 0.6 0.29 0.21 0 0.61 0.22 0.41 0.15

The dominance indices between MPF and TPF were com-
pared using a Welch two-sample t-test. The analysis showed
no statistically significant difference in dominance between
the two groups (t = —0.8737, df = 17.079, p = 0.3944). The
mean dominance index was slightly lower in MPF (mean =
0.524) than in TPF (mean = 0.634), but the 95% confidence
interval (=0.375 to 0.155) included zero, indicating no mean-
ingful difference in species dominance patterns between
the two forest types (Figure 10c). This findings suggested
that species dominance, reflecting how much a few species
numerically dominate the forest community, did not differ
substantially between the types.

The Shapiro-Wilk test results revealed that the Shannon
Index for MPF was normally distributed (W = 0.90804,
p =0.1476), whereas it was not normally distributed for TPF
(W = 0.86901, p = 0.04064). Similarly, the Simpson Index
showed normal distribution for MPF (W = 0.90887, p =
0.1517) but not for TPF (W = 0.85106, p = 0.02296). In
contrast, the Dominance Index was found to be normally
distributed for both MPF (W = 0.9303, p = 0.3439) and TPF
(W =0.88219, p = 0.1655).

Farmer preference for species diversity

Interviews with farmers confirmed that species selection was
a deliberate process driven by a combination of economic and
subsistence needs. In the Mid-Hills, P. patula was consistently
ranked as the most preferred and valuable species by a
majority of landowners (12 out of 14). When explaining their
preference, farmers primarily cited its fast growth for timber
and its usefulness as firewood (mentioned by respondents).
This stated preference is directly reflected in its ecological
dominance, as it also had the highest IVI (111.01) in MPFE.
Similarly, A. nepalensis was highly valued for its soil
improving properties and fodder, explaining its significant
presence and IVI.

In the Terai, the ecological dominance of S. borneensis
(IVI 134.07) was a direct result of farmer strategy. All TPF
owners (14/14) identified it as their most preferred species,
unequivocally due to its high market value as timber. 7. grandis
was the second most preferred species for the same reason.
The strong correlation between farmer preference ranks and
species’ IVI in both regions (Spearman’s p = —0.71 to -0.91,
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TABLE 3 Spearman’s rank correlation between farmer preference ranks (1 = most preferred) and species ecological metrics in

MPF and TPF
Rank Species Region IVI (p) p-value Shannon (p) p-value
1. Pinus patula MPF -0.82 0.003 -0.75 0.012
1 Shorea borneensis TPF -0.91 <0.001 -0.68 0.021
2. Tectona grandis TPF -0.76 0.008 -0.62 0.042
2 Alnus nepalensis MPF -0.71 0.015 -0.59 0.053

p < 0.05; Table 3) statistically validates that the ecologically
dominant species were indeed those most deliberately selected
and valued by the farmers.

DISCUSSION
Forest structure and composition

Both MPF and TPF showed a reverse-J diameter distribution,
indicating active regeneration. Similar structural patterns have
been observed in community-managed forests of Nepal’s Terai
region (Gautam et al. 2004, Joshi et al. 2019), suggesting
some silvicultural commonalities despite different ownership
models. However, TPF forests had a higher proportion of
medium to large-diameter trees compared to MPF, suggesting
different forest development stages and management
approaches. The prevalence of small-diameter trees in MPF
may indicate younger forests, higher human disturbance, or
differences in silvicultural practices compared to TPF (Silwal
etal. 2017).

The observed reverse-J distribution indicates active natu-
ral regeneration and a sustainable population structure in both
MPF and TPF forests (Figure 3). Such patterns are character-
istic of forests undergoing continuous recruitment of younger
trees (Acharya 2004, Gautam et al. 2004). However, the com-
paratively steeper decline in stem density in MPF suggests
either younger forest stands, more frequent disturbances, or
differential forest management practices compared to TPF.
The greater retention of larger-diameter trees in TPF could
reflect relatively mature forest conditions or more effective
conservation practices.

Carbon stock and biomass distribution

The comparison between these two forest types reveals
distinct ecological patterns. MPF is characterized by higher
species richness and a broader distribution of IVI and AGB
among many species. This results in a more balanced contri-
bution to biomass across the species present. In contrast, TPF
shows a greater concentration of biomass in a few species,
such as S. borneensis and T. grandis, leading to a higher
overall AGB despite having fewer species. The dominance
of a small number of species in TPF highlights the forest’s
structural differences, with fewer but larger contributors to the
ecosystem’s biomass. This structural dominance also resulted
in significantly higher carbon density in TPF, with an average

aboveground carbon stock of 74.23 + 8.02 t/ha, compared to
just 20.01 = 0.53 t/ha in MPF. Despite similar total carbon
values, the per-hectare data show that TPF forests are much
more carbon-dense, reflecting their mature structure and the
biomass concentration in fewer large individuals. Both for-
ests, however, are ecologically important and offer valuable
insights into the role of private forests in Nepal, especially
regarding farmers’ preferences for species selection (Adhikari
et al. 2004). The results emphasize the varied ecological roles
of different species in these two forest types, with implica-
tions for forest management and conservation efforts. The
clear differences between MPF and TPF highlight the diverse
ecological contributions of species across Nepal’s private
forests, with MPF supporting greater species diversity and
TPF exhibiting a higher concentration of biomass in a few
dominant species. The strong IVI-AGB correlation in MPF
suggests that ecologically dominant species (e.g., P. patula)
are primary drivers of both ecosystem function and carbon
storage, consistent with mixed-species forests where niche
complementarity boosts biomass (Liang ef al. 2016). In TPF,
the weaker correlation indicates anthropogenic selection
for high-value timber species (e.g., S. borneensis), where
biomass is concentrated in a few species regardless of their
broader ecological role (Bowman and Zilberman 2013).
This pattern directly aligns with the farmer preference data
(Section 3.6), where Terai landowners prioritized high-value
timber species with concentrated biomass over ecologically
diverse assemblages.

The lack of significant differences in carbon stock between
the regions, despite different forest structures, matches find-
ings from studies in Nepal’s lowland and hill forests (Sharma
et al. 2017, Subedi et al. 2010). However, the higher concen-
tration of biomass among a few species in TPF (especially
S. borneensis) indicates a vulnerability to selective logging
and biodiversity loss, similar to patterns seen in tropical
forests elsewhere (Chave et al. 2003). In contrast, the more
evenly spread biomass in MPF, despite lower biomass per
species, improves ecological resilience and supports multiple
ecosystem services (Clark and Clark 2000).

Floristic diversity

Although MPF showed higher species richness and diversity
indices than TPF, the differences were not statistically sig-
nificant. The diversity indices observed in MPF are compa-
rable to those reported for community-managed forests in the
Mid-Hills region (Joshi et al. 2023b), indicating that private



forests in this region can maintain similar levels of biodiver-
sity as their community-managed counterparts. This finding
aligns with studies indicating that hill forests often maintain
higher species heterogeneity compared to lowland plantations
dominated by commercially valuable species (Acharya et al.
2011, Bhattarai et al. 2020). Higher diversity and evenness in
MPF may promote forest stability and resistance to environ-
mental stress (Magurran 2004). The partial violation of nor-
mality assumptions, especially for the Shannon and Simpson
diversity indices in TPF, indicates more variability and
ecological diversity within TPF compared to MPF. Such
deviations from normality are common in forests with uneven
species distribution or dominance by a few species (Magurran
2004). The observed variability highlights the importance
of using non-parametric statistical methods when analyzing
ecological metrics in structurally diverse or fragmented land-
scapes, as recommended in studies of tropical forest diversity
(Chave et al. 2003). Using appropriate statistical techniques
ensures the robustness of diversity comparisons and improves
the reliability of ecological interpretations across different
forest management systems (Lindenmayer et al. 2000).

Farmer preferences and forest management

Farmers’ preferences for species also differ across various
parts of the country based on geographic regions (Asrat et al.
2010). Our survey data directly confirms that farmers’ prefer-
ences for species are shaped by geographic and economic
context. This aligns with studies on agroforestry systems in
Nepal, where species selection is a deliberate strategy for
risk reduction, income diversification, and climate adaptation
(Bhandari et al. 2021, Joshi et al. 2024a). The connection
between the IVI and farmers’ preference for species diversity
involves balancing ecological benefits (such as long-term sus-
tainability and ecosystem services) with economic incentives
(like short-term profits and market demands). Farmers who
recognize and value the ecological significance of species
with a high IVI are more likely to incorporate them into their
farming systems, especially if they practice sustainable or
biodiverse farming methods (Melvani ef al. 2022). On the
other hand, market pressures can sometimes cause farmers to
favor species with lower IVI but higher immediate returns
(Lemma et al. 2025). Geographic and economic factors
clearly influence farmers’ species preferences (Bowman and
Zilberman 2013). In the Mid-Hills, P. patula emerged as the
most preferred species, with an IVI greater than 100, likely
reflecting farmers’ selection for its multiple benefits includ-
ing timber production and adaptability to local conditions
(Evans 1992). Following P. patula, Alnus nepalensis, and
Q. leucotrichophora have IVIs above 40, indicating moderate
farmer preference. The choice of P. patula and A. nepalensis
in the Mid-Hills region reflects the need for fast-growing
species that provide timber, fodder, fuelwood, and soil stabi-
lization services (Pandey et al. 2024). Farmers in the Mid-
Hills likely choose these species because of their ability to
offer multiple benefits (Baul et al. 2013).

In contrast, the preference for S. borneensis and T. grandis
in the Terai reflects market-driven timber economies. Such
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patterns reinforce the need for region-specific forest manage-
ment strategies that balance ecological sustainability with
farmers’ livelihoods (Dhakal er al. 2015, Maraseni et al.
2020). None of the preferred species overlap between the
Terai and the Mid-hills, demonstrating the role of environ-
mental conditions in shaping farmer preferences (Thorn
2019). Farmers in the Terai, with its warmer climate and more
fertile soils, are inclined toward species like Shorea robusta,
T. grandis, and Swietenia mahagoni, which thrive in these
conditions and offer high economic returns (Dhakal 2008).
In contrast, Mid-hills farmers favor species such as P. patula
and Alnus nepalensis, which are better adapted to the colder,
more rugged terrain and provide practical benefits like soil
enhancement and fodder (Gauli er al. 2022). Other species
in the Terai, such as Rhododendron spp., M. esculenta, and
Choerospondias axillaris, exhibited lower IVI scores (<20),
suggesting that while they are less prioritized for timber,
they still hold significant value for farmers through their
fruits, medicinal properties, and ecological services, a trend
similarly observed in multipurpose species within tropical
agroforestry systems (Nair 1993).

Policy implications, limitations, and future research
directions

Private forests in Nepal are vital for carbon sequestration,
biodiversity conservation, and supporting livelihoods. Our
findings, consistent with the significant carbon sequestration
potential identified in community forests (Joshi et al. 2020)
and agroforestry systems (Joshi et al. 2024b), underscore that
beyond state-managed protected areas (Joshi and Bhatta
2023), privately held landscapes are indispensable for Nepal’s
climate goals. To realize the potential of private forests, our
findings suggest that Nepal’s national carbon register should
create simplified procedures for smallholder carbon account-
ing so that private forest owners can take part in REDD+
benefit-sharing programs in order to fully utilize the potential
of private forests. Future programs like REDD+ must there-
fore incorporate participatory frameworks and local ecologi-
cal knowledge to ensure legitimacy and effectiveness (Joshi
et al. 2026). In particular, incentives should be created to
support multi-species plantations that lower the risk of species
homogeneity and improve long-term resilience, even though
Terai’s high-carbon monocultures may produce early mitiga-
tion gains. Premium payments for mixed-species stands,
technical assistance for diversifying dominant plots, and
streamlined verification procedures in line with Nepal’s forest
sector strategy are examples of potential policy tools. MPF
enhances ecological resilience through greater species diver-
sity and evenly spread biomass, while TPF offers high carbon
density with a few dominant species but is susceptible to
selective logging. Policies should encourage region-specific
management, promote biodiversity-friendly species, integrate
private forests into REDD+ programs, and improve market
access for non-timber products to align ecological and
economic goals.

This study is limited to two physiographic regions and
may not capture variability across Nepal’s full landscape.
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Furthermore, by design, we focused on private forests within
a specific size range (0.1-0.5 ha). While this was necessary to
control for area effects and target the most common form of
private woodlots, it means our findings may not be directly
transferable to very small homestead plantations or larger
private forest estates. Future research should investigate
how carbon sequestration dynamics scale with private forest
area. Additionally, our carbon assessment is limited to
aboveground carbon and does not include other ecosystem
pools such as belowground biomass, deadwood, litter, or
soil carbon. While this provides a consistent measure for
comparison, future studies should incorporate these pools
for a complete carbon budget. Furthermore, whereas farmer
preference data provide insightful information about manage-
ment drivers, these self-reported replies should be regarded as
indicative rather than definitive due to the possibility of recall
bias or subjective interpretation. Additionally, the study did
not gather supplementary quantitative socio-economic data
(e.g., household income, comprehensive market access), even
though interviews revealed important species preferences and
management justifications. Such measurements should be
incorporated into future studies to further analyze livelihood
factors and consequences. Field-based metrics and farmer
surveys offer a snapshot of forest structure, carbon stock,
and preferences but cannot fully capture long-term dynamics,
market fluctuations, or disturbance regimes such as forest
fires, which are known to significantly impact biodiversity
and carbon stocks in Nepalese landscapes (Bhatta et al. 2022).
Expanding coverage to more regions and forest types, along
with long-term monitoring of forest changes under climate
and socio-economic shifts, will enhance understanding of
sustainability and resilience. Future work should also investi-
gate socio-ecological factors influencing species selection
and incorporate remote sensing with participatory methods to
develop evidence-based, region-specific forest management
policies.

