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This systematic review synthesised global scientific evidence (n = 54 studies) to extract potentially transferable
strategies for addressing climate change and biodiversity loss in Malawi. Guided by the Protocol, Search,
Appraisal, Synthesis, Analysis, and Reporting (PSALSAR) framework, this review analysed research published
between 2014 and 2024, with a focus on identifying interventions from socio-ecological contexts comparable to
Malawi. Despite the global nature of the literature, only 7 % of the studies focused on Africa, and none spe-
cifically on Malawi, revealing a significant geographic evidence gap. Through contextual mapping, the review
highlights promising approaches, including community-based adaptation, integrated governance, and renewable
energy transitions. While the insights are preliminary, they offer a foundation for future empirical validation in
Malawi and similar low-income, biodiversity-rich countries. The study contributes to knowledge localisation and
identifies priorities for interdisciplinary research, community engagement, and policy alignment. Future research
should refine these strategies and evaluate their applicability across diverse contexts to support global efforts in
combating climate change and preserving biodiversity.

1. Introduction

Climate change and biodiversity loss are complex, multidimensional
challenges that affect the world (The Royal Society, 2021). These
pressing issues are driven by anthropogenic activities, including defor-
estation, industrial pollution, and greenhouse gas emissions (Miles and
Kapos, 2008). Their impacts are far-reaching and disrupt ecosystems,
economies, and human wellbeing (Arneth et al., 2020). Changes in
temperature and precipitation can cause crop failure and water scarcity,
whereas biodiversity loss weakens ecosystem resilience and increases
disease vulnerability (Aytenew, 2021).

Malawi provides a microcosm for these global environmental
threats, where local and international drivers intersect. Located in
south-eastern Africa, Malawi faces recurrent droughts, floods, and food
insecurity, which are exacerbated by high population pressure and
dependence on biomass energy (US Agency for International Develop-
ment [USAID], 2023). Over 95 % of households use firewood or char-
coal, which accelerates deforestation and biodiversity loss, despite legal
prohibitions (National Statistical Office [NSO], 2019; Gayen et al.,
2024). Each year, approximately 33,000 ha of forest are lost, com-
pounding climate vulnerability (Ngwira and Watanabe, 2019).

* Corresponding author.

Although the Malawian government has introduced forest and en-
ergy policies, their implementation has been fragmented and under-
resourced. Current strategies often overlook the socio-economic re-
alities of rural communities, which lack viable energy alternatives
(Parkinson, 2022). Given these constraints, a shift towards integrated,
evidence-based solutions is needed, linking climate adaptation, biodi-
versity protection, and local development goals.

This study responds to this need by systematically reviewing inter-
national research to identify scalable strategies for Malawi. While
focusing on global literature, this study uses a structured methodology
to assess its relevance and applicability to Malawi’s ecological and socio-
economic context. Simultaneously, the Malawian case generates evi-
dence that can inform other African Countries facing similar challenges
of deforestation, biomass dependence, and vulnerability to climate
shocks. By treating Malawi as a representative entry point, this review
highlights how global lessons can be contextualised for Malawi and
other biodiversity-rich, low-income countries.

By bridging the gap between global knowledge and local needs, this
study contributes to the development of integrated interdisciplinary
frameworks for sustainable policy and practice in Malawi and compa-
rable countries. This review also aims to identify key research gaps,
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support the localisation of global best practices, and inform multi-
sectoral interventions in Malawi. The methodology and results pre-
sented here can be adapted for use in other low-income, biodiversity-
rich contexts where data scarcity and capacity constraints hinder
evidence-based policymaking. To guide the review, Fig. 1 presents an
integrative framework that links research inputs, thematic clusters, and
the resulting academic, policy and practice implications with alignment
to the Sustainable Development Goals (SDGs).

2. Methodology
This study employed a systematic review methodology to examine

the global literature on climate change and biodiversity conservation
and extract transferable insights for policy and practice in Malawi. The
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Fig. 1. Conceptual framework of the study, illustrating the linkages between
research inputs (databases searched: Scopus, Web of Science [WoS], and Google
Scholar), thematic clusters (ecosystem-based approaches, governance, and en-
ergy interventions), and their academic and policy implications, aligned with
the SDGs.
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review process adopted the Protocol, Search, Appraisal, Synthesis,
Analysis, and Reporting (PSALSAR) framework, adapted from Mengist
et al. (2020a), who customised the Search, Appraisal, Synthesis, and
Analysis (SALSA) model for environmental research. The PSALSAR
framework was chosen because of its emphasis on transparency,
reproducibility, and relevance to interdisciplinary environmental en-
quiries (Mengist et al., 2020b). Table 1 outlines the six PSALSAR stages
considered in this study.

2.1. Protocol

During the protocol stage, the review scope was refined to focus on
studies with applicable insights for Malawi, particularly in tropical,
resource-constrained, or biodiversity-rich contexts. This focus on
*transferability’ rather than strict geographical inclusion allowed for
greater relevance to Malawi’s challenges, despite a lack of direct local
studies. The following research questions guided the review.

i. What are the global research trends in climate change and
biodiversity conservation relevant to the challenges faced by
Malawi?

ii. What are the global research hotspots and emerging themes with
practical applicability to Malawi?

iii. What interventions and strategies can be adapted to Malawi’s
socio-ecological system?

iv. What lessons can be drawn to inform future interdisciplinary
environmental planning in Malawi?

