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ABSTRACT: Forest ecosystems are among the most vital ecological systems, providing
essential services that sustain biodiversity, environmental stability, and human well-being. This
review synthesizes current literature on forest ecology, ecosystem services, and their
contributions to socio-ecological systems, integrating structural-functional forest ecology with
ecosystem-service and human well-being scholarship within a single conceptual framework
rather than treating these strands separately, as is common in the existing literature. Forests are
characterized by complex structural and functional dynamics, including canopy stratification,
species diversity, nutrient cycling, and energy flow, which collectively determine ecosystem
resilience. The review highlights four major categories of ecosystem services: provisioning
(timber, food, and medicinal resources), regulating (carbon sequestration, climate regulation,
and water purification), supporting (soil formation, nutrient cycling, and habitat provision), and
cultural services (recreation, spiritual value, and ecotourism). These services are deeply
interconnected, and forest degradation results in cascading impacts on ecological integrity and
human livelihoods. Furthermore, the review emphasizes the critical link between forest
ecosystems and human well-being, particularly in terms of health, food security, and socio-
economic stability for forest-dependent communities. Global frameworks such as the
Millennium Ecosystem Assessment and the Sustainable Development Goals reinforce the
importance of forest conservation for sustainability and resilience. The study concludes that
sustainable forest management is essential to maintain ecosystem functionality and ensure
long-term environmental and societal benefits under increasing global environmental
pressures.

KEYWORDS: Forest ecology; ecosystem services; biodiversity; environmental stability;
human well-being

1. Introduction

Forest ecosystems represent one of the most complex and dynamic ecological systems on
Earth, characterized by intricate interactions among flora, fauna, microorganisms, soil, water,
and atmospheric components. These systems sustain biodiversity by providing habitats for a
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vast range of species, many of which are endemic and highly specialized, while simultaneously
regulating critical environmental processes such as carbon sequestration, oxygen production,
hydrological cycling, soil stabilization, and climate moderation. Through these interconnected
functions, forests act as essential life-support systems that maintain ecological balance and
support both natural and human-dominated landscapes [1, 2].

Forest ecosystems are increasingly under pressure from anthropogenic drivers such as
agricultural expansion, urban development, logging, and infrastructure growth, which continue
to reduce global forest cover [3, 4]. Climate change compounds these pressures by raising
temperatures, altering precipitation patterns, and increasing the frequency of extreme weather
events, wildfires, pest outbreaks, and disease propagation, while land-use conversion further
fragments forest landscapes and disrupts ecological connectivity. Together, these pressures
threaten ecosystem stability and reduce the capacity of forests to deliver the services that
societies depend upon [5, 6].

Forest ecology provides the conceptual framework for understanding how forest
structure, function, and dynamics respond to natural and anthropogenic disturbances [7, 8]. The
ecosystem services that forests generate—provisioning, regulating, supporting, and cultural—
form the bridge between these ecological processes and human well-being. Degradation of
forest ecosystems compromises these services directly, resulting in reduced water quality,
increased greenhouse gas emissions, biodiversity loss, and diminished livelihoods, particularly
for forest-dependent communities [9, 10].

Although forest ecology and ecosystem services have each been reviewed extensively in
isolation, fewer studies explicitly integrate structural-functional forest ecology with the
ecosystem-service and human well-being literature within a single conceptual framework. This
review addresses that gap by synthesizing evidence across three interconnected dimensions—
forest structure and function, the four major categories of ecosystem services, and their
downstream consequences for human health, livelihoods, and policy—to clarify how
ecological processes translate into societal outcomes. The literature underpinning this synthesis
was drawn primarily from peer-reviewed journal articles published between 2015 and 2026,
identified through targeted searches of Web of Science, Scopus, and Google Scholar using
combinations of the terms ‘“forest ecology,” “ecosystem services,” “forest structure,”
“biodiversity,” and “human well-being”; studies were prioritized for inclusion based on
relevance, recency, and citation impact. By integrating findings from ecological studies,
environmental assessments, and global sustainability frameworks, this review clarifies how
forest systems function simultaneously as ecological regulators and providers of essential
goods and services, and highlights the practical and policy implications of this interdependence
for sustainable forest management under accelerating global environmental change.

2. Forest Ecology and Structural-Functional Dynamics

Building on this conceptual framework, this section examines forest ecology through its
structural, functional, and dynamic dimensions. Forest ecosystems are highly complex systems
in which structure and function are tightly interconnected; together, these dimensions
determine forest resilience, stability, and the capacity of forests to sustain the ecosystem
services introduced above. A structural-functional perspective is therefore essential for
understanding forests as integrated systems rather than isolated biological components [1, 4,
7].
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2.1. Forest Structure: Canopy Stratification, Species Composition, and Biodiversity.

Forest structure refers to the physical organization of vegetation and biological diversity within
an ecosystem. A defining characteristic is vertical stratification typically comprising emergent
trees, canopy, understory, shrub, and forest-floor layers, which creates diverse microhabitats
and supports high biodiversity through variation in light, moisture, and ecological niches [1,
11]. Species composition further shapes this structure: tropical forests generally exhibit greater
species richness, whereas temperate and boreal forests show lower diversity but stronger
dominance by particular species, influencing overall ecosystem functioning. Biodiversity
across plant, animal, fungal, and microbial communities enhances ecological redundancy,
allowing processes to continue even when individual species are lost [12, 13]. Recent studies
confirm that structural complexity is strongly linked to ecosystem stability: forests with greater
structural heterogeneity show higher resistance to pest outbreaks, climate variability, and
human disturbance, reinforcing the joint contribution of biodiversity and structure to ecological
resilience [14, 15]. Figure 1 illustrates this structural complexity, depicting the vertical
stratification of emergent, canopy, understory, shrub, and forest-floor layers and the resulting
habitat heterogeneity, species distribution, and ecological interactions across forest strata.
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Figure 1. Vertical stratification of forest structure, showing the emergent, canopy, understory, shrub, and forest-
floor layers and the habitat heterogeneity, species composition, and ecological interactions associated with each
stratum.

2.2. Ecosystem Functioning: Nutrient Cycling, Energy Flow, and Soil Interactions.

Building on this structural foundation, forest ecosystem functioning is driven by fundamental
ecological processes, including energy flow, nutrient cycling, and soil-biota interactions.
Energy enters the system through photosynthesis, as trees and plants convert solar energy into
biomass; this energy then flows through trophic levels—herbivores, carnivores, and
decomposers—sustaining the broader food web [16, 17]. Nutrient cycling maintains forest
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productivity, as nitrogen, phosphorus, and carbon are continuously recycled through plant
uptake, litter decomposition, microbial activity, and soil mineralization, with soil organisms
such as bacteria, fungi, and invertebrates breaking down organic matter to sustain nutrient
availability [18, 19]. Soil-forest interactions further regulate forest health: healthy soils
enhance water retention, root development, and carbon storage, whereas degraded soils reduce
productivity and increase erosion risk. Collectively, these processes allow forests to remain
self-sustaining systems capable of regenerating biomass and maintaining ecological balance
[20, 21].

2.3. Forest Dynamics: Succession, Disturbance, and Climate Sensitivity.

Forest ecosystems are not static but dynamic systems shaped by succession, disturbance, and
climate variability. Ecological succession describes the gradual recovery and development of
forest communities following disturbances such as fire, logging, storms, or land abandonment:
early stages are typically dominated by fast-growing pioneer species, while later stages develop
into more stable, diverse, and structurally complex communities [1, 8]. Disturbance ecology
highlights the dual role of natural and anthropogenic disturbances, which can cause short-term
degradation but also promote long-term diversity and regeneration by creating habitat
heterogeneity; however, when the frequency and intensity of human-induced disturbances
exceed natural recovery thresholds, ecosystem degradation results [22, 23]. Climate sensitivity
is an emerging concern, as rising temperatures, altered rainfall, and more frequent extreme
weather events influence forest productivity, species distribution, and carbon storage, with
studies indicating that climate change may shift forest boundaries and reduce ecosystem
resilience in vulnerable regions [24, 25]. Table 1 synthesizes these structural, functional, and
dynamic dimensions of forest ecosystems and their combined contribution to ecological
resilience.

Table 1. Structural, functional, and dynamic dimensions of forest ecosystems, summarizing their key features,
ecological roles, and principal insights from the literature.

Component Key Features Ecological Role Key Insights References
Forest Structure: Vertical layers (emergent, Creates habitat Greater structural [1, 11-15]
Canopy canopy, understory, shrub, heterogeneity and complexity and
stratification, species forest floor); high species ecological niches that biodiversity jointly
composition, and richness in tropical forests; support biodiversity and enhance ecological
biodiversity variation in species dominance  ecosystem stability -

aCross biomes resilience and redundancy.
Ecosystem Energy flow via photosynthesis; Maintains forest Soil-biota interactions [16-21]
Functioning: nutrient trophic food web interactions;  productivity, biomass  ynderpin long-term
cycling, energy flow, nutrient cycling (N, P, C); soil  regeneration, and productivity; soil
and soil interactions microbial activity ecosystem balance degradation 'elevates

erosion risk.

Forest Dynamics:  Ecological succession stages Drives forest Moderate disturbance [1,8, 22—
succession, (pioneer to mature forest); regeneration, sustains diversity, but 25]
disturbance, and natural and anthropogenic adaptation, and long-  aycessive anthropogenic
climate sensitivity  disturbances; climate-driven term ecosystem change pressure or climate change

changes

drives degradation.

3. Ecosystem Services Provided by Forests

Building on the structural and functional foundations described above, forest ecosystems
provide a wide range of benefits to ecological systems and human societies, commonly referred

to as ecosystem services. These services are typically classified into provisioning, regulating,
60



Tropical Agroforestry Research Insight 1(2), 2026, 57-70

supporting, and cultural categories, which together form an interconnected system linking
ecological processes directly to human well-being. Because these services are deeply
interdependent, degradation of forest ecosystems produces cascading impacts across
environmental stability, economic security, and social resilience [26, 27]. Table 2 summarizes
these four service categories, their principal components, and their significance for socio-

ecological systems.

Table 2. Classification of forest ecosystem services—provisioning, regulating, supporting, and cultural—with
their principal components, functions, and broader impacts on ecological and human systems.

Eposystem Description Key components / functions Impacts & significance References
service category
Ecosystem Forest ecosystems Provisioning, regulating, Interconnected system; [26, 27]
services (general) provide integrated supporting, and cultural degradation causes cascading
benefits to ecological ~ services environmental, economic, and
systems and human social impacts
societies
Provisioning Direct material goods ~ Timber, fuelwood, NTFPs Supports livelihoods, food [4, 13, 16,
services obtained from forests  (fruits, nuts, resins, bamboo),  security, and pharmaceutical 28-31]
food resources, medicinal development; overexploitation
plants leads to biodiversity loss and
reduced regeneration
Regulating Regulation of Carbon sequestration, climate  Maintains climate stability and  [5, 7-9, 28,
services ecosystem processes regulation, evapotranspiration, hydrological balance; 30, 32-35]
supporting water purification, flood deforestation increases flooding,
environmental stability mitigation, erosion control reduces carbon storage, and
destabilizes ecosystems
Supporting Fundamental ecological Soil formation, nutrient Maintains ecosystem [16, 21, 27,
services processes sustaining all - cycling, primary productivity, productivity, biodiversity, and 34]
other services habitat provision resilience; habitat loss drives
biodiversity decline
Cultural services Non-material benefits  Recreation, ecotourism, Supports human well-being, [36-39]

derived from forests

spiritual/religious values,
aesthetic and cultural identity

indigenous traditions, and
sustainable tourism;

increasingly recognized in

valuation frameworks

Degradation triggers cascading [13, 16, 19,
failures across all services, 23, 28, 29]
amplifying ecological and

socio-economic risks

Interdependence
of services

Ecosystem services are
interconnected and
mutually dependent

Links between nutrient cycling,
carbon storage, biodiversity,
and productivity

3.1. Provisioning Services: Direct Material Benefits From Forests.

Provisioning services encompass the tangible products obtained directly from forest
ecosystems, including timber, fuelwood, non-timber forest products (NTFPs), food resources,
and medicinal plants. Timber remains the most economically significant of these resources,
widely used in construction, furniture, and paper production, but forests also supply essential
subsistence resources for millions of people, particularly in rural and indigenous communities
[28, 29]. NTFPs such as fruits, nuts, resins, latex, mushrooms, and bamboo contribute
substantially to local economies and food security, often functioning as safety nets during
economic or environmental crises. Forests are additionally a major source of medicinal
compounds: numerous pharmaceutical drugs derive from forest plant species, and
ethnobotanical knowledge held by indigenous communities continues to inform drug
discovery, underscoring the value of conservation for future medical innovation [30, 31].
However, unsustainable harvesting and deforestation threaten these services by reducing
regeneration capacity and biodiversity, making sustainable forest management essential to

