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Abstract: Environmental stressors, including floods, droughts, and rising sea levels, are progressively influencing global migration trends,
with a notable impact in Sub-Saharan Africa. Health systems, particularly in Africa and the European Union (EU), are insufficiently
equipped to meet the complex healthcare needs of climate migrants. Existing policies often lack integration of advanced technological
solutions, such as machine learning (ML), which could offer transformative potential for improving healthcare access and outcomes for
climate migrants. The primary problem addressed in this study is the gap in utilizing ML to enhance public health policies for climate
migrants, focusing on data collection, real-time decision-making, and service delivery adaptation. This study employs a qualitative
approach, conducting a comprehensive review of existing literature and case studies across Africa and the EU. The research explores how
ML can address gaps in public health systems, particularly in managing migration flows and health risks, by analysing current policy
frameworks and identifying opportunities for integrating ML-based solutions. The findings reveal that ML can significantly enhance
healthcare systems by improving data analysis, facilitating resource allocation, and predicting health risks associated with climate
migration. Moreover, there is a notable opportunity for cross-regional collaboration between Africa and the EU in leveraging ML for
more responsive and adaptive health systems. The study recommends the integration of ML into public health policies, advocating for the
development of data-driven, real-time decision-making frameworks. It calls for fostering international cooperation and knowledge-
sharing to maximize ML's potential in addressing shared migration challenges. The study concludes that, integrating ML into public
health frameworks is essential for effectively addressing the growing challenges posed by climate migration, ensuring that health systems
are both responsive and adaptive to the evolving needs of climate migrants.
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INTRODUCTION

Climate migration has emerged as one of the most pressing global challenges of the 21st century. Climate-related events such as
prolonged droughts, devastating floods, and rising sea levels are forcing millions to leave their homes, seeking refuge in areas often
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unprepared for the sudden influx of displaced populations. Africa and the European Union (EU) represent two regions uniquely
impacted by this phenomenon. While Africa experiences significant internal displacement due to its vulnerability to climate change,
the EU faces increasing cross-border migration, adding complexity to its political and socio-economic landscape. These challenges
underscore the urgent need for effective strategies to support the health and well-being of climate migrants. In the midst of this,
public health policies are vital in addressing the needs of displaced populations by ensuring access to healthcare services, clean
water, and sanitation. However, the dynamic and often unpredictable nature of climate migration overwhelms existing public health
systems, which are typically designed for stable populations. This disconnect between policy frameworks and the realities of climate
migration exacerbates health inequities, leaving many migrants without the care they desperately need. Innovative approaches that
enhance the responsiveness and efficiency of public health policies are thus crucial to addressing this humanitarian crisis.

Machine learning (ML), which is a subset of artificial intelligence, offers a promising solution to these challenges. With its ability
to process vast amounts of data, identify patterns, and generate actionable insights, ML can revolutionize public health policy. From
predicting disease outbreaks to optimizing resource allocation and providing real-time decision-making tools, ML has the potential
to bridge existing gaps in public health systems. By integrating ML into policy design, governments and organizations can develop
more adaptive and inclusive frameworks to meet the complex needs of climate migrants.

While many submissions have addressed the broader issue of climate migration, little attention has been paid to interrogating the
integration of advanced technological solutions, particularly machine learning (ML), into public health policies aimed at addressing
the needs of climate migrants. Despite the growing global discourse on climate migration, there remains a notable gap in both
research and practical application regarding the use of ML to tackle the distinct challenges faced by displaced populations in Africa
and the European Union. This gap hinders the development of data-driven, adaptive policies that could enhance the efficacy of
public health responses to climate-induced displacement.

It is against this backdrop that this study aims to examine how machine learning (ML) can enhance public health policies for climate
migrants, with a comparative focus on Africa and the European Union. The primary objective of this paper is to analyse the existing
policy gaps, identify opportunities for the integration of ML into public health frameworks, and propose actionable
recommendations that can improve health outcomes for climate migrants in these regions.

Climate Migration

Climate migration, as outlined by Forman and Ramanathan (2018), is a phenomenon driven by climate change impacts such as
floods, droughts, wildfires, and sea level rise. The wide range of projections for the number of climate migrants by 2050 (25 million
to 1 billion) highlights both the complexity and uncertainty of this challenge. Baikushikova (2024) further emphasizes that the
concept of climate migration lacks a universally accepted definition, often shaped by economic and political factors alongside
environmental changes.

The multifaceted nature of climate migration is evident in the integration of economic, environmental, demographic, political, and
social drivers (Nabong et al., 2023). The nuanced findings of Kaczan and Orgill-Meyer (2019) challenge earlier assumptions,
showing that poorer households are not necessarily more prone to climate-induced migration and that such migration is more likely
to occur domestically over long distances than internationally. These findings add depth to our understanding and underscore the
need for data-driven, context-specific policy responses.

The distinction between slow-onset events (e.g., droughts) and rapid-onset events (e.g., floods) in driving migration (Kaczan &
Orgill-Meyer, 2019) is particularly significant for designing targeted interventions. Krysiak (2024) complements this perspective
by highlighting the role of historical analyses and advanced modelling techniques, such as agent-based and econometric models, in
predicting human responses to environmental change. These models offer valuable tools for policymakers aiming to anticipate and
mitigate the impacts of climate migration.
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Overview of Climate Migration Trends in Africa and the EU.

Climate migration trends in Africa and the EU are complex and multifaceted, driven by a combination of environmental, social, and
economic factors. Africa, particularly Sub-Saharan and West Africa, is highly vulnerable to climate change impacts such as
droughts, floods, and rising sea levels, which exacerbate existing migration drivers like poverty and political instability. These
conditions contribute to significant migration flows towards Europe, where the EU faces challenges in addressing these movements
effectively. The interplay of these factors highlights the need for comprehensive policy responses that integrate climate
considerations into migration management strategies.

Climate change is a significant driver of migration from Africa to Europe, with projections estimating that 86 million individuals
may be displaced by 2050, especially in Sub-Saharan and East Africa (Paul, 2018). In Senegal, climate variability acts as a catalyst,
amplifying pre-existing drivers of migration such as economic hardship and social instability. This has led to increased irregular
migration to the EU, reflecting the interconnected nature of environmental and socio-economic factors (Fontana, 2024). Current
EU migration policies inadequately account for climate factors, missing an opportunity to address the root causes of migration from
Africa (Fontana, 2024). This gap underscores the need for a more holistic and climate-aware approach to migration policy in the
EU.

Beyond climate change, migration from Africa to Europe is influenced by economic crises, political instability, and armed conflicts,
with climate change serving as an exacerbating factor (Idemudia & Boehnke, 2020). This interplay creates complex migration
dynamics that vary across different African regions (Zickgraf, 2019).

Machine Learning in Public Health Policy

Machine learning (ML), a subset of computer science and artificial intelligence, enables computers to learn from data without
requiring explicit programming instructions (Raj, 2019; Shaveta, 2023). ML algorithms analyze historical and real-time data to
predict or respond to future scenarios, optimizing performance through rigorous model identification and validation (Paluszek &
Thomas, 2019; Raj, 2019).

ML has emerged as a transformative tool within the realm of public health, addressing complex challenges with innovative
approaches. Its applications are broad, encompassing disease diagnosis, epidemic prediction, and the enhancement of healthcare
access and system efficiency. As a cornerstone for developing value-based, adaptive health systems, ML's integration into public
health practice has become increasingly critical.

Predictive analytics, one of ML’s key applications, facilitates risk stratification and the management of chronic diseases, enabling
proactive and targeted healthcare interventions (Singh, 2024). Additionally, ML is embedded within electronic health records (EHR)
systems, where its predictive capabilities alert healthcare providers to potential co-morbidities and high-risk scenarios, thereby
improving patient outcomes and operational efficiency (Rahate & Karayat, 2024).

ML is also pivotal in early outbreak detection and risk modeling, offering timely insights that support effective public health
responses to emerging health crises (Chamarthy et al., 2024). Beyond these functions, ML enhances decision-making processes in
public health, contributing to improved population health outcomes and optimizing resource utilization in healthcare systems
(Rodrigues et al., 2023; Raza, 2023).

Policy Gaps and Opportunities

Climate change is increasingly driving migration, particularly in Sub-Saharan Africa, where environmental stressors such as
droughts, floods, and desertification exacerbate existing health challenges (Negev et al., 2019). In response to these challenges,
health systems worldwide must adapt to meet the needs of climate migrants. This adaptation involves strengthening healthcare
access, ensuring the delivery of culturally appropriate services, and fostering inter-sectoral collaboration across various sectors
(Negev et al., 2019; Matlin et al., 2018). Although migrants and refugees often face substantial barriers to accessing healthcare,
several jurisdictions have implemented diverse policy approaches and service models to mitigate these challenges (Matlin et al.,
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2018). Notably, the European Union and Turkey have developed specialized health policies aimed at improving healthcare access
for migrants, with a focus on their integration into national health systems (Y1ldirim, 2023).

Machine learning (ML) presents significant potential to bridge the gaps in public health policies that affect climate migrants in both
Africa and the EU. Specifically, ML can contribute to several key areas, including enhanced data collection, real-time decision-
making, and addressing critical gaps in climate services (Dinku et al., 2014). By applying ML, health systems can adapt more
effectively to climate-related migration by improving healthcare provision, ensuring broader access, and facilitating culturally
appropriate services (Negev et al., 2019). Furthermore, ML can support policy-oriented research, facilitate targeted training, and
promote inter-sectoral collaboration to tackle the complex challenges posed by climate migration (Negev et al., 2019).

However, the challenges associated with public health policies for climate migrants are further compounded by significant gaps in
data collection, analysis, and real-time decision-making. Traditional data collection methods often suffer from fragmentation,
delays, and lack of granularity, which makes it difficult to capture the rapidly evolving dynamics of climate migration and its
associated health impacts. This lack of reliable data hinders the ability to predict migration patterns, assess healthcare needs, and
allocate resources in a timely manner. Machine learning (ML) offers transformative potential in addressing these data gaps. With
its capacity to process large volumes of diverse datasets, uncover hidden patterns, and provide predictive insights, ML can improve
health risk surveillance, enable dynamic resource allocation, and support evidence-based policymaking. By integrating ML into
public health systems, policymakers can develop more adaptive and responsive frameworks capable of addressing the complex and
evolving needs of climate migrants.

Recommendations

® To effectively integrate machine learning (ML) into public health policies for climate migrants, governments and
policymakers must prioritize the development of robust digital infrastructure and data systems. Investments in cloud-based
platforms, data storage, and real-time analytics capabilities are essential to support the deployment of ML tools. Capacity-
building programs should be implemented to train public health officials and policymakers in utilizing ML for predictive
modeling, resource allocation, and health surveillance. Additionally, ethical frameworks must guide the adoption of ML to
ensure data privacy, inclusivity, and the avoidance of algorithmic biases. Pilot projects that test ML-driven solutions in
smaller, controlled settings can provide valuable insights into their scalability and effectiveness, serving as models for
broader implementation.

e Furthermore, policies in Africa should focus on addressing infrastructural deficiencies and creating pathways for
technology transfer. Governments can establish public-private partnerships to leverage expertise from tech firms and
academic institutions, enabling the integration of ML into existing public health frameworks. Policies should prioritize
community-based data collection mechanisms that respect local contexts while ensuring the inclusivity of marginalized
groups. For the EU, policies should aim at harmonizing ML-based health systems across member states, creating unified
standards for data sharing and analytics. The EU can also lead in funding research and development initiatives that explore
ML applications in climate migration, ensuring that these innovations align with regional migration policies and public
health objectives.

® Suggestions for Fostering International Cooperation and Knowledge-Sharing Collaboration between Africa and the EU is
critical to addressing the transnational challenges of climate migration through ML-enhanced public health policies.
Bilateral and multilateral agreements should facilitate the sharing of data, research findings, and technological
advancements between the two regions. Establishing joint centers of excellence focused on ML applications in public
health can foster innovation and provide platforms for interdisciplinary research. International organizations, such as the
World Health Organization (WHO) and the International Organization for Migration (IOM), can play a pivotal role by
providing technical support, funding, and frameworks for global cooperation. Knowledge-sharing platforms, including
conferences, online repositories, and collaborative networks, can further enhance mutual learning and the dissemination
of best practices, ultimately advancing the global response to climate migration challenges.
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Conclusion

The integration of machine learning (ML) into public health policies represents a transformative approach to addressing the unique
challenges faced by climate migrants. By enabling real-time data analysis, predictive modelling, and evidence-based decision-
making, ML offers unprecedented opportunities to enhance the efficiency, adaptability, and inclusivity of public health systems. As
climate-induced displacement continues to rise, the importance of leveraging advanced technological solutions like ML cannot be
overstated in mitigating health vulnerabilities and promoting resilience among affected populations.

Policymakers, researchers, and stakeholders must act collaboratively to harness the potential of ML in addressing the growing
complexities of climate migration. Governments should prioritize investments in digital infrastructure, research institutions must
drive innovation in ML applications, and international organizations should facilitate partnerships that foster knowledge-sharing
and resource mobilization. A unified, proactive approach is essential to ensure that public health policies for climate migrants are
not only data-driven but also equitable and sustainable, meeting the needs of vulnerable populations across Africa, the EU, and
beyond.
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