2.2. Search

To capture peer-reviewed interdisciplinary research, three databases
were selected: Scopus, Web of Science (WoS), and Google Scholar. A
systematic search was conducted across these platforms using terms
designed to reflect themes related to climate change and biodiversity, as
well as integrated or multidisciplinary approaches. The search was
limited to English-language sources published between 2014 and 2024,
a period chosen to align with key global milestones such as the 2015
Paris Agreement and the Sustainable Development Goals (2015-2030).
This timeframe reflects the most active phase of international climate
action, ensuring contemporary relevance and avoiding overlap with pre-

Table 1
Framework for systematic review and meta-analysis (adapted from Fernandez
Del Amo et al., 2018).

PSALSAR Phase Outcome Method
Framework Protocol Define scope Only climate change and
biodiversity

Search Define the search Search strings
strategy
Search studies Search databases

Appraisal  Select studies Define inclusion &

exclusion criteria
Assess the quality Quality criteria
of studies.

Synthesis  Extract data Extraction sheet
Categorise Define themes & iterative
extracted data categories.

Analysis Analyse data Quantitative description

and narratives
Results & Identify trends, gaps, &
discussion compare results
Conclusion Conclude and make
recommendations
Report Written report PRISMA methodology (Page
et al., 2021)

Journal article Follow journal guidelines

Notes: PRISMA stands for Preferred Reporting Items for Systematic Reviews and
Meta-Analyses. It was created to help ensure transparent and comprehensive
reporting of systematic reviews.
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Paris frameworks.

Two Boolean-based search strings were developed for Scopus and
WoS (Table 2), while Google Scholar used an advanced query to extract
grey literature. This multimodal approach enabled the inclusion of un-
derrepresented but methodologically sound studies from developing
regions. To mitigate the risk of including non-peer-reviewed or low-
quality sources from Google Scholar, strict screening was applied: (i)
only studies published in peer-reviewed journals were included, (ii)
conference papers, theses, and reports were excluded, and (iii) quality
appraisal was conducted using the Critical Appraisal Skills Programme
(CASP) to ensure methodological rigour. The search results were
consolidated in Microsoft Excel, yielding 305 unique articles after the
deduplication process.

2.3. Appraisal

The appraisal phase followed a three-step screening process: title
screening, abstract screening, and full-text analysis using the pre-
determined inclusion/exclusion criteria (Table 3). The criteria
emphasised studies with methodological rigour, relevance to developing
countries, and alignment with climate-biodiversity linkages. Quality
assessment was conducted using the CASP checklist, which evaluates
study validity, methodological transparency, and relevance of findings.
To enhance reliability, two reviewers independently applied the CASP
criteria to all studies. Discrepancies in judgement were resolved through
discussion, and where necessary, a third reviewer was consulted to reach
a consensus. Only studies that demonstrated robust methodologies and
policy relevance were included in this review. Ultimately, 54 studies met
the inclusion criteria. The overall selection and screening process is
summarised in Fig. 2, which illustrates the flow of records through each
review stage using a PRISMA-style diagram.

2.4. Synthesis

The selected studies were coded and categorised in a structured
spreadsheet based on the following.

e Geographic region
o Type of ecosystem studied

Table 2
Search queries used to retrieve literature from Scopus, Web of Science (WoS) and
Google Scholar.

Database Search string Hits

Scopus TITLE-ABS-KEY (("systems approach" OR "interdisciplinary 117
collaboration” OR "holistic approach" OR "integrated

approach" OR "cross-disciplinary approach" OR

"sustainability strategies" OR "ecosystem-based

management") AND ("biodiversity conservation" OR

"ecosystem management” OR "conservation strategies" OR
"biodiversity preservation" OR "habitat protection" OR

"habitat restoration" OR "habitat conservation" OR

"ecological restoration") AND ("climate change impacts" OR
"climate change adaptation" OR "climate change mitigation"

OR "climate resilience strategies" OR "climate action plans"

OR "global warming solutions" OR "environmental

resilience" OR "climate change resilience") OR ("Malawi" OR
"Sub-Saharan Africa" OR Africa)) AND (LIMIT-TO

(LANGUAGE, "English"))

WoS (TS=(Interdisciplinary) AND TI= (Climate change) AND TS= 51
(Biodiversity)) AND (LA = =("ENGLISH"))

"Integrated approach” AND intitle:"Climate Change" AND 137
intitle:"Biodiversity" NOT Citations

Google
Scholar

Notes: Quotation marks (") indicate an exact word or phrase search. Field tag
descriptions: TITLE-ABS-KEY refers to title, abstract, author, and index key-
words; KEY refers to author and index keywords; TS refers to topic (title, ab-
stract, keyword plus, and author keywords); TI refers to article titles; and LA
refers to the language of the article.
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Table 3
Criteria used for inclusion and exclusion of literature in the study.
Reason for inclusion or exclusion Decision
If any of the keywords or a combination exists within the title or abstract ~ Include
The paper underwent peer review and has been published in a scientific ~ Include
journal.
The article was accessible for review or download Include
The paper has been published in English Include
The article was published within the last 10 years, specifically from 2014  Include
to 2024
Articles not meeting the inclusion criteria above Exclude
Duplicate articles found in the search documents Exclude
Articles about coastal, ocean, marine, and sea topics irrelevant to Malawi Exclude
Articles on climate change with application in epidemiology Exclude

e Type of intervention or policy proposed
e Relevance to Malawi’s context

Special attention was given to strategies from countries with com-
parable socio-economic and ecological settings, such as those in sub-
Saharan Africa, South Asia, and Latin America. Studies from devel-
oped countries were included only if they provided adaptable insights.