balance resource extraction with ecological preservation [4, 13, 16].
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3.2. Regulating Services: Climate, Water, and Environmental Stability Functions.

Regulating services encompass the benefits derived from the regulation of ecosystem
processes, including carbon sequestration, climate regulation, water purification, and flood
mitigation. Through photosynthesis, forests absorb atmospheric carbon dioxide and store it in
biomass and soils, making intact tropical and boreal forests among the most effective natural
systems for climate change mitigation [32, 33]. Forests also regulate local and regional climates
by influencing temperature, humidity, and rainfall through evapotranspiration, which is
particularly important for hydrological stability in tropical regions [7-9, 28]. In addition, forest
soils act as natural filters that remove pollutants, sediments, and excess nutrients before water
enters rivers and groundwater, while forest cover reduces surface runoff and mitigates flood
and erosion risk; deforestation, by contrast, has been shown to increase the frequency and
severity of downstream flooding [9, 34, 35]. Because these regulating functions are highly
sensitive to forest degradation, fragmentation and land-use change weaken carbon storage,
climate buffering, and hydrological stability, underscoring the critical role of forests in
maintaining planetary environmental stability [5, 30].

3.3. Supporting and Cultural Services: Ecological Foundations and Human Experience.

Supporting services comprise the fundamental ecological processes that sustain all other
ecosystem services, including soil formation, nutrient cycling, primary productivity, and
habitat provision. Forests contribute to soil development through the accumulation and
decomposition of organic matter, which enriches fertility and structure, while microbial- and
fungal-driven nutrient cycling ensures the continuous recycling of nitrogen, phosphorus, and
other essential elements, enabling long-term productivity [21, 34]. Forests also provide habitats
for a wide range of species, and the resulting habitat complexity allows for species coexistence
and ecological interactions that maintain resilience; loss of forest habitat remains a primary
driver of global biodiversity decline, underscoring the importance of conservation for
ecological sustainability [16, 27].

Cultural services, by contrast, represent the non-material benefits humans derive from
forests, including recreation, spiritual and religious value, aesthetic enjoyment, and ecotourism.
Forest landscapes often hold deep cultural significance for indigenous and local communities,
forming part of their identity, traditions, and belief systems, and ecotourism has emerged as a
sustainable development strategy that links conservation with economic benefit, particularly in
biodiversity-rich regions [36, 37]. Valuation frameworks such as the Millennium Ecosystem
Assessment and the Economics of Ecosystems and Biodiversity (TEEB) initiative emphasize
the need to quantify both tangible and intangible forest benefits, noting that cultural and
supporting services, although less visible in economic terms, are equally critical for long-term
sustainability [38, 39].

3.4. Interdependence of Ecosystem Services and Impacts Of Degradation.

A defining feature of forest ecosystem services is their interdependence: provisioning,
regulating, supporting, and cultural services are not isolated categories but interconnected
components of a single ecological system. Nutrient cycling (a supporting service), for example,
directly influences timber production (a provisioning service), while carbon sequestration (a
regulating service) supports the climate stability that, in turn, affects biodiversity and
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productivity [19, 28, 29]. Forest degradation disrupts these interconnections, producing
cascading consequences: deforestation reduces carbon storage, weakens water regulation,
diminishes biodiversity, and undermines cultural value, illustrating the systemic nature of
ecosystem decline [13, 16, 23]. Because these ecological consequences extend directly into
human systems, the following section examines how forest ecosystem services translate into
outcomes for human health, livelihoods, and well-being.

4. Forest Ecosystem Services and Human Well-Being

Forest ecosystems sustain human well-being through the continuous delivery of services that
support physical health, food security, livelihoods, and psychological resilience. This
relationship is especially interdependent for forest-dependent communities, whose survival and
socio-economic stability are directly tied to forest resource availability and integrity.
Contemporary environmental research increasingly frames forest degradation not only as an
ecological crisis but also as a human development challenge, with direct consequences for
health outcomes, economic security, and social equity [22, 24, 26].

4.1. Forest Ecosystem Services and Physical Health, Food Security, and Nutrition.

Forests contribute to human physical health by providing clean air, potable water, medicinal
resources, and disease regulation. Through carbon sequestration and air purification, forests
reduce atmospheric pollutant concentrations and thereby lower the risk of respiratory and
cardiovascular disease, while forested watersheds filter contaminants and regulate hydrological
flows, helping to prevent waterborne disease [7-9]. Food security represents a further
dimension of this contribution: forests supply fruits, nuts, wild vegetables, mushrooms, fish,
and, in some regions, bushmeat, which are particularly important for rural and indigenous
populations who rely on forests as primary or supplementary food sources. Consistent with
broader findings on non-timber forest products [28], recent studies confirm that forest-derived
foods supply essential micronutrients that help address deficiencies in vulnerable populations
[29-31]. Medicinal resources derived from forests remain a cornerstone of traditional and
modern healthcare, as a large proportion of global pharmaceuticals originate from plant
compounds found in forest biodiversity; ethnobotanical knowledge held by indigenous
communities continues to inform drug discovery, reinforcing the link between forest
conservation and public health resilience [14, 22, 29].

4.2. Livelihoods, Economic Stability, And Forest-Dependent Communities.

Forests also support livelihoods and economic stability, particularly in developing regions
where millions of people depend directly on forest resources for income. Activities such as
timber harvesting, non-timber forest product collection, agroforestry, and ecotourism provide
employment and diversify household income, allowing forests to function as a form of natural
capital that buffers rural communities against economic shocks such as crop failure, market
instability, or climate-related disaster [39, 40]. Non-timber forest products—including resin,
bamboo, honey, medicinal plants, and rattan—are frequently sold in local and regional markets
and require relatively low capital investment, while community-based forest management has
been shown to improve both conservation outcomes and local livelihoods when properly
implemented [36, 38]. However, deforestation, fragmentation, and resource depletion can
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severely undermine this socio-economic stability by reducing income opportunities, increasing
vulnerability to poverty, and exacerbating inequality among marginalized populations; climate
change further intensifies these challenges by altering forest productivity and increasing the
frequency of extreme weather events that disrupt forest-based livelihoods. Maintaining healthy
forest ecosystems is therefore essential not only for ecological sustainability but also for
economic resilience and poverty reduction [28, 32, 38].

4.3. Psychological Well-Being, Sustainability Frameworks, and Global Policy Integration.

Beyond physical and economic dimensions, forests provide important psychological and
cultural benefits. Exposure to forest environments has been widely associated with reduced
stress, improved mental health, enhanced cognitive function, and emotional restoration;
concepts such as forest bathing (Shinrin-yoku) illustrate the therapeutic effects of natural forest
environments, which are increasingly recognized in public health research and urban planning.
Forests also hold deep cultural, spiritual, and recreational value for many societies, contributing
to identity formation and social cohesion [41, 42]. At the global policy level, the importance of
forests for human well-being is strongly reflected in major sustainability frameworks. The
Millennium Ecosystem Assessment (MEA) remains one of the most influential conceptual
models linking ecosystem services to human well-being, emphasizing that changes in
ecosystem condition directly affect health, security, and quality of life. The United Nations
Sustainable Development Goals (SDGs) similarly identify forests as integral to multiple
targets, including poverty reduction (SDG 1), zero hunger (SDG 2), good health and well-being
(SDG 3), clean water (SDG 6), climate action (SDG 13), and life on land (SDG 15) [38, 43,
44]. These frameworks reinforce that forests are not merely ecological assets but essential
foundations for sustainable development, underscoring the need for integrated management
approaches that balance conservation with socio-economic development, strengthen forest
governance, promote community participation, and implement ecosystem-based adaptation
strategies [30, 38, 39]. Figure 2 synthesizes these linkages, illustrating how physical health and
food security, livelihoods and economic stability, and psychological and cultural benefits
converge within broader sustainability frameworks and global policy integration.
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Figure 2. Conceptual framework linking forest ecosystem services to human well-being through three
interconnected pathways.

64



Tropical Agroforestry Research Insight 1(2), 2026, 57-70

5. Practical and Policy Implications

The evidence synthesized in this review carries several practical and policy implications. First,
because provisioning, regulating, supporting, and cultural services are interdependent, forest
management and conservation policy should be designed holistically rather than targeting
individual services in isolation; sectoral approaches that optimize timber yield or carbon
storage alone risk undermining co-occurring services such as water regulation or biodiversity
conservation. Second, strengthening community-based and participatory forest management is
essential for forest-dependent populations, since governance approaches that combine local
ecological knowledge with formal institutional support have been shown to improve both
conservation outcomes and livelihoods [36, 38]. Third, integrating forest ecosystem-service
valuation into national accounting and land-use planning can help decision-makers internalize
the economic value of otherwise unpriced services, such as water purification, flood mitigation,
and climate regulation, thereby supporting more balanced trade-offs between development and
conservation. Finally, aligning national forest policy with global frameworks such as the
Millennium Ecosystem Assessment and the Sustainable Development Goals can help mobilize
financing, coordinate cross-sectoral action, and track progress toward integrated conservation
and development targets [38, 43, 44]. Collectively, these implications point toward ecosystem-
based, participatory, and economically informed forest governance as the most viable pathway
to sustaining forest ecosystem services under increasing global environmental pressure.

6. Limitations and Future Research Directions

This review has several limitations that should be acknowledged. First, as a narrative synthesis
rather than a systematic review or meta-analysis, the selection and interpretation of the
literature, while guided by explicit search criteria, remains subject to a degree of selectivity
and cannot fully quantify the strength or consistency of evidence across studies. Second, the
reviewed literature is unevenly distributed across biomes and regions, with tropical and
temperate forest systems more extensively represented than boreal, dryland, or peri-urban
forests, limiting the generalizability of some conclusions. Third, because ecosystem-service
valuations and ecological findings originate from studies using diverse methodologies, spatial
scales, and contextual settings, direct comparisons across studies should be interpreted with
caution [45]. Future research should prioritize systematic reviews and meta-analyses that
quantitatively synthesize forest ecosystem-service valuations across biomes and socio-
economic contexts, alongside long-term monitoring studies that capture the trajectories of
forest structural-functional dynamics under accelerating climate change and disturbance
regimes, including the increasing frequency of large-scale forest fires documented in recent
global assessments [46]. Greater attention is also needed to underrepresented services—
particularly supporting and cultural services—and to the equity dimensions of forest
governance, to ensure that conservation and management strategies deliver benefits across
socio-economic and demographic groups. Addressing these gaps will strengthen the evidence
base needed to guide sustainable forest management and policy under continued global
environmental change.
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7. Conclusions

This review set out to integrate forest ecology and ecosystem-service scholarship within a
single framework linking forest structure and function to human well-being and policy
outcomes—an integration that is often treated separately in the existing literature. Three main
contributions emerge from this synthesis. First, forest resilience is shown to depend jointly on
structural complexity, functional processes such as nutrient cycling and energy flow, and
dynamic responses to disturbance and climate variability, rather than on any single dimension
in isolation. Second, the four categories of ecosystem services—provisioning, regulating,
supporting, and cultural—are demonstrated to be systemically interdependent, such that
degradation in one service category propagates cascading effects across ecological and socio-
economic systems, a finding with direct implications for how conservation priorities should be
set. Third, the review clarifies that forest-dependent human well-being operates through three
converging pathways—physical health and food security, livelihoods and economic stability,
and psychological and cultural benefit—that are collectively embedded within global
sustainability frameworks such as the Millennium Ecosystem Assessment and the Sustainable
Development Goals. Taken together, these findings reinforce that governance strategies
treating forest ecosystems as integrated socio-ecological systems, rather than as sources of
isolated goods or services, are most likely to sustain both environmental stability and human
well-being under increasing global environmental pressure. Strengthening participatory forest
governance, incorporating ecosystem-service valuation into policy design, and prioritizing the
underrepresented research gaps identified above represent the most direct pathways toward
achieving this outcome.
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