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Abstract

Forest Landscape Restoration (FLR) has gained global recognition as an integrated approach to addressing forest degradation,
biodiversity loss, and declining ecosystem services while supporting sustainable livelihoods. Unlike conventional reforestation efforts
that prioritize tree cover alone, FLR adopts a holistic, landscape-scale framework that emphasizes ecological integrity, biodiversity
recovery, and social well-being. This review examines the role of FLR in enhancing biodiversity conservation by restoring habitats,
improving landscape connectivity, and strengthening ecosystem resilience. It synthesizes current scientific evidence on restoration
principles, ecological outcomes, and implementation strategies, including natural regeneration, assisted restoration, and
multifunctional land-use systems. The review also discusses socioeconomic dimensions, policy and governance frameworks, and the
challenges associated with scaling up FLR initiatives under changing climatic and land-use pressures. Overall, the findings highlight that
well-designed and context-specific FLR initiatives can significantly contribute to biodiversity conservation while simultaneously
delivering climate mitigation, ecosystem services, and sustainable development benefits.
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1.Introduction

Global forest ecosystems are experiencing unprecedented levels
of degradation and fragmentation due to deforestation,
agricultural expansion, urbanization, and climate change. These
pressures have resulted in significant biodiversity loss,
disruption of ecosystem services, and reduced resilience of
natural landscapes. Forests play a critical role in maintaining
ecological balance by supporting diverse plant and animal
species, regulating climate, conserving soil and water resources,
and sustaining human livelihoods. However, continued land-use
change and unsustainable resource exploitation have weakened
the capacity of forest ecosystems to perform these functions
effectively [1], Forest Landscape Restoration (FLR) has emerged
as a comprehensive and forward-looking approach aimed at
restoring ecological functionality across degraded forest
landscapes. FLR goes beyond traditional tree-planting or
afforestation programs by focusing on restoring multiple
ecosystem services while balancing ecological, social, and
economic objectives. The approach emphasizes restoring native
biodiversity, enhancing habitat connectivity, and improving
landscape resilience rather than simply increasing forest cover

[2].

Biodiversity conservation is a central pillar of FLR, as restored
landscapes can provide suitable habitats, promote species
recovery, and reduce the risks associated with habitat
fragmentation. By integrating natural regeneration, assisted
restoration, and sustainable land-use practices, FLR supports
the coexistence of conservation goals and human development
needs. Importantly, FLR operates at a landscape scale,
recognizing that ecological processes extend beyond individual
forest patches and require coordinated management across
multiple land uses and stakeholders [1]. Given growing
international commitments to ecosystem restoration, including
global biodiversity and climate agendas, understanding the role
of FLR in biodiversity conservation is increasingly important.
This review explores the ecological foundations of FLR, its
contribution to biodiversity enhancement, and the key
principles that guide effective restoration initiatives. The
synthesizing current knowledge, the article aims to highlight
how FLR can serve as a strategic tool for reversing biodiversity
loss while promoting sustainable and resilientlandscapes [ 3].
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Fig. 1. Four essential questions guiding decisions on forest and landscape restoration. The
figure illustrates example responses that reflect the two ends of the land-use strategy
spectrum: land sharing (integrated biodiversity and production on the same land) and land
sparing (separating areas for conservation from areas for intensive production). These
questions help determine the most appropriate restoration approach based on ecological,
social, and economic objectives, reference adopted from [1] and Elsevier copyright.

2.Conceptand Principles of Forest Landscape Restoration
Forest Landscape Restoration is defined as a long-term process
of regaining ecological functionality and enhancing human well-
being across deforested or degraded forest landscapes. It does
not seek to recreate historical forest conditions but rather to
restore a balance between ecological health and productive land
use. Core principles of FLR include landscape-scale planning,
stakeholder participation, maintenance of ecosystem diversity,
and adaptive management. FLR recognizes that landscapes are
mosaics of land uses, including forests, farms, settlements, and
water bodies. The promoting connectivity and habitat
heterogeneity, FLR supports biodiversity while maintaining
essential ecosystem services such as soil conservation, water
regulation, and carbon sequestration.