2.5. Analysis

A mixed-methods analysis was conducted to identify trends and gaps
across the 54 studies. The Voyant tool was used for text mining and
keyword analysis to visualise the dominant themes (Sinclair and Rock-
well, 2024). The analysis phase also involved mapping each study’s
relevance to Malawi’s National Biodiversity Strategy and Action Plan
(NBSAP II) and climate commitments under the Paris Agreement. Given
the absence of Malawi-specific studies, the analysis also prioritised
identifying studies from socio-ecologically comparable regions and
assessing their transferability. The PSALSAR framework facilitated this
contextual alignment by allowing a structured interpretation of exter-
nally generated evidence, ensuring their relevance to Malawi’s national
frameworks and development goals.

2.6. Reporting

The discussion expands the scope of references to include relevant
reports and papers identified during the literature review that were not
included in the systematic review. This expansion incorporates works
published outside the chosen timeframe.

The findings are presented in narrative and visual formats. The fig-
ures illustrate trends in publication, regional contributions, and the-
matic clustering. The tables summarise key studies and categorise
strategies with potential application to Malawi. The final reporting
phase also links the findings to SDGs, demonstrating their broader global
relevance.

3. Results

This section presents the findings of the 54 studies included in this
systematic review. The results are organised into five subsections
covering global research trends, thematic hotspots, interventions rele-
vant to Malawi, key lessons learned, and a synthesis of the implications.

3.1. Global research trends

3.1.1. Geographic distribution of research

The analysed studies reveal a significant imbalance in regional
research output. As illustrated in Fig. 3, approximately 72 % of the pa-
pers were authored by researchers affiliated with institutions in Europe
and North America, particularly the United Kingdom and the United
States. This dominance mirrors the global disparities in nature-based
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Fig. 2. Sequential method followed to synthesise the existing literature on global climate change and biodiversity, utilising the PRISMA methodology flowchart
(Page et al., 2021). The relatively small number of duplicate records (n = 3) reflects the differing coverage and indexing practices of Scopus, Web of Science, and

Google Scholar, as well as the use of tailored search strings across databases.

and interdisciplinary climate research, as observed by Su et al. (2023)
and Wang et al. (2023). Such a concentration limits the transferability of
evidence to sub-Saharan Africa and highlights the need for
context-specific research to inform Malawi’s climate and biodiversity
strategies.

3.1.2. Temporal trends

Fig. 4 illustrates the publication timeline from 2014 to May 2024,
indicating a generally low frequency of research. Publications peaked in
2019, with 10 studies, possibly due to increased global interest in cli-
mate-biodiversity connections leading up to the United Nations 2020
Biodiversity Framework. There was a decline in 2020, likely related to
the COVID-19 pandemic’s disruption of academic activities. This tem-
poral trend reinforces the need for sustained investment in research
ecosystems in the Global South.

3.2. Research hotspots and emerging trends

3.2.1. Dominant themes

The evaluated dataset encompasses a broad spectrum of approaches
to climate change and biodiversity, revealing three dominant thematic
clusters across 54 studies. First, ecosystem-based approaches (n = 20;
37 % of studies) were prominent, featuring interventions such as forest
conservation, habitat restoration, and sustainable land-use planning.
Several studies have focused on specific ecosystems, such as forests and
freshwater environments, whereas others have adopted a holistic
perspective on biodiversity and climate interactions (Choi et al., 2021;

Mucova et al., 2018; Ortolano et al., 2017). To provide a visual overview
of these recurring themes, Fig. 5 presents a word cloud generated from
the dataset keywords.

This thematic diversity enhances our understanding of the varied
impacts of climate change on different biodiversity hotspots and
ecosystem types (Trew and Maclean, 2021). Second, energy and emis-
sions strategies (n = 15; 28 %) have emerged as a major focus, including
renewable energy transitions, biogas system deployment, and off-grid
solar projects. These strategies have been frequently discussed as
co-benefit interventions, aiming to reduce emissions and alleviate
deforestation and indoor air pollution, which are issues highly relevant
to Malawi. Third, governance and stakeholder models (n = 19; 35 %)
were recurring themes. These studies emphasised community-led con-
servation, adaptive co-management, and multi-sectoral coordination
mechanisms to address complex socio-ecological challenges. Many
proposed integrated or systems-based frameworks seek to align
ecological goals with governance innovation.

