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Abstract

Malawi faces increasing pressure on forest resources as rising urban demand for charcoal
and firewood accelerates forest degradation in the Lilongwe River Upper Catchment, the
primary water source for Lilongwe City. With over 90% of Malawians dependent on
biomass energy and the country losing an estimated 33,000 hectares of forest annually, the
consequences for water security, soil integrity, and rural livelihoods are severe. Existing
research has largely examined woodfuel governance as a social and institutional issue,
emphasising policy failures, corruption, and weak enforcement, with limited attention to
the biophysical processes through which governance decisions shape landscapes. In this
context, tracking changes in soils, water flows, and vegetation dynamics offers an important
complementary perspective critical for integrated interventions. This paper proposes a
conceptual framework, a Critical Zone Science and Social–Ecological Systems (CZS-SES)
framework, which allows examination of how governance systems interact with biophysical
processes across scales. The framework, informed by synthesis of policy documents and the
empirical literature, highlights the need for more integrated, multidisciplinary approaches
to understanding woodfuel governance and its implications for habitability in Malawi and
across Africa.

Keywords: woodfuel; governance; critical zone science; social–ecological systems;
habitability; Lilongwe river upper catchment; Malawi

1. Introduction
Globally, woodfuel, particularly charcoal and firewood, accounts for more than half of

bioenergy consumption [1]. In sub-Saharan Africa, charcoal and firewood remain essential
energy sources for both rural and urban households, supplying more than 80% of urban
cooking and heating needs [2]. The woodfuel sector also supports the livelihoods of
millions through production, transportation, and trade [3,4]. Despite the socioeconomic
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benefits, illegal and unsustainable woodfuel extraction has become a major driver of
forest degradation. This has contributed to soil erosion, biodiversity loss, disruption
of hydrological systems, and reduced carbon storage [5]. In Malawi, rapid population
growth, currently at 2.6% per year, and urban expansion are placing increasing pressure
on forests and water resources [6,7]. Although population growth rates are projected to
decline, Malawi’s population is expected to reach 33.6 million by 2050 [8]. Lilongwe, one
of the country’s fastest-growing cities, is expanding at around 4% annually [9]. The city
relies heavily on water supplied from the Lilongwe River, specifically through Kamuzu
Dam I and II. This water originates in the upper catchment of the Lilongwe River, which
includes the Dzalanyama Forest Reserve. The reserve is an important ecological landscape
providing timber, non-timber forest products, and watershed services that sustain both
rural livelihoods and urban water supply [10,11].

The ecological integrity of the Lilongwe River Upper Catchment is increasingly threat-
ened. Forest degradation in the catchment has been associated with rising sediment loads
in the Lilongwe River and declining water quality downstream [6,12]. A key driver of this
degradation is the growing demand for charcoal and firewood, driven by urban energy
demands in Lilongwe City. For many smallholder farmers living within the catchment,
charcoal production provides an important livelihood strategy amid limited employment
and persistent food and income insecurity [13]. As a result, woodfuel extraction is shaped
by competing pressures of environmental sustainability, livelihood security, and urban
energy demand.

Governance plays a central role in shaping how forest resources are accessed, managed,
and regulated. Woodfuel governance encompasses the policies, institutions, and practices
that regulate the production, trade, and consumption of charcoal and firewood [14]. Across
Africa, governance challenges in the woodfuel sector often include corruption, weak institu-
tions, asymmetrical power structures, conflicting policies, and weak policy enforcement [15].
In Malawi, these challenges are particularly evident in the management of forest reserves
such as Dzalanyama, where corruption and weak enforcement have been identified as
major contributors to illegal logging and charcoal production [16]. Governance systems,
therefore, influence both patterns of resource use and the distribution of environmental
costs and benefits across different social groups.

While these insights are important, they tend to treat governance as a primarily social
or institutional problem, with inadequate attention to how governance decisions translate
into material changes in ecological systems [17]. As a result, there is limited understanding
on how governance decisions shape the biophysical processes that sustain landscapes.

This gap is significant because forest ecosystems are dynamic systems in which vege-
tation, soils, water, and human activities interact continuously. Decisions about woodfuel
production and regulation, therefore, trigger cascading effects across interconnected pro-
cesses, from soil stability and water infiltration to nutrient cycling and sediment transport.
Understanding these linkages requires a diagnostic framework capable of bridging gover-
nance systems and biophysical dynamics.

The concept of the Critical Zone (CZ) provides a useful perspective for understanding
such interactions. The CZ refers to the Earth’s near-surface layer extending from the
vegetation canopy to groundwater, where interactions among soil, water, rock, air, and
living organisms sustain life [18,19]. It is within this zone that the ecological conditions
necessary for human habitability are formed and sustained. Wrathall et al. [20] defined
habitability as the set of environmental conditions that sustain human life, including safety,
security, and the capacity to maintain livelihoods. Activities such as woodfuel production
can disrupt CZ processes by altering vegetation cover, soil stability, and hydrological
flows, thereby undermining habitability. Building on this perspective, the Social–Ecological
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Systems (SES) framework offers tools for analysing the institutional and social dynamics
shaping natural resource governance [21].

Combining CZS and SES perspectives allows governance and ecological dynamics
to be analyzed together, offering a more complete understanding of woodfuel systems.
This paper argues for an integrated CZS–SES framework that conceptualises woodfuel sys-
tems as coupled human–environment systems, in which governance, actor behaviour,
and biophysical processes continuously shape one another, rather than operating as
separate domains.

The objective of this paper is therefore to propose a conceptual diagnostic framework
linking governance systems to biophysical processes in the Lilongwe River Upper Catch-
ment. Specifically, the paper addresses three questions: (1) What governance patterns
characterise woodfuel governance in Malawi’s policy and empirical literature? (2) How do
these governance patterns translate into biophysical processes affecting forest, soil, and
water systems? (3) How can an integrated CZS–SES framework improve the diagnosis and
design of woodfuel governance interventions?

2. Conceptual Frameworks
2.1. Critical Zone Science

Brantley et al. [22] introduced the idea of studying the Earth’s surface as one connected
system integrating soil science, ecology, geology, and water science. Through a global
network of Critical Zone Observatories (CZOs), the approach has developed into a global
research framework that provides an integrative perspective [18]. As Brantley explains in
her article ‘The Critical Zone Paradigm: A Personal View’ published in the award-winning
collection edited by Bruno Latour and Peter Weibel, Critical Zones: The Science and Politics of
Landing on Earth [23]:

“In many countries, if a doctor does not focus on problems of a specific body
part, such as the heart, or a specific type of patient, such as children, or does
not learn techniques of surgery or some other speciality, we call them a General
Practitioner (GP). These GPs observe the entire patient and consult on health
issues holistically. In Earth surface science before 2004, we did not have too many
GPs. That’s why many of us pushed to create a new kind of scientific GP. We
created Critical Zone Science to focus on studying earth’s surface from air to trees
to water to rocks to humans.” [23]

Brantley and colleagues developed the critical zone approach to examine how bio-
physical processes interact, for example, how trees build and plumb the environment [18].
The approach emphasises how changes in one component cascade through the system,
affecting ecosystem resilience and human habitability. Recently, critical zone sciences have
begun exploring how to integrate social science, recognising humans as active components
of the CZ [24,25]. This integration is particularly relevant in urban and peri-urban contexts
where human activity directly alters ecosystem function.

2.1.1. What Critical Zone Science Offers to Woodfuel Governance Studies
People’s Science

Applying CZS to the Lilongwe River Upper Catchment could enable what is called a
people’s science. Where SES focuses on formal institutions and state power, a CZ approach
invites communities to think collectively about how their combined actions shape the
future habitability of shared landscapes [25]. While SES examines who holds power
within existing institutional arrangements, CZ frameworks invite collective discussion
about material realities, including declining soil fertility, changing water cycles, and forest
regeneration that affect everyone regardless of formal authority structures. Where residents
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are framing research questions about landscape changes that they see and know firsthand,
a CZ approach draws attention to the cumulative effects of individual, household, sectoral
and policy decisions, creating opportunities for collective deliberation and restoration
efforts grounded in observable biophysical change.

Systems Integration

This participatory foundation becomes even more powerful when combined with a CZ
systems perspective. In the Lilongwe River Upper Catchment, a CZ approach could reveal
how policies covering forestry, water, energy, and agriculture interact through ecological
connections that governance frameworks typically ignore. When trees are removed, the
effects cascade downward through connected systems. For example, water infiltration
decreases and surface runoff increases, while accelerated erosion strips away organic matter
from soil and reduces long-term agricultural productivity. For instance, charcoal bans may
appear as forest policy, but a CZ analysis would trace the processes by which effects
spread across interconnected systems: triggering soil erosion that reduces agricultural
productivity [26], altering water infiltration patterns that compromise water security, and
changing vegetation cover that influences local microclimates [27]. This process perspective
invites a change in governance approach to account for material connections across sectors
rather than treating sectors in isolation. This matters, for communities experience these
interconnected changes as unified landscape transformations.

Temporal Dynamics

Applying the CZS recognition that systems respond to disturbances across vastly
different timescales could address critical governance challenges. It reveals, for instance,
that while a licensing system for charcoal might be implemented within months, rebuilding
soil organic matter in degraded production sites would require years to decades, and
restoring watershed functions even longer. The Blantyre Firewood Project in Malawi
illustrates this mismatch. After fifteen years of centralised state control, the government
expected communities to immediately take over management responsibilities. However,
rebuilding trust and reshaping institutions are processes that unfold over decades, not
months. So too, the timeframes of different landscape processes require strategic and
long-range policy decisions. A CZ approach explicitly matches governance timescales to
biophysical system dynamics.

Monitoring and Adaptive Governance

Current woodfuel governance in the Lilongwe River Upper Catchment lacks feedback
mechanisms that link policy interventions to measurable biophysical outcomes. A CZ-
informed monitoring system tracks not just forest area but soil health, groundwater quality
and availability, erosion rates, and ecological fluxes, creating empirical foundations for
adaptive governance [28,29]. Conventional monitoring tracks policy outputs such as
permits issued or hectares planted. This approach, however, does not reveal whether
interventions actually improve conditions on the ground. Outcome monitoring goes further
by measuring whether soil and water relations are being restored. Such evidence-based
feedback loops would enable governance systems to adapt to what is measurably working
rather than to what is politically expedient.

Transdisciplinary Integration

Just as no single natural science discipline suffices for understanding the Critical
Zone [22], no single social science perspective adequately addresses governance complex-
ity. CZ models of collaboration across multiple scientific disciplines, bringing together
geologists, hydrologists, ecologists, and atmospheric scientists [29], can be applied to the
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integration of policy analysis, economics, anthropology, and political science in under-
standing woodfuel governance. Establishing a Critical Zone Observatory in the Lilongwe
River Upper Catchment would provide the shared platforms for such collaboration. A
CZO would create platforms for dialogue between scientists, policymakers, and commu-
nities, generating integrated knowledge that narrow single-discipline approaches cannot
produce [30].

2.1.2. Limitations of the Critical Zone Science

CZS provides a detailed understanding of biophysical processes, but has recognised
limitations. First, CZS has historically focused on pristine environments with limited
attention to human dimensions, resulting in weak policy impact despite strong biophysical
understanding [25,31]. Second, knowledge transfer from CZ scientists to practitioners
remains underdeveloped, with the volume of technical information and discipline-specific
language making it difficult to translate findings into practical governance guidance [23,32].
Third, the CZ science research sites remain geographically concentrated in the Global
North [18], limiting the applicability of findings to African contexts like the Lilongwe River
Upper Catchment in Malawi.

2.2. Social–Ecological Systems
2.2.1. What Social–Ecological Systems Offers

The Social–Ecological Systems (SES) framework analyses interactions among resource
systems, resource units, actor groups, and governance systems [33,34]. SES helps identify
actors, policies, and rules that shape resource use and environmental outcomes. The four
subsystems continuously interact, and the outcomes they produce reshape the system
over time [21,35]. One of SES’s most important contributions is its diagnostic power. The
framework offers a structured opportunity to identify why governance succeeds or fails
in specific contexts [34,36]. Ostrom’s eight design principles, derived from comparative
analysis of the commons globally, provide practical criteria for evaluating governance
arrangements [37,38]. These include clearly defined boundaries, rules adapted to local
conditions, collective choice arrangements, monitoring mechanisms, graduated sanctions,
conflict resolution processes, recognition of rights, and nested institutional layers [38].
Applied to woodfuel governance, the principles help diagnose specific institutional failures,
including unclear land tenure boundaries, exclusion of communities from rule-making,
and limited enforcement accountability [39].

2.2.2. Limitations of Social–Ecological Systems

Despite its strong conceptual development over the past two decades, SES continues
to face important operational challenges [40]. Bodini et al. [41] argue that, although SES is
conceptually well established, its practical application remains underdeveloped. Similarly,
Cumming et al. [42] emphasise the need for more consistent approaches to selecting,
defining, and measuring institutional elements, as well as stronger integration between
theory and empirical research.

Ostrom and Cox [36] highlight the “panacea problem”, the tendency to apply one-
size-fits-all institutional solutions to complex social–ecological challenges. Beyond these
operational shortcomings, the framework has been persistently criticised for its inability to
analyse cross-scale interactions and its thin incorporation of the biophysical environments.
A limitation is that SES applications often simplify ecological dynamics by relying on
broad environmental indicators such as deforestation rates or biomass loss [37,39], meaning
that governance analyses may insufficiently capture the detailed biophysical processes
through which environmental change occurs. Zhang [43] identifies these as structural
weaknesses, noting that SES theory struggles to analyse cross-scale interactions because its
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explanatory power weakens beyond the local level. Large-scale biophysical models are also
difficult to translate into locally meaningful insights [43]. Elsawah et al. [44] independently
identify scales and scaling issues as one of eight grand challenges in socio-environmental
systems modelling, arguing that connecting social and natural sciences across scales is
fundamentally a challenge of bridging the different assumptions, methods, and languages
of social and natural science disciplines. Garmestani et al. [45] noted that social–ecological
processes interacting across multiple scales create confounding factors because the effects
of governance decisions often appear at spatial or temporal scales different from where
those decisions are implemented. On the biophysical side, Folke et al. [35] argue from
within the SES tradition itself that Social–Ecological Systems coevolve with and depend
on the broader biosphere, a dynamic that frameworks treating nature as a backdrop of
variables fail to capture. Reyers et al. [46] extend this argument, calling for integrative
approaches capable of handling unpredictable and disproportionate changes, sudden shifts
between system states, and chain reactions that cascade across the earth system, precisely
the cross-system interaction dynamics that the SES framework acknowledges but current
approaches struggle to navigate. It is against this background that linking SES with CZS
becomes analytically important.

2.3. Integrating Critical Zone Science and Social–Ecological System

SES and CZS complement each other because they address different but intercon-
nected dimensions of environmental governance. SES maps actors, rules, interactions, and
outcomes, revealing formal and informal governance, gendered divisions of labour, and
power asymmetries in resource use. CZS explains the biophysical consequences of these
human actions, such as impacts on soil quality, water flow, vegetation, and ecosystem
resilience [47,48]. Neither framework alone is sufficient. SES without CZS risks underesti-
mating the biophysical depth of degradation. While CZS without SES risks misattributing
environmental change to natural processes rather than governance failures and structural
inequalities. Integration is therefore analytically necessary.

In the Lilongwe River Upper Catchment, SES identifies the forest as the resource
system and woodfuel (firewood and charcoal) as the resource units. Key actors include
rural households, urban consumers, traditional leaders, Village Natural Resource Man-
agement Committees (VNRMCs), and government agencies such as the Department of
Forestry (DoF), Lilongwe Water Board (LWB), and Extension Officers. Governance systems
encompass forest, water, and agricultural policies, including permits, bans, and enforce-
ment mechanisms, which are central to the global discourse on sustainable woody biomass
governance [49].

The governance systems shape actor behaviour through enforcement and regulation,
while actors simultaneously reshape governance through compliance, resistance, and
informal practices like illegal charcoal production.

Mediating the relationships are material flows operating at multiple levels. Physical
flows, such as soil erosion, reduced water infiltration, and sediment loads, represent the
biophysical consequences of woodfuel extraction cascading through the CZ, necessitating
multidisciplinary monitoring to preserve the vital subsurface processes [50]. The CZ
orientation to vertical as well as horizontal processes is particularly valuable here because it
draws attention to subsurface properties and processes like soil structure, water infiltration
capacity, and sediment dynamics. Such processes are invisible to governance analysis
yet fundamental to long-term catchment function and water security. By tracing material
flows through the biosphere, lithosphere, hydrosphere, and atmosphere, CZS reveals how
surface-level land use decisions by actors reverberate in volumetric space in ways that SES
frameworks alone cannot capture. Social flows, including labour, information sharing, and
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authority structures, reflect the human dimensions through which resource decisions are
made and negotiated. These social flows are not analytically separate from physical flows.
They directly drive the physical and biogeochemical processes that alter CZ function by
determining who extracts resources and under what governance conditions.

The flows also carry important economic dimensions that operate beyond monetary
valuation. Within the catchment, livelihood dependencies, labour burdens, and unequal
access to resources therefore represent important economic dimensions of woodfuel gover-
nance. For example, women’s firewood collection often reflects unpaid labour and gendered
inequality, while charcoal production among men frequently represents a livelihood re-
sponse to poverty, limited employment opportunities, and urban market demand. These
activities reflect not merely social practices but rational responses to poverty, structural
inequality, and the absence of affordable energy alternatives. However, reducing these eco-
logical and social processes to monetary values risks undermining local value systems and
encouraging the treatment of forest resources purely as commercial commodities [51,52].

The integrated CZS–SES framework conceptualises governance systems, actors, ma-
terial flows, and biophysical processes as mutually influencing and inseparable rather
than independent domains that can be studied in isolation. Their interactions collectively
shape outcomes relating to forest cover, soil quality, water availability, sedimentation, and
ecosystem function, all of which directly influence the long-term habitability and well-being
of the catchment.

Integrating SES and CZS enables a multiscale analysis, connecting household-level
practices to watershed-level environmental impacts and policy frameworks (Figure 1).
This scalar integration operates across four interconnected domains: at the household
scale, woodfuel extraction decisions reflect livelihood needs and energy insecurity; at the
community scale, VNRMCs, traditional leaders, and informal rules mediate access and
enforcement; at the watershed scale, cumulative extraction translates into measurable
changes in forest cover, sedimentation, and water quality; and at the policy scale, national
forest, water and agriculture policies shape the institutional environment within which
all lower-scale interactions occur. For example, household reliance on woodfuel in the
Lilongwe River Upper Catchment affects forest cover, which in turn influences sedimen-
tation and water quality in Kamuzu Dam I and II. This SES-CZS perspective highlights
how local decisions, enforcement gaps, and governance arrangements shape ecological
processes. This also shows how the degradation of CZ function feeds back to undermine
the livelihoods and well-being of the same actors driving resource use.