2.Principles and Framework of Forest Landscape Restoration
Forest Landscape Restoration (FLR) is guided by a set of well-
established principles that distinguish it from conventional
forest rehabilitation or afforestation efforts. At its core, FLR
seeks to restore ecological integrity while simultaneously
enhancing human well-being across entire landscapes rather
than focusing on isolated sites. This landscape-scale perspective
recognizes that forests exist within mosaics of land uses,
including agriculture, settlements, and infrastructure, all of
which influence ecological processes and biodiversity
outcomes. One of the fundamental principles of FLR is the
restoration of native biodiversity. This involves prioritizing
indigenous species, promoting natural regeneration where
possible, and avoiding monoculture plantations that offer
limited ecological value. By restoring species diversity and
structural complexity, FLR enhances ecosystem resilience,
improves habitat quality, and supports ecological interactions
such as pollination and seed dispersal. Equally important is the
principle of ecological functionality, which emphasizes
restoring processes such as nutrient cycling, hydrological
regulation, and soil stabilization rather than merely increasing
tree cover [4]. Another important principle of FLR is
stakeholder engagement and participatory governance.
Successful restoration depends on the active involvement of
local communities, landowners, policymakers, and other
stakeholders who depend on forest resources for their
livelihoods. By integrating traditional knowledge with scientific
approaches, FLR initiatives can achieve socially acceptable and
ecologically sustainable outcomes.
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Furthermore, FLR frameworks promote adaptive management,
allowing restoration strategies to evolve in response to
monitoring results, environmental change, and socio-economic
conditions, the FLR framework provides a flexible yet robust
approach that aligns conservation objectives with sustainable
development goals. Its emphasis on multifunctional landscapes
ensures that biodiversity conservation is pursued alongside
food security, climate mitigation, and economicresilience.

4. Strategies and Approaches for Forest Landscape
Restoration

Forest Landscape Restoration encompasses a wide range of
strategies tailored to ecological conditions, land-use histories,
and socio-economic contexts. One of the most commonly
applied approaches is natural regeneration, where degraded
forests are allowed to recover through passive restoration
processes once major disturbances are removed. This method is
cost-effective and often results in higher biodiversity outcomes,
as native species recolonize naturally and ecological processes
re-establish over time. In areas where natural regeneration is
limited, assisted natural regeneration and active restoration are
employed. These approaches involve interventions such as
enrichment planting, invasive species removal, soil
improvement, and controlled grazing. The selection of native
and site-adapted species is critical to ensure ecological
compatibility and long-term sustainability. Mixed-species
plantations are increasingly favored over monocultures, as they
enhance structural diversity, habitat heterogeneity, and
ecosystem resilience. Another important strategy in FLR is the
development of ecological corridors and buffer zones. These
landscape features help reconnect fragmented habitats, reduce
edge effects, and facilitate species movement. Integrating
restoration efforts within agricultural mosaics through
agroforestry systems also contributes to biodiversity
conservation while maintaining livelihoods. FLR strategies
increasingly emphasize participatory and inclusive approaches,
involving local communities, indigenous peoples, and multiple
stakeholders in planning and implementation. Community-
based restoration ensures local knowledge integration,
improves stewardship, and enhances long-term success [5].
Adaptive management frameworks, supported by monitoring
and evaluation, allow restoration strategies to respond to
changing ecological and socio-economic conditions, effective
FLR strategies combine ecological principles with land-use
planning and stakeholder engagement, ensuring that
restoration objectives align with both biodiversity conservation
and sustainable developmentgoals.

5. Socio-Economic and Policy Dimensions of Forest
Landscape Restoration

The success of Forest Landscape Restoration is closely linked to
socio-economic and policy factors that shape land-use decisions
and governance structures. Restoration initiatives operate
within complex social systems where land tenure, livelihoods,
cultural values, and institutional capacities play decisive roles.
Addressing these dimensions is essential for achieving durable
biodiversity outcomes [6]. From a socio-economic perspective,
FLR can generate multiple benefits, including employment
opportunities, improved ecosystem services, enhanced food
security, and climate resilience. Restoration activities such as
tree planting, nursery development, and sustainable forest
management provide income sources for local communities.
When restoration is aligned with livelihood strategies, it
reduces pressure on natural forests and fosters community
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support for conservation objectives.