While thematic diversity reflects methodological and conceptual
sophistication, a critical limitation is that most studies, particularly
those from high-income countries, have not engaged deeply with local
socio-political constraints or implementation barriers in low-income
settings. For instance, Soto-Navarro et al. (2020) offered
high-resolution global maps of carbon storage and biodiversity to guide
conservation planning; however, their use presupposes technical infra-
structure and institutional coordination that may not be available in
countries such as Malawi and Mozambique.

Nonetheless, the overall quality of the reviewed studies was high,
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with most being published in reputable peer-reviewed journals that
adhere to rigorous research standards. This strengthens the credibility of
the identified thematic clusters and reinforces the need to interpret them
through the lenses of local feasibility, equity, and institutional capacity.

3.2.2. Selection criteria and key studies

Table 4 summarises ten key studies selected from the 54 reviewed
articles to illustrate methodological diversity, publication quality, and
contextual relevance. The selection criteria included empirical and re-
view studies published in peer-reviewed journals such as Nature Climate
Change and Conservation Biology. These studies emphasise transferable
strategies applicable to developing countries with similar socio-

ecological challenges.

3.3. Patterns in transferable strategies

Drawing on 54 reviewed studies referencing Malawi’s develop-
mental context, three broad categories of potentially transferable stra-
tegies were identified: community-based adaptation (CBA), renewable
energy transitions, and integrated forest governance. While these stra-
tegies show strong potential, their applicability is conditional; they must
be locally adapted, validated, and often downscaled to suit Malawi’s
socio-political, ecological, and economic landscape.

Community-based adaptation strategies, which are widely
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Fig. 5. Word cloud generated from a dataset of research papers highlighting key environmental themes such as climate change, biodiversity, conservation, and
ecosystem management. The prominence of these terms reflects their frequency in the selected literature and aligns with the initial search criteria. Created using
Voyant tools (Sinclair and Rockwell, 2024)

Table 4
Summary of ten key studies covering climate change and biodiversity aspects, geographical focus, study type, and significant findings.
# Title of the Paper Authors Journal Name Country of Study Location Study Type Study Findings
Affiliation

1 Climate change, Urich et al. (2021) Springer Nature New Zealand  Botswana Case study Highlights comprehensive
biodiversity, and tipping frameworks for assessing tipping
points points in biodiversity due to climate

change.

2 Climate change and Maljean-Dubois Encyclopaedia of France Not site-specific ~ Review article Discusses policy-making and
biodiversity and Wemaere Environmental Law integrated approaches to enhance

(2017) biodiversity conservation.

3 Sustainable integrative Joseph (2022) East African Journal of ~ Tanzania Tanzania Empirical study ~ Emphasises adaptive strategies for
framework for biodiversity Interdisciplinary sustainable biodiversity
conservation Studies conservation in East Africa.

4 Mapping co-benefits for Soto-Navarro et al. Philosophical Switzerland Global Mapping Provides global maps that highlight
carbon storage and (2020) Transactions of the analysis the co-benefits of carbon storage
biodiversity Royal Society B and biodiversity conservation.

5 Global progress in climate Farooqi et al. Global Ecology and China Global Review article Reviews global climate change and
change and biodiversity (2022) Conservation biodiversity research progress,
conservation identifying key trends and gaps.

6 Climate change impactson ~ Dahal et al. (2021) Indian Institute of India Himalayan Integrative Examines the impacts of climate
Himalayan biodiversity Science region approach change on Himalayan biodiversity,

suggesting adaptive strategies for
conservation.

7 An integrated framework Razgour et al. Molecular Ecology UK UK and Spain Observational Provides a framework to assess
to identify wildlife (2018) Resources wildlife vulnerability to climate
populations under threat change, emphasising genomic data
from climate change in conjunction with ecological

models.

8 Using the conservation Brown et al. (2022)  Climate USA Central Asia, Integrated Applies the Conservation Standards
standards framework to Canada, Chile, conservation framework to integrate climate
address climate change and Alaska change adaptation and biodiversity
and biodiversity goals.

9 The EU policy on climate Paleari (2024) Environmental Italy European Union  Policy analysis Analyses the EU’s approach to
change, biodiversity Science and Policy integrating climate change,
conservation, and biodiversity, and ecosystem services
sustainable development into policy.

10  Integrating issues of Wang et al. (2021) Earth and Indonesia Indonesia Conceptual Highlights the need for integrated
biodiversity and climate Environmental framework conservation strategies to address
change Science biodiversity loss and climate

change.

implemented in South Asia and Latin America, have become particularly
relevant to Malawi’s predominantly rural population. Their success
depends on the alignment of the community knowledge systems,
governance mechanisms, and incentive structures (Jihan et al., 2023).

Effective implementation in Malawi requires robust local institutions,
trust in the state, traditional leadership, and mechanisms for inclusive
participation.

Renewable energy transitions are another frequently proposed
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solution, particularly in the form of solar micro-grids, biogas digesters,
and improved cooking stoves (Zalengera et al., 2014; Chikumbanje
et al., 2022). These technologies are technically feasible in Malawi, but
their uptake remains constrained by affordability, access to finance, and
behavioural barriers. Targeted subsidies, community-led solar co-
operatives, and gender-inclusive training models such as those piloted in
Nepal and Kenya offer promising adaptation pathways.