Figure 1. Conceptual framework for diagnosing woodfuel governance, integrating Critical Zone (CZ)
processes with Social–Ecological System (SES) components. Notes: the SES includes components such
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as governance systems and actor groups that interact with both the vertical dimensions of the
CZ (biosphere, hydrosphere, and lithosphere) and horizontal processes (material flows). These
interactions collectively influence the outcomes, including the habitability of the catchment. Source:
developed by the authors, integrating concepts from Ostrom [21] and Brantley et al. [22].

3. Methodology
The paper draws on a narrative synthesis of policy documents and selected literature

(Appendix A Table A1) to develop a mechanistic understanding of how governance shapes
landscape outcomes. In doing so, it contributes a conceptual framework that can be
empirically tested in future research and that may inform more adaptive, evidence-based
governance approaches in Malawi and comparable contexts. The approach is guided by
analytical depth rather than exhaustive coverage [53].

Sources were selected purposively, based on their relevance to the paper’s central
concern: the structural disconnection between woodfuel governance and biophysical
processes in Malawi’s forest landscapes. The analysis began with foundational policy texts
and key empirical studies, expanding the corpus iteratively through citation tracking until
no new governance logics or thematic patterns emerged [54]. The final corpus draws on
three source types: national policy documents and legislation, peer-reviewed literature,
and donor reports, with comparative governance cases from sub-Saharan Africa.

Each source was read interpretively, with policy texts treated not simply as records of
intent but as texts that reflect particular assumptions about causality, agency, and social
order [55]. Rather than aggregating findings, the synthesis identified recurring structural
patterns and used these to build the paper’s conceptual framework. Coding was organised
around three analytical threads. The first examined the institutional logics embedded in
governance design. The second assessed whether and how biophysical and CZ processes
were represented in policy framing. The third identified the mechanisms through which
governance failures translate into landscape degradation. The analytical value of the corpus
derives from the coherence and theoretical robustness of the patterns it reveals, rather than
from its size [56].

4. Governance Patterns in Malawi Woodfuel Sector
4.1. Interpreted Policy Evidence

The degradation of forests driven by woodfuel production in Malawi cannot be
understood solely as a cumulative outcome; it must also be examined through the structural
logic shaping how governance frameworks interact with local biophysical processes. The
evidence reviewed here reveals a recurring pattern of disconnection between governance
design and the biophysical realities it is intended to manage (see Table 1 for a summary of
policies, instruments, enforcement logic, observed outcomes, and CZS-SES diagnostics).

Table 1. Summary of policies, instruments, enforcement logic, observed outcomes and
CZS-SES diagnostics.

Policy Instruments Enforcement Logic Observed Outcomes CZS-SES Diagnostic

Forest Policy (1996) [57]

Decentralisation (participatory
management),
Community-Based Forest
Management.

Shift from state
control to local
governance.

Democracy became
associated with reduced
state power.
Increased deforestation of
forest reserves for
agriculture and fuelwood.
Illegal charcoal production.

Prioritised governance
restructuring without
addressing biophysical
drivers of fuelwood
dependency. No
mechanism linking
governance change to CZ
outcomes.
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Table 1. Cont.

Policy Instruments Enforcement Logic Observed Outcomes CZS-SES Diagnostic

Forest Act (1997) [58]

Provision for forest reserve
declaration.
Prohibition of charcoal
production from indigenous
timber without a license.
Customary right of
communities to collect forest
produce from customary land.
Offences related to the
trafficking of forest produce.

Command and
control.
Compliance through
threats and fines
Seizure of charcoal
and firewood and
arrests.

High deforestation and
continued forest
degradation.
Illegal charcoal and
firewood production,
corruption.
Fewer Village Forest Areas
showed progress in terms of
forest cover improvement.

Enforcement does not
deter collection when
livelihoods are at stake,
creates a habitability
paradox, making CZ
habitable for conservation,
renders it uninhabitable
for energy needs.

National Energy Policy
(2003) [59]

Proposed Biomass Regulation
Act.
Subsidies for renewable
energy technologies.
Promotion of improved
cookstoves
Rural electrification.

Top-down state-led.
Privatisation of the
woodfuel sector.

Mixed outcomes; Continued
use of charcoal and firewood
by households.
Limited uptake of improved
cookstoves.
Rural electrification
progressed at a slow rate.

Assumed technology
adoption without
examining livelihood
dependencies, failed to
track impacts on soil,
nutrient flows, water
flows, and vegetation
cover.

National Forest Policy
(2016) [60]

Community-Based Forest
Management (CBFM).
Provision of stronger laws.

Collaborative
governance.

CBFM worked in some areas
in Malawi but failed to scale
up nationally.

Promoted CBFM without
monitoring systems
linking management
decisions to the
forest–water–soil nexus;
cannot determine whether
interventions restore CZ
function.

The Amended Forest
Act (2020) [61]

Stiffer penalties. Participatory
Forest Management (PFM),
community rights.

Enhanced devolution
and stronger
deterrence of illegal
forest activities.
Establishment of the
Forest Management
Fund.

Increased illegal forest
activities.
Corruption and rent seeking.

Increased penalties
without addressing power
asymmetries; reforestation
plans not linked to CZ
outcomes beyond tree
counts. No soil, water or
infiltration metrics.

National Energy Policy
(2018) [62]

Promotion of alternative
energy sources.

Providing alternatives
to reduce pressure on
forests

Urban energy poverty.
Lack of affordable
alternative fuels and
weak cross-sectoral
coordination.

Pursued centralised
electrification without
cross-sectoral
coordination; neglected to
model cascading effects on
vegetation, soil stability,
and watershed hydrology.

National Charcoal
Strategy (2017) [63]

Licensing.
Alternative livelihood and
energy sources.

Market-based
interventions and
incentivisation

Increased illegal charcoal
and firewood production.
Lack of clear land tenure.

Formalised markets
without actor network
analysis, no extraction
limits informed by forest
regeneration rates, soil
capacity, or watershed
thresholds.