Policy frameworks and institutional support are equally critical.
National and regional policies related to forestry, land use,
agriculture, and climate change strongly influence the feasibility
and scale of FLR initiatives. Clear land tenure arrangements and
secure resource rights encourage long-term investment in
restoration and biodiversity conservation. Conversely, weak
governance, conflicting policies, and limited enforcement can
undermine restoration efforts [7]. International commitments,
including the Bonn Challenge, the UN Decade on Ecosystem
Restoration, and biodiversity-related conventions, have
elevated FLR on global policy agendas. These initiatives
promote cross-sectoral coordination, mobilize financial
resources, and encourage countries to integrate restoration
targets into national development strategies, integrating socio-
economic considerations and supportive policy environments
into FLR planning enhances the sustainability, equity, and
effectiveness of restoration efforts. By aligning ecological goals
with human well-being and governance structures, FLR can
serve as a transformative pathway toward biodiversity
conservation and sustainable landscapes.

6. Challenges and Limitations of Forest Landscape
Restoration

Despite its significant potential, Forest Landscape Restoration
faces several ecological, social, and institutional challenges that
can limit its effectiveness. One of the primary ecological
challenges is the degradation of soil quality and loss of seed
banks in highly disturbed landscapes, which can hinder natural
regeneration and reduce restoration success. Climate variability
and increasing frequency of extreme events such as droughts,
floods, and wildfires further complicate restoration efforts and
threaten long-term ecosystem stability.

Socio-economic constraints also pose major barriers to FLR
implementation. Competing land-use demands, particularly for
agriculture and urban expansion, often limit the availability of
land for restoration. In many regions, unclear land tenure
systems and weak property rights discourage long-term
investment in restoration activities [8]. Additionally, limited
financial resources and technical capacity can restrict the scale
and continuity of restoration projects, especially in developing
countries [9]. Institutional and governance challenges include
fragmented policy frameworks, lack of coordination among
sectors, and insufficient monitoring and evaluation
mechanisms. Restoration initiatives may fail when policies
related to forestry, agriculture, and development are not
harmonized. Furthermore, short project timelines and donor-
driven objectives may prioritize rapid tree planting over
ecological integrity and biodiversity outcomes, long-term
commitment, and adaptive management approaches that
recognize the complexand dynamic nature of forestlandscapes.

7.Future Directions and Research Priorities

Future Forest Landscape Restoration efforts must increasingly
adopt science-based, adaptive, and inclusive approaches to
maximize biodiversity conservation outcomes. Advancing
research on species selection, ecosystem resilience, and
climate-adaptive restoration strategies is critical to improve
restoration effectiveness under changing environmental
conditions. Long-term ecological monitoring should be
prioritized to assess biodiversity recovery, ecosystem
functionality, and socio-economic impacts over time. Emerging
technologies such as remote sensing, geographic information
systems, and ecological modeling offer valuable tools for
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planning, monitoring, and evaluating restoration initiatives at
landscape scales. These technologies can support evidence-
based decision-making and enhance transparency and
accountability in restoration programs. There is also a growing
need to strengthen interdisciplinary research that integrates
ecological science with social sciences, economics, and
governance studies. Understanding community perceptions,
incentive structures, and institutional dynamics will help design
restoration interventions that are both ecologically sound and
socially acceptable [10]. Future policy frameworks should
emphasize landscape-level planning, cross-sectoral
coordination, and long-term financing mechanisms. Integrating
FLR into national biodiversity strategies, climate action plans,
and sustainable development agendas will further enhance its
role as a transformative solution for environmental
sustainability.

8. Conclusions

Forest Landscape Restoration represents a holistic and flexible
approach to addressing biodiversity loss, ecosystem
degradation, and climate change simultaneously [11]. The
restoring ecological processes across landscapes rather than
focusing solely on tree cover, FLR enhances habitat connectivity,
supports species recovery, and strengthens ecosystem
resilience. This review highlights that successful FLR requires a
balanced integration of ecological principles, socio-economic
considerations, and supportive policy frameworks. Approaches
that prioritize native biodiversity, community participation, and
adaptive management are more likely to achieve long-term
conservation and development outcomes. While challenges
related to governance, land-use conflicts, and climate
uncertainty persist, strategic planning and sustained
commitment can significantly enhance restoration success.
Ultimately, Forest Landscape Restoration offers a promising
pathway for reconciling human needs with biodiversity
conservation and for promoting resilient and sustainable
landscapes for future generations.
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