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Foreword

Around the world, rising temperatures, extreme weather events, cumulative stressors and cascading
climate shocks are increasing the burden of disease and driving higher demand for health services,
precisely at a time when health systems themselves are increasingly exposed and affected by climate
change impacts. Climate change is no longer only an environmental or development challenge; it
is a systemic risk to human health and well-being, economic productivity, and fiscal stability. For
countries striving to achieve universal health coverage, protect hard-won development gains, aiming
to reduce poverty, climate resilience is now a core health system priority.

Health is a fundamental human right and a cornerstone of sustainable development. Yet climate
change is putting that right at risk, even most acutely for low-income communities, women and
children, and those living in climate-vulnerable settings. Disruptions to healthcare access, supply
chains, energy, water, transport, and digital systems undermine the ability of health services to
function when they are needed most. As this report shows, without decisive action, climate impacts
could force partial or total shutdowns of health facilities, sever access for millions of people, and
reverse progress toward SDG 3. The risk is not only humanitarian—it is macroeconomic. When health
systems fail, labour productivity declines, household incomes fall, poverty deepens, and public
budgets face mounting emergency expenditures.

Investing in climate-resilient health systems is therefore both a development imperative and can
be a highly cost-effective strategy to sustain healthcare access and services required for poverty
reduction and economic stabilisation in times of climate change. Strengthening resilience—including
through relatively modest, targeted investments—can safeguard essential services, protect public
and private assets, and ensure continuity of care during climate shocks. As this report demonstrates,
allocating as little as one percent of a hospital’'s value to resilience measures can protect the vast
majority of its functionality during disasters. Few investments offer such high social and economic
returns. In fiscal terms, resilience is not an added cost: it is a form of risk management that reduces
contingent liabilities, protects capital stock, and stabilises long-term expenditure.

The insights and recommendations presented here are grounded in country realities and informed
by the Global Center on Adaptation’s experience embedding resilience into policies, standards, and
investment streams under the Africa Adaptation Acceleration Program (AAAP). From flood risks
threatening health infrastructure and access in Nigeria, to gaps in national adaptation planning
across Africa, the evidence underscores the need for integrated, cross-sectoral, and country-
led approaches. Encouragingly, good practices are emerging, analytical tools are improving, and
practical solutions already exist. What remains insufficient is scale, coordination, and finance.

Building climate-resilient health systems is foundational to resilient development. It protects lives
and livelihoods, strengthens human capital, safeguards productivity, and reduces the long-term
fiscal costs of climate shocks. It enhances sovereign resilience by reducing emergency spending,
protecting infrastructure assets, and stabilising economic output during crises. For international
financial institutions and development partners, investment in resilient health systems represents
a catalytic opportunity: relatively small, well-targeted resilience measures can unlock significant
avoided losses, preserve development gains, and strengthen national systems.
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This report is a call to action—for national governments, international financial institutions,
development partners, and the health and climate communities—to accelerate investment, align
policies, and embed resilience systematically across health systems and the sectors on which
they depend.

The time to act is now. By placing climate resilience at the heart of health system strengthening,
we can protect the most vulnerable, sustain essential services in a changing climate, and ensure
that progress toward health, equity, and poverty reduction is not only achieved—but secured for
generations to come.

Rindra Rabarinirinarison
CEO
Global Center on Adaptation
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Executive Summary

Climate change is expected to threaten the health and livelihoods of up to
(f 4.8 billion people by 2030 (UN, 2025), making it one of the most significant
systemic risks to human development and economic stability.

Within the healthcare sector, climate change is projected to substantially
increase service demand both directly, through exposure to more frequent
and severe climate-related hazards, and indirectly, by placing stress on critical
systems such as food, water, energy, and air quality that underpin population
health and access to basic services.

Despite these escalating risks, financial support for health adaptation
represents less than 0.5% of total multilateral climate finance (IPCC, 2022).
Qh ﬁj This level of investment is insufficient to protect populations and health systems
from climate-sensitive health risks, and funding often fails to reach the most
climate-vulnerable settings.