Integrated forest governance and strategies, including participatory
forest management, enforcement reforms, and agroforestry models,
have demonstrated notable success in Brazil and Indonesia. These
models emphasise community monitoring, strengthened enforcement,
and incentive-based conservation (Lopez and Mulero-Pazmany, 2019).
In Malawi, applying these approaches requires reconciling customary
land tenure with state policy, strengthening inter-agency coordination,
and strengthening the capacity of district-level forest offices. These three
strategic categories are summarised in Table 5, which maps their global
application, relevance to Malawi, and key implementation
considerations.

These three strategic categories were not isolated in the literature but
were closely interlinked in high-impact interventions. For example,
forest governance efforts often fail without parallel improvements in
household energy alternatives. Similarly, renewable energy projects are
more sustainable when embedded within broader community develop-
ment frameworks.

Promising strategies for Malawi include deploying renewable energy
through micro grids and biogas, promoting the adoption of improved
cooking stoves, and integrating reforestation efforts with agroforestry
and public-private partnerships (Choi et al., 2021). Educational cam-
paigns, particularly those embedded in school curricula and dissemi-
nated via radio and mobile platforms, were also found to support
long-term ecological literacy and behavioural change (Ninsiana et al.,
2024).

Sustainable livelihood programs, such as beekeeping, eco-tourism,
and microenterprise support, have emerged as cross-cutting enablers
that reinforce environmental outcomes by enhancing local economic
resilience (Djordjevic-Milosevi¢ and Milovanovi¢, 2020). Finally, this
review emphasises the importance of investing in research and devel-
opment, particularly in locally led studies on land management, biodi-
versity monitoring, and renewable technologies to address data gaps and
support adaptive policymaking (Cowell et al., 2020; Wang et al., 2021;
Gasser et al., 2022). While global strategies can inform national re-
sponses, their effectiveness in Malawi hinges on localisation, community
participation, institutional reform, and sustained financial and political
commitments.

3.4. Lessons learned from integrated studies

Achieving sustainability in the context of climate change and

Table 5
Mapping of transferable strategies from global studies to local contexts.

Strategy type Global Malawi relevance Implementation notes
application
Community- Highly present in Highly relevant Needs local capacity,
based South Asia and due to Malawi’s trust-building, and
adaptation Latin America rural aligned incentives
demographics
Renewable Solar micro grids Technically Requires targeted
energy and biogas feasible, but cost subsidies, inclusive
transition systems in India, is a barrier implementation, and
Kenya and Nepal gender-sensitive
approaches
Integrated Participatory Highly relevant Customary land rights
forest models in Brazil for reducing must be respected;
governance  and Indonesia deforestation and enforcement must pair

promoting equity with energy access

reforms

Environmental and Sustainability Indicators 28 (2025) 101010

biodiversity loss requires holistic approaches that integrate ecological
preservation, economic resilience, and social equity (Cabezas et al.,
2004). Drawing on the synthesis of 54 peer-reviewed studies, four core
insights emerge: three thematic lessons and one set of critical contra-
dictions that inform the potential localisation of global strategies in
Malawi.

3.4.1. Integrated and holistic approaches

Many studies have highlighted the need for integrated systems-based
frameworks that combine climate resilience, biodiversity protection,
and developmental objectives. For instance, ecosystem-based Adapta-
tion (EbA) enhances resilience by utilising natural processes to mitigate
vulnerability to climate shocks (Brink et al., 2016). Integrated Land-
scape Initiatives (ILIs) also offer multi-functional land use models that
can support conservation and livelihoods when sustained by long-term
institutional commitment and adaptive governance (Zanzanaini et al.,
2017).

Although these models provide useful conceptual tools, their success
elsewhere does not guarantee their relevance in a local setting. Without
clear local governance structures, reliable financing, and cross-sectoral
policy alignment, the operationalisation of such approaches may
remain out of reach. Therefore, they are best treated as frameworks for
exploration rather than immediate blueprints for action.

3.4.2. Community involvement and stakeholder engagement

Recurring evidence across the literature highlight the pivotal role of
local communities in the design, implementation, and long-term success
of environmental interventions. Decentralised management and itera-
tive stakeholder learning have been consistently linked to improved
landscape resilience and social legitimacy (Jihan et al., 2023). Impor-
tantly, studies have emphasised the concept of "stakeholder capital",
which refers to the trust, capacity, and embedded knowledge that local
actors bring to natural resource governance.

These findings underscore the importance of integrating in-
terventions into existing governance systems in Malawi, where informal
institutions and customary authorities play a pivotal role. However, this
requires more than just rhetorical support for participation; it demands
concrete investments in capacity building, transparency, and inclusive
engagement mechanisms, particularly for women and youth, who are
often marginalised in environmental decision-making.

3.4.3. Interdisciplinary research and appropriate technologies

The most important strategies identified in this review are based on
interdisciplinary approaches. Studies that combined ecological, tech-
nological, and socio-political data were more likely to design feasible
and context-aware interventions. For example, the integration of
genomic data with spatial analysis and participatory methods has yiel-
ded more targeted biodiversity planning (Razgour et al., 2018). Agro-
ecological innovations and Green Infrastructure (GI) are also more
effective when informed by local knowledge and supported by enabling
policies (Balzter et al., 2023; Sussams et al., 2015). For Malawi, the
lesson is not just the value of interdisciplinarity, but also the importance
of locally led knowledge production. Imported technologies must be
adapted to the specific needs and constraints of the rural population.
Without attention to affordability, accessibility, and cultural compati-
bility, even well-intentioned innovations risk limited uptake and
outright rejection.

3.4.4. Contradictions and gaps across contexts

Despite these lessons, the literature has also revealed contradictions
that constrain the direct transferability of global findings to local set-
tings. These gaps underscore the importance of contextualisation over
replication.

A key concern is technological determinism found in many energy
studies. Interventions such as improved cooking stoves or solar systems
were frequently promoted based solely on engineering performance.
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However, they failed to achieve a scale that also considered behavioural,
gender, and affordability factors. In Malawi, where household energy
decisions are shaped by cultural norms, economic vulnerability, and
trust in institutions, technology-only solutions are inadequate.

Similarly, forest governance models that have proven effective in
countries with strong enforcement institutions such as Brazil and
Indonesia often fail in regions with weak governance and unclear land
rights. In Malawi, where customary tenure dominates and enforcement
resources are limited, top-down forest protection can erode trust and
trigger resistance, unless paired with viable livelihood alternatives and
co-management structures.

Finally, many studies have exhibited an urban or Global North bias,
proposing integrated policy frameworks that presume access to infra-
structure, financing, and data resources, often lacking in rural Malawi.
Although theoretically sound, these strategies may be unworkable
without significant adaptation. These contradictions highlight a core
principle: intervention success is less about technical merit and more
about political feasibility, social ownership, and institutional fit.

3.5. Summary of synthesis

This review shows that most climate-biodiversity research has been
externally generated, with limited empirical grounding in African con-
texts, and none has focused specifically on Malawi. Nonetheless, the
literature offers conceptual frameworks and transferable lessons that
can inform national dialogue and support exploratory adaptation. In-
tegrated, community-led strategies hold particular promise but require
careful contextualisation and governance reform. Similarly, technolog-
ical solutions, such as renewable energy systems or agroecological
practices, are only effective when delivered through socially informed,
inclusive mechanisms that address access, affordability, and cultural
relevance. While global models offer useful reference points, they must
be interpreted through the lens of local governance structures, rural
livelihoods, and resource constraints. Rather than prescribing solutions,
this review provides a foundation for locally driven experimentation,
knowledge coproduction, and adaptive policy development.

4. Discussion
4.1. Academic implications and interpretation of findings

Despite the growing global body of research on climate change and
biodiversity conservation, this review confirms a significant geographic
imbalance, with only four of the 54 studies focusing on Africa and none
specifically on Malawi. This highlights a critical gap in locally relevant
knowledge, which limits the availability of context-specific evidence
that can directly inform policy and practice. The concentration of
research in Europe and North America underscores the need to build
local research capacity and funding in the country. At the same time, this
imbalance is not unique to Malawi; similar gaps exist across many low-
income African countries. From an academic standpoint, this highlights
the importance of addressing the geographic skew in research outputs,
broadening comparative studies across underrepresented contexts, and
incorporating African case studies into global climate-biodiversity ana-
lyses. Thus, lessons drawn from this review, such as renewable energy
transitions, agroforestry interventions, and integrated governance,
provide evidence that may be transferable to comparable socio-
ecological contexts across the continent and beyond.

Malawi faces a dual challenge of global climate drivers, such as the
accumulation of greenhouse gases, and local pressures, including a
heavy reliance on biomass energy, which accounts for approximately 25
% of the national greenhouse gas emissions (USAID, 2023). Although
locally specific studies are scarce, international evidence, when con-
textualised using frameworks such as PSALSAR, can inform local stra-
tegies. For instance, effective agroforestry programs provide promising
models for restoring degraded landscapes and reducing emissions
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through biomass substitution (Chazdon et al., 2016). Similarly, renew-
able energy transitions on a global scale, such as solar and biogas pro-
duction, are feasible and relevant to rural energy poverty challenges in
low-income countries. Theoretically, these findings reinforce the value
of interdisciplinary frameworks such as PSALSAR for contextualising
international evidence in resource-constrained environments. These
strategies also provide reference points for other African nations grap-
pling with similar energy-poverty-deforestation dynamics, thereby
enhancing the applicability of this study’s findings.

Integrated community-driven strategies that combine interdisci-
plinary research and adaptive governance are essential for building
climate and biodiversity resilience in the region. For research, this
highlights the need to test models of knowledge co-production that
combine scientific and indigenous systems of knowledge and measure
the long-term outcomes of community engagement. For policy and
practice, the implication is to ensure that such strategies translate into
locally owned interventions that can withstand donor and political
cycles.

4.2. Integrated strategies for Malawi

The following subsections translate academic findings into practical
strategies for Malawi’s context, offering policy and practice implications
derived from the review.

