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Abstract

Climate change poses significant challenges to developing nations, exacerbating vulnerabilities due to limited resources and
infrastructure. Artificial Intelligence (Al) holds transformative potential for climate mitigation and adaptation through
applications such as climate modelling, disaster forecasting and resource optimisation. This scoping review examines Al
applications in developing nations, identifying opportunities, technical challenges, and risks. Through a systematic analysis of
thirty (30) peer-reviewed articles sourced from Scopus, Web of Science, ResearchGate and Google Scholar. The findings
revealed that Al enhances predictive accuracy and resource management but faces challenges such as data quality, computational
limitations and ethical concerns. Opportunities include improved disaster preparedness and sustainable agriculture, while risks
involve energy-intensive Al systems and inequitable access. The review underscores the need for ethical frameworks and

capacity-building to maximize Al's benefits in developing nations.
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1. Introduction

Climate change disproportionately impacts developing
nations, where limited infrastructure, economic constraints,
and high vulnerability to extreme weather events amplify
risks [5]. Artificial Intelligence (Al), encompassing machine
learning (ML), deep learning (DL), and predictive analytics,
has emerged as a powerful tool to address these challenges
by enabling data-driven climate mitigation and adaptation
strategies [28]. Mitigation efforts focus on reducing green-
house gas emissions, while adaptation strategies aim to
enhance resilience against climate impacts. In developing

nations, Al applications range from precision agriculture to
disaster risk management, offering opportunities to optimize
resources and improve decision-making [24]. However,
technical challenges, such as data scarcity and computa-
tional demands, and risks, including ethical concerns and
inequitable access, complicate implementation [6]. This
scoping review aims to map the landscape of Al applications
for climate mitigation and adaptation in developing nations,
identifying opportunities, technical challenges, and associ-
ated risks.
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2. Overview of Al and Climate Change

2.1. Definition and Overview of Al

Al is a discipline within computer science dedicated to
developing computational systems capable of emulating hu-
man cognitive functions [18]. This encompasses the design of
algorithms and architectures that enable machines to perform
tasks requiring reasoning, learning, and problem-solving
abilities [21]. Al systems are classified according to their
cognitive capabilities such as narrow (weak), general, or
superintelligent and operational autonomy, including reactive,
recommendation-based, cognitive, or fully autonomous sys-
tems [18]. The field encompasses diverse research domains,
such as neuromorphic-inspired expert systems, knowledge
representation, and hybrid models [21]. Significant mile-
stones in Al include mastering complex games like chess and
developing systems that facilitate modelling routine cognitive
processes; however, substantial challenges persist. Ad-
vancements in Al are anticipated to enhance efficiency and
accuracy across various applications [18].

2.2. Insights on Climate Change Challenges in
Developing Countries

Climate change presents a significant challenge for de-
veloping countries in Sub-Saharan Africa, particularly im-
pacting agriculture, nutritional security and economic de-
velopment [2]. The region is experiencing declining agri-
cultural productivity, extreme weather events, soil degrada-
tion, and a higher prevalence of pests and diseases [19].
Smallholder farmers are adopting various adaptation strate-
gies, such as switching to crops with lower water require-
ments, diversifying plant varieties, adjusting planting
schedules, and implementing mixed cropping systems [27].
Nonetheless, barriers to effective adaptation include limited
access to services and credit, as well as inadequate access to
information, furthermore, Climate change impacts all facets
of nutritional security, from agricultural harvests to market
dynamics and supply chain infrastructure [13]. Addressing
these challenges requires integrating climate considerations
into poverty alleviation, resilience-building, reforestation
efforts and long-term development planning [19]. Strong
global institutions play a vital role in promoting the imple-
mentation of relevant guidelines and supporting efforts to
mitigate climate change impacts [27].