An integrated and systems-oriented approach to policies, planning and
investments in climate-resilient healthcare access can generate substantial
public health gains and economic returns, strengthening productivity,
safeguarding human capital, and enhancing long-term development resilience.
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It is estimated that climate change threatens the health and livelihoods of up to 4.8 billion people
by 2030 (UN, 2025). In the context of climate change, health systems that enhance or maintain value
chains, healthcare services, and access to healthcare are imperative in addressing the repercussions
of climate change on the population, society, and economies. However, the impacts of climate change
on health systems are already evident. Examples of this include overwhelmed hospital capacities
and shortages of medical supplies during heat waves and wildfires, destroyed facilities and failures
of supporting systems during tropical cyclones, and inaccessible facilities during flooding. The IPCC
asserts that the climate resilience of healthcare systems is an essential strategy for all countries to
manage climate risk, as it can reduce the vulnerability of the majority of the global population. Whilst
the significance of health system adaptation is widely recognised, progress in establishing climate-
resilient health systems has been inadequate. This has prompted the IPCC (2022, p. 96) to issue a
definitive statement on this matter:

“Financial constraints are the most referenced barrier to health adaptation, and therefore scaling up
financial investments remains a key international priority (very high confidence). Financial support
for health adaptation is currently less than 0.5% of overall dispersed multilateral climate finance
projects (high confidence). This level of investment is insufficient to protect human health and health
systems from most climate-sensitive health risks (very high confidence). Adaptation financing often
does not reach places where the climate sensitivity of the health sector is greatest (high confidence)”

As a consequence, recognising the need for urgent and decisive steps and the limited access to
finance as major obstacle, the 77th WHO World Health Assembly passed a resolution calling for the
mobilisation of resources from all sources to invest in the adaptation of the health sector (WHO:
Climate Change and Health, 2024). From a global perspective, health systems in African countries are
among the weakest and demonstrate severe challenges in all the healthcare delivery pillars (Oleribe
et al,, 2019). This is particularly evident in Africa, where the adaptation of health systems to climate
change is characterised by insufficient financing and inadequate investment.

This report demonstrates that investments and efforts directed towards climate change adaptation
in the health sector are likely to yield substantial benefits for public health and economic prosperity:
The developed climate change adaptation strategies aim to ensure the continued functioning of value
chains, healthcare services, and access to healthcare in times of climate change, and to enhance the
responsiveness and resilience of health systems. In order to attain these benefits, it is imperative to
make substantial investments and pursue technical advancements.

Climate change is projected to drive higher demand for health services, yet the health system itself
remains highly vulnerable to climate-related shocks. Health is a fundamental human right (UNGA,
1948; WHO, 2023c), with the third sustainable development goal (SDG 3) aiming to achieve good
health and wellbeing for all (UN General Assembly, 2015). Climate change is expected to increase the
demand for healthcare services either directly by escalating global health risks from increasing the
frequency, intensity, and magnitude of climate-related hazards, or indirectly affecting human well-
being by placing stress on critical systems which people rely on such as food, water, energy and
air (WHO, 2023b). However, the health system itself faces significant vulnerability, with projections
under the RCP 8.5 scenario suggesting that 1 in 18 hospitals could face total or partial shutdown by
2050 (Cross Dependency Initiative, 2023) with storm damage costs reported from USS 600,000 to
USS 2 billion per facility in the US (Thomas, 2011). In Nigeria, where the government has committed a
substantial USS2.2 billion investment for a national health sector reform (Ufoh, 2025), a 1-in-100-year
fluvial flood event could expose approximately 61/450 clinics, 52/743 general practices, and 32/1283
hospitals to flood depths exceeding 0.3 m under the RCP 4.5 scenario in 2050, with an operational
shutdown of 19 hospitals . Under the same scenario, a 1-in-100 year flood event in 2050 could block
access to the nearest healthcare facility for 1.48% (~3.9 million) and 4.87% (~12.8 million people)
of Nigeria's population travelling on foot and using motorised transport respectively (Russell et al.,
2025; Ward et al., 2020; Weiss et al., 2020). Strengthening the resilience of health systems to climate
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change is fundamental to achieving SDG 3 and represents a highly cost-effective investment: WHO
(2009) reports that allocating roughly 1 percent of a hospital’s total value to non-structural retrofits
can safeguard as much as 90 percent of its assets during natural disasters.

