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Abstract
Artisanal and small-scale mining (ASM) sustains the livelihoods of an estimated 40 million workers. It indirectly supports
more than 100 million dependants globally, yet its environmental consequences, particularly land degradation, remain poorly
governed and insufficiently synthesised in the literature. This systematic review, conducted in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) framework, analyses 33 peer-reviewed studies published
between 2014 and 2025 to assess the environmental and socio-economic impacts of ASM on land degradation and affected
communities. The evidence indicates that informal and illegal ASM is the dominant mode of operation (reported in 30 of 33
studies), generating severe deforestation, soil erosion, water contamination, and biodiversity loss across sub-Saharan Africa,
Southeast Asia, and South America. Socio-economically, the most frequently reported impacts were livelihood disruption (54%
of coded responses), chronic health risks from mercury and cyanide exposure (25%), and food insecurity (21%). Gendered and
age-differentiated burdens are consistent across the literature, with women and children disproportionately affected. Governance
failures, including weak enforcement, inadequate incentives for formalisation, and limited community participation, underpin
persistent environmental degradation. The review identifies critical research gaps, including the geographical underrepresentation
of Latin America and Southeast Asia, limited longitudinal health evidence, and insufficient empirical work on the effectiveness
of restoration. Policy-relevant recommendations prioritise formalisation with incentives, co-management governance, gender-
responsive regulation, and performance-based environmental finance.
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1. Introduction
Land degradation currently affects an estimated 1.9 bil-
lion hectares globally, threatening food security, biodiver-
sity, and livelihoods across regions that can least absorb
these losses (UNCCD, 2022). While natural processes
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contribute to degradation, anthropogenic activities, par-
ticularly extractive industries operating in low-governance
environments, drive the most severe and irreversible out-
comes. Eswaran et al. (2019) define land degradation
as a decline in productive capacity driven by the inter-
action of environmental and human-induced stressors.
This definition directly implicates artisanal and small-
scale mining (ASM) as a primary driver in resource-rich
developing countries. ASM is not a marginal economic
phenomenon. The sector employs approximately 40 mil-
lion direct workers. It supports more than 100 million
dependents worldwide (Hilson, 2019) and operates across
sub-Saharan Africa, South and Southeast Asia, Latin
America, and parts of the Pacific. In sub-Saharan Africa
alone, ASM accounts for between 25% and 80% of to-
tal mineral production in several countries (Ofosu et
al., 2020). Despite this economic significance, the sec-
tor remains predominantly informal. Unlike industrial
mining, ASM operations are largely unregulated, using
rudimentary extraction methods and chemical processes
that generate disproportionate environmental damage rel-
ative to their economic output (Arthur-Holmes & Ofosu,
2024).

The environmental consequences of ASM are well-
documented in national case studies but remain theoret-
ically fragmented and geographically skewed in the sys-
tematic literature. In Ghana, for example, ASM has been
linked to the degradation of more than 78,000 hectares of
land, including forest reserves and riparian zones (Bansah
et al., 2024). At the landscape scale, deforestation asso-
ciated with ASM reduces carbon sequestration capacity,
accelerates soil erosion, and destabilises hydrological sys-
tems (Barenblitt et al., 2021; Meutia et al., 2023). At
the community level, mercury and cyanide-contaminated
water sources compromise public health, particularly for
women and children who depend on these resources for
domestic use (Hilson et al., 2021; Engstrand et al., 2024).
The sector also raises significant governance challenges.
Most ASM activity occurs outside existing legal frame-
works, rendering environmental regulations difficult to
enforce and land rehabilitation obligations largely unen-
forced (Mensah et al., 2015; Bansah et al., 2024). Where
formalisation efforts have been attempted, as in Ghana,
Bolivia, and Indonesia, resistance from miners and weak
institutional capacity have limited effectiveness (Arthur-
Holmes & Ofosu, 2024; Mestanza-Ramon et al., 2022).
These governance deficits directly link ASM to failures to
achieve Sustainable Development Goal 15 (Life on Land),
SDG 6 (Clean Water and Sanitation), and SDG 8 (Decent
Work and Economic Growth) (Hirons, 2020; de Haan,
2020).

Despite the breadth of individual case studies, no re-
cent systematic review has examined the combined envi-
ronmental and socio-economic dimensions of ASM-related
land degradation across global contexts, assessed the ro-

bustness of existing evidence, and connected findings
to policy-actionable frameworks. This review addresses
that gap. Specifically, it synthesises findings from peer-
reviewed studies published between 2014 and 2025 to (a)
characterise the nature and extent of ASM-driven land
degradation, (b) assess associated socio-economic conse-
quences, (c) evaluate existing governance and restoration
responses, and (d) identify substantive research gaps and
policy implications.

2. Methodology
2.1 Review Design and Protocol
This systematic review followed the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines (Page et al., 2021) to ensure method-
ological transparency and replicability. A prospective
protocol was defined prior to database searches, speci-
fying the research questions, eligibility criteria, search
strategy, data extraction procedures, and synthesis ap-
proach. The review was registered with PROSPERO
(registration pending review). The central research ques-
tion was: What are the documented environmental and
socio-economic impacts of ASM on land degradation, and
what governance and restoration responses are evident in
the peer-reviewed literature?

2.2 Search Strategy
Systematic searches were conducted across four academic
databases: Google Scholar, ScienceDirect, ResearchGate,
and ProQuest. Searches were conducted between 3 and 8
September 2024. The search strategy combined primary
terms related to the exposure (ASM, informal mining), the
outcome (land degradation, environmental degradation),
and the population (local communities, rural communi-
ties), linking them with Boolean operators (AND, OR).
Table 1 presents the full search strings and initial retrieval
counts by database.
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Table 1. Database search strings and initial retrieval
counts

Database Search String Results

Google
Scholar

("artisanal mining" OR "small-scale
mining" OR "ASM" OR "informal min-
ing") AND ("land degradation" OR "en-
vironmental degradation" OR "soil ero-
sion" OR "deforestation") AND ("im-
pact" OR "consequences" OR "effects")
AND ("local communities" OR "rural
communities")

6,550

Science Di-
rect

("ASM" OR "small-scale mining")
AND ("land degradation" OR "environ-
mental degradation") AND ("impacts"
OR "effects") AND ("local communi-
ties" OR "rural communities")

342

ResearchGate ("artisanal mining" OR "small-scale
mining" OR "ASM" OR "informal min-
ing") AND ("land degradation" OR "en-
vironmental degradation" OR "soil ero-
sion" OR "deforestation") AND ("im-
pact" OR "consequences" OR "effects")
AND ("local communities" OR "rural
communities")

100

ProQuest ("ASM" OR "small-scale mining")
AND ("land degradation" OR "environ-
mental degradation") AND ("impacts"
OR "effects") AND ("local communi-
ties" OR "rural communities")

195

2.3 Eligibility Criteria
Inclusion and exclusion criteria were defined a priori and
are summarised in Table 2. Studies were included if they
(a) focused on communities directly involved in or affected
by ASM, (b) examined environmental, socio-economic,
or health impacts attributable to ASM, (c) used peer-
reviewed, empirical designs (qualitative, quantitative, or
mixed-methods), and (d) were published in English be-
tween 2014 and 2025. Studies on large-scale industrial
mining, conference abstracts, editorials, and studies not
reporting primary data were excluded.
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2.4 Study Selection
The initial searches retrieved 7,187 records. After dedu-
plication, 7,135 were excluded based on title and abstract
screening using the eligibility criteria. Fifty-two full-text
articles were assessed. Thirteen were excluded: six were
duplicates identified across databases, four lacked primary
empirical data, and three focused exclusively on industrial-
scale mining. Thirty-three studies were retained for full
synthesis. The selection process is summarised in the
PRISMA flow diagram (Figure 1).

2.5 Data Extraction and Synthesis
Data were extracted from each included study using a
standardised extraction form capturing: study design, ge-
ographical context, ASM characteristics, types of environ-
mental impact, socio-economic consequences, governance
responses, and restoration strategies. Extraction was
conducted by two reviewers, with disagreements resolved
through discussion. Synthesis followed a convergent, inte-
grated approach: quantitative findings (frequency counts
and percentages) were combined with narrative thematic
analysis to identify patterns, contradictions, and gaps
across the corpus. Coding was structured around ten
thematic domains defined in the protocol, including the
nature of ASM activity, types of environmental degra-
dation, socio-economic impacts, governance frameworks,
and restoration practices.

3. Results
3.1 Overview of Included Studies
The 33 included studies span 12 countries across four con-
tinents, with a substantial concentration in sub-Saharan
Africa (n = 29; 87.9%). West Africa, particularly Ghana
(n = 19), dominates the literature. Table 3 presents the
geographic distribution of included studies. Publication
years ranged from 2014 to 2024, with a concentration in
the 2020 to 2024 period (n = 22; 66.7%), reflecting recent
intensification of scholarly attention to ASM governance
and environmental consequence. Study designs included
case studies (n = 18), survey-based quantitative analyses
(n = 8), mixed-methods designs (n = 5), and systematic
or narrative review approaches (n = 2).

Table 3. Geographic distribution of included studies

Region n % of
Studies

Primary Themes

West Africa
(Ghana, Nigeria,
Sierra Leone,
Burkina Faso)

24 72.7 Deforestation, soil ero-
sion, water pollution,
livelihood disruption,
and mercury contami-
nation

East Africa
(Rwanda, South
Sudan, Ethiopia,
Madagascar)

4 12.1 Land-use change, biodi-
versity loss, health haz-
ards, livelihood impacts

Southern Africa
(Zimbabwe)

1 3 Rural livelihood disrup-
tion, ecosystem destruc-
tion

Southeast Asia
(Indonesia)

1 3 Environmental degrada-
tion, mercury pollution,
and legal challenges

South America
(Ecuador, Peru)

2 6.1 Amazon deforestation,
water contamination,
and health risks

Multi-regional /
Global

1 3 Cross-regional gover-
nance and economic
analysis

3.2 Nature and Scale of ASM Activities
30 of the 33 studies characterised ASM as predominantly
informal or illegal in their study contexts, reflecting en-
demic governance deficits. Only one study described a
fully regulated ASM context; two examined settings in
which formal and informal operations coexisted (Ofosu
& Sarpong, 2023). Informality was consistently linked to
lower environmental compliance, absence of rehabilitation
obligations, and restricted access to safer processing tech-
nologies. Gold was the primary mineral extracted across
the majority of studies (n = 27), with smaller subsets
examining diamond and coltan extraction. Extraction
methods ranged from surface panning and open-cast pit
excavation to hydraulic sluicing and mercury amalga-
mation, the latter being the predominant gold-recovery
method in African and Latin American contexts (En-
gstrand et al., 2024; Mestanza-Ramon et al., 2022).

3.3 Environmental Impacts of ASM
3.3.1 Land Degradation and Deforestation
Deforestation and vegetation loss were the most frequently
reported environmental impacts, documented in 29 of 33
studies (87.9%). In Ghana, satellite imagery analyses
confirm that ASM operations have converted extensive
forest and agricultural land into bare pits and spoil heaps,
with Barenblitt et al. (2021) estimating a particularly
large spatial footprint relative to economic output. In
Indonesia, Meutia et al. (2023) document comparable
deforestation at artisanal gold sites, where legal ambigu-
ity and weak enforcement allow mining within protected
forest areas. Across West Africa, riparian zones have been
particularly affected: Bansah et al. (2024) report system-
atic clearing of riverbank vegetation in Ghana’s southern
regions, removing critical erosion buffers and accelerating
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sedimentation. Soil erosion and topsoil loss were reported
in 28 studies (84.8%), with associated reductions in agri-
cultural productivity constituting a central pathway from
environmental to socio-economic impact (Mensah et al.,
2015; Cudjoe et al., 2023).

3.3.2 Water Contamination
Water pollution was documented in 27 studies (81.8%)
and emerged as the most structurally consequential envi-
ronmental impact given its implications for human health,
agriculture, and downstream ecosystem services. Mer-
cury, used in gold amalgamation, was the most commonly
identified contaminant, with concentrations in surface
water bodies exceeding WHO thresholds across Ghana,
Nigeria, and South Sudan (Bansah et al., 2018; Ladu
et al., 2019; Kampalath & Jay, 2015). Cyanide contam-
ination, increasingly documented in mechanised ASM
operations, presents additional risks to aquatic ecosys-
tems and potable water supplies (Engstrand et al., 2024).
In Ecuador’s northern Amazon, Mestanza-Ramon et al.
(2022) report multi-metal contamination profiles in ASM-
affected waterways, with implications for both indigenous
communities and downstream agricultural systems. Sed-
imentation from uncontrolled erosion further degrades
water quality and disrupts aquatic habitats across all
regions covered in the review.

3.3.3 Biodiversity Loss and Land-Use Change
Biodiversity impacts were reported in 18 studies (54.5%),
primarily through habitat destruction. Loss of forest
cover eliminates nesting and foraging habitat for endemic
species, while chemical contamination affects aquatic bio-
diversity through bioaccumulation pathways (Boadi et
al., 2016; Meutia et al., 2023). Geospatial analyses using
Landsat and Sentinel imagery document land-use conver-
sion from forest and mixed agriculture to bare ground
and open pits across Ghana and Nigeria (Barenblitt et al.,
2021; Laniyan et al., 2024). Table 4 provides a synthesis
of the frequencies of environmental impacts across the
included studies.

Table 4. Frequency and nature of environmental
impacts reported across included studies

Environmental
Impact

n %
Stud-

ies

Key Evidence

Deforestation
and vegetation
loss

29 87.9 Clearing of forest cover
for mining pits; loss of
ecosystem services and
carbon stocks (Bansah et
al., 2024; Barenblitt et
al., 2021)

Soil erosion and
degradation

28 84.8 Topsoil removal, com-
paction, and reduced fer-
tility from excavation
and spoil dumping (Men-
sah et al., 2015; Cudjoe
et al., 2023)

Water pollution 27 81.8 Mercury and cyanide
contamination of surface
water and groundwater
(Bansah et al., 2018; En-
gstrand et al., 2024)

Biodiversity loss 18 54.5 Habitat destruction is re-
ducing flora and fauna
diversity (Boadi et al.,
2016; Meutia et al.,
2023)

Air pollution 12 36.4 Dust and gaseous emis-
sions affecting respira-
tory health (Meutia et
al., 2023; Ladu et al.,
2019)

Land-use change 22 66.7 Conversion of agricul-
tural and forest land to
mining sites (Barenblitt
et al., 2021; Laniyan et
al., 2024)
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4. Socio-Economic Consequences
4.1 Livelihood Impacts
Livelihood disruption was the most frequently coded
socio-economic impact, appearing in 29 of 53 coded re-
sponses (54.7%). ASM provides income in economically
marginalised rural areas, functioning as a buffer against
poverty in contexts where alternative employment is lim-
ited (Isung et al., 2021; Brunnschweiler et al., 2024).
However, land degradation progressively undermines agri-
cultural livelihoods that coexist with or succeed mining.
Ofosu et al. (2020) document systematic displacement of
smallholder agriculture across ASM zones in Ghana, as
mining encroaches on farmland and degrades soil fertility.
Pokorny et al. (2019) reach similar conclusions in Burkina
Faso, finding that the long-term livelihood calculus of
ASM is negative for a substantial proportion of affected
households once environmental costs are internalised.

4.2 Health Risks
Health impacts were coded in 13 responses (24.5%), with
mercury exposure constituting the central hazard pathway.
Communities in the vicinity of ASM operations in Ghana,
Nigeria, and Indonesia record higher incidence rates of
respiratory illness, neurological disorders, and dermato-
logical conditions than control communities (Mensah et
al., 2015; Meutia et al., 2023). Mercury bioaccumulation
in fish consumed by local communities extends exposure
beyond workers to the broader population, disproportion-
ately affecting pregnant women and children (Kampalath
& Jay, 2015; Hilson et al., 2021). The absence of occu-
pational health infrastructure in informal ASM contexts
means that exposure monitoring and clinical follow-up
are largely lacking, making the true burden of disease
difficult to quantify in the existing literature.