CONCLUSION

This study demonstrates that private forests in Nepal’s Mid-
Hills (MPF) and Terai (TPF) represent two distinct ecological
models with contrasting contributions to climate mitigation
and biodiversity. MPF, characterized by higher species rich-
ness and an even distribution of biomass among multipurpose
species, offers greater ecological resilience. In contrast, TPF,
dominated by a few high-value timber species, functions as
a high-density carbon storage system, sequestering over three
times more carbon per hectare (74.23 + 8.02 t/ha) than MPF
(20.01 £ 0.53 t/ha). Critically, these ecological patterns are
directly shaped by farmer management strategies, which are
themselves adaptations to regional socio-economic and envi-
ronmental contexts. The strong correlation between ecological
dominance (IVI) and biomass in MPF, and it’s decoupling
in TPF, underscores that carbon storage mechanisms differ
fundamentally between these systems. These findings high-
light the significant, yet underutilized, role of private forests

in Nepal’s national climate and development strategies. To
unlock this potential, policy interventions must be region-
specific. Incentivizing biodiversity-friendly species and
mixed plantations in the Mid-Hills will sustain multiple eco-
system services, while integrating Terai forests into REDD+
frameworks could leverage their high carbon yield, provided
safeguards for diversification are included. Future research
should expand this framework to other physiographic regions
and employ long-term monitoring to further solidify the
evidence base for empowering private forest owners as key
actors in sustainable development.
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HIGHLIGHTS

e Traditional forest knowledge among African youth is steadily declining.

e Youth face significant barriers to participation in sustainable forest management, including insecure tenure, limited training opportunities,
and inadequate inclusion in decision-making.

e Rural youth depend on forests but lack secure and sustainable livelihood opportunities in rural areas.

e Opportunities for urban youth to engage in sustainable forestry and tree-based value chains remain understudied, yet are critical for the
future of forests.

e Youth empowerment in forestry requires targeted education, supportive policy reform, and meaningful engagement mechanisms.

SUMMARY

Africa’s forests are vital for biodiversity, livelihoods, and climate stability, yet they face increasing threats from anthropogenic activities and
climate change. As the continent’s youth population grows, their role in sustainable forest management becomes more critical. A literature
review of empirical studies published between 2000 and 2024 found that urbanisation and modernisation are eroding traditional forest
knowledge, though many rural youths remain dependent on the forests. Barriers such as insecure land tenure, limited training, exclusion from
decision-making, and lack of support hinder youth engagement. Despite these challenges, young people show strong interest in sustainable
forest use and conservation, though urban youth perspectives are underrepresented. To enhance youth involvement, the review recommends
inclusive policies, better education on forest management, and integrating indigenous and scientific knowledge. Empowering African youth
as conservationists and sustainable forest managers is crucial for addressing environmental challenges; future research should prioritize women
and male youth from rural as well as urban areas, as both these groups remain underrepresented in the existing literature.

Keywords: African youth, forest governance, forest management, NTFPs, sustainability

INTRODUCTION essential ecosystem services is expected to grow further. Yet

deforestation and forest degradation in Africa — primarily

The African continent contains approximately 16% of the
world’s forest area, which is vital for both ecosystem func-
tioning and human wellbeing. These forests encompass a
wide range of ecosystems, including tropical rainforests,
savannahs, shrublands, and mangroves, as well as trees out-
side forests (FAO 2020). Home to at least 9 000 tree species
(BGCI 2021), Africa’s forests play a critical role in sustaining
biodiversity, supporting livelihoods, enhancing resilience,
and regulating the climate. As Africa’s population is projected
to increase from 1.55 billion in 2025 to 2.47 billion by 2050
(United Nations 2024), the importance of forests in delivering

driven by agricultural expansion and unsustainable land-
use practices, and potentially intensified by climate-related
factors (Trisos et al. 2022 p. 1290, Wimberly et al. 2024) —
risk exacerbating existing land-use pressures and heightening
forest vulnerability. Because these environmental threats are
largely anthropogenic, effective responses depend on collec-
tive action and sustained societal commitment (Trisos et al.
2022, Sections 9.3-9.4).

African youth are a driving force in forest conservation
and sustainable development across the continent. As the
world’s youngest continent, Africa has over 400 million
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young people aged 15-29, which is 3.5 times the youth popu-
lation of Europe (United Nations 2025). While there is no
single global definition of youth, the United Nations uses ages
15-24 for statistical purposes, the OECD often applies 15-29,
and the African Union, through the African Youth Charter,
defines youth as 15-34 (African Union 2006, United Nations
1981, OECD 2021). Regardless of the exact definition,
Africa’s youth population share is strikingly larger than in most
other regions. By 2050, the continent is expected to account
for 25% of the global population, up from 18% in 2024. This
large youth cohort is increasingly educated, ambitious, and
vocal in demanding change (Ickowitz Foundation 2022,
2024), positioning them as key actors in driving a transforma-
tive environmental agenda (von Hellermann 2010, Gitonga
et al. 2023, Ickowitz Foundation 2024).

The role of forests in achieving sustainable development
is reflected across multiple Sustainable Development Goals
(SDGs), including protecting biodiversity and forest cover
(SDG 15), enhancing climate resilience and carbon mitiga-
tion (SDG 13), supporting the water cycle (SDG 6), contribut-
ing to poverty alleviation and improved nutrition (SDGs 1
and 2), and creating decent, sustainable employment in the
forestry sector (SDG 8).

Understanding the perspectives, activities, and aspirations
of African youth regarding forests is therefore essential for
effective forest governance. As they transition into adulthood,
their experiences will shape future environmental actions
(Lerner 2018), highlighting the importance of exploring
contemporary youth—forest relationships (Brown ez al. 2021,
Gitonga et al. 2023). Meaningful youth engagement in forest-
related discourse is vital — not only because they are tasked
with confronting environmental challenges, but also due to
their potential to drive innovative solutions. Increasingly,
young people are recognised as agents of change in natural
resource management (Zulu et al. 2023), with organisations
such as the United Nations and African Union emphasising
their pivotal role in sustainable development (African Union
2006, UN 2018). Nevertheless, youth—forest dynamics
remain underexplored and poorly understood.

Africa’s youth navigate a complex landscape of opportu-
nities and challenges, where the aspiration to shape their
future and contribute to the continent’s development remains
central. In some aspects, this group has made meaningful
progress. In recent decades, improvements in health and
education have expanded their prospects. Life expectancy
rose from 53 years in 2000 to 64 years in 2023 (WHO 2024),
while literacy rates increased from 61% to 75% during the
same period. However, despite these gains, African youth still
face greater difficulties than their peers elsewhere. Poverty
remains widespread, with approximately 440 million people
— around 40% of the continent’s total population — living in
extreme poverty in 2023 (Ingutia 2023, United Nations 2024).
Many young people struggle to secure stable livelihoods,
often relying on informal employment and experiencing
chronic unemployment or prolonged socioeconomic stagna-
tion — commonly referred to as “waithood” (Brown et al.
2021, Calves et al. 2007, Carreras et al. 2020, Sumberg et al.
2021).

While education has increased awareness of global issues
such as climate change (Ickowitz Foundation 2022, 2024,
Simpson et al. 2021), it does not always guarantee employ-
ment, especially as rapid population growth and sluggish
economic performance strain job markets (Boti Phiri 2022).
Rural youth in particular face barriers to entering productive
agriculture, including limited land and capital access (Brown
et al. 2021, Magagula and Tsvakirai 2020). As a result,
many perceive farming and forestry as labour-intensive and
unattractive, prompting migration to urban areas (Sumberg
et al. 2017). Others pursue diversified livelihoods, combining
farming with off-farm income-generating activities (LaRue
et al. 2021). Beyond economic hardship, African youth are
affected by conflict and forced migration. Sub-Saharan Africa
hosts over 20 million refugees (UNHCR 2025), and many
young people are at risk of being recruited into armed groups
due to education gaps, resource scarcity, and social exclusion
(Ismail and Olonisakin 2021).

Systemic barriers also curtail youth political agency and
marginalise their participation in decision-making processes.
Despite Africa’s demographic youthfulness, political leader-
ship is still dominated by older generations, often fueling
disillusionment and disengagement among young people
(Ickowitz et al. 2022, 2024). Nonetheless, many youths are
actively forging alternative pathways to influence, creating
a sustainable future through climate action and eco-
entrepreneurship, leveraging their skills to shape more
resilient communities (Ickowitz Foundation 2024, Simmons
2022).

Although research has examined the economic and social
struggles of African youth, their role in forest governance —
and its implications for sustainable development — remains
insufficiently explored. A deeper understanding of how young
people engage with forest resources is essential for shaping
policies that support youth livelihoods while promoting
forest ecosystem sustainability (Brown 2021). This includes
advancing forest landscape restoration, enabling youth entre-
preneurship within a forest-based green economy, preserving
traditional ecological knowledge, formulating equitable
policies, applying agroforestry and implementing climate-
smart forest practices at the local level.

This review investigates African youths’ experiences,
knowledge, and aspirations related to forests and broader
environmental challenges. It examines their awareness of
forest resources, participation in forest-based economies,
and perspectives on forest governance at local, national, and
continental levels. The objective is to enhance understanding
of how African youth can be more effectively integrated into
forest management, agroforestry and sustainable development
efforts — both to improve their socio-economic prospects and
to support environmental resilience.

The body of literature examining African youth—forest
connections through a sustainability lens remains limited.
While historical studies of forest-related practices (including
youth involvement) exist, the aspirations and visions of young
people — who will shape future forest governance — are seldom
explored. A natural and constructive first step in addressing
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this gap is to assess the current state of knowledge and
identify research needs to inform future policy, strategy, and
academic inquiry. This review therefore aims to synthesise
existing peer-reviewed knowledge on the relationship
between African youth and forests, including agroforestry. It
does not include an analysis of the formal forest education
organization, content and development (Onatunji et al. 2019,
2021). This analysis uses a dynamic and forward-looking
lens, with a focus on forest knowledge, youth engagement,
and future aspirations for sustainable forest use.

METHODOLOGY
Framework

This review adopts a temporal perspective on African youth—
forest relations, recognising youth as a group whose forest-
related knowledge, practices and aspirations are shaped by
past experiences, present socio-economic conditions and
future expectations. This perspective is particularly relevant
in Africa, where a rapidly growing youth population is
increasingly expected to play a central role in sustainable
development and forest governance (African Union 2006,
United Nations 2018, Ickowitz Foundation 2024).

The analytical orientation is informed by research empha-
sising that learning, agency and change emerge over time
through the interaction of experience, knowledge and institu-
tional context (Argyris and Schon 1978, Easterby-Smith
and Lyles 2011, Emirbayer and Mische 1998). It also aligns
with sustainability transition perspectives, which highlight
how long-term change in resource governance depends on
the gradual reconfiguration of practices, roles and power
relations across generations (Geels 2002, Fischer et al. 2015).

This perspective provides the rationale for organising
the review around four themes: (1) youth experiences and
knowledge of forests, (2) current youth engagement in forest
use and forest-based livelihoods, (3) youth perspectives
and aspirations regarding future forest governance, and (4)
recommendations proposed in the literature to strengthen
youth inclusion. Together, these themes link existing empiri-
cal evidence to the broader situation of African youth and help
assess how current patterns of engagement may shape future
roles for young people in sustainable forest management.

Selection and analysis

The review process was informed by the PRISMA 2020
guidelines, which provide a structured framework for the
transparent identification, screening, and reporting of studies
in systematic reviews (Page et al. 2021). The review focused
on empirical publications in English published between 2000
and 2024 and primarily accessed through scientific databases.
Searches were conducted using Web of Knowledge, Scopus,
and Google Scholar, employing the search terms outlined in
Table 1.

Although few studies explicitly examined the nexus
between African youth and forests, the review included
empirical research addressing youth knowledge, practices,
views and aspirations towards forests, whether as a primary or
secondary focus. Definitions of ‘youth’ varied across studies
and were not always explicitly stated; such variation was
accepted provided that the research addressed relevant
aspects of the youth—forest relationship. The search strategy
combined concepts related to forests, African countries, and
youth using Boolean operators, with truncation applied where
appropriate (e.g., “agroforest*”) to capture variations in
terminology (Table 1). The initial identification phase yielded

TABLE 1 Search terms and selection criteria used for the literature review (2000-2024). Overview of key search terms across
fields and concepts (forest, youth, Africa) and their rationale for inclusion during the identification and screening phases

Phase Field Concept / Scope Search Words & Criteria Records (n)
Step 1: Identification Title Forest (Ecological ~ “Forest” or “tree” or “wood” or “timber” or 383,856
Scope) “bioenergy” or “Non-timber forest products” or
“NTFP” or “agroforest*”
Step 2: Identification Abstract Africa (Geographic ~ “Africa” or names of all African countries (linked 4,988
Scope) with “or”)
Step 3: Identification All Fields  Youth (Demographic “Youth” or “young people” or “youngsters” or 279
Scope) “young adults” or “generation” or “age-groups”
or “student*”
Step 4: Identification All Fields Linkages “View*” or “attitude™” or “perception*” or 95
(Socioeconomic “vision” or “aspiration®” or “engagement” or
Scope) “occupation” or “livelihoods” or “career” or
“knowledge”
Step 5: Screening Title Refinement Removal based on title relevance 35
Step 6: Screening Abstract Refinement Removal based on abstract relevance 31
Step 7: Complementation N/A Addition Added publication not from peer-reviewed 32

publication
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95 references, which were first screened by title to exclude
studies clearly outside the scope, reducing the dataset to 35
studies. Abstract screening further narrowed the selection to
31 peer-reviewed studies. One additional non-peer-reviewed
study on youth — science linkages (Gitonga et al. 2023) was
included, resulting in a final corpus of 32 references. For each
study, information on publication year, country, source,
research approach, and key findings was extracted using a
standardised framework. The selected studies generally
incorporated a youth perspective, often in comparison with
older adults. The studies were then synthesised thematically
according to the four analytical categories outlined in the
above framework, enabling the identification of patterns,
gaps, and variations in youth knowledge, engagement, and
barriers related to forest-based activities across different
contexts.