None of the reviewed policies explicitly incorporated Critical Zone processes into
their governance analysis. This includes vertical and horizontal flows through atmosphere,
vegetation, soil, and water systems, despite the same policies acknowledging broad relation-
ships between forests, soils, and water. Historically, Malawi’s forestry policies prioritised
timber over woodfuel. Early interventions focused on supply-side solutions like plantation
development [64]. The Forest Act 1997 [58], Forest Policy, 1996 [57], and the National
Energy Policy, 2003 [59] acknowledged the widespread reliance on charcoal and firewood,
but enforcement remained top-down, relying on bans and restrictions without providing
viable energy alternatives. Critics argued these measures were unrealistic given the lack of
affordable options and the inability of most households to transition to cleaner fuels [65,66].
In practice, however, enforcement remained weak, coordination limited, and community
participation minimal [67–69]. Further, the deployment of military personnel to enforce
forest laws in Dzalanyama forest reserves in the Lilongwe River Upper Catchment [10],
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as a means of preserving forest cover, risks alienating communities and undermining
collaborative governance [70].

More recent policies have rhetorically shifted towards more holistic livelihood-
sensitive governance and models. Despite this progressive intent, implementation
has had limited effectiveness. Sustainable pathways like Agroforestry Fuelwood Tech-
nologies (AFT) [71] and Community-Based Forest Management (CBFM) remain under-
utilised due to poor coordination, inadequate financial resources, and social–political
interests [62,66,72,73]. This stagnation represents a missed opportunity. Modelling by
Schuenemann et al. [74] indicates that interventions like a wide-scale farm-level agro-
forestry could generate millions of tonnes of sustainable wood supply while simultaneously
improving soil fertility to raise maize yields by 13% to 23%.

4.1.1. The National Forest Policy [60]

The policy goal is to conserve, establish, protect, and manage trees and forests for
the sustainable development of Malawi [60]. The policy is comprehensively designed
and strongly aligned with international sustainability commitments, including the Rio
Declaration, the United Nations Framework Convention on Climate Change, the Montreal
Protocol, the United Nations Convention to Combat Desertification, and the United Nations
Convention on Biological Diversity [67]. However, it has not translated into measurable
reductions in forest degradation. This challenge is not unique to Malawi but is also
documented in Kenya, Uganda, and Tanzania [14]. Implementation and enforcement
challenges remain the primary constraints, not policy design weaknesses [67]. Informal and
illegal woodfuel production continues to drive vegetation loss, soil erosion, and reduced
water infiltration, thereby weakening the catchment’s habitability.

4.1.2. The Amended Forest Act [61]

The new amendment to Malawi’s Forestry Act considers charcoal as a forest product [61].
The Act strengthened penalties for illegal charcoal production and transportation, requiring
producers to obtain licenses and submit reforestation plans. However, its effectiveness is
fundamentally undermined by corruption and the absence of viable energy alternatives.
Kansanga et al. [72] argue that such acts reflect a misplaced focus, targeting poor rural
producers while powerful traders evade compliance, perpetuating structural inequalities
across the value chain. Smith et al. [75] further argue that it shows that enforcement
functions as a risk-shifting mechanism, subjecting rural transporters to arrests, bribes,
and confiscations without reducing charcoal flows or halting CZ degradation. These
enforcement patterns raise fundamental questions of justice [65], as the costs of governance
are systemically borne by the most economically vulnerable actors while the benefits of
continued extraction accrue to those with political and economic power.

4.1.3. The National Charcoal Strategy [63] and the National Energy Policy [62]

The Charcoal Strategy of 2017 is the most comprehensive document addressing
broader woodfuel governance issues in Malawi [63]. On the other hand, the Malawi
Energy Policy of 2018 aims to increase access to affordable, reliable, sustainable, efficient,
and modern energy for all sectors and every person in the country [62]. However, they
both fall short. While the Charcoal Strategy acknowledges near-universal household de-
pendence on woodfuels, corruption among law enforcement perpetuates informal markets.
This in turn accelerates interconnected CZ degradation processes, as forest loss intensifies
soil erosion and compounds water insecurity. The Energy policy promotes alternative
fuels and efficient cookstoves but prioritises centralised electrification, thereby neglecting
rural populations. This paradoxically intensifies woodfuel extraction, further disrupting
hydrological processes and deepening habitability challenges. McCauley et al. [65] argue
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that achieving genuine energy justice in Malawi requires grounding policy not only in
efficiency and substitution logic but also in principles of equity, fairness, and recognition of
the rural poor.

4.1.4. Comparative Evidence from Sub-Saharan Africa

Evidence from alternative governance models across Africa illustrates both the
promise and limitations of formalised woodfuel governance arrangements. In West Africa,
Burkina Faso’s participatory management of natural forests within dedicated Chantier
d’Aménagement Forestier areas generated substantial village investment funds annually
between 1990 and 2010, contributing to the construction of schools and water pumps at
the community level. However, the model’s persistence, despite being nationally scaled,
internationally supported, and having documented shortcomings, reveals how informal
regulatory arrangements between state actors, merchants, and customary authorities can
reproduce governance structures that serve political interests rather than ecological or
livelihood outcomes [76]. In Senegal, villagers participating in donor-supported forest
management projects earned substantially higher incomes from charcoal production, and
decentralisation legislation formally allowed rural communities to control commercial
charcoal production through democratically elected rural councils [77]. However, despite
progressive legislation, the central Forest Service continued to control charcoal quotas
and allocation, withholding real governance rights from rural councils and maintaining
urban merchant dominance over the charcoal value chain, demonstrating that nominal
decentralisation does not automatically translate into genuine redistribution of rights or
benefits [78]. These parallel failures across different national contexts point to a structural
limitation of the dominant governance framework, not a local implementation problem.
The institutional failures manifest directly as compromised landscape processes: acceler-
ated soil erosion, declining water infiltration, and sedimentation. What is required is not
more biophysical data appended to institutional analysis, but a theoretical reorientation
that places coupled material-social processes at the centre of governance analysis.

4.2. Governance in Practice
4.2.1. Command and Control Approach

The empirical literature consistently shows that woodfuel governance in Malawi re-
mains trapped in a command-and-control approach associated with charcoal bans and fuel
substitution policies [66]. It is well established that non-participatory, top-down govern-
ment programmes disempower local communities [79]. The Blantyre City Fuelwood Project
(1987–2001) [80] illustrates this dynamic: top-down implementation alienated communities
from the outset, and when management authority was eventually devolved, communities
resisted [79]. The documented consequence of such approaches is the exacerbation of
livelihood risks and increased vulnerability to income insecurity among the rural poor [81].
In the Lilongwe River Upper Catchment, Dzalanyama Forest Reserve is managed through
military enforcement, yet illegal logging and charcoal burning continue, and corruption
remains on the rise [82]. This pattern is consistent with Abbot and Mace [83] finding
that law enforcement does not deter illegal firewood collection in protected areas when
livelihoods are at stake, an empirically grounded observation that the CZS-SES framework
interprets as a habitability paradox: governance that secures the forest for conservation
renders it inaccessible for energy needs.

4.2.2. Power Dynamics and Selective Enforcement

Class relations and power dynamics have been empirically documented as central
in shaping woodfuel governance in Malawi [72]. Evidence from Uganda similarly shows
that the relative power of actors determines access to and control of markets, confirming
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that political governance is fundamentally about power asymmetries between producers,
traders, officials, and other stakeholders [3]. In Malawi, these dynamics manifest in
hierarchical corruption: an elite class of large charcoal dealers pays bribes to produce freely,
while rural producers are targeted by draconian forest laws [72]. This pattern of selective
enforcement has been directly documented at the rural–urban interface of the Lilongwe
River Upper Catchment [82].

The CZS-SES framework interprets this selective enforcement as regulatory capture—a
governance condition in which those with economic resources are exempted from rules
while those without face their full weight. The inferred consequence, while requiring
further spatial empirical verification, is a misplaced policy gaze that targets symptoms
such as rural production rather than structural root causes, including urban consumption,
poverty, and the absence of clean energy alternatives [72]. Addressing these root causes
requires confronting the political and economic interests that maintain the status quo [66,72]
and grounding governance in principles of equity, fairness, and justice [61].

4.2.3. Market Structures and Livelihood Dependencies

The economic governance of woodfuel in Malawi is empirically documented as domi-
nated by informal markets operating outside formal regulatory frameworks [81,84]. These
informal markets lack mechanisms for ensuring sustainable resource extraction or equitable
benefit distribution [66]. Urban energy markets remain dominated by charcoal due to
poverty, limited electricity access, reliability issues, and tariff structures that entrench an
enduring urban energy mix [66]. Dewees [64] identifies a significant and persistent gap
between policy assumptions and actual deforestation dynamics, arguing for more targeted
and holistic interventions. At the value chain level, producers receive minimal returns as a
result of rent capture by government agencies, traditional institutions, and intermediaries,
which undermines equity and encourages unsustainable production [85].

Financial incentives and disincentives operate as empirically documented drivers of
decision-making across all levels of the woodfuel system. At the household level, charcoal
production is pursued primarily as a livelihood necessity rather than a choice, driven by a
lack of alternative income sources [86]. At the compliance level, poverty and livelihood
pressures consistently outweigh regulatory deterrents, shaping decisions to engage in legal
or illegal production [86]. At the market and governance level, financial disincentives are
embedded within regulatory frameworks themselves. Across different African contexts,
including Kenya, these take the form of logging moratoria, licensing delays, multiple taxes,
and charcoal bans, while in Malawi, they manifest primarily as charcoal bans and licensing
requirements [75]. The CZS-SES framework infers that these disincentives paradoxically
incentivise informal and illegal production rather than sustainable practice. This represents
governance–biophysical feedback that accelerates landscape degradation while leaving its
structural drivers intact [66,86].

5. Discussion
5.1. Diagnostic Findings from the CZS-SES Lens

The woodfuel governance challenges in Malawi are clearly evident. In the Lilongwe
River Upper Catchment, the documented failure of governance to secure sustainable wood-
fuel access has transformed the catchment, especially Dzalanyama Forest Reserve, into
a de facto open-access system where woodfuel, the primary energy source, is extracted
beyond the regenerative capacity of the landscape [82]. The CZS-SES framework interprets
this as indicative of catchment vulnerability under competing socioeconomic pressures.
Specifically, the mismatch between traditional and statutory management boundaries, com-
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bined with inadequate institutional capacity and elite capture, has structurally undermined
effective regulation.

The biophysical consequences of this governance failure are some empirically docu-
mented and some inferred through the CZS-SES analytical lens. Directly measured evidence
shows a 46.6% decline in forest cover in the Upper Lilongwe River basin, alongside sig-
nificant increases in turbidity, nutrient loading, and faecal coliform contamination [12].
Evidence from comparable woodland systems across sub-Saharan Africa further demon-
strates that charcoal production negatively affects soil hydrological properties and organic
carbon stock, with large clearings generating increased surface runoff, reduced ground-
water recharge, and progressively drier catchment conditions [87]. Drawing on these
documented patterns, this study infers that similar woodland clearing dynamics in the
Lilongwe River Upper Catchment are likely producing comparable hydrological and soil
degradation trajectories. This inference, however, awaits direct empirical verification. The
framework further infers that charcoal bans accelerate rather than arrest degradation. By
criminalising producers and eliminating incentives for sustainable management, bans
constitute a governance–biophysical feedback loop that deepens the very problem they
aim to solve.

Two structural patterns emerge from the synthesis, one empirically grounded, one
conceptually derived. The first, supported consistently across the reviewed policy and
empirical literature, is that governance frameworks treat forests as static extraction stocks
rather than as dynamic CZ components whose productivity depends on maintaining verti-
cal and horizontal biophysical flows. This framing omission has measurable consequences.
The empirical record consistently links forest cover loss to cascading failures in soil stability,
water infiltration, and sediment regulation [12,87], outcomes that ultimately undermine
the livelihoods that governance frameworks claim to protect. The second structural pattern
is a conceptual inference of this paper. The literature’s tendency to treat governance as
analytically separate from biophysical processes obscures the material pathways through
which institutional arrangements produce landscape outcomes. Applying the CZS-SES lens
makes this dynamic visible. Enforcement burdens fall disproportionately on communities
and VNRMCs, while urban consumers and state agencies remain largely insulated from
biophysical consequences. Yet it is the demand generated by these same actors that drives
extraction pressure into ecologically sensitive areas such as Dzalanyama Forest Reserve.
This inference, while theoretically grounded, requires spatially explicit empirical testing to
confirm its magnitude and directionality.

These two patterns converge on a deeper conceptual proposition advanced by this
paper: governance analyses confined to the social domain cannot account for the material
outcomes they are designed to address. The social and political dimensions of woodfuel
governance are well evidenced in the literature [65,66,72]. This paper proposes that inte-
grating CZ biophysical tracking into governance analysis would reveal the actual state of
ecosystem function in ways that political and institutional framings alone cannot. While this
is currently a theoretical contribution rather than an empirical claim, we propose reframing
landscape in governance not merely as a biophysical system but as a contested biogeosocial
space. Where power asymmetries control the extraction of value from landscapes. This is to
the detriment of the landscape as a whole. However, if future landscape habitability were
to become a shared political concern, therewould be potential to transform the orientation
of local governance.

5.2. Propositions for the Operationalisation of the CZS-SES Framework in the Lilongwe River
Upper Catchment

This section proposes an implementation pathway for the CZS-SES diagnostic frame-
work using the Lilongwe River Upper Catchment as a case study.
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Proposition 1. Establish baseline CZ measurements linked to governance zones. The first practical
step is to map the spatial boundaries of existing governance arrangements, like CBFM areas, and
informal production hotspots onto a CZ measurement grid. At each governance zone, a minimum
set of biophysical indicators should be measured: soil organic matter content (%), water infiltration
rate (mm/hour), stream turbidity (NTU) as a proxy for sediment flux, and vegetation regeneration
index (canopy cover change over time). These measurements do not require a fully equipped
CZO. Community-based monitoring using low-cost turbidity tubes, infiltration rings, and satellite-
derived vegetation indices can generate the baseline at a fraction of the cost. Measurements should
be conducted on a seasonal basis to capture both dry and wet season variation in infiltration and
turbidity, with the vegetation index recorded annually. This temporal structure allows detection
of directional biophysical change attributable to governance interventions. The key institutional
requirement is that these measurements be spatially linked to both governance boundaries and water
catchment data so that changes in biophysical indicators can be understood on their own terms in
ways that are compatible with existing governance systems.

Proposition 2. Conduct actor network analysis using the SES framework. Parallel to baseline
measurement, an SES actor network analysis should map all actors involved in woodfuel governance
across the catchment: households, charcoal producers, transporters, traders, Traditional Authorities,
VNRMCs, Department of Forestry officers, Lilongwe Water Board staff, and urban consumers. For
each actor, the analysis should document: (a) what formal and informal rules govern their behaviour;
(b) what information they have access to about the biophysical condition of the forest; (c) what gender
differentiated roles, labour burdens, and decision-making authority shape their engagement with
the resource system, recognising that women’s firewood collection and men’s charcoal production
represent structurally distinct livelihood responses with different implications for governance design;
and (d) what power they have to influence governance outcomes. The analysis should further
document the urban demand chain from charcoal producers through transporters and traders to
urban consumers in Lilongwe, since demand-side dynamics are a primary driver of extraction
pressure that forest-side governance alone cannot address. This actor network analysis generates
the social data necessary to identify governance interventions that are contextually grounded and
practically feasible.

Proposition 3. Identify governance–biophysical mismatches using the diagnostic matrix. Once
baseline CZ measurements and actor network data are available, the CZS-SES diagnostic matrix
can be applied. This involves overlaying governance outcome data, enforcement records, license
compliance rates, and community-based management participation, with biophysical trend data
for each governance zone. Zones where governance compliance is high but biophysical degradation
continues indicate that the governance instruments in use are targeting the wrong drivers, for
example, penalising small-scale woodfuel producers while large-scale extraction continues unchecked.
Zones where biophysical recovery is occurring despite low formal compliance indicate the presence
of effective informal governance mechanisms that policy should recognise and support rather than
undermine. The matrix should also flag zones where biophysical indicators are declining despite
stable actor behaviour. This may indicate threshold effects or non-linear CZ responses, for example,
soil crust formation that prevents water infiltration, or hydrological disconnection between surface
and groundwater systems, that require immediate intervention beyond governance adjustment
alone. This diagnostic step transforms the CZS-SES framework from a conceptual integration into a
practical analytical tool that generates specific, spatially explicit policy recommendations.

Proposition 4. Design governance interventions calibrated to biophysical thresholds. The final
implementation step is to use the diagnostic matrix outputs to design governance interventions
that are explicitly calibrated to biophysical recovery thresholds rather than to administrative targets.
For example, rather than setting a target of issuing 500 charcoal licenses per year, governance
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instruments should be calibrated to extraction rates that the forest’s measured regeneration rate
and soil organic matter dynamics can sustain. Similarly, CBFM boundaries should be drawn to
align with hydrological sub-catchments rather than administrative boundaries, so that community
governance areas correspond to the spatial scale at which their collective management decisions
actually produce biophysical outcomes. This step operationalises the CZS-SES integration in
practice, where governance rules are derived from biophysical process data, and compliance is
measured against biophysical outcomes rather than administrative outputs. A final implementation
step is required to translate these outputs into habitability and human well-being terms, connecting
CZ function to lived experience and policy relevance beyond the forestry sector, capturing impacts
both downstream and in-place. In practice, this means supplementing biophysical and governance
indicators with a minimum set of well-being metrics such as household water access, time burden of
firewood and water collection disaggregated by gender, and food security indicators linked to soil
health in adjacent agricultural areas.

5.3. Policy Recommendation and Future Direction

CZ science fundamentally reframes what woodfuel governance in Malawi is actually
governing. Rather than managing forest stocks as extractable commodities, policy must
shift its unit of governance to CZ process integrity. This means regulating the biophysical
processes of water infiltration, soil formation, nutrient cycling, and sediment transport that
forests actively sustain and that determine long-term landscape productivity. This requires
embedding biophysical monitoring systems, tracking soil organic matter, water infiltration
rates, sediment flux, and vegetation regeneration directly into governance frameworks as
binding performance indicators, replacing the current reliance on administrative metrics
that do not capture actual CZ function.

The most fundamental policy change required is the establishment of a biophysical
monitoring system that generates the CZ process data necessary for evidence-based gov-
ernance. Concretely, this means three actions. First, equipping at least three strategic
monitoring points on the Lilongwe River with continuous turbidity and flow sensors
linked to real-time data platforms accessible to the Department of Forestry and Lilongwe
Water Board. Second, establishing an annual soil sampling protocol across stratified plots
covering the full range of governance zones in Dzalanyama from strictly protected areas
to active CBFM zones to informal production areas, measuring soil organic matter, bulk
density, and infiltration rate. Third, establishing a vegetation regeneration monitoring pro-
tocol using freely available Sentinel-2 satellite imagery to track canopy cover change at the
governance zone level. These three measures would cost a fraction of current enforcement
budgets and would generate the feedback loops that adaptive governance requires. The
critical institutional requirement is that monitoring data be formally incorporated into the
Department of Forestry’s existing forest policy review cycle, with a mandatory biophysical
performance report submitted by VNRMCs to district forestry offices annually, so that
governance instruments are adjusted based on evidence rather than political expedience.

Current CBFM boundaries in the Lilongwe River Upper Catchment follow adminis-
trative demarcations that do not correspond to hydrological sub-catchments or soil unit
boundaries. This spatial mismatch means that community governance decisions about
harvesting in one CBFM area produce biophysical consequences, increased sediment loads,
and reduced water infiltration that fall outside that governance area and therefore generate
no feedback to the governing community. The Forest Act should be amended to require
that CBFM boundaries align with hydrological sub-catchments identified through monitor-
ing data, making this a legal condition of CBFM registration rather than a discretionary
administrative guideline. CBFM performance agreements should also be amended to in-
clude biophysical performance targets, minimum soil organic matter levels, and maximum
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turbidity thresholds at the sub-catchment outlet alongside existing forest area targets, so
that communities are formally accountable for the biophysical processes their collective
decisions affect. VNRMCs should be formally recognised in the Forest Act as statutory com-
munity monitoring bodies with defined reporting obligations to the Department of Forestry,
moving beyond their current advisory role and embedding community-led enforcement
into the legal framework rather than leaving it dependent on donor project cycles. They
should be further provided with low-cost monitoring equipment and training to measure
biophysical indicators themselves, creating a community-owned monitoring infrastructure
that builds local capacity while generating the data that adaptive governance requires.

6. Conclusions
The contribution of this paper is primarily theoretical, conceptual, and methodological,

rather than empirical. The CZS-SES framework proposed here reframes the governance
question from how to control illegal charcoal and firewood production to how to maintain
the CZ processes that sustain forest regeneration and human livelihoods over time. The
four operationalisation propositions advanced in Section 5.2 provide a practical pathway
for translating this reframing into adaptive governance in the Lilongwe River Upper
Catchment and comparable contexts.

While the integration of CZS and SES offers a powerful diagnostic framework, its
application in Malawi faces practical constraints. Establishing a CZO requires sustained
funding, specialised instrumentation, and interdisciplinary research capacity that currently
exceeds what is available in Malawi. Community engagement also presupposes trust that
decades of militarised enforcement have eroded, making trust-building itself a prerequisite
governance challenge. These constraints are not reasons to abandon the framework, but
rather to test and implement it incrementally, beginning with what is immediately feasible.
Pilot initiatives of this kind could generate the preliminary evidence needed to attract the
sustained investment that a full CZO requires.

Future research should empirically test the framework and prioritise studies that link
governance systems to biophysical outcomes in the catchment. It should also include longi-
tudinal research tracking coupled social and biophysical changes over relevant governance
timescales. In addition, the establishment of a CZO in the Lilongwe River Upper Catchment
could serve as a “people’s science” platform, bringing together communities, scientists,
and policymakers to support adaptive and equitable woodfuel governance.
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Appendix A

Table A1. Description of documents on woodfuel governance in Malawi purposively included in
the paper.

Author Year Title Source Theme

Kansanga et al. 2024 [72]

Tacit Evasion or a Misplaced
Policy Gaze: A Political Ecology of

the Deforestation and Charcoal
Conundrum in Malawi.

Geographical Review Policy/Political
Governance

Schuenemann et al. 2018 [74]

Policies for a Sustainable Biomass
Energy Sector in Malawi:

Enhancing Energy and Food
Security Simultaneously

World Development

Zulu, L.C. 2010 [66]

The forbidden fuel: Charcoal,
urban woodfuel demand and
supply dynamics, community

forest management and woodfuel
policy in Malawi

Energy Policy

Kalipeni, E; Zulu, L.C. 2001 [79]
From top-down to bottom-up: The
difficult case of the Blantyre City

Fuelwood Project

Journal of Southern
African Studies

Kalipeni, E.; Feder, D. 1999 [80]

A political ecology perspective on
environmental change in Malawi

with the Blantyre fuelwood project
area as a case study

Politics and the Life
Sciences

Dewees, P.A. 1995 [64] Forestry policy and woodfuel
markets in Malawi

Natural Resources
Forum

Abbot et al. 1999 [83]

Managing protected woodlands:
Fuelwood collection and law
enforcement in Lake Malawi

National Park

Conservation Biology
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Table A1. Cont.

Author Year Title Source Theme

Smith et al. 2017 [81]
Livelihood Diversification: The
role of charcoal production in

Southern Malawi

Energy for Sustainable
Development

Economic
Governance

Smith et al. 2015 [75]
Criminals by necessity: The risky

life of charcoal transporters in
Malawi

Forest, Trees and
Livelihoods

Kambewa et al. 2007 [84]

Charcoal The Reality: A case study
of charcoal consumption, trade

and production in Malawi, Small
and Medium Forestry Enterprise

International Institute
for Environmental

Development

Government of Malawi 2020 [61] Amended Forest Act malawilii

Malawi National
Policies

Government of Malawi 2016 [60] National Forest Policy dof.gov.mw

Government of Malawi 2018 [62] National Energy Policy energy.gov.mw

Government of Malawi 2017 [63] National Charcoal Strategy energy.gov.mw

Government of Malawi 1997 [58] National Forest Act malawilii

Government of Malawi 1996 [57] Forest Policy dof.gov.mw

Governement of Malawi 2003 [59] National Energy Policy energy.gov.mw

Toth et al. 2019 [73]
Malawi’s energy needs and

agroforestry: Impact of woodlots
on fuelwood sales

Energy for Sustainable
Development

Policy Promoted
Alternative Solutions

Toth et al. 2017 [71]
Malawi’s Energy Needs and

Agroforestry: Adoption Potential
of Woodlots

Human Ecology
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