4.3 Food Insecurity
Food insecurity was coded in 11 responses (20.8%), aris-
ing from two primary pathways: direct loss of agricultural
land to mining operations and water contamination af-
fecting irrigation and aquatic food sources. Cudjoe et
al. (2023) document reduced crop yields in communities
adjacent to ASM operations in Ghana’s Western Region,
attributing the decline to soil fertility loss and reduced
water availability during dry seasons. Mabey et al. (2020)
report comparable food security pressures in Sierra Leone,
where ASM-induced land degradation reduces household
food production and increases reliance on purchased food,
compounding the vulnerability of low-income households.

4.4 Gendered and Age-Differentiated Impacts
The gendered dimensions of ASM are documented across
multiple geographical contexts and represent one of the
most structurally significant, yet analytically underserved,
dimensions of ASM impact. Women in ASM communities
consistently occupy lower-income, higher-risk roles in ore

processing, particularly in mercury-based amalgamation
(Hilson et al., 2018; Arthur-Holmes & Ofosu, 2024). These
roles expose women to acute and chronic mercury toxicity
while providing minimal economic security or regulatory
protection. Women also bear disproportionate health and
domestic burdens from degraded water sources, as they
are primarily responsible for household water collection
(Hilson et al., 2021). Children face compounding disad-
vantages: hazardous child labour in ASM is documented
across Ghana, Sierra Leone, Ethiopia, and South Sudan,
with adverse effects on educational attainment and physi-
cal development (Gatsinzi, 2020; ILO, 2018). Despite the
frequency of such observations, few studies operationalise
gender analysis beyond descriptive reporting, constituting
a substantive methodological gap in the literature.

5. Discussion
5.1 Environmental Degradation as a Governance Fail-

ure
The most consistent finding across the corpus is that the
severity of ASM-related environmental degradation is not
primarily a function of extraction scale, but of gover-
nance quality. Thirty of 33 studies identify informality as
the dominant operational mode, and across all regional
contexts, informality correlates with environmental harm
(Bansah et al., 2024; Meutia et al., 2023). This pattern
is consistent with the theoretical arguments of political
ecology, which situates environmental degradation not as
an inevitable consequence of resource extraction but as
an outcome of unequal power relations, weak institutional
frameworks, and the exclusion of affected communities
from governance processes (Hilson, 2019; Ofosu et al.,
2023). Ghana’s Minerals and Mining Act, widely cited in
the included studies, illustrates this dynamic: a formally
robust statutory framework has yielded limited environ-
mental outcomes due to enforcement deficits, corruption,
and the absence of credible alternative livelihoods for
informal miners (Mensah et al., 2015; Dumakor-Dupey &
Bansah, 2017). The Indonesian case, the only Southeast
Asian context included in the review, provides a compar-
ative reference point that reinforces this interpretation.
Meutia et al. (2023) document a structurally similar
governance failure, in which legal ambiguity around ASM
sites within protected areas enables persistent environ-
mental harm despite formal prohibitions. That compara-
ble dynamics emerge across vastly different institutional,
ecological, and cultural contexts (Ghana and Indonesia)
suggests that the drivers of ASM-related degradation are
systemic rather than idiosyncratic, and that effective re-
sponses require governance reform rather than merely
technical solutions.

5.2 The Socio-Economic Paradox of ASM
ASM generates a well-documented socio-economic para-
dox: it provides critical income to economically marginalised
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populations while simultaneously undermining the envi-
ronmental conditions that sustain those same livelihoods
over time. Brunnschweiler et al. (2024) capture this ten-
sion in their survey evidence from Ghana, which finds that
household perceptions of ASM’s economic benefits coexist
with awareness of its environmental costs and health risks.
The reviewed evidence suggests that this paradox is not
resolvable through prohibition, which drives operations
further underground and reduces what limited compli-
ance exists, but through formalisation strategies that
lower the cost of legal operation, provide access to cleaner
technologies, and build enforcement legitimacy through
community participation (Arthur-Holmes & Ofosu, 2024;
Ofosu & Sarpong, 2023).

The literature on sustainability transitions offers a
complementary analytical lens here. Transitions in in-
formal extractive sectors require not only technical sub-
stitution (replacing mercury with gravity-based recovery
methods, for instance) but also changes in institutional
rules, social norms, and market structures (Hilson, 2019;
de Haan, 2020). The "golden practices" documented by
Ofosu and Sarpong (2023), which describe lower-impact
ASM methods that generate competitive economic re-
turns, demonstrate the feasibility of sustainability transi-
tions within the sector while also highlighting the barriers
to scaling these practices in low-state-capacity environ-
ments.

5.3 Gendered Governance and the Limits of Existing
Analysis

This review confirms that gender inequality is a struc-
tural feature of ASM communities, shaping both the
distribution of environmental burdens and the exclusion
of women from governance processes. Hilson et al. (2018)
and Arthur-Holmes and Ofosu (2024) demonstrate that
women’s roles in ASM are often both economically es-
sential and institutionally invisible: women undertake
ore processing and head porterage at high health risk
while remaining outside formal licensing structures and
policy discourse. This dual invisibility, as economic ac-
tors and as affected parties, reflects broader patterns of
institutional exclusion documented in feminist political
ecology (Rocheleau et al., 1996, as discussed in Hilson
et al., 2021). The absence of gender-disaggregated data
in most included studies and the limited use of feminist
analytical frameworks constitute a critical methodological
deficit that constrains the generation of policy-relevant
evidence.

5.4 Restoration and the Limits of Current Evidence
Restoration strategies identified in the literature, includ-
ing reforestation, soil amendments, water remediation,
and community-led reclamation, are theoretically sound
but empirically underpowered. Most included studies
document restoration initiatives without providing longi-
tudinal evidence on outcomes, ecological recovery trajec-

tories, or cost-effectiveness. Antwi et al. (2017) provide
one of the more methodologically rigorous assessments,
demonstrating partial ecosystem recovery in mine-affected
communities in Ghana, but note that community partici-
pation and sustained financing are necessary conditions
for durable outcomes. The evidence base for the use of
payment for ecosystem services as a restoration financing
mechanism in ASM contexts remains nascent and requires
dedicated empirical investigation.

6. Policy Implications, Research Gaps and
Future Directions

6.1 Policy Implications
The findings of this review support five interconnected pol-
icy priorities, each grounded in the evidence and directly
addressing the structural drivers of ASM-related land
degradation. Table 5 presents these recommendations
alongside their evidence base.

A cross-cutting principle emerging from the evidence
is that no single policy instrument is sufficient. For-
malisation without community participation generates
resistance (Arthur-Holmes & Ofosu, 2024); restoration
without sustainable financing yields short-term projects
with no long-term impact (Antwi et al., 2017); and health
interventions without governance reform fail to address
exposure at the source. Integrated, multi-level policy
frameworks that combine national regulatory reform with
local co-management and international technical and fi-
nancial support represent the most robust pathway to
reducing ASM-related environmental harm while protect-
ing the livelihoods of those who depend on the sector.
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Table 5. Policy recommendations derived from the systematic review

Policy Area Recommended Actions Evidence Basis Key References

Targeted Formaliza-
tion

Simplify licensing; offer technology
subsidies and tax relief; enforce pro-
hibitions on the use of mercury and
child labour.

Informality dominates (30 of 33 stud-
ies); incentivising compliance reduces
illegality and environmental harm.

Ofosu & Sarpong
(2023); Arthur-
Holmes & Ofosu
(2024); de Haan
(2020)

Co-management
Governance

Establish district-level coordination
among miners, local authorities, tra-
ditional leaders, and environmental
agencies.

Weak local enforcement and commu-
nity exclusion were persistent findings;
participatory governance improves ac-
countability.

Mensah et al.
(2015); Dumakor-
Dupey & Bansah
(2017); Ofosu et al.
(2023)

Integrated Health
Policy

Deploy mobile mercury screening;
distribute PPE; link rural clinics
to ASM hubs; include occupational
health in mining permits.

Health impacts, especially mercury ex-
posure, are under-regulated and dis-
proportionately affect women and chil-
dren.

Hilson et al. (2021).
Meutia et al. (2023),
Brunnschweiler et al.
(2024). i

Restoration Finance Implement performance bonds; es-
tablish payment for ecosystem ser-
vices (PES) schemes; fund reforesta-
tion and dam restoration.

Environmental degradation was re-
ported in 87% of studies; financial
mechanisms sustain restoration be-
yond project cycles.

Antwi et al. (2017);
Bansah et al.
(2024); Ofosu et al.
(2020)

Gender-Responsive
Policy

Integrate gender audits into ASM
licensing; establish women-led co-
operatives; enforce prohibitions on
hazardous processing roles.

Women face disproportionate health
and economic burdens, yet remain
largely excluded from formal regula-
tory processes.

Hilson et al. (2018).
Arthur-Holmes
& Ofosu (2024);
Hilson et al. (2021).

6.2 Research Gaps and Future Directions
The synthesis reveals five substantive research gaps that
constrain both scientific understanding and the generation
of policy-relevant evidence. Table 6 summarises these
gaps and proposed future directions.

Addressing these gaps requires not only expanded ge-
ographical sampling but also methodological innovation:
longitudinal cohort designs for health research, quasi-
experimental designs for policy evaluation, feminist polit-
ical ecology frameworks for gender analysis, and remote
sensing combined with field validation for degradation
quantification. Cross-regional comparative studies that
draw on standardised indicators would significantly en-
hance the generalisability of findings and strengthen the
evidence base for global governance initiatives.
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Table 6. Summary of research gaps and recommended directions

Gap Nature Recommended Focus Key References

Geographical imbal-
ance

Over 72% of studies are from West
Africa (predominantly Ghana);
Southeast Asia and Latin America
are severely underrepresented.

Expand comparative studies to ASM
regions in Southeast Asia (Indonesia,
Philippines) and Latin America (Peru,
Bolivia).

Meutia et al. (2023);
Engstrand et al.
(2024); Mestanza-
Ramon et al. (2022)

Socio-economic and
health dimensions

Focus on livelihoods; limited lon-
gitudinal analysis of chronic mer-
cury/cyanide exposure and its
health sequelae.

Conduct longitudinal cohort studies
on health outcomes, including gen-
dered exposure pathways and child
developmental impacts.

Hilson et al. (2021);
Brunnschweiler et al.
(2024); Kampalath
& Jay (2015)

Policy and regulatory
effectiveness

Most papers describe frameworks
without evaluating implementation
outcomes or enforcement effective-
ness.

Evaluate governance reforms, licens-
ing processes, and decentralised en-
forcement mechanisms using before-
and-after designs.

Arthur-Holmes &
Ofosu (2024); Ofosu
& Sarpong (2023);
Bansah et al. (2024)

Environmental restora-
tion evidence

Sparse empirical evidence on the
long-term success of rehabilitation,
reforestation, and the adoption of
cleaner technologies.

Assess success factors of restoration
projects; test low-impact technologies;
explore PES as a financing mecha-
nism.

Antwi et al. (2017).
Ofosu & Sarpong
(2023); Cudjoe et al.
(2023)

Gendered governance
analysis

Gender is noted but rarely oper-
ationalised; few studies examine
women’s agency or participation in
ASM governance.

Develop feminist political ecology
frameworks to interrogate power,
agency, and governance in ASM-
affected communities.

Hilson et al. (2018);
Arthur-Holmes &
Ofosu (2024)

7. Conclusion
This systematic review synthesises evidence from 33 peer-
reviewed studies to demonstrate that ASM-related land
degradation is extensive, multi-dimensional, and struc-
turally embedded in governance failures that persist across
regional contexts. Deforestation, soil erosion, and water
contamination are near-universal environmental conse-
quences of informal ASM, with cascading effects on liveli-
hoods, health, and food security. The gendered and
age-differentiated dimensions of these impacts are consis-
tent across the literature, yet analytically underserved.
The evidence clearly indicates that governance reform,
including formalisation with practical incentives, commu-
nity co-management, gender-responsive regulation, and
performance-based restoration finance, constitutes the
most viable pathway to reducing environmental harm
without eliminating the livelihoods on which millions of
people depend. Critically, the literature remains geo-
graphically skewed, methodologically inconsistent, and
weak on longitudinal evidence, limiting the confidence
with which global policy conclusions can be drawn. Ad-
dressing these gaps through internationally coordinated,
methodologically rigorous research programmes is a pre-
requisite for evidence-based ASM governance at scale.
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