LITERATURE REVIEW RESULTS
General overview

The reviewed literature spans the period from 2000 to 2024,
reflecting growing, albeit still modest, scholarly attention to
youth engagement with forest use and perceptions of forests
(Appendix 1). Only two studies were published before 2010,
followed by ten between 2010 and 2019. Since 2020, 20
studies have been recorded, suggesting increased interest in
youth-related forest use and governance. However, it remains
unclear whether this rise reflects a broader expansion in
forest-related research across Africa or a specific increase
in youth-focused studies. The publications appear in diverse
interdisciplinary journals, underscoring the multifaceted
nature of the topic. Key journals represented include Forest
Policy and Economics (4), Heliyon (2), Journal of Ethnobiol-
ogy and Ethnomedicine (2), and Southern Forests: A Journal
of Forest Science (2), alongside 22 studies published in other
outlets.

The studies span 20 countries, with Ethiopia, Cameroon,
and Ghana most frequently represented (Figure 1). A few
cover multiple countries (Lemke and Claeys 2020, Luiselli
et al. 2019). North Africa is represented by only one study.

While the topics vary, most focus on forest management
and governance, primarily in rural contexts (Appendix 1).

The dominant theme across literature is community for-
estry and livelihoods, which is addressed in sixteen studies
(Gichuki et al. 2000, Yami et al. 2013, Yusuf et al. 2013,
Ebifa-Othieno et al. 2017, Giuliani et al. 2017, Osei et al. 2019,
Abebe et al. 2020, Ahononga et al. 2020, Chukwuone et al.
2020, Nigussie et al. 2021, Kudzinawo et al. 2022, Lucungu
et al. 2022, Piabuo et al. 2022, Zikargae et al. 2022, Bayala
et al. 2024, Opelele Omeno et al. 2024). Eleven studies
specifically focus on youth or consider both youth and
women as marginalised groups (Yusuf et al. 2013, Giuliani
et al. 2017, Macneil et al. 2017, Luiselli et al. 2019, Lemke
and Claeys 2020, Uduji and Okolo-Obasi 2020, Galabuzi
et al. 2021, Nketia et al. 2022, Gitonga et al. 2023, Jama et al.

FIGURE 1 Countries covered by the review (number of
studies within brackets): Benin (1), Botswana (1), Burkina
Faso (1), Cameroon (4), Democratic Republic of Congo (2),
Ethiopia (5), Ghana (4), Guinea (1), Kenya (3), Mali (1),
Morocco (1), Niger (1), Nigeria (4), Tanzania (1), Somalia
(1), South Africa (1), Togo (1), Uganda (3), Zambia (1),
Zimbabwe (1). (Luiselli et al. 2019 and Lemke and Claeys
2020 studied multiple countries)

2023, Bamwesigye et al. 2024). Nine studies explore
indigenous knowledge (Tanyanyiwa and Chikwanha, 2011,
Ebifa-Othieno et al. 2017, Chukwuone et al. 2020,
Ameneshewa et al. 2023) or other traditional knowledge
related to tree species, medicinal plants, and practices (Dovie
et al. 2008, Bobo et al. 2015, Luiselli et al. 2019, Galabuzi
etal. 2021, Yanou et al. 2024). While sixteen articles examine
forests in relation to rural livelihoods and community forest
management, youth are often a secondary rather than the
primary focus. Six studies discuss agency and power dynamics
within communities (Yami et al. 2013, Bobo et al. 2015,
Garekae et al. 2017, Lucungu et al. 2022, Zikargae et al.
2022, Kimengsi et al. 2024). Several studies, such as Ebifa-
Othieno et al. (2017) and Zikargae et al. (2022), address
multiple themes. The role of urban youth in African forest
contexts is rarely examined. Although a few studies consider
urban perspectives — for example, Ebifa-Othieno et al. (2017)
on perceptions of non-timber forest products (NTFPs),
Gitonga et al. (2023) on youth activism, and Luiselli et al.
(2019) on bushmeat consumption, most research focuses on
and was conducted in rural settings.

A variety of qualitative and quantitative approaches
were employed. For instance, Ameneshewa et al. (2023) use
ethnographic tools such as interviews and focus groups to
study indigenous knowledge in southern Ethiopia. Osei et al.
(2019) appied surveys and statistical analysis to examine
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smallholder motivations for reforestation. Several studies,
including Bayala et al. (2024), adopt mixed methods. Gitonga
et al. (2023) provide a detailed case study based on a youth
workshop in Kenya. Overall, fourteen studies employ qualita-
tive methods, twelve use quantitative approaches, and six
combine both.

Youth forest knowledge and learning

Key findings on youth forest knowledge are summarised in
Table 2. The reviewed literature highlights a decline in the
transmission of traditional forest knowledge to youth, raising
concerns for sustainable forest management. Ebifa-Othieno
et al. (2017) find that rural youth in Uganda participate in
forestry activities but know less about tamarind (Tamarindus
indica) uses than elders. Similarly, Abebe et al. (2020) report
a weakening of knowledge transmission in Ethiopia, with
elders noting that “the youth do not listen to elders anymore.”
Tanyanyiwa and Chikwanha (2011) observe that youth place
less value on sacred forests, while Bobo er al. (2015) note
diminished awareness of species-specific taboos, both among
Cameroonian youth. This erosion of traditional knowledge is
linked in some studies to modernisation and limited intergen-
erational mentoring (Abebe et al. 2020, Ebifa-Othieno et al.
2017). Ameneshewa et al. (2023) emphasise that because
indigenous knowledge is embedded in local history and social
traditions, declining ecological knowledge could undermine
sustainable forest use and management.

Generational shifts in forest values may also result from
differing time horizons. Abebe er al. (2020) report that
younger households in Ethiopia often prioritise short-term
needs over long-term knowledge retention, a concern more
prevalent among older generations. Likewise, Tanyanyiwa and
Chikwanha (2011), Chukwuone et al. (2020), and Ameneshewa
et al. (2023) find that older generations perceive themselves
as the primary custodians of indigenous knowledge. As
Ameneshewa er al. (2023, p. 2) state in their Ethiopian study:
“Forest resources in the Shato core area have been safeguarded,
managed, and utilised sustainably for many generations
because of this indigenous knowledge system. The study
shows that today’s youth do not recognize these strategies.”

However, the decline in traditional forest knowledge is not
uniform across all contexts or locations. Rural youth continue
to retain certain practices and insights. For instance, Galabuzi
et al. (2021) report that agricultural youth in Uganda possess
knowledge of strip cropping and on-farm tree cultivation.
Similarly, Uduji and Okolo-Obasi (2020) find that Nigerian
youth maintain both knowledge of and interest in traditional
non-timber forest product (NTFP) practices. Chukwuone
et al. (2020) document youth familiarity with techniques
such as controlled harvesting, although their understanding of
other forms of indigenous knowledge is more limited. Like-
wise, Dovie et al. (2008) observe that rural youth in South
Africa are knowledgeable about species used for fuelwood
and construction but have less awareness of medicinal plants.

However, the overall trend points to a gradual reduction
in traditional and indigenous knowledge among youth, partly
influenced by the expansion of formal education, which

Chukwuone et al. (2020) note often diminishes interest in
traditional practices. Limited schooling can also have adverse
ecological consequences. For example, in Ethiopia, lack of
education, landlessness and unemployment drive land clear-
ing for cultivation, contributing to ongoing deforestation
(Abebe et al. 2020).

Various capacity-building initiatives have been introduced
to address rural knowledge gaps in conservation and sustain-
able forest management. Zikargae er al. (2022) describe
forest and land management programmes in Ethiopia, while
Gichuki (2000) reports on youth groups in Kenya engaged in
wetland conservation. However, participation in conservation
and restoration efforts remains uneven. Both Lucungu et al.
(2022) and Abebe et al. (2020) find limited interest among
youth in acquiring conservation skills. Economic challenges
and urbanisation further constrain youth involvement in
forest-based enterprises and the preservation of traditional
and indigenous knowledge, particularly among those who
divide their time between urban and rural settings (Lucungu
et al. 2022). Despite these challenges, innovative conservation
education targeting youth is emerging. Gitonga et al. (2023)
document a Kenyan workshop on youth-led NTFP commer-
cialisation, reforestation, and ecotourism.

Patterns of youth participation

Although research highlights a growing disconnect between
youth and forests, many young people continue to depend
heavily on forest resources. Table 2 highlights patterns of
youth participation in forest use and management. Studies in
Benin (Ahononga et al. 2020) and Uganda (Ebifa-Othieno
et al. 2017) specifically show that rural youth prioritise
provisioning services, such as timber and non-timber forest
products (NTFPs). In Botswana, forest dependency is highest
among young households with limited educational attainment
(Garekae et al. 2017). Youth with few livelihood alternatives
often turn to farming and forest-based income sources,
drawing on their physical capabilities and practical skills
(Abebe et al. 2020, Chukwuone et al. 2020, Garekae et al.
2017, Opelele Omeno et al. 2024).

Macneil et al. (2017, p. 444) observe in Cameroon that
young people engaged in a variety of forest activities through-
out the year, such as collection of NTFPs and firewood,
hunting and fishing. Galabuzi et al. (2021) found that limited
land access remains a major barrier to intensive forest man-
agement and agroforestry for young rural men and women in
Uganda:

“Agroforestry by women and youths presents a chance to
reverse deforestation effects including landslides, water
stress, and food insecurity around Mount Elgon. However,
the women and youth involved were generally poor,
land insecure, and illiterate, limiting their potential and
interest in agroforestry tree technologies” (Galabuzi et al.
2021, p. 3306).

Land scarcity also reduces youth interest in forest restora-
tion, particularly when farming options are restricted. In
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TABLE 2 Youth forest knowledge, patterns of participation, aspirations & concerns, and key recommendations for enhancing
youth engagement (2000-2024)

Key recommendations

Youth forest knowledge Patterns of youth Aspirations on forests for enhancing youth
Reference . et 3
and learning participation expressed by youth engagement in forest
governance
Abebe et al. 2020 Youth have limited access Youth landlessness drives  Youth desire for land Apply adaptive co-

to formal education
because of remoteness
and cost

deforestation; youth
excluded from decision-
making

access, jobs, and rural
livelihoods

management; recognize
community diversity and
youth roles

Ahononga et al.
2020

Youth know less about
cultural and regulating
ecosystem services than
elders

Not explicitly assessed

Not explicitly assessed

Improve information on
cultural, regulating, and
supporting ecosystem
services

Ameneshewa et al.
2023

Weak transmission of
indigenous forest
knowledge; declining

intergenerational learning

Youth are marginal in
customary and state
forest governance

Forests increasingly
viewed by youth as
economic assets

Document indigenous
knowledge; integrate
indigenous and scientific
systems; revitalize
customary institutions

Bamwesigye et al.
2024

Strong awareness of
climate—forest links;
learning mainly
perception-based

High willingness to
engage in agroforestry;
low influence in formal
governance

Forests valued by youth
for climate adaptation,
livelihoods, and resilience

Integrate indigenous
knowledge; strengthen
agroforestry education;
support youth-led
initiatives

Bayala er al. 2024

Youth possess local

ecological knowledge but

have limited
understanding of
community resource
management area rules

Youth numerically
represented but with low
influence and
accountability

Youth support
conservation if benefits
and transparency are
ensured

Build youth capacity;
ensure transparent
representation; strengthen
bottom-up governance

Bobo et al. 2015

Declining knowledge of
wildlife taboos among
youth

Youth disengaging from
traditional conservation
norms

Not explicitly assessed

Reconcile conservation
goals with changing
youth values

Chukwuone et al.
2020

Youth actively practice
indigenous forest
management techniques

Youth participate mainly
through labour, not
through decision-making

Youth view forests as
livelihood and income
resources

Support youth access to
credit; clarify rights;
target young household
heads

Dovie er al. 2008

Youth possess high
practical knowledge of
fuelwood and
construction species

Youth participate through
daily forest use

Not explicitly assessed

Include youth knowledge
in management; design
age-sensitive co-
management

Ebifa-Othieno
et al. 2017

Youth know fewer
medicinal and cultural
uses of Tamarindus
indica

Youth are active in
harvesting but are
excluded from ownership
and decision-making

Rural youth seek income;
urban youth disengaged

Improve value addition;
provide nutrition and
conservation education

Galabuzi et al.
2021

Practical knowledge
focused on fast-growing
income trees

Youth participate mainly
as labourers and have
limited land-use rights

Trees valued by youth as
economic assets

Strengthen forestry
extension; improve land
access and inputs for
youth

Garekae et al. 2017

Experiential knowledge

centred on extraction and

trade

Youth show high
involvement driven by
poverty and
unemployment

Forests seen by youth as
livelihood safety nets

Provide skills training;
promote alternative
livelihoods; include youth
in planning
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Key recommendations

Youth forest knowledge Patterns of youth Aspirations on forests for enhancing youth
Reference . s o 3
and learning participation expressed by youth engagement in forest
governance
Gichuki 2000 Conservation knowledge  Youth participate via Young people wish to Support youth groups

gained through hands-on
projects

youth-led conservation
groups

combine income
generation with
conservation

with training and finance

Gitonga et al. 2023

Strong awareness of
ecosystem services and
green enterprises

Youth are active in
youth-led groups but
have limited statutory
power

Youth try to combine
conservation with
business opportunities

Include youth in
participatory forest
management; improve
market access

Giuliani et al. 2017

Limited formal
education; forest
knowledge implicit
through wild resource use

Youth excluded from
associations and land
access

Young people desire
financial independence
and stable rural
livelihoods

Improve vocational
training; enhance access
to land and rural services

Jama et al. 2023

Moderate climate change
knowledge; awareness
drives forestation intent

Youth participate mainly
through advocacy rather
than formal governance

Forests valued for climate
regulation and future
benefits

Strengthen climate
education; align forest
policy with youth values

Kimengsi et al.