4.2.1. Sustainable energy transitions

Promoting renewable energy is a cornerstone of sustainable devel-
opment, particularly in low-income countries, where dependence on
traditional biomass poses environmental and health hazards. Malawi’s
energy sector is characterised by low electricity access (15 %) and a high
reliance on traditional biomass (80 %) (Chaima et al., 2023; NSO, 2019).
Transitioning to renewable energy sources such as solar energy, biogas,
and improved cooking stoves can mitigate environmental degradation,
reduce indoor pollution, and support economic development (Sovacool,
2012). Financing tools such as results-based subsidies or micro-loans can
enhance the affordability and uptake of these renewable solutions,
particularly among low-income households (Su et al., 2024).

a) Solar power

Solar energy offers a scalable off-grid solution for Malawi. Jacobson
et al. (2017) found that renewable energy can meet global energy needs
in a sustainable and economically viable way. Programs such as the
World Bank’s Lighting Global and SolarAid’s Mayi Walas demonstrate
that solar initiatives can succeed when coupled with community
engagement and financing. In these models, women entrepreneurs were
trained to sell solar lights and create income opportunities while
expanding access to energy (World Bank, 2020a, 2020b). The lessons
include fostering local entrepreneurship, subsidising costs, and offering
support.

b) Biogas

Biogas systems convert agricultural waste into clean energy, thereby
reducing deforestation and promoting the circular use of waste. Lessons
from India have shown that household and community digesters are
feasible (Minde et al., 2013). In Malawi, success depends on technical
training, monitoring systems, and alignment with reforestation and soil
health policies (Ngwira and Watanabe, 2019).

¢) Improved cooking stoves

Improved cooking stoves can reduce wood consumption by up to 50
% and can drastically reduce indoor air pollution (Smith et al., 2014).
However, adoption is limited by costs and behaviour. Strategies must
integrate affordability, user-centric design, and behaviour change
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campaigns to enhance uptake and sustainability.

4.2.2. Integrated forest governance

An effective forest governance model must address energy poverty
while reinforcing conservation efforts. A three-phase approach is
proposed.

Phase 1: Expand energy access

The widespread reliance on firewood and charcoal drives forest
degradation. Scaling up affordable clean energy solutions, such as solar
cookers, biogas systems, and improved cooking stoves, can reduce this
dependency, lower indoor air pollution, and alleviate the burden of
firewood collection, particularly for women and children.

Phase 2: Enable community-based monitoring

Once viable energy alternatives are established, communities
become more willing to participate in conservation efforts. Establishing
and training inclusive forest committees that feature women, youth, and
traditional leaders can promote local stewardship and accountability.
Participatory monitoring enhances legitimacy and compliance (Agrawal
and Ostrom, 2001).

Phase 3: Strengthen enforcement against commercial exploitation

With foundational systems in place, enforcement should focus on
commercial deforestation, including illegal logging and the charcoal
trade. By first addressing household-level fuelwood needs, enforcement
avoids penalising energy-poor households and targets systemic drivers
(Su et al., 2024). Forestry authorities require better training, mobility,
and access to technologies such as drones, satellite imagery, and
Geographic Information Systems (GIS) for effective surveillance and
enforcement (Tacconi et al., 2019).

This phased model will ensure that enforcement efforts do not un-
fairly penalise energy-poor households but instead target the systemic
drivers. Evidence from Brazil and Indonesia shows that inclusive
governance can reduce deforestation by more than 30 % (Tacconi et al.,
2019). Incentive-based approaches that reward community-led conser-
vation can further reinforce sustainable forest management (Pattanayak
et al., 2010).

4.2.3. Cross-sectoral coordination

Effective climate and biodiversity governance in Malawi requires
coordinated efforts from the ministries and local authorities. Histori-
cally, fragmented initiatives have led to conflicting mandates and
underfunded implementation. For example, land allocation for agricul-
tural expansion frequently clashes with reforestation goals due to poor
coordination between the Ministry of Agriculture and the Department of
Forestry (Ministry of Natural Resources: Energy & Mining, 2017).

The energy ministry plays a crucial role in the deployment of energy
systems. Their responsibilities include increasing access to clean energy
sources, such as solar and mini-hydropower, to reduce the pressure on
forest resources (Ministry of Natural Resources: Energy and Mining,
2019). However, aligning rural electrification strategies with biodiver-
sity conservation efforts remains a challenge.

Environmental agencies, such as the Department of Environmental
Affairs and the Department of Forestry, are responsible for protecting
biodiversity, promoting forest governance, and planning climate resil-
ience. These agencies must work closely with energy and agricultural
institutions to ensure that mainstream environmental sustainability is
incorporated into the development policies. Evidence from eight studies
shows that inter-ministerial task forces can improve policy coherence by
40-65 % (Paleari, 2024), suggesting their potential value in Malawi.

Agricultural departments play a crucial role in integrating agrofor-
estry and sustainable land management practices to promote
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biodiversity and improve food security. Past initiatives such as the
Sustainable Agricultural Production Programme (SAPP), have been
successful when implemented in coordination with forestry extension
officers.

Such coordination should also be extended to district-level planning
processes to ensure alignment with local development needs and
customary land use practices. District environmental committees and
traditional authorities must be engaged early to ensure coherence be-
tween national strategies and grassroots implementation.