2.3. Opportunities for Artificial Intelligence
Applications in Climate Mitigation and
Adaptation Within Developing Countries

Literature highlights Al's transformative potential in cli-
mate action. Al-driven climate modelling enhances predictive
accuracy for weather patterns, floods, and wildfires, aiding
adaptation in vulnerable regions [16]. In agriculture, Al
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supports precision farming, optimizing water use and crop
yields in water-scarce developing nations [9]. For mitigation,
Al optimizes renewable energy systems and smart grids,
reducing emissions in energy-intensive sectors [8]. Studies
also emphasize Al’s role in analyzing Nationally Determined
Contributions (NDCs) and Sustainable Development Goals
(SDGs) alignment in developing nations, revealing gaps in
policy integration [23].

Furthermore, Al presents significant opportunities for cli-
mate change mitigation and adaptation in developing econ-
omies, with a particular emphasis on the African continent
[17]. Al methodologies enhance the comprehension of cli-
mate variability and facilitate the development of targeted
mitigation and adaptation strategies [7]. Nonetheless, critical
challenges such as insufficient data availability, infrastruc-
tural deficiencies and the nascent stage of local Al ecosystem
development must be systematically addressed [17]. Suc-
cessful deployment of Al in these contexts necessitates the
establishment of robust capacity-building frameworks, the
fostering of public-private sector collaborations and the for-
mulation of context-specific policy and regulatory frame-
works [3]. Al applications can optimize industrial processes,
augment productivity, and support data-driven deci-
sion-making across sectors including agriculture, healthcare,
and financial services [20]. However, concerns related to data
security, privacy, ethical considerations and potential labour
market disruptions require comprehensive regulation and
safeguard mechanisms [20]. Effective political governance,
alongside coordinated efforts among industry stakeholders,
academia and policymakers, is essential to overcome imple-
mentation barriers and harness Al's potential for sustainable
development in emerging economies [20].

2.4. Technical Challenges and Associated Risks
of Artificial Intelligence Applications in
Climate Mitigation and Adaptation
Strategies within Developing Countries

Although Al presents significant opportunities for address-
ing climate change and supporting adaptation efforts in devel-
oping countries, particularly in Africa, it also encounters nu-
merous challenges [20]. These challenges include data short-
ages, infrastructure deficiencies and limited local Al develop-
ment expertise [17]. Al applications span various sectors, such
as renewable energy optimization, greenhouse gas mitigation
and sustainable resource management [14]. Nonetheless, hur-
dles to implementation involve high upfront costs, inadequate
digital infrastructure and complex regulatory environments
[20]. Ethical considerations also emerge regarding the de-
ployment of Al in the global North and its implications across
differing socio-cultural contexts in the global South [29]. De-
spite these obstacles, Al has the potential to enhance business
operations, inform decision-making and foster competitiveness
in developing nations [20]. Addressing these challenges re-
quires targeted investments, the establishment of strong polit-
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ical and regulatory frameworks and collaborative efforts among
stakeholders to harness AI’s potential for sustainable devel-
opment [29]. However, challenges persist, data quality and
availability are significant barriers, as developing nations often
lack comprehensive environmental datasets [6]. Computational
infrastructure limitations hinder the scalability of Al models,
while the high energy consumption of Al systems raises envi-
ronmental concerns [10]. Ethical risks, such as biases in Al
models and unequal access to technology, may exacerbate
inequalities, particularly in low-income countries [11]. The
literature calls for ethical guidelines and inclusive governance
to ensure equitable benefits [28].

2.5. Recommendations on Artificial Intelligence
Applications in Climate Mitigation and
Adaptation Strategies Within Developing
Countries in Sub-Saharan Africa

Al presents significant opportunities for addressing climate
change and environmental challenges in sub-Saharan Africa,
particularly within the sectors of agriculture and water man-
agement [15]. Nonetheless, the effective deployment of Al is
impeded by obstacles such as limited data availability, corrup-
tion, leadership and governance challenges, infrastructure de-
ficiencies and a poorly managed Al ecosystem [17]. To realize
the full potential of Al, experts recommend adopting a collab-
orative approach focused on capacity building, establishing
open-source data repositories and developing solutions that are
specifically tailored to the region’s unique context [25]. Al has
the potential to enhance climate forecasting, improve govern-
ance practices and promote consistency in policy implementa-
tion [15]. It is essential, however, that Al tools are developed
using datasets relevant to the African context and that they
consider local circumstances to effectively address the conti-
nent’s distinct climate challenges [22]. Moving forward, initi-
atives should prioritize overcoming these challenges to harness
ATD’s full potential in supporting Africa’s climate resilience
efforts. [1] suggest that it is critical to map the transversal skills
needed by workers to mitigate the current skills gap within the
workplace and organizations can help workers identify the
skills required for Al adoption, improve current skills, and
develop new skills. This encompasses integrating Al curricula
into academic programs, delivering upskilling and reskilling
training for professionals, and fostering a culture of lifelong
learning. Strategic collaborations among educational institu-
tions, industry stakeholders and government entities are essen-
tial to facilitate effective knowledge transfer and capacity
building [30].

3. Materials and Methods

This scoping review systematically identifies and analyzes
relevant studies around the topic. We searched Scopus, Web
of Science and Google Scholar using keywords: "artificial
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intelligence,” "machine learning," "climate change," "mitiga-
tion," "adaptation," "developing nations," and "risks." Inclu-
sion criteria were peer-reviewed articles focusing on Al ap-
plications for climate mitigation or adaptation in developing
nations. After removing duplicates, 10,616 articles were
screened by title and abstract, with 150 full-text articles as-
sessed for eligibility. Thirty articles were included based on
relevance, methodological rigour and geographic focus on
developing nations. Data were extracted on Al applications,
opportunities, technical challenges, and risks, and analyzed
thematically to identify key trends.

4. Results

4.1. Opportunities

Al applications in developing nations offer significant
opportunities for climate mitigation and adaptation. In disas-
ter risk management, Al-powered early warning systems
improve flood and wildfire predictions, enhancing prepared-
ness in countries like India and Ghana [4]. Precision agricul-
ture, supported by Al tools like X’s Project Mineral, opti-
mizes water and crop management, addressing food security
in water-scarce regions [12]. Al-driven climate modelling
supports policy formulation by simulating future scenarios,
aiding NDC alignment in middle- and low-income countries
[23]. In energy, Al optimizes renewable systems, reducing
emissions in industries like fast fashion [26].

4.2. Technical Challenges

Data quality and availability are critical barriers. Devel-
oping nations often lack high-quality, standardized environ-
mental data, limiting Al model accuracy [6]. Computational
infrastructure is another challenge, as resource-intensive Al
models require advanced hardware unavailable in many
low-income settings [10]. Scalability issues arise when ap-
plying Al across diverse urban and rural contexts, compli-
cating implementation [6].

4.3. Associated Risks

AT’s energy-intensive nature poses environmental risks,
potentially offsetting the mitigation benefits [12]. Ethical
concerns include biases in Al models, which may prioritize
certain regions or populations thereby exacerbating ine-
qualities [11]. In addition, Unequal access to Al technolo-
gies risks widening the digital divide, as developing nations
may lack the expertise or funding to adopt Al solutions [9].
Moreover, privacy concerns also emerge from AI’s reli-
ance on large datasets, necessitating robust data govern-
ance [29]
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5. Discussion

Al’s potential to transform climate action in developing na-
tions is evident, but its effectiveness depends on addressing
technical and ethical challenges. Furthermore, capacity-building,
such as training local experts and improving data infrastructure,
is essential for sustainable implementation. Ethical frameworks
should prioritize fairness and transparency to mitigate biases and
ensure equitable access. To maximize synergies, developing
nations should integrate Al into national climate strategies,
aligning with SDGs and NDCs [23].

6. Conclusions

This scoping review highlights AI’s transformative role in
climate mitigation and adaptation in developing nations, of-
fering opportunities in disaster preparedness, agriculture and
energy optimization. However, technical challenges like data
scarcity and computational limitations, alongside risks such as
energy consumption and ethical concerns, need to be ad-
dressed. Future research should focus on developing low-cost,
scalable Al solutions and ethical guidelines tailored to de-
veloping nations. Moreover, policymakers should invest in
capacity-building and inclusive governance to ensure Al
supports equitable and sustainable climate action.
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