Youth disengaging from

Youth largely absent from

Preference for non-forest

Create youth-friendly

2024 traditional forest forest institutions urban livelihoods forest institutions;
knowledge provide engagement
incentives
Kudzinawo et al. Skills in NTFP Youth participation not NTFP production as Promote NTFP value
2022 cultivation implied but analysed separately viable livelihood chains for youth
not assessed livelihoods

Lemke and Claeys
2020

Local knowledge implied
through youth
engagement

Youth excluded from
communal land
governance

Interest in land access
and secure tenure

Build youth capacity for
inclusive land governance

Lucungu et al.
2022

Youth have limited
knowledge of traditional
management

Outmigration reduces
youth engagement

Mixed or negative views
on co-management

Involve youth in
developing forest
management models

Luiselli ef al. 2019

Limited bushmeat
knowledge among youth

Youth mostly excluded
from bushmeat trade

Preference for modern
diets

Develop culturally
relevant youth
conservation messaging

Macneil et al. 2017

Youth knowledgeable
about NTFPs and
agroforestry

High engagement in
forest-based livelihoods

Seek income
diversification and food
security

Support diversified,
youth-centred forest
livelihoods

Nigussie et al.
2021

Limited knowledge of
biomass and bioenergy
markets

Low participation among
smallholders

Interest in income from
biomass supply

Incentivize youth
participation; support
training and finance

Nketia et al. 2022

Basic knowledge from
afforestation programs

Youth participation is
constrained by political
and logistical challenges

Desire stable jobs in
restoration programs

Improve monitoring,
depoliticize recruitment

Opelele Omeno
etal. 2024

Knowledge gained
through daily forest
product use

Youth show high labour
participation but have a
limited governance role

Dependence on forests
for income

Increase youth capacity
in sustainable
management

Osei et al. 2019

Familiarity with tree
planting and agroforestry

Youth farmers show
interest in tree planting

Interest in income-
oriented tree planting

Incentivize youth
reforestation programs

Piabuo et al. 2022

General appreciation of
forest values; limited
governance knowledge

Youth feel excluded from
decision-making. Low
revenues.

Desire education, jobs,
and conservation

Adapt governance
structures; co-create
opportunities
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TABLE 2 Continued

Reference

Youth forest knowledge
and learning

Patterns of youth
participation

Aspirations on forests
expressed by youth

Key recommendations
for enhancing youth
engagement in forest

governance

Tanyanyiwa and
Chikwanha 2011

Limited indigenous
knowledge among youth

Excluded from traditional
forest governance

Disengagement from
customary practices

Integrate indigenous
knowledge into education
and mentoring

Uduji and Okolo-
Obasi 2020

Growing knowledge of
NTFPs among rural
youth

High involvement in
NTFP collection;
minimal institutional
support. The role of
corporate social
responsibility projects

Desire better income and
market access

Target corporate social
responsibility to youth
NTFPs

Yami et al. 2013

Practical knowledge from
exclosure management

Youth participation is
limited by social norms
and restricted land access

Expect tangible benefits
from conservation

Strengthen benefit-
sharing and youth
involvement

Yanou et al. 2024

Hybrid local and external
knowledge systems

Participation in farming
and landscape

Desire resilient,
productive landscapes

Integrate indigenous
knowledge with youth

management training
Yusuf et al. 2014 Technical beekeeping Participation enabled by =~ Income generation and Improve training, species
knowledge through low land requirements livelihood improvement ~ choice, and market
training linkages
Zikargae et al. Skills gained through Youth participation is Combine environmental ~ Expand inclusive,
2022 non-formal selective but improves restoration and experiential youth

environmental education

when inclusion
mechanisms are

livelihoods

training

strengthened

Ethiopia, fuelwood shortages and increasing youth landless-
ness have hindered forest conservation expansion through
exclosures (Yami et al. 2013).

In parallel, other studies document that forest based ven-
tures, including sustainable timber and NTFPs, are increasingly
seen as viable income sources for rural youth (Uduji and
Okolo-Obasi 2020). Ebifa-Othieno et al. (2017) and Gitonga
et al. (2023) highlight NTFP income streams such as medici-
nal plants and food products that could boost youth participa-
tion in sustainable management. Two studies emphasise the
income potential of NTFPs: Yusuf ez al. (2013) on beekeeping
and Kudzinawo et al. (2022) on moringa (Moringa oleifera).
Beekeeping, in particular, is accessible to youth due to low
capital and land requirements, though challenges such as fire
hazards, bee abandonment and honey theft persist (Yusuf
et al. 2013).

Research indicates that rural youth engage in forest-related
activities by weighing the potential benefits and required
effort against alternative livelihood options, influenced by
broader socio-economic trends and patterns of urban migra-
tion. Lucungu et al. (2022) attribute the low participation of
young people in community forestry activities in the Demo-
cratic Republic of the Congo to rural-to-urban migration — a
trend similarly observed by Piabuo et al. (2022), Garekae
etal.(2017), Giuliani et al. (2017) and Kimengsi et al. (2024).
In Cameroon, many young people also migrate in an effort

to escape traditional roles, further weakening their ties to
forest-based practices (Kimengsi et al. 2024). As urban
income opportunities increase and the future of farming
becomes increasingly uncertain and constrained, reliance on
forest livelihoods continues to diminish. However, migration
does not always lead to a complete severance of rural ties, the
process can be gradual, with many young people balancing
urban employment or education with time spent in their home
villages. Nevertheless, economic priorities often take prece-
dence over cultural attachments to local forests, as evidenced
in Uganda (Ebifa-Othieno et al. 2017) and Cameroon (Bobo
et al. 2015). This evolving relationship reflects a complex
interplay of migration, economic pressures and cultural change.

At the same time, evidence suggests that young people
possess significant potential to revitalise forest conservation
and management efforts (Gichuki 2000, Gitonga et al. 2023).
However, sustained engagement weakens when programmes
are characterised by poor governance or mismanagement
(Nketia et al. 2022). While youth-led, community-based
forestry initiatives can enhance participation and local owner-
ship (Gitonga et al. 2023), this momentum may be under-
mined by increasing migration to urban centres (Abebe et al.
2020, Piabuo et al. 2022).

Under adverse and unstable conditions, structural and
economic barriers can push rural youth towards unsustainable
or illicit livelihood strategies (Uduji and Okolo-Obasi 2020).
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These shifts are often driven by poverty, exclusion from the
benefits of resource extraction, and the failure of corporate
social responsibility initiatives to meaningfully reach or
empower young people. The authors claim that private sector
involvement through corporate social responsibility could play
a role in youth empowerment, particularly by supporting
those engaged in the collection and trade of non-timber forest
products (NTFPs). Although research on the relationship
between urban African youth and forests remains limited,
existing evidence suggests that youth in urban areas have little
interest in NTFPs (Ebifa-Othieno et al. 2017); however, the
workshop findings reported by Gitonga et al. (2023) indicate
that some segments of urban youth may be interested in forest
bioeconomy careers when these align sustainability with job
creation and income generation.

Aspirations on forests expressed by youth

Youth perspectives on the future use of forests vary across
the studies reviewed. Table 2 identifies key youth aspirations
covering viewpoints on access to land, inclusion in decision-
making and interest in conservation practices. In rural areas,
many young people express interest in improved forest man-
agement but report feeling excluded from decision-making
processes and marginalised. They call for a more equitable
share of forest-derived benefits (Abebe et al. 2020, Nigussie
et al. 2021). In Ethiopia, Abebe et al. (2020) find that this
sense of exclusion can even lead to intergenerational conflict.
Community-based forest management initiatives struggle to
engage young people, hindered by governance challenges
or a lack of alignment with youth priorities (Lucungu et al.
2022). However, youth perspectives are not uniform. For
example, Giuliani et al. (2017) report that young Moroccans
are open to living in rural areas, provided sustainable liveli-
hoods are available alongside essential services such as
education and healthcare. There is also growing interest
among youth in afforestation and agroforestry although the
opportunities can be limited. In Ethiopia, for example, younger
and female-headed households face significant constraints
in developing forest-related activities (Nigussie et al. 2018).
Meanwhile, in Nigeria and Kenya, youth are becoming increas-
ingly receptive to modern forestry practices (Chukwuone
et al. 2020, Gitonga et al. 2023).

Education emerges as a central mechanism for addressing
forest decline. By expanding livelihood options beyond direct
forest extraction, education can reduce youth dependence
on forest resources that might otherwise contribute to deforesta-
tion (Garekae et al. 2017, Opelele Omeno et al. 2024). At the
same time, the transmission of traditional ecological knowl-
edge fosters innovation by combining traditional practices
with modern approaches, as demonstrated in Uganda, Ethiopia,
and Kenya (Ameneshewa et al. 2023, Gitonga et al. 2023).
Practical, project-based learning — including training in green
entrepreneurship and environmental initiatives — equips youth
with the skills needed to establish viable forestry enterprises
that deliver long-term environmental and economic benefits
(Gitonga et al. 2023, Zikargae et al. 2022). Integrating indig-
enous knowledge into formal education systems can further

strengthen natural resource management while deepening young
people’s connection to sustainable forest use (Ameneshewa
et al. 2023).

At the youth workshop, Kenyan youth expressed strong
interest in training on governance, project management,
resource mobilisation and green business. As one participant
stated:

“Recognizing that our forests are the key to our future,
I am inspired to provide environmental education in
schools. I am passionate about ensuring that young people
are aware of the importance of nature conservation and
actively participate in it” (Gitonga et al. 2023, p. 17).

The youth also sought collaboration with community
forest associations to strengthen their role in forest steward-
ship. However, despite this enthusiasm, participants felt that
greater inclusion in decision-making at all levels is essential
for full participation in sustainable forest initiatives (Gitonga
et al. 2023).

Recommendations formulated in the studies

The reviewed studies suggest various interventions to pro-
mote sustainable forest use among the youth. Table 2 presents
suggestions related to forest education, land rights, policy
inclusion and non-timber forest product development. A
central theme in this list relates to the inclusivity of young
people in forest management decisions. Abebe et al. (2020)
stress that clear objectives and inclusive approaches are vital,
ensuring marginalised groups — including youth — are actively
involved in project planning. This echoes Garekae et al.
(2017), who highlight youth as key stakeholders and agents
of change in sustainable forest management. Galabuzi et al.
(2021) argue that empowering youth and strengthening exten-
sion networks are essential for enhancing youth participation
and leadership in forest management. However, for such
initiatives to be effective, equitable participation in communal
resource governance must be ensured. Similarly, Lemke and
Claeys (2020) highlight that addressing governance challenges
is critical to enabling all stakeholders — particularly young
people — to play meaningful roles in the management of
communal resources.

Youth engagement in the development of non-timber
forest products (NTFPs) holds considerable environmental
and economic potential. However, socio-economic and struc-
tural barriers continue to constrain meaningful participation
(Abebe et al. 2020, Galabuzi et al. 2021), compounded by
limited institutional and technical support for NTFP process-
ing and value addition (Uduji and Okolo-Obasi 2019). Several
studies therefore emphasise the need for policy frameworks
that more effectively integrate youth into the forest sector
(Gichuki et al. 2000), particularly through strengthened
community forest associations (Gitonga et al. 2023).

Education emerges as a central mechanism for addressing
these constraints. By expanding livelihood options beyond
direct forest extraction, education can reduce youth depen-
dence on forest resources that might otherwise contribute
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to deforestation (Garekae et al. 2017, Opelele Omeno et al.
2024). At the same time, the transmission of traditional eco-
logical knowledge fosters innovation by combining indige-
nous practices with modern approaches, as demonstrated
in Uganda, Ethiopia, and Kenya (Ameneshewa et al. 2023,
Gitonga et al. 2023). Strengthening knowledge-sharing
platforms, improving market access, and providing training
in agroforestry and sustainable forest management further
promote green entrepreneurship, helping young people over-
come land and financial constraints while increasing engage-
ment in sustainable forestry (Galabuzi et al. 2021, Gitonga
et al. 2023). Practical, project-based learning — including
training in green entrepreneurship and environmental initia-
tives — equips youth with the skills needed to establish viable
forestry enterprises that deliver long-term environmental and
economic benefits (Gitonga et al. 2023, Zikargae et al. 2022).
Integrating indigenous knowledge into formal education
systems can further strengthen natural resource management
while deepening young people’s connection to sustainable
forest use (Ameneshewa et al. 2023). Nonetheless, Macneil
et al. (2017) emphasise the need for further research on youth-
centred forest governance to better understand their role in
decision-making. Forest management strategies must also
incorporate climate change perspectives that reflect youth
voices, ensuring the next generation is actively engaged in
shaping resilient policies (Jama et al. 2023).

Ultimately, investment in education, skills development
and secure land tenure, supported by intentional engagement
and mentoring, can empower youth as active leaders in rural
sustainable development. Such efforts not only benefit young
people but also contribute to both local and global environ-
mental progress (Chukwuone et al. 2020, Giuliani et al. 2017,
Uduji and Okolo-Obasi 2020, Zikargae et al. 2022).

DISCUSSION

This review identified differing, and partly opposing,
developments in the relationship between African youth and
forests. There is a steady decline in interest in traditional
rural livelihoods and a reduced curiosity to learn from older
generations’ forest knowledge among African youth due to
modernisation and urbanisation. Despite this main trend, the
rural youth population remains significant, exhibiting interest
and curiosity for forest-based sustainable livelihoods that also
provide means of income, although their engagement is con-
strained by structural challenges such as insecure land tenure,
limited financial capital and exclusion from decision-making
processes. Furthermore, the review revealed growing concern
within youth groups for forest conservation, recognising
forests as an integral contributor to a sustainable trajectory for
the continent’s development.

These trends can be explained by a combination of socio-
economic transformations and institutional structures. The
erosion of traditional and indigenous knowledge is linked
to rural-urban migration caused by population increase, low
agricultural productivity, reduced time in nature, the search

for better opportunities in cities, and the rise of formal educa-
tion systems that do not integrate traditional ecological learn-
ing. Youth engagement is hampered by systemic barriers,
including inadequate access to land and finance, inadequate
representation in both traditional and formal governance
structures, and a lack of targeted forest extension services.
In urban contexts, disconnection from forest landscapes,
combined with limited opportunities for forest-related career
paths, may explain the weak engagement of urban youth
in forest occupations. However, youth also demonstrate a
growing interest in environmental issues, climate change,
sustainable forests and the forest-based green economy,
particularly where youth-led initiatives exist alongside access
to supportive networks, training and resources.

The findings of this review resonate with earlier work by
Brown (2021), which highlighted the marginal role youth
play in forest governance across the Global South. Similarly,
Sumberg et al. (2021) and Carreras et al. (2020) observed that
African youth’s aspirations for environmental or entrepre-
neurial engagement are often hampered by structural con-
straints. This review synthesises these insights by integrating
more recent perspectives on youth agency from Gitonga et al.
(2023), who documented youth interest in forest-based
innovation, and aligns with the broader socio-ecological
transition framework proposed by Geels (2002) and theory
of agency by Emirbayer and Mische (1998), viewing youth as
future agents of sustainability change.

Based on these findings, the following five key implications
emerge for policy, industry, and youth groups:

1. Forest-related policies and decisions at all levels
should explicitly recognize youth as stakeholders and
actively integrate their voices into forest governance.
This can be achieved by formalizing youth representa-
tion in local forest management planning and benefit-
sharing agreements, as well as establishing meaningful
youth participation in national and international fora.

2. Educational reforms should bridge formal training
with indigenous knowledge, fostering both ecological
literacy and vocational pathways into the forest
bioeconomy. In practice, this entails developing site-
specific curricula that combine scientific forestry
training with intergenerational mentoring programs,
where local elders and youth co-document traditional
management practices.

3. Secure and equitable land rights for both women and
youth are critical to foster long-term engagement
and entrepreneurship in agroforestry and sustainable
timber production. Rather than seeking top-down
continental reform, local authorities can operationalize
this by clarifying youth land-use rights within village
bylaws and recognizing youth-led restoration groups
as legal entities eligible for land concessions.

4. Both rural and urban youth should be engaged through
innovation hubs that link forest sustainability to
modern technologies. Such hubs can serve as incubators
for “green” startups, providing technical training in
information technology for forest monitoring or urban
marketing tools.
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5. Enterprises in the forest-based bioeconomy can
develop sustainable markets for NTFPs as avenues for
youth employment. This can be supported by estab-
lishing local value-addition facilities and incubation
programs that offer skill-building in processing and
fair-trade certification, tailored to the specific forest
products of the region.

This review is limited by the relatively small number
of youth-focused empirical studies across Africa, where
some studies treated youth as a secondary demographic
within broader forest governance analyses. In addition,
unclear methodological descriptions constrained the depth of
comparative insights. Both temporal and geographic coverage
were uneven, limiting the generalisability of the results. It is
likely that more insights could be gained about forest knowl-
edge, experiences and aspirations among both young African
women and urban youth. This review primarily focused on
peer-reviewed literature and did not systematically include
grey literature such as reports from NGOs, international
organisations or research centres. While such sources provide
valuable and often practice-oriented insights, their exclusion
may limit coverage of ongoing initiatives and policy-relevant
experiences related to youth and forest governance in Africa.
The findings are constrained by the available literature, which
lacks empirical data from conflict-affected regions where
security challenges likely impede research, meaning the
findings may not reflect the specific realities of youth in those
volatile contexts.

Given Africa’s rapid growth in youth and the pressing
sustainability challenges it faces, more youth-focused forest
research is needed. Future studies should investigate urban
youth attitudes, consumption patterns, and activism related
to forests and green value chains, as well as the gendered
dynamics of youth—forest interactions. Research should also
explore youth aspirations and innovation in forest landscapes,
including youth-led restoration, NTFP commercialisation,
and community forestry entrepreneurship. Employing longi-
tudinal, action-research, and participatory approaches can
deepen understanding of how youth perspectives and engage-
ment evolve over time while positioning young people as
co-creators of sustainable forest futures. Although this review
focuses on Africa to ensure geographical and socio-political
specificity, future comparative studies across the Global
South could illuminate broader lessons for youth-inclusive
forest governance while remaining sensitive to local contexts.

CONCLUSIONS

This review set out to assess African youth’s forest-related
knowledge, participation and aspirations. It has demonstrated
that youth are both vulnerable and vital actors in the future
of Africa’s forests. The disconnect between youth and the
natural environment, including forests, if unaddressed, may
undermine progress toward sustainable development goals.
However, the studies also show that youth represent an
untapped force for conservation, innovation and resilience.

The current body of literature is insufficient, and this review
offers only an initial overview of the field. Continued and
deeper research into the dynamic relationship between African
youth and forests is essential for building sustainable and
inclusive forest governance systems on the continent that
benefit both the natural environment and the youth population.
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APPENDIX 1 Reviewed studies (2000-2024): year, country, focus

Reference

Country

Title

Source

Study approach, methods, and

respondents
Abebe et al. Ethiopia Examining social equity in World Development Grounded qualitative study of local
2020 community-based conservation equity perceptions in community-
programs: A case study of controlled based hunting, involving respondents
hunting programs in Bale stratified by age, gender, and role.
Mountains, Ethiopia
Ahononga Benin Socioeconomic factors determining  International Quantitative survey of 689
et al. 2020 ecosystem services local perceptions Journal of respondents across two regions,
in two ecological zones in Benin Biological and analysing perceptions of ecosystem
(West Africa) Chemical Sciences  services stratified by age and
socio-economic factors.
Ameneshewa Ethiopia Indigenous knowledge and forest Cogent Social Qualitative study using interviews
et al. 2023 management practices among Sciences and observations to document
Shekachoo people in the Sheka indigenous management practices
Biosphere Reserve A case of Shato among elders, women, youth, and
core area, South-west Ethiopia experts.
Bamwesigye Uganda Climate Change and Potential of Forests Survey of 1,138 Ugandan youth
et al. 2024 Agroforestry in Uganda: Youth using descriptive statistics and OLS
Perceptions and Willingness to regression to explore climate
Participate in Adaptation and perceptions and willingness to adopt
Transition Efforts agroforestry.
Bayala et al. Ghana Towards more inclusive community  Forest Policy and Qualitative assessment using key
2024 landscape governance: Drivers and ~ Economics informant interviews, focus groups,
assessment indicators in northern and observations to identify
Ghana inclusivity drivers and indicators in
community resource governance.
Bobo et al. Cameroon Wildlife use and the role of taboos Journal of Questionnaire survey of 126
2015 in the conservation of wildlife Ethnobiology and households across seven villages
around the Nkwende Hills Forest Ethnomedicine documenting local uses, taboos, and
Reserve; South-west Cameroon cultural relationships with wildlife.
Chukwuone Nigeria Socioeconomic factors affecting Heliyon Survey of 200 households in 10
et al. 2020 households’ use of indigenous forest forest communities identifying
management practices in managing socioeconomic factors influencing
non-wood forest products: evidence indigenous management of non-
from forest communities in Nigeria wood forest products.
derived savannah
Dovie et al. South Africa Knowledge of plant resource use Applied Geography Survey of local knowledge regarding
2008 based on location, gender and 267 woody plant species, examining
generation differences in use based on gender
and age.
Ebifa-Othieno ~ Uganda Knowledge, attitudes and practices  Journal of Cross-sectional survey of local
etal. 2017 in tamarind (ZTamarindus indica L) Ethnobiology and indigenous knowledge, attitudes, and
use and conservation in Eastern Ethnomedicine practices regarding the use and
Uganda conservation of Tamarindus indica.
Galabuzi et al. Uganda Women and youths participation in ~ Journal of Mountain Mixed-methods assessment using
2021 agroforestry: What counts and what ~ Science surveys, focus groups, and interviews
doesn’t around Mount Elgon, to analyse socio-economic
Uganda? characteristics and agroforestry
adoption among women and youth.
Garekae eral.  Botswana Socio-economic factors influencing  Ecological Household surveys and logistic
2017 household forest dependency in Processes regression analysis identifying

Chobe enclave, Botswana

socio-economic determinants of
forest dependency.
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Study approach, methods, and

Reference Country Title Source
respondents
Gichuki 2000 Kenya Community participation in the Ostrich Descriptive study of community-led
protection of Kenya’s wetlands wetland conservation initiatives,
focusing on income generation,
youth employment, and
environmental protection.
Gitonga et al. Kenya Kenyan Youth Perspectives on SLU Global Workshop proceedings documenting
2023 ForestsReport from a youth-scientist youth perspectives (ages 18-25) on
dialogue on sustainable forestry forest governance, sustainable
management, and green economy
engagement.
Giuliani et al.  Morocco Realities, Perceptions, Challenges Sustainability Participatory qualitative and
2017 and Aspirations of Rural Youth in quantitative study examining rural
Dryland Agriculture in the Midelt youth perspectives, aspirations, and
Province, Morocco gendered realities in dryland
agriculture.
Jama et al. Somalia Understanding young people’s Environment, Survey of university students using
2023 perception toward forestation as a Development and structural equation modelling to
strategy to mitigate climate change  Sustainability examine perceptions and behavioural
in a post-conflict developing country intentions toward forestation.
Kimengsi et al. Cameroon Institutional change pathways and Journal for Nature ~ Analysis of forest-dependent
2024 implications for forest resource use ~ Conservation households using surveys, focus
in the Bakossi landscape of groups, interviews, and instrumental
Cameroon variable analysis to study non-timber
forest product use.
Kudzinawo Ghana Empirical examination of financial ~ Forests, Trees and Financial and economic viability
etal. 2022 and economic viability of Moringa  Livelihoods assessment using farmer surveys,
oleifera production in the Bono East processing firm data, and project
Region, Ghana appraisal methods.
Lemke and Kenya, Absent Voices: Women and Youth in Land Exploratory research involving
Claeys 2020 Tanzania, Communal Land Governance. participatory workshops and field
Mali, Reflections on Methods and Process visits with social movements,
Guinea from Exploratory Research in West academics, and legal actors regarding
and East Africa communal governance.
Lucungu et al. DRC Local perception and attitude toward Forest Policy and Survey-based assessment of forest
2022 community forest concessions in the Economics users using multinomial probit
Democratic Republic of Congo regression to analyse perceptions and
attitudes toward community
concessions.
Luiselli et al. Burkina Understanding the influence of Acta Oecologica Survey of 2,453 urban and rural
2019 Faso, Niger, non-wealth factors in determining residents examining the influence of
Nigeria, bushmeat consumption: Results age, gender, and location on
Togo from four West African countries bushmeat consumption patterns.
Macneil et al.  Cameroon Investigations of the livelihood International Focus groups and surveys in six
2017 strategies of young men and women Forestry Review villages examining how youth (ages
in forested landscapes of eastern 19-30) utilize forest resources and
Cameroon agroforestry for subsistence.
Nigussie e al.  Ethiopia Small-Scale Woodlot Growers’ Environmental Inductive qualitative research
2021 Interest in Participating in Management examining smallholder

Bioenergy Market in Rural Ethiopia

implementation of soil and water
conservation, highlighting the
inclusion of youth and women.
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Reference

Country

Title

Source

Study approach, methods, and

respondents
Nketia et al. Ghana Going Green Rhetoric or Reality: Society & Natural =~ Assessment using surveys and
2022 An Assessment of the Prospects and  Resources institutional data to evaluate the
Challenges of Ghana’s Youth in potential and challenges of a national
Afforestation Programme youth afforestation program.
Opelele Omeno DRC Household Dependence on Forest Environmental Surveys and focus groups assessing
etal. 2024 Resources in the Luki Biosphere Management household forest dependence and the
Reserve, Democratic Republic of influence of age, wealth, and
Congo education on resource reliance.
Osei et al. 2019  Ghana Socio-economic determinants of Southern Forests Survey and regression analysis of
smallholder plantation sizes in smallholder-led reforestation,
Ghana and options to encourage examining how socio-economic
reforestation factors influence plantation size and
tree planting.
Piabuo et al. Cameroon Community forest enterprises Forest Policy and Document review, interviews, and
2022 (CFEs) as Social Enterprises: Economics focus groups assessing 38
Empirical evidence from Cameroon community forest enterprises to
determine their function as social
enterprises.
Tanyanyiwa Zimbabwe  The role of indigenous knowledge Journal of Qualitative study examining
and Chikwanha systems in the management of forest Sustainable indigenous knowledge in forest
2011 resources in Mugabe area, Development in conservation, documenting
Masvingo, Zimbabwe Africa traditional practices and youth
disengagement.
Uduji and Nigeria Youth empowerment in non-timber ~ Journal of Participatory interviews and logit
Okolo-Obasi forest products (NTFPs) of sub- Enterprising analysis evaluating the impact of
2020 Saharan Africa: the role of corporate Communities corporate social responsibility on
social responsibility in Niger Delta, rural youth engaged in NTFP
Nigeria activities.
Yami et al. Ethiopia The effectiveness of village bylaws  Sustainability Qualitative evaluation of community
2013 in sustainable management of Science bylaws using local users, including
community-managed exclosures in youth, as the unit of analysis.
Northern Ethiopia
Yanou et al. Zambia The Hybridisation, Resilience, and ~ Human Ecology Walking interviews and photovoice
2024 Loss of Local Knowledge and exploring Tonga local knowledge for
Natural Resource Management in landscape management, featuring
Zambia youth and women as key knowledge
holders.
Yusuf et al. Nigeria Creating Youth Employment through South African Structured interviews with 116
2014 Modern Beekeeping: Cae Study of  Journal of participants evaluating the adoption
Selected Youth Trained in Moro Agricultural and productivity outcomes of youth
Local Government Area Kwara Extension beekeeping training.
State, Nigeria
Zikargae et al.  Ethiopia Empowering rural society through Heliyon Qualitative study using thematic

2022

non-formal environmental
education: An empirical study of
environment and forest development
community projects in Ethiopia

analysis to assess skills and
knowledge acquisition among
out-of-school youth in environmental
projects.
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HIGHLIGHTS

e Forest product exports to China are strongly linked to tropical forest loss in most regions.

e Agricultural expansion is the dominant driver of tropical forest loss, particularly in Latin America.

e Better governance is associated with reduced forest loss in Latin America but not in other tropical regions.

e Economic growth does not generally follow the Environmental Kuznets Curve pattern for tropical forest loss, except for tropical Africa.

e China is a globally important market for forest products and other commodities linked to forest loss (soybeans, beef, etc.). Hence, China’s
full impact on tropical forests is likely to be greater than appeared in this analysis.

SUMMARY

China’s forest product imports have surged over the past two decades, fueled by robust economic growth and an inadequate domestic timber
supply. Many observers highlight the large and expanding trade volume as a significant driver of deforestation and forest degradation, especially
in tropical regions. This research investigates the relationship between China’s imports of wood-based forest product and tropical forest loss.
A positive relationship between China’s imports of wood-based forest products and the forest loss was found across all tropical countries, except
those in Latin America. Additionally, land conversion to agricultural production and pasture for livestock are important drivers of the forest loss.
The results provide insight into the complex policy, environmental and economic factors influencing tropical forest loss and the role of China’s
demand for tropical forest products. This research offers valuable guidance for the Chinese government in crafting balanced policies that protect

domestic forests while addressing tropical forest loss.

Keywords: China, forest product imports, governance, land conversion, tropical forest loss

INTRODUCTION

China’s forest product imports had seen gradual growth but
greatly increased after 1998, when the Natural Forest Protec-
tion Program (NFPP) was piloted. Currently more than half
of China’s timber supply is sourced from imports (World
Economic Forum 2022), making it the world’s largest timber
importer. This substantial and expanding trade has been
identified by many as a key driver of tropical deforestation
and forest degradation. International efforts to mitigate these
negative impacts have largely focused on reducing illegal
logging in timber producing countries, with some progress
being made (Lawson 2010, Cashore et al. 2016, Polo Villanueva
et al. 2023).

China’s demand affects the world timber market, and for-
est resources in each of the supplying countries. China’s shift
in domestic policy and growing demand for forest products
may have significantly influenced forest conservation efforts
in tropical supplier countries, where deforestation and forest
degradation have long posed serious challenges. Understand-
ing linkages between China’s forest product imports and

tropical forest loss and its heterogeneous effects is critical for
improving China’s domestic forest policy and global coopera-
tion against deforestation and forest degradation. The goal of
this research was to determine whether and to what extent
forest product exports to China explain deforestation and
forest degradation in tropical supplying countries.

CHINA’S FOREST PRODUCT IMPORTS FROM
TROPICAL COUNTRIES

Since 1998, China’s demand for forest products has surged,
establishing it as the world’s largest timber importer. Imports
now account for over half of its timber supply (Sun et al. 2004,
World Economic Forum 2022). Simultaneously, China’s
domestic wood processing industry, including wood-based
panels and furniture, has become a significant producer of
manufactured goods, establishing China as a major global
hub for wood products manufacturing (Wang et al. 2023a).
For the purpose of this research, forest products refer to
wood-based products, including wood products — items with
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Harmonized System (HS) codes 4401-4421 and wooden
furniture with HS codes 940161, 940169, 940330, 940340,
940350, and 940360 — as well as pulp and paper products,
defined as items with HS codes 47 and 48. By analyzing
China’s forest product imports data 1998-2022, we found
that China’s forest product imports are characterized by
domination of primary products, namely logs, sawnwood,
wood chips and wood pulp. Among these, sawnwood imports
have grown at a faster pace than logs, reflecting the trend of
increasing restrictions by timber-producing countries on log
exports to safeguard their forests and encourage domestic
value-added processing. The rise in wood chip and wood pulp
imports after 2017 was likely driven by China’s ban on waste
paper imports, which had supplied a large share of its wood
pulp-based industry and reshaped demand for alternative raw
materials in the paper sector (Wang et al. 2023a).

While the sources of logs, sawnwood, and wood pulp
are diverse, with leading suppliers from both tropical and
non-tropical regions, wood chips are primarily sourced from
tropical and subtropical countries, including Vietnam and
Australia. This indicates that China’s imports impact tropical
countries not only through timber (logs and sawnwood), but
also across all categories of forest products.

China’s forest products imported from tropical countries
accounted for less than half of its total forest products imports
from the world. The import mix from tropical countries
follows the same patterns as the imports from the world. Logs
and sawnwood are the top two product categories among
wood products imported from tropical countries, and imports
of pulp and paper are dominated by wood pulp. Papua New
Guinea (PNG) and Solomon Islands are the top two suppliers
of logs from tropical countries, and Thailand dominated supply
of sawnwood from tropical countries to China, followed by
growing importance of Gabon, Philippines and Brazil, based
on import data in 2022 from China Customs.

Although tropical countries provided less than half of
China’s total forest product imports (e.g. 33% in 1998 and
43% in 2022), China’s demand can be crucial for timber
supplying countries. For example, PNG is the largest tropical
timber supplier to China. In 2019, 86% of PNG’s timber
exports went to China (Global Witness 2020), the bulk of
which consisted of logs harvested from natural forest areas,
with minimal plantation production and a limited number of
processing facilities (Forest Trends 2021). The PNG forestry
sector faces significant governance and corruption challenges
(Act Now 2023). Nongovernmental Organizations (NGOs)
also reported sector-wide illegal activities (e.g. Global
Witness 2018, Act Now 2023). Given the scale of the timber
trade between PNG and China, the associated risks, and the
vital role forests play in the livelihoods of PNG’s people, it is
essential to ensure that these resources are managed sustain-
ably and harvested in accordance with the law. China can play
a pivotal role in supporting this goal.

LITERATURE REVIEW

Many researchers have studied the linkage between defores-
tation and forest products trade (e.g. Kastner er al. 2011,

Nonato et al. 2025, Robalino and Herrera 2010, Tian et al.
2017). Trade influences forest resources through multiple
pathways (Robalino and Herrera 2010). Trade liberalization,
defined as the reduction or elimination of tariffs, quotas, and
other trade barriers, alters relative prices and thereby affects
incentives for resource exploitation (Krueger 1998). Beyond
this, trade can also affect broader economic factors like labor
markets and incomes, which in turn may influence demand
for forest products (Fischer 2010).

Additionally, trade volume can interact with and shape
policies for the institutions that manage these resources
(Fischer 2010). A review of literature examining the relation-
ship between trade liberalization and deforestation reveals
varied perspectives. For instance, Robalino and Herrera
(2010) found contrasting views regarding the impact of
timber extraction on deforestation. In some cases, increased
timber extraction has led to higher deforestation rates, as it
opens previously unexploited forests, facilitating activities
such as agricultural expansion (Barbier et al. 1994).

However, others suggest that the impact of trade on defor-
estation depends on conditions such as governance quality,
land tenure security, and the strength of environmental regula-
tions, and that other deforestation drivers are also relevant
(Robalino and Herrera 2010). Additionally, Feridun er al.
(2006) argued that international trade in wood products could
increase the use of plantation timber in wood processing,
potentially reducing reliance on natural forests for timber.
Nonato et al. (2025) showed how forest degradation and
illegal timber harvesting in the Brazilian Amazon are con-
nected to timber supply networks, highlighting trade-linked
drivers of forest loss.

By linking forest stock change — the net change in forest
biomass or carbon stock accounting for both forest growth
and removal — with wood products trade for 1997-2007,
Kastner ef al. (2011) conducted a quantitative global assess-
ment of the connections between forest change and interna-
tional trade in wood products, finding that national-level
forest change patterns are influenced by such trade. In
countries with high demand for wood products due to large
populations, trade can offer positive effects by providing
wood imports, thereby alleviating pressure on domestic
forests without compromising consumption levels. However,
the gains in one region are often accompanied by costs and
risks in others. Similarly, Tian et al. (2017) examined how the
trade in forest products contributes to shifts in global forest
landscapes. They suggested that trade liberalization could
enable a more efficient global allocation of timber resources,
improve resource utilization, and reduce worldwide wood
consumption, ultimately supporting forest conservation.

The agricultural commodities most associated with global
deforestation are beef, cocoa, coffee, natural rubber, oil palm,
and soybeans, although there is a large variation among
countries and regions along with the range of forestry
products (Pendrill et al. 2019, 2022). Furthermore, a large and
slightly increasing share of deforestation was attributed to
international demand for timber and agriculture commodities,
with China one of the largest consumers (Pendrill et al. 2019).
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China’s substantial and expanding trade in forest products
is often highlighted as one of the significant drivers of defor-
estation and forest degradation abroad. While domestic forest
protection has increased, maintaining high wood demand
requires greater timber imports, which can adversely affect
forest biodiversity in other nations (Mayer et al. 2005). Hoang
and Kanemoto (2021), employing remote sensing data,
examined shifts in global deforestation footprints between
2001 and 2015. They observed that China, like India and
many developed countries, had achieved net forest gains
domestically yet has also expanded the deforestation linked
to its imports, with tropical forests being most at risk. Fuller
et al. (2019) analyzed 15 years of data (2001-2015) for
China’s timber imports and for tree cover loss in four Congo
Basin countries — Cameroon, Gabon, the Central African
Republic, and the Republic of the Congo-finding a positive
correlation between wood exports to China and tree cover loss
in the region.

China also impacts deforestation in Brazil’s Amazon in
multiple ways, with the rapid growth in soybean and beef
exports to China being major contributors to deforestation
in this area (Fearnside et al. 2012, Fearnside and Figueiredo
2017). Additionally, Fearnside et al. (2012) argued that
China’s land acquisitions and timber imports have had
negative environmental consequences in the Amazon. More
information is needed on the role of China’s imports of
forest products in driving tropical forest loss, as well as on the
influence of China’s domestic forest protection policies in
this context.

Inspired by the literature, this research aims to answer the
following question: Is the growth of China’s forest product
imports one of the significant factors for the disappearance of
tropical forests? To answer this question, a regression model
was developed to examine associations between China’s
imports of forest products and tropical forest loss.

METHOD AND DATA
Empirical model

Deforestation refers to removal of trees and land conversion
from forests into other uses such as agriculture (Hosonuma
etal. 2012). FAO (2022) defined deforestation as “the conver-
sion of forest to other land use independently of whether
human-induced or not”, i.e. it is essentially referring to land
use change. Forest degradation involves the thinning of the
canopy and the loss of carbon in remaining forests, where the
damage occurs without a change in land use (Hosonuma et al.
2012). To capture both deforestation and degradation, as
potential impacts of China’s imports, while reducing concerns
over validity of deforestation data caused by different defini-
tions of deforestation among countries, in this study forest
cover loss (or forest loss in short) is used. This approximation
has been used in remote-sensing-based methodologies (FAO
2022).

Many factors cause forest cover loss in tropical countries,
including conversion of forest land to agricultural and

industrial use, poor enforcement of forest law and lack of
governance, and demand for forest products. The panel data
regression model was used to examine the impact of forest
product exports to China on forest cover loss in supplying
tropical countries, while controlling for other relevant factors.
After taking the logarithm, the estimation model was as
follows:

Infloss; = B, + B,Infpexp; + B,gov; + Bslnrpop; (1)
+ Bilnaprod; + Bsgdppe; + Pelngdppc?;, + &

Where:

floss;, denotes forest cover loss for country i in year t;

fpexp,, is forest product exports to China from country i in
year t

gov, refers to forest governance level of country i in year t
rpop;, is rural population of country i in year t

aprod;, is production of key agricultural commodities of
country i in year t

gdppc; is GDP per capita of countryi in year t

{3, is an intercept term

B, — P are parameters to be estimated, representing coeffi-
cient of impact of respective independent variables on a
tropical country’s forest loss

¢ is a random error term

The list of the tropical countries included in this research
is based on the list used by the International Tropical Timber
Organization (ITTO) (ITTO 2024), grouping into the follow-
ing geographical regions: Africa, Asia-Pacific (Oceania, South
Asia, and Southeast Asia), and Latin America (including
countries in South America in addition to Mexico, Central
America and the Caribbean). To identify any regional differ-
ences, regression model (1) was run four times — for all tropi-
cal countries; including those in Africa; Latin America; and
the Asia-Pacific.

Variable descriptions and data

Table 1 presents a summary description of all variables. Tree
cover loss is commonly used as a proxy to forest loss (the
variable floss in model (1), which is remote sensing data
available starting from 2001 from Global Forest Watch (Global
Forest Watch 2024). Tree cover is defined as woody vegeta-
tion with a height of at least 5 meters and a canopy density
of at least 30 percent, measured at a 30-meter resolution
(Hansen et al. 2013). Tree cover loss refers to the total
removal of tree cover, whether due to human activities or
natural events. Both FAOSTAT (FAO 2024) and the World
Bank World Development Indicators (WDI) (World Bank
2024) report forest area data. Forest loss can be calculated
as the area of forests reduced annually for each country.
However, there has been inconsistent reporting of such data
for some countries. Therefore, in this analysis, the tree cover
loss data from Global Forest Watch was used because it is
measured consistently at a global scale annually, and it utilizes
remote sensing data which is considered more accurate.
Data on forest product exports (variable fpexp) from trop-
ical countries to China are represented by China’s reported
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TABLE | Summary description of all variables

Variable Definition Expected relationship with the dependent variable Source of data
floss Tree cover loss of a tropical country Dependent variable Global Forest Watch
fpexp Forest products exports from tropical ~ Positive. Increases in exports may drive more harvest UN Comtrade
country to China and forest loss if not sustainably managed
chshare  China’s share in tropical country’s Positive. Increases in exports may drive more harvest UN Comtrade
forest product exports and forest loss if not sustainably managed
gov Exporting country’s governance level, Negative. Countries with a high level of rule of law Kaufmann and Kraay,
using rule of Law as a proxy have done a better job than countries with a low level 2023
of rule of law in restricting illegal logging and
non-compliant harvest, so to lead less deforestation
rpop Exporting country’s rural population Positive. Rural population growth may increase World Bank’s World
pressure on forests, particularly for forest-dependent ~ Development
populations. Indicators Database
aprod Exporting country’s production of key  Positive. Land conversion into agricultural production FAOSTAT
forest-risk commodities, including is considered one of the largest drivers of tropical
cattle and beef, Cocoa, Coffee, natural deforestation.
rubber, palm oil, and soybean.
area Exporting country’s total area of the Positive. Land conversion into agricultural production FAOSTAT
crop harvest area and the area is considered one of the largest drivers of tropical
designated for cattle ranching deforestation.
gdppc Exporting country’s GDP per capita Positive for GDP per capita but negative for squared ~ World Bank’s World

GDP per capita.

Development
Indicators Database

imports from these countries when direct export data are
unavailable. China’s market share in a tropical country’s forest
product exports is also used as an alternative measure of
exports to China. It is calculated by dividing the value of
forest products exported to China by the total value of forest
products exported globally from UN Comtrade database
(United Nations Statistics Division, 2024). When a country’s
export value to China is not available from UN Comtrade,
data on China’s imports from that country is used.

The variable of forest governance level (the variable gov)
was included in the model to capture the impacts of each
exporting country’s capacity in controlling illegal logging and
associated trade on their forest products exports to China.

Illegal logging is typically defined as the harvesting,
processing, transportation, and sale of forest products in vio-
lation of national or international laws (Tacconi et al. 2016).
For each trade partner it is represented by rule of law ranking
as a proxy. According to the definition of rule of law in the
Worldwide Governance Indicators (WGI) database of the
World Bank (Kaufmann and Kraay 2023), the Rule of Law
reflects the level of trust and adherence to social rules by
agents, particularly regarding the quality of contract enforce-
ment, the protection of property rights, and the potential
for crime and violence. The percentile rank represents the
country’s position among all countries covered by the
composite indicator, with O indicating the lowest rank and
100 the highest. For example, in 2019 Myanmar’s rule of law
ranking was 12.98, while United Kingdom was 91.83.

Countries with higher levels of rule of law are better
able to establish and enforce regulations that restrict illegal

logging and non-compliant harvesting, thereby reducing
deforestation.

Rural population in tropics (the variable rpop) captures
local demand and consumption for forest resources. Increases
in rural population may intensify pressure on forests, espe-
cially where rural livelihoods rely heavily on forest products
for subsistence, income, or energy, and where access to alter-
native resources remains limited. Jorgenson and Burns (2007)
found that rural population changes tend to have more profound
and more robust influences on deforestation rates. Rudel
(2013) suggested that rural population growth is a dominant
driver of deforestation in sub-Saharan Africa, as expanding
populations increase demand for tropical food crops such as
cassava and yams, leading to widespread forest clearing in
tropical moist forests.

Forestland conversion to production of agricultural com-
modities and cattle ranching is considered one of the largest
drivers of tropical deforestation (Ritchie 2021, WWF 2021).
For this reason, agricultural production (the variable aprod) is
included in the model as a control variable. Production of
key tropical agricultural commodities including cattle, cocoa,
coffee, natural rubber, palm oil, and soybean are considered.
However, data on agricultural production values are not
available for these commodities from each tropical country.
For aggregating purposes, the production area (the variable
area) is used as an alternative variable of agricultural produc-
tion. It is the total area of crop (cocoa, coffee, natural rubber,
oil palm, and soybean) harvest and the area designated for
cattle ranching, reported by FAOSTAT. The area for cattle
ranching is based on the two FAOSTAT categories — “land
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under permanent meadows and pasture” and “land under
temporary meadows and pasture” (FAO 2024). A positive
association of this variable with tropical forest loss is expected.

Both GDP per capita (the variable gdppc) and squared GDP
per capita (the variable gdppc2) are included in the model to
capture the effects of economic development on tropical
forest loss and to test the environmental Kuznets curve (EKC)
hypothesis. The EKC hypothesis suggests that environmental
quality deteriorates during the early stages of economic
development but improves in the later stages. In other words,
the relationship between environmental degradation and
per capita income follows a reverted-U shape (Dinda 2004,
Sarkodie and Strezov 2019).

Deforestation and forest degradation bring about ecologi-
cal damage, soil erosion and increased carbon emissions,
and are a form of environmental degradation. The EKC
hypothesis implies that deforestation and forest degradation
may intensify during early industrialization and agricultural
expansion, but slow or even reverse as economic growth
enables investment in forest conservation, enforcement of
logging regulations, and adoption of sustainable land-use
practices. Thus, a positive coefficient for GDP per capita and a
negative coefficient for squared GDP per capita are expected,
according to the EKC hypothesis.

Data for socioeconomic and institutional variables, i.e.
GDP per capita, governance level as represented by rule of
law ranking, and rural population for each tropical country, is
from the World Bank’s WDI database (World Bank 2024),
which offers harmonized and comparable country-level data
across time. Each tropical country’s production of agricultural
commodities and production areas are from the FAOSTAT
database (FAO 2024), which compiles officially reported
national statistics through country reporting system.

Although these datasets differ in their underlying data-
generation processes, they are complementary and consistent
in spatial and temporal coverage. All variables are measured
at the national level and harmonized to a common annual time
frame prior to estimation. The combined use of FAOSTAT,
UN Comtrade, Global Forest Watch, and WDI data is well
established in empirical studies on deforestation, trade, and

TABLE 2 Summary Statistics — all tropical countries

economic development, supporting the comparability and
robustness of the dataset used in this study.

The global economy and forest products trade were sig-
nificantly affected by Covid-19 in 2020 and beyond. To avoid
the impacts of the pandemic, the time period for this study is
set from 2001 to 2019.

The summary statistics for the variables are presented in
Tables 2 through 5.

RESULTS

The model (1) was estimated by using fixed-effects panel
data regression. Regressions for all tropical countries, African
countries, Latin American countries, and Asia-Pacific countries,
were conducted to identify regional differences. Panel data
refers to datasets that contain observations on multiple enti-
ties (in this case, countries) over multiple time periods. This
structure allows us to analyze changes over time and differ-
ences across countries. Fixed-effects regression is a method
used to control unobserved variables that may influence the
dependent variable and are constant over time within an
entity but vary across entities. By controlling for unobserved,
time-invariant factors, the model mitigates omitted variable
bias that may otherwise distort the estimated effects of the
independent variables. It allows for a more straightforward
interpretation of how changes in independent variables
impact the dependent variable over time (Angrist and Pischke
2009).

Estimation results from three different regressions are
presented. In regression (1), the key variable is China’s share
in a tropical country’s forest product exports (chshare), with
a control variable representing the country’s total area of crop
harvest and land designated for pasture (area), along with
other control variables except for rural population (rpop).
Regression (2) replaces chshare with the value of forest
product exports from the tropical to China (fpexp). Regression
(3) replaces the control variable area with the tropical
country’s crop production (aprod), while retaining all control
variables. These variations in model specification allow us to

Variable description Variable Unit Mean SD Min Max
name used

Tropical forest loss floss Thousand hectare 145 430 0 5400

Forest product exports to China from fpexp Thousand US$ 146 310 447 168 0 5359 562

tropical country

China’s share in tropical country’s forest chshare 23% 27% 0 100%

product exports

Tropical country’s GDP per capita gdppc 4586 9912 112 154919

Tropical country’s rural population rpop Thousand 28930 108 523 0 906 326

Tropical country’s agricultural harvest area Thousand hectare 23574 43 583 1 257397

area

Tropical country’s governance level gov 35 21 0 98




Links between China’s forest product imports and tropical forest loss 107

TABLE 3 Summary Statistics — African countries

Variable

Variable description Unit Mean SD Min Max
name used

African country’s tropical forest loss floss Thousand hectare 53 76 0 510

Forest product exports to China from fpexp Thousand US$ 38751 76 585 40 9894

African country

China’s share in African country’s forest chshare 27% 32% 0 100%

product exports

African country’s GDP per capita gdppc US$ 2 008 3184 112 22943

African country’s rural population rpop Thousand 13379 21165 230 99 300

African country’s agricultural harvest area area Thousand hectare 17 949 18 686 63 88 874

African country’s governance level gov 27 20 0 84

TABLE 4 Summary Statistics — Asia-Pacific countries

Variable description Variable Unit Mean SD Min Max
name used

Asia-Pacific country’s tropical forest loss floss Thousand hectare 178 369 0 2 400

Forest product exports to China from fpexp Thousand US$ 333 157 594 211 3735530

Asia-Pacific country

China’s share in Asia-Pacific country’s chshare 28% 26% 0 97%

forest product exports

Asia-Pacific country’s GDP per capita gdppc US$ 7675 18 617 301 154919

Asia-Pacific country’s rural population rpop Thousand 87 136 208 306 0 906 326

Asia-Pacific country’s agricultural harvest area Thousand hectare 23 477 51238 1 220135

area

Asia-Pacific country’s governance level gov 42 23 1 97

TABLE 5 Summary Statistics — Latin American countries

Variable description Variable Unit Mean SD Min Max
name used

Latin American country’s tropical forest loss floss Thousand hectare 244 665 1 5400

Forest product exports to China from Latin fpexp Thousand US$ 151 379 553 658 0 5359 562

American country

China’s share in Latin American country’s chshare 13% 15% 0 71%

forest product exports

Latin American country’s GDP per capita edppc US$ 5748 3771 904 18 704

Latin American country’s rural population rpop Thousand 6269 8 059 136 32 875

Latin American country’s agricultural area Thousand hectare 31242 57 949 78 257 397

harvest area

Latin American country’s governance level gov 40 19 9 88

assess the robustness of the findings. Across. Across all three
regressions, the key variable — the tropical country’s forest
product exports to China, measured as either chshare or fpexp
— remains statistically significant. strengthening confidence
in the results.

Table 6 shows the estimation results for all tropical coun-
tries. Forest products exports to China in both terms of absolute

value and China’s share, agricultural production in terms of
crop production and production area, and rural population are
all statistically significant predictor variables. The positive and
significant coefficients of these variables suggest that they
have significant impacts on tropical tree cover loss. The sig-
nificance of forest product exports value is relatively weak
compared to China’s share in tropical exports.
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TABLE 6 Estimation results — all tropical countries

TABLE 7 Estimation results — African countries

@ (2) 3) @ (2) 3)
Infloss Infloss Infloss Infloss Infloss Infloss
chshare 0.588" 0.408" chshare 0.490™ 0.178™
(0.0973) (0.106) (0.144) (0.165)
Inaprod 0.181" Inaprod 0.0944
(0.0358) (0.0630)
gov 0.00625 0.00301 0.00392 gov 0.00956 0.00507 0.00884
(0.00281) (0.00298) (0.00297) (0.00521) (0.00560) (0.00567)
gdppc -0.0000149"*  -0.00000788™  -0.00000623" gdppc 0.0000911 0.0000712* 0.0000838™
(0.00000303)  (0.00000321)  (0.00000330) (0.0000241)  (0.0000283)  (0.0000296)
Ingdppc? 0.207"" 0.115™ 0.0952" Ingdppc? -0.295™ -0.0642 -0.190™
(0.0216) (0.0253) (0.0240) (0.0454) (0.0743) (0.0750)
Inrpop 2.020" 2.028™ Inrpop 4.054 4377
(0.242) (0.245) (0.624) (0.644)
Inarea 1.372" 1.365™" Inarea 0.965" 0.999"
(0.251) (0.257) (0.511) (0.529)
Infpexp 0.0163" Infpexp 0.0411™
(0.00980) (0.0169)
_cons -1.145™ -28.217 -27.89" _cons -2.221™ -40.12" -42.02"
(0.312) (2.428) (2.440) (0.579) (4.662) (4.882)
N 1102 1094 1154 N 475 468 508
R? 0.237 0.247 0.256 R? 0.251 0.263 0.267
adj. R? 0.192 0.199 0.210 adj. R? 0.203 0.209 0.218

Standard errors in parentheses
"p<0.1,” p<0.05 " p<0.01

GDP per capita and squared GDP per capita are also
significant, but the sign of their respective coefficient is con-
tradictory to the EKC hypothesis. Unexpectedly, the variable
of governance level is not statistically significant.

Table 7, 8 and 9 present the regression results for Africa,
Asia-Pacific, and Latin American regions. While forest prod-
ucts exports to China is statistically significantly correlated
to the tree cover loss in Africa and Asia-Pacific, this is not
the case in Latin America. Agricultural production and rural
population have statistically significant positive impacts on
tress cover loss in all three regions. In Latin America, the
country’s governance level is negatively and significantly
correlated to the tree cover loss. The sign of coefficients of GDP
per capita and squared GDP per capita for African countries
seems consistent with EKC hypothesis, and significant when
China’s share in tropical country’s forest products exports is
used in the model.

DISCUSSION AND CONCLUSIONS

This study examined the relationship between forest product
exports to China and forest loss in tropical countries, using

Standard errors in parentheses
"p<0.1,” p<0.05, " p<0.001

fixed-effects panel data regression model. The results reveal
a significant association between forest product exports to
China and forest loss across all tropical regions, except for
Latin America. These findings confirm that China as a glob-
ally important market has an indirect influence on efforts to
mitigate tropical forest loss.

Forestland conversion from agricultural fields and/or
pastures for cattle ranching is also significantly correlated to
forest loss for all tropical countries. This supports findings of
earlier studies that emphasize the significant role of land con-
version in tropical forest loss (e.g. Pendrill ef al. 2019, 2022).
In Latin America, land conversion to agricultural production
and pastures for cattle is a much more significant driver than
forest products exports to China. Indeed, a growing number
of studies have focused on and concluded the dominant
role of agricultural commodities in driving deforestation
(e.g. Pendrill et al. 2019, 2022, Ritchie 2021, WWF 2021),
particularly in Latin America.

The EKC hypothesis suggests that as an economy grows,
environmental degradation increases up to a certain income
level (the turning point) after which continued economic
growth leads to better environmental quality (Guo and
Shahbaz 2024, Hussain et al. 2023, Wang et al. 2023b, 2024).
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TABLE 8 Estimation results — Asia-Pacific countries

TABLE 9 Estimation results — Latin American countries

@ (2) 3) )] (2 3)
Infloss Infloss Infloss Infloss Infloss Infloss
chshare 1.068™ 0.959™ chshare 0.0743 0.141
(0.184) (0.192) (0.231) (0.229)
Inaprod 0418 Inaprod 0.234™
(0.0757) (0.0474)
gov 0.00907 0.0115 0.0112 gov -0.00593™ -0.00783™ -0.00792™
(0.00510) (0.00470) (0.00520) (0.00386) (0.00376) (0.00362)
gdppc -0.00000772"  -0.00000262  -0.00000780" gdppc -0.0000630""  -0.0000283"  -0.0000297"
(0.00000296)  (0.00000283)  (0.00000298) (0.0000186)  (0.0000169)  (0.0000170)
Ingdppc? 0.122" 0.0130 0.121™ Ingdppc? 0232 0.184™ 0.208
(0.0306) (0.0322) (0.0313) (0.0515) (0.0513) (0.0507)
Inrpop 1.051™ 1.365™ Inrpop 1.445™ 1.279™
(0.431) (0.471) (0.304) (0.277)
Inarea 1.657 1.170™ Inarea 1.003™ 0.876™
(0.394) (0.423) (0.340) (0.332)
Infpexp 0.176™ Infp 0.0219
(0.0203) (0.0126)
_cons -1.414™ -22.87 -21.85™ _cons -0.922 -19.24™ -16.93™
(0.470) (3.764) (4.157) (0.832) (4.058) (3.704)
N 266 265 266 N 361 361 380
R? 0.423 0.510 0.418 RrR? 0.213 0.216 0.215
adj. R? 0.381 0.472 0.373 adj. R? 0.160 0.158 0.159

Standard errors in parentheses
"p<0.1,” p<0.05 " p<0.001

Empirical evidence from a global sample of 208 countries
supports an inverted U-shaped relationship between GDP per
capita and environmental degradation indicators such as
carbon emissions, consistent with the EKC hypothesis (Wang
et al. 2023b). Recent systematic reviews also affirm the ongo-
ing relevance of the EKC framework, and studies incorporat-
ing governance factors show that institutional quality can affect
the income level at which the turning point occurs (Hussain
et al. 2023).

The regression results showed that GDP per capita and
squared GDP per capita are mostly significant for tropical
countries and across the three regions, but the sign of their
coefficients is generally contrary to the EKC hypothesis,
except for African countries. One possible explanation is that
many tropical countries are still in early development stages,
with income levels far below the EKC turning point, so eco-
nomic growth continues to increase environmental pressure.
In contrast, some African countries in the sample may be closer
to the turning point, or they may face less intense agricultural
expansion compared to Latin America or Asia-Pacific, mean-
ing economic growth can coincide with slower forest loss.
These patterns suggest that the relationship between economic
growth and forest loss is context-dependent, with regional

Standard errors in parentheses
"p<0.1,” p<0.05 " p<0.001

differences driven by both development stage and structural
characteristics.

Forest loss is significantly and negatively correlated with
governance in Latin American countries, but not in tropical
countries elsewhere. The low variation in forest governance
levels among tropical countries may explain the lack of a
significant impact of this variable on forest loss. In addition,
while rule of law is a useful proxy for governance, it may not
capture all relevant dimensions of forest governance. Other
factors like enforcement effectiveness, local governance
structures, and community involvement might be equally or
more important in influencing forest loss. Furthermore, the
relationship between governance and forest loss is complex.
While poor governance can lead to illegal logging and defor-
estation, there might be other mitigating factors in certain
regions that overshadow the effect of governance alone.
This suggest that it is crucial to continue investigating other
governance aspects, such as transparency, accountability, and
community participation, that may more directly correlate
with forest outcomes.

Tropical forest loss across all regions is positively correlated
with rural population growth. This may reflect the continued
importance of slash-and-burn or shifting cultivation agriculture
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(Tinker and Struwe 1996) — practices widely used by rural,
forest-dependent populations in developing countries to
secure food and income. Recent research indicates that these
practices remain a major driver of forest loss and environmen-
tal degradation in densely populated tropical areas (Bezerra
et al. 2024, Mukul et al. 2022, Bieluczyk et al. 2025). In
contrast, some researchers found that forest loss is positively
correlated with urban population growth, rather than with
rural population growth (DeFries ef al. 2010). This finding
may also be explained as urbanization is likely to be associ-
ated with greater demand for agricultural commodities, thus
expanding industrial-scale agricultural production.

The analysis results confirmed the impacts of expansion of
agricultural production on forest loss. While policies to reduce
tropical forest loss among rural populations will address in
part the causes of forest loss, efforts should also focus on
reducing forest loss from industrial-scaled agriculture and
timber production.

To conclude, forest product exports to China are signifi-
cantly associated with tropical forest loss in most regions,
highlighting China’s indirect but important role in shaping
deforestation outcomes in producer countries. Agricultural
expansion, particularly land conversion for crops and cattle
ranching, remains the dominant driver of forest loss, espe-
cially in Latin America, where its impact far exceeds that of
timber exports. The relationship between economic growth,
governance, and forest loss is highly context-dependent.
Reducing tropical deforestation will require policies that are
beyond timber-focused interventions and address the growing
influence of forest-risk agricultural commodities and global
demand.

LIMITATIONS AND FUTURE RESEARCH

While the timber trade has historically been a significant
driver of deforestation in tropical forest regions, the impacts
of agriculture commodities on deforestation are now more
significant in some regions. These commodities are often linked
to illegal logging, road and infrastructure built to facilitate
agriculture production. Apart from being a large forest prod-
ucts importer, China has also emerged as a major importer of
soybeans, beef, and other commodities linked to deforestation
(World Economic Forum 2022). Therefore, China’s impacts
on tropical forests are expected to be greater than what the
analysis showed in this study. Research on quantifying China’s
tropical deforestation impacts as a major importer of forest-
risk agricultural commodities would help for more informed
policy development and implementation.

This study draws on secondary data from internationally
recognized sources that are widely used in forestry and land-
use research; however, several limitations should be noted.
Agricultural and trade data from FAOSTAT and UN Comtrade
rely on national reporting systems and may be affected by
reporting gaps or inconsistencies across countries and years.
Forest loss estimates from Global Forest Watch are derived
from satellite-based observations and primarily capture tree

cover loss, which may not fully reflect forest degradation,
selective logging, or changes in forest condition. Governance
indicators from the World Bank’s World Development Indica-
tors provide broad, composite measures and may not capture
all relevant aspects of forest governance, such as enforcement
capacity or sub-national institutional variation. These limita-
tions suggest that the results should be interpreted as indica-
tive of broad regional patterns rather than precise estimates.
Overall, this study contributes to the growing body of
research on China’s role in tropical deforestation by applying
a panel regression model to quantify the links between
China’s forest product imports and forest loss, highlighting
the role of China’s demand while providing insights relevant
for policies aimed at mitigating trade-driven deforestation.
To gain more detailed insights, future research could focus on
country-specific case studies examining how exports to China
impact deforestation in each country, as the key drivers of
deforestation vary widely among countries and regions.
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Book review

Resilient Forest Management
Philip J. Burton
Oxford University Press, New York. 2025. Pp 1-376

Resilience is a valued quality
of forests. Forestry has always
been concerned with ensuring
the ability of forests to adapt to
changing needs and environ-
ments. Recent decades have
seen rapid increases in the
external shocks and stresses
that forests experience and it
is probable that the rate and
intensity of external pressures
will increase in the future.
Managing for resilience will
be an increasing challenge for
all forest stewards in the future. Burton has taken on the
immensely ambitious challenge of presenting in a single
volume an overview of how this resilience challenge is being
tackled in the world’s forests. The result is an encyclopedic
work that draws upon a very wide range of scholarship
and will be a valuable resource for scholars, students, policy
makers and forestry practitioners. All those who are concerned
with the future of forests should have this book close at hand
at all times.

There has been a dramatic increase in studies of forest
resilience in the past few years and Burton has provided us
with a competent, well written and comprehensive review.
The book synthesizes many hundreds of publications and
draws heavily on the authors personal experiences of dealing
with the problems of forests exposed to emerging threats.
The author is based at the University of Northern British
Columbia. British Columbia has been heavily dependent on
forests throughout recent history but in recent decades these
forests have been subject to unprecedented stresses. In recent
decades alone there have been massive pest and disease
attacks, fires on a massive scale, radical changes in civil
society expectations for their forests and the forests have also
been assailed by the imposition of tariffs on imports into their
most important market. The author of this book has therefore
conducted his global survey whilst studying in a location
where the problems he is addressing have been as severe as
anywhere in the world.

The book draws upon several recent ground-breaking
syntheses by scholars throughout the world. Major reviews
by the International Union of Forest Research Organizations,
The United Nations Environment Program, The International
Union for Conservation of Nature, the World Conservation
Monitoring Center and others. Although written from a base
in British Columbia the book draws upon lessons from almost
all the forested biomes of the planet and all categories of
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forests. The book gives a lot of attention to forests managed
for industrial timber and especially those located in the boreal
zone but the author did much of his research whilst on a
sabbatical in New Zealand and draws upon Australasian
experiences. Although industrial timber forests get a lot of
attention the book includes examples from private forests,
community forestry, conservation forests and trees outside
forests. Given the scope of the work it is inevitable that some
of the accounts of approaches and locations is a little superfi-
cial but as an entry point for anyone seeking to engage with
the topic of resilience it would be hard to imagine a better
synthesis. The book provides thoughtful discussions of what
resilience is, what it looks like and how a broad range of actors
have sought to achieve it. Examples range from Reduced
Impact Logging on the Congo Basin, Community forestry in
Brazil, natural forest protection in the Rocky Mountains
and biodiversity management in industrial timber estates in
Australia — and many others.

New challenges to resilience are emerging, in many coun-
tries the institutions charged with forest husbandry are losing
their long-term influence and sometimes their political
and financial support. The wisdom that resides within long-
established “national forest services” may be declining as
more studies are outsourced and more decisions are fought
over by activists with little subject matter competence. The
media, and the political elites that they inform, seek simple
solutions to problems of forest resilience but the reality is that
forests exist as highly complex social-ecological systems
which are constantly changing. Many nations have failed to
maintain forestry institutions that are fit for purpose. This
book will fill at least some of the gaps in capacity.

It is ironic that the jurisdiction from which this book has
emerged is itself facing challenges to the resilience of its
forests. The impacts of pests and diseases and fires are
unprecedented, the industry is facing emerging challenges in
its key markets. The government is committed to restoring
stewardship of the majority of its forests to their traditional
owners whose rights were usurped by colonial settlers. This
perfect storm of pressures on the forests and on the people
who depend upon them provides a fundamental challenge.
But, as Burton argues in this book, such challenges can also
provide opportunities to make the fundamental changes that
the future of forests and forestry will require.

The author has wisely refrained from the temptation to
provide a check sheet of those management interventions that
will provide for resilience — forest systems are too complex
and their contexts too variable to make simple recipes for
resilience useful.

However, a number of basic principles do emerge and
do have wide application. The first is diversity, both of the
components of forest systems, the species of trees that make
up the forests, the markets that the forests supply and the
people who enjoy the benefits of the forests. In general,
maintaining the diversity of all components of the forest
system will tend to enable greater resilience.
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Adaptive management also increases the likelihood of
achieving resilience. Adaptive management is provided by
forestry institutions that are competent to observe, learn
and adapt to changes. The ability to adapt is a function of the
institutions that manage forests and the people who staff
them. Well trained, highly skilled and experienced foresters
are essential to enable management that can make forest
management resilient.

The institutions that govern forests must themselves be
resilient. The foresters who staff these institutions must be
sensitive to the wide range of values that those forests will
be required to provide. Forestry institutions must be able
to negotiate amongst the beneficiaries of forests to broker
deals and ensure that the interests of all concerned parties are
sustained. Modern forestry has to manage for multiple values
that vary from time to time and from place to place.

Forestry institutions must understand the values not only
of those who live in and around the forests and depend upon
them directly. Legitimate stakeholders may live in distant
cities, may be impacted by impacts driven by forest changes
in complex ways. An obvious example is achieving resilience
to changes in carbon levels in the atmosphere and soils. Forest
impact on climate in multiple ways and much forest manage-
ment today is aimed at achieving better climatic outcomes.

Globalization is a further challenge. Global markets
require resilience management but globalization is having
ecological impacts. Pests and diseases are moving easily
around the world and forests in many regions are now
afflicted by pathogens from distant locations and to which
they have little resistance. Managing for invasive species and
pathogens will require new skills and technologies amongst
forest professionals.

Burton’s book covers the complete range of pressures to
which forests will be exposed. It tells fascinating stories and
will provide an excellent starting point for finding pathways
to achieve “resilient forest management”. People every-
where who make decisions on forest management will benefit
from consulting this work. Those who have to make the
decisions to ensure the resilience of the forests of the pacific
northwest will be especially well served. Foresters every-
where will find much to help them confront the challenges of
achieving resilience for the diverse forest systems that exist
throughout the world.

Professor Jeffrey Sayer

Department of Forest and conservation Sciences, Faculty

of Forests and Environmental Stewardship, The University of
British Columbia, Vancouver, Canada
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