However, efforts to institutionalise such coordination in Malawi
have been challenged by overlapping mandates, donor-driven planning
cycles, and budgetary constraints. Addressing these barriers requires a
robust institutional framework, a clear delineation of roles, and sus-
tained political commitment.

4.3. Policy implications

The policy recommendations below synthesise findings from the
systematic review and broader literature, presenting a clear agenda for
building climate resilience and conserving biodiversity in Malawi.

a) Strengthen local research ecosystems

To address this significant research gap, Malawi must prioritise in-
vestments in research funding, technical training, and institutional
partnerships (Farooqi et al., 2022). Regional research hubs equipped
with geospatial, ecological, and climate analysis tools should be estab-
lished in the region. Enhancing digital infrastructure and enabling
open-access knowledge platforms will accelerate data-sharing and
cross-border collaboration.

b) Deploy renewable energy strategically

Energy interventions should be guided by spatial equity and resource
mapping to ensure the effective allocation of resources. Solar subsidies
should prioritise high-solar, low-grid regions. Biogas initiatives must
target agricultural zones with organic waste sources (Bond and Tem-
pleton, 2011). Improved cooking stoves should be distributed in areas
that rely heavily on biomass to curb deforestation and reduce indoor air
pollution. Micro-grids can sustainably power remote communities,
thereby complementing national grid expansion (Eales et al., 2022).

¢) Empower communities in forest Governance

Local communities must be at the centre of conservation strategies in
the future. Policies should combine support for community-led refor-
estation, agroforestry, and sustainable livelihoods with strong regula-
tory enforcement (Garrity, 2004). School-based environmental
education and widespread media campaigns can foster long-term
ecological stewardship (Saiti et al., 2014).

Collectively, these measures reinforce Malawi’s Vision 2063 and its
commitments under the Sustainable Development Goals, particularly
SDG 7 (Affordable and Clean Energy), SDG 13 (Climate Action), SDG 15
(Life on Land), and SDG 17 (Partnerships for the Goals), and the Paris
Agreement. A multisectoral, inclusive, and adaptive governance model
offers a viable pathway for achieving sustainable development
outcomes.

4.4. Limitations of the study

This review faced limitations, including a disproportionate concen-
tration of literature outside Malawi, which reduced the contextual
specificity. Evidence from other regions may not fully align with Mala-
wi’s socio-environmental realities. Second, the review was restricted to
English-language publications, which may have introduced selection
bias and excluded relevant studies published in other languages from
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consideration. Limited access to regional data and the underrepresen-
tation of local knowledge systems constrain the evidence base. These
structural gaps, combined with minimal integration from political or
behavioural sciences, have restricted the development of holistic in-
sights into this subject. Future studies should expand interdisciplinary
collaborations and invest in regional research ecosystems to achieve this
goal.

4.5. Recommendations for future studies

To address the global consequences of climate change on biodiversity
loss and its impact on humans, further research is needed in African
countries and other less-explored regions. This aligns with the World
Climate Research Programme’s declaration: climate science for a sus-
tainable future for all (2024), which emphasises the need to focus on
Africa as a key area affected by climate change, biodiversity loss, and
environmental degradation. Therefore, policy decisions based on sci-
entific research are crucial for addressing region-specific challenges in
Malawi and Africa. Future research should focus on the following.

e Understanding local barriers to energy adoption.

e Evaluating community-based conservation models.

o Building Malawi-led research networks.

o Integrating social science perspectives into environmental decision-
making

Conclusion

This systematic review explored global literature on climate change
and biodiversity to extract insights applicable to Malawi. Using the
PSALSAR framework and analysing 54 studies, this research identified
transferable interventions, emerging themes, and interdisciplinary
strategies suited to Malawi’s development context.

Although none of the selected studies were specific to Malawi, the
review demonstrated how international evidence can be contextualised
to inform Malawi’s national priorities. The key findings highlight the
importance of integrating community engagement, renewable energy
access, forest governance reforms, and multisector coordination into
climate and biodiversity action. This study makes the following rec-
ommendations to move from insights to action.

1. Investing in context-appropriate renewable energy technologies such
as solar micro-grids and biogas systems is essential.

2. Reforming forest governance by combining enforcement with alter-
native livelihood promotion.

3. Establishing cross-sectoral platforms that unify environmental,
agricultural, and energy policies under a common vision.

4. Embedding environmental education and eco-literacy into school
curricula and community initiatives is essential to achieving this
goal.

5. Strengthening local research capacity through academic partner-
ships and funding mechanisms is essential.

These recommendations aim to operationalise sustainable develop-
ment pathways in Malawi, while offering insights for other low-income,
biodiversity-rich nations. Addressing data gaps, institutional fragmen-
tation, and energy poverty through interdisciplinary approaches can
significantly accelerate progress toward SDGs, particularly SDGs 7, 13,
15, and 17, and enhance climate resilience. Ultimately, this study
highlights the importance of knowledge translation in transitioning
from a global to a local scale. Malawi’s future lies in integrated, inclu-
sive, and evidence-based environmental governance.
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