Existing guidelines, international standards and policy frameworks for climate resilient health
systems remain largely asset focused and fragmented. Many systemic failures caused by climate
hazards have occurred outside of the health facility such as from disruptions in sectors such as energy,
water, digital, waste and transport, which have ultimately hindered medical service functionality and
patient access. However, existing guidelines and international standards for climate-resilient health
facilities have gaps, as they do not comprehensively consider the vulnerabilities of the healthcare
system, often remaining asset-centric, at the hard (structural/technical) dimension of the health
system. They concentrate on the assessment of physical climate risks at the level of individual
facilities, such as hospitals. While these assessments provide useful insights, they often give limited
attention to the broader systemic nature of healthcare and its critical interdependencies, including
supporting systems and access to healthcare. As a result, they may underestimate the full range of
vulnerabilities and the scale of potential risks, thus not always drawing the right conclusions with
regard to adaptation solutions, as well as the potential benefits of systemic adaptation measures.

Efforts on health system resilience are anchored in the UNFCCC process on the Global Goal on
Adaptation, which has been established in the Paris Agreement to strengthen resilience and reduce
vulnerability to climate change (UN, 2015). Health has been established as one of the key areas in
which countries need to build resilience and was defined as one of the core pillars of the Global Goal on
Adaptation Framework “attaining resilience against climate change related health impacts, promoting
climate-resilient health services, and significantly reducing climate-related morbidity and mortality,
particularly in the most vulnerable communities” (UNFCCC, 2023). Already since 2010, alongside the
UNFCCC National Adaptation Plan (NAP) process, health received a dedicated adaptation plan with
the Health National Adaptation Plans (HNAP) (WHO, 2025a). However, a gap in systemic resilience
is also evident in the policy frameworks of several African countries. A review of Health National
Adaptation Plans (HNAPs) and health-related Nationally Determined Contributions (NDCs) for Africa
found that approximately 60% do not acknowledge supporting systems, and 43% do not address
cross-sectoral collaboration.

Two novel conceptual frameworks provide analytical basis for improving climate resilience of
health systems. The two conceptual approaches provide two distinct perspectives on health
system resilience: from the perspective of sustained access to healthcare for patients, the population,
and vulnerable groups, and from the perspective of the healthcare service provision — comprising
healthcare facilities, healthcare assets, value chains, and supporting systems. The first approach,
the Integrative Framework of Health System Resilience and Climate Change focuses on sustaining
access to healthcare and understands health systems as a dynamic system in the context of climate
change. It conceptualises dimensions at the supply and the demand side that have an influence on
healthcare access of patients and the population, and thus allows to systematically develop measures
to sustain healthcare access. The second approach, the Healthcare System-of-Systems Approach,
maps the complexity and interconnectedness of a health system, comprising healthcare assets as
well as their supporting systems, with regard to their interdependent climate vulnerability. Thus, this
approach allows to systematically develop measures to make value chains and health care services
more sustainable avoiding disruptions due to climate change. Both approaches provide a systematic
lens to identify degradations, disruptions, and system failures and thus provide guidance on how to
improve the ability of health systems to prepare for, respond to, maintain and reorganise in the face
of climate risks. By bringing together these two perspectives, this Adaptation Insights report is able
to generate novel insights into the question of how to make health systems more climate resilient in
order to sustain value chains, healthcare services, and access to healthcare.

10
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The key considerations to adapt the health care system — on top of healthcare infrastructure —are

highlighted in Figure 1:

Preparing for
changing and
increasing
demand

Enable
decentralised
and flexible
decision
-making

Healthcare
staff

Sustainable
and equitable
access
to healthcare

Health system
climate change
adaptation
considerations

Consider
health-related
adaptations of

population

Supporting
systems (water,
energy, digital,
waste,
transport)

Cross-sectoral
and regional
collaboration

Healthcare
infrastructure

Figure 1. Climate change adaptation considerations for the health system
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There is an increasing body of evidence that highlights a lack of healthcare systems preparedness
to the threats posed by climate hazards and that climate change adaptation of health systems is
fundamentally under-financed and that investments are insufficient. The adaptation of health care
systems needs to gain momentum and requires focus and investments of national governments,
development partners, and international financial institutions, to achieve climate-resilient health
systems with sustained value chains, healthcare access and services. Good practices are emerging,
theoretical concepts of practical use are available, and technologies and instruments to adapt
exist. Grounded in systematic analysis, actionable recommendations can guide implementation.
The following actionable recommendations made in five main categories, derived and synthesised
from the analyses of the report, are tailored to different stakeholders, from International Financial
Institutions, over national governments, to international development partners.

1. Embed Climate Risks at the Core of Health System Planning, Financing, and Monitoring

Climate change is changing and simultaneously increasing healthcare demand
and disrupting service delivery capacity. Yet climate risks are still too often
treated as peripheral considerations rather than core determinants of health
system planning, investment prioritisation, and performance monitoring.

#1 — Integrate Climate Risk into Health Planning and Investment Prioritisation.
Assessing how localised climate impacts may drive future health demand and
(temporary) reduction in healthcare system capacity will help ensure that today’s
investments match tomorrow’s needs.

#2 — Embed Climate Risk Screening in Investment Preparation Frameworks.
Integrate climate risk screening into investment preparation frameworks as a
forward-looking methodology to safeguard investments and ensure continuity of
health services under future climatic conditions. This approach can furthermore
accelerate evidence-based health system adaptation, leveraging research and
applied knowledge development into planning and decision-making processes.

#3 — Establish Climate- and Weather-Informed Information Systems for Health.
Adequate national climate- and weather-informed information systems need to be
established or improved, to enable climate-sensitive epidemiological modelling, and
health risk assessments to inform projections of evolving healthcare needs, and to
increase system responsiveness.

12
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2. Shift from Asset-Level Resilience to System-Wide and Value Chain Approaches
Considering Interdependencies

Resilience cannot be achieved by focusing only on individual facilities.
Climate risks affect entire supply chains and interconnected systems, creating
vulnerabilities across scales and sectors.

#4 — Expand Standards for Health Systems and Risks Screening and Adaptation
from Facilities to Full Healthcare Value Chains. Resilient health system needs to
rely on supply chains and wider functions, from the local scale (facilities) to the
regional scale (pharmaceuticals supply chains, logistics, workforce mobility).

#5 — Address Health System Dependencies, Interconnected Systems and
Cross-Sector Risk Hotspots. Climate vulnerability of healthcare systems are
also closely interlinked to failures in energy, transport, water, sanitation, and
digital infrastructure. Identifying interdependencies driving system deterioration
or failure and hotspots of risks, where cascading disruptions are likely to affect
healthcare delivery at scale, is key for effective reduction of systemic vulnerability.

3. Focus on Sustaining Access to Healthcare and Make Health Systems User-Centric,
Locally-Led, and Service-Oriented

Access to healthcare is central to healthcare system performance. Climate
change increasingly affects access to healthcare at the supply and the demand
side, leading to failing health system, as its main function — to deliver healthcare
— cannot be fulfilled. Vulnerable populations are disproportionately affected.
Prioritising access, equity, and service continuity from a user perspective
directly contributes to achieving a more resilient health system.

#6 — Think health system adaptation from the goal to sustain access to health
care. In the context of climate change, a paradigm shift is advised to design and
assess healthcare system performance with the goal to sustain and improve
access to health care. Given the requirement for complex adaptation responses
at the supply and demand side, the population needs to be considered as an actor
in health system resilience.

#7 — Strengthen Last-Mile Delivery and Physical Accessibility of Healthcare
Facilities, and Users-Centred Adaptation. Strengthening physical accessibility
of healthcare facilities and decentralised service provision with a focus on reliable
access to healthcare services can ensure continuity of care during climate shocks,
particularly in remote and climate-exposed areas.

#8 — Promote Localised Solutions and Devolve Decision-Making. Localised and
context-specific solutions are essential to trigger resilience at the macro level. In
line with locally led adaptation principles, decision-making should be devolved to
the lowest appropriate level and contribute to adaptation actions identification,
prioritisation, implementation, and evaluation. Community involvement is required
to effectively sustain healthcare access.

13
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4. Build and Manage Adaptive, Dynamic, and Evidence-Based Health Systems

Health systems are dynamic systems that operate in changing environments
characterised by recurrent shocks and stresses. In the context of climate change,
health systems continuously go through resilience processes (proactive strategies,
deterioration, (partial) failure, recovery, and improvement), at the supply and
demand side. Static approaches to planning and management are insufficient to
address evolving climate risks.

#9 — Allow for Flexible Decision-Making for Dynamic System Response. Flexible
decision-making structures can allow local actors to respond rapidly to climate-
related disruptions with maximum efficiency and relevance, while maintaining
coherence with national strategies.

#10 — Foster Population Capacity to Manage the Impacts of Climate Change
with regard to Health and Healthcare Access. Resilient health systems depend
not only on infrastructure, but also on community preparedness, risk awareness,
and climate risk management strategies to reduce the health burden associated
with changing climate and extreme weather events.

#11 — Deploy Local Early Warning Systems and Real-Time Data Platforms. Early
warning systems and real-time data management platforms at the local level are
critical to enable rapid yet informed decision-making and coordinated response,
eventually reducing service disruption during climate events.

#12 — Leverage Research, Evaluation, and Knowledge Sharing to Accelerate
Evidence-Based Health System Adaptation. Effective and efficient adaptation
requires evidence-based policies. This requires rigorous impact assessments
and evaluations of innovative and not well-tested health system adaptation
interventions, and harmonising existing frameworks of health system resilience
and to take them from theory to practice. It also includes better knowledge
sharing and capacity strengthening on health system adaptation and resilience
with stakeholders.

5. Strengthen Regional Cooperation and Mobilise Finance for Climate-Resilient Health

Systems

14

Climate risks transcend national boundaries and current financing levels
remain insufficient to protect health systems from escalating climate impacts.
Greater coordination and resource mobilisation are required.

#13 — Embrace Healthcare Systems’ Complexity in Policies and Regional
Cooperation. Reflecting more realistically climate-health linkages in policy design
and regional cooperation mechanisms (cross-border collaboration, harmonised
standards, and knowledge exchange) can strengthen collective resilience and
reduce fragmentation.

#14 — Align and Increase Finance for Climate-Resilient Health Systems. Access
to finance must be expanded and better aligned with adaptation needs in the
health sector, allowing governments to mobilise and structure additional resources
— including blended finance, guarantees, and climate funds — to direct health
financing flows toward system-wide resilience rather than isolated investments.
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Introduction

Healthcare represents a fundamental service for society and people. Its primary objective is to improve
or preserve health, which is one of the seventeen Sustainable Development Goals (SDGs) aiming to
“ensure healthy lives and promote well-being for all at all ages” (Goal 3) (UN General Assembly, 2015).
However, climate change is putting pressure on the achievement of this goal, with existing advancements
being undermined by disruptive events and gradual changes caused by climate hazards or linked to
climate change impacts. In the most recent of Sustainable Development Goals report, that takes stock
of the progress towards achieving the SDGs, the United Nations estimate that, by 2030, climate change
impacts put the health and livelihood of up to 4.8 billion people at risk (UN, 2025). Therefore, climate
change adaptation in the health sector is of high urgency and inevitable to increase the overall resilience
of the health system towards achieving SDG goal 3.

In its 6th assessment report on climate change adaptation, the Intergovernmental Panel on Climate
Change (IPCC) highlights the importance of the availability of health infrastructure and access to
health care for climate resilience, as it is perceived to reduce the vulnerability for most people in
the world (IPCC, 2022). Furthermore, the IPCC links investments in health systems to a substantial
decrease of negative climate-sensitive health outcomes and concludes with a high confidence of
evidence that “strengthening the climate resiliency of health system will protect and promote human
health and well-being” (IPCC, 2022, pp. 16, 25). Nevertheless, a wide range of stakeholders attest an
incredible investment gap for health system adaptation (Foundation S et al., 2025; IPCC, 2022; WHO,
2021b). The IPCC is therefore very clear on this point:

“Financial constraints are the most referenced barrier to health adaptation, and
therefore scaling up financial investments remains a key international priority (very
high confidence). Financial support for health adaptation is currently less than 0.5%
of overall dispersed multilateral climate finance projects (high confidence). This

level of investment is insufficient to protect human health and health systems from
most climate-sensitive health risks (very high confidence). Adaptation financing
often does not reach places where the climate sensitivity of the health sector is
greatest (high confidence)” (IPCC, 2022, p. 96).

As a consequence, recognising the need for urgent and decisive steps and the limited access
to finance as major obstacle, the 77th WHO World Health Assembly passed a resolution for
resilient health systems calling for the mobilisation of resources from all sources and to “to
invest in climate change adaptation measures that proactively address climate-related health
impacts, including early warning systems for climate-related disease outbreaks and enhancing
emergency preparedness and response; and pandemic prevention, preparedness and response”
(WHO: Climate Change and Health, 2024).

17
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For this reason, this edition of the Adaptation Insights series addresses the specific question of
how health systems can be made climate resilient in order to sustain value chains, healthcare
services, and access to healthcare. To answer this question, this report first presents the impacts
of climate change on health systems and the status quo of climate change adaptation. Moreover,
this Adaptation Insights presents two novel methodological frameworks as conceptual basis for
the derivation of adaptation solutions for the health sector. Both approaches provide a systematic
lens to identify degradations, disruptions, and system failures and thus provide guidance on how
to adapt to climate change to make health systems more resilient, leading to specific actionable
recommendations. To do so, the approaches address health system vulnerabilities and adaptation
options from two different perspectives: From the perspective of sustaining healthcare service
provision — comprising healthcare facilities and healthcare assets — and the perspective of sustaining
access to healthcare for patients, the population, and vulnerable groups.

The health system has always been described as a complex system, as it involves the interaction of
multiple stakeholders (e.g., population, health staff, health financing agencies, and the government),
and requires medical inputs, facilities and staff. Accordingly, the definition by the World Health
Organization (WHO) is holistic, that a “health system consists of all organisations, people and actions
whose primary intent is to promote, restore or maintain health”. This includes a variety of efforts (e.g.,
interventions influencing determinants of health, and health-improving activities) and it includes all
actors, from individuals caring for family members, organisations carrying out health campaigns,
health financing institutions, through to public and private health care providers (WHO, 2007, p.
2). Health systems also heavily depend on other economic and social systems, called supporting
systems in this report, which are necessary for the health system to function properly.

As outlined, all health systems worldwide are highly impacted by climate change, but system
vulnerabilities, financial constraints and adaptive capacities differ. The African continent represents
a good example for challenges due to climate change. Health systems in African countries are among
the weakest worldwide and show severe challenges on all pillars of healthcare delivery as defined
by the WHO (Oleribe et al,, 2019). Healthcare systems face particular challenges in availability of
adequate human resources, in adequate budgetary allocation, and in leadership and management
(Oleribe et al.,, 2019). Africa’s health systems are rooted in a history of colonial legacy and policies,
such as disengagement and structural adjustment policies of the 1980s, have deepened inequalities
in health systems, coupled with ongoing funding constraints (Leppert, 2016). At the same time African
countries and their health systems are disproportionally affected by severe impacts of climate change
(Atwoli et al., 2022). The combination of weak health systems with a low-level resilience together with
high projected climate change impacts post a significant challenge for the functioning of African
health systems and healthcare delivery (Ogony et al., 2025). The contributions by the presented new
approaches to addressing climate challenges in health systems are universal, but for the reasons, laid
out above, the analysis focuses on Africa’s health systems. Nigeria has been selected as a case study,
because it is one of the most climate vulnerable countries and the country has recently committed
USS 2.2 billion to enhance climate resilience of the health system (Ufoh, 2025). The conceptual and
methodological contributions presented here are globally relevant.

To make the health system more climate resilient, sustaining value chains, healthcare services, and
access to healthcare, substantial investments and technical advancements are required. With the
systemic lens and through the two perspectives — healthcare provision and access to healthcare
—several critical recommendations are given for International Financial Institutions (IFls), and for
national governments and development partners, on how to adapt the healthcare system to climate
change, how to set priorities and how investments can be made climate-proof, and how to set
standards and policies for uninterrupted healthcare access and delivery.
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In a first step, the impact of climate change that health systems face is outlined (chapter 2). This
includes an illustrative geographic assessment of climate risks on a country’s health system using the
example of climate-related flooding risks for the health system of Nigeria. In the next step, the status
quo of health system adaptation is presented by assessing the current standards, tools, and guidelines
for adaptation and the HNAPs in Africa (Chapter 3). In the subsequent section, two new approaches
are presented—based on the perspectives of healthcare provision and access to healthcare—to derive
adaptation options for the health system in order to achieve climate-resilient value chains, healthcare
services, and access to healthcare (Chapter 4). The presented approaches comprise the healthcare
system-of-systems approach and the integrative framework of health system resilience for sustained
access to healthcare. This Adaptation Insights report is concluded with a thorough discussion of high
priority recommendations and an action plan for achieving climate-resilient health systems.

19



The impact of
climate change on
health systems



Climate-resilient health systems for sustained value chains, healthcare access and services

The impact of climate change on health
systems

2.1 Global impacts of climate change on health systems

Climate change is projected to exacerbate global health risks by increasing the frequency, intensity,
and magnitude of climate-related hazards and the burden of disease (Ebi et al., 2019). Approximately
3.6 billion people currently reside in regions highly vulnerable to its effects, with the associated
direct damage health costs (excluding costs in health-determining sectors such as agriculture and
water and sanitation) estimated to reach between USS 2-4 billion annually by 2030 (WHO, 2023b).
Beyond acute climate shocks that trigger humanitarian crises, climate change also exerts indirect
pressures on critical systems, including food, energy, water, air (Figure 2, (WHO, 2023b)). Between
2030 and 2050, these impacts are anticipated to result in approximately 250,000 additional deaths
per year, primarily due to undernutrition, malaria, diarrhoea, and heat stress (IPCC, 2022; Romanello
et al, 2022; WHO, 2018, 2023b). Such experiences can negatively affect mental health, contributing
to anxiety, depression, and post-traumatic stress disorder (PTSD) (CDC, 2025).
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Figure 2. World Health Organization climate change and health fact sheet (WHO, 2023b)
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Increased health risks therefore increase the demand for healthcare services. However, health
systems are also vulnerable to climate hazards, impacting health facility functionality, medical supply
chains, access routes, and workforce availability. The United Nations Population Fund estimates that
close to 1,500 hospitals in Latin America and the Caribbean are in low-elevation zones vulnerable
to extreme weather events, with over 80% of hospitals lying in these regions for certain countries
(Wright & Chowdhry, 2024). Between 1990 and 2020, climate hazards had the potential to increase
the risk of damage to hospitals by 41%, while climate change is predicted to put 1 in 18 hospitals
and risk of total or partial shutdown by 2050 (RCP 8.5 scenario) (Cross Dependency Initiative, 2023).
According to the US Federal Emergency Management Agency (FEMA), the economic infrastructure
cost to hospitals from storm damage in the US ranges from USS 600,000 to USS 2 billion per facility
(Thomas, 2011).

Table 1 exemplifies how different climate hazards have impacted health systems globally, including
extreme heat, wildfires, strong winds and flooding. These hazards often expose vulnerabilities arising
from inadequate preparedness, leading to systemic failures. For example, during the 2003 heatwave
in France, approximately 14,800 deaths could have been prevented through an effective early warning
system. The event overwhelmed hospital capacity, which was further strained by staff shortages due
to the summer holiday period (Dhainaut et al., 2004). Similarly, in 2017, Hurricane Maria struck Puerto
Rico, disabling the main power grid for several months (Andrade et al., 2022). Backup generators failed
due to fuel shortages, resulting in cold chain disruptions (National Academies of Sciences, 2020).
Consequently, 4,800 jobs were lost in the health and education sectors, and an estimated 3,052
deaths could have been avoided if power and cold chain management had been decentralised and
fuel adequately stockpiled (Cashman, 2018; Rodriguez-Madera et al., 20217). In 2019-2020, wildfires
in Australia generated an economic impact of AUD 1.95 billion and led to 429 preventable deaths,
which could have been mitigated through improved wildfire emergency preparedness (AIHW, 2020).
Flooding events in Mozambique (2019) and Pakistan (2022) similarly compromised health systems,
causing damage to health infrastructure, increasing waterborne diseases, and limiting access to
healthcare services (Hierink et al., 2020, p. 202; Lequechane et al.,, 2020; OCHA, 2022; WHO, 2023a).
Implementation of more resilient infrastructure, such as elevated hospitals with decentralised
support systems for water, energy, and cold chain management, could have substantially reduced
these adverse outcomes (Government of Pakistan et al., 2022; Lequechane et al.,, 2020; Simpson,
2022; WHO Africa, 2019).

These events underscore the urgent need to integrate climate change considerations into cross-
sectoral planning, as they demonstrate how disruptions in sectors such as energy, water, and
transport can cascade to disrupt public health services and access. Climate change adaptation not
only saves lives but also protects livelihoods and strengthens economic resilience.
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Table 1: Global examples of health system failures, impacts, and lessons from climate hazards

Country,
year

France, 2003

Puerto Rico,
2017

Australia,
2019/2020

Mozambique,
2019

Pakistan,
2022

Hazard

Extreme
Heat

Hurricane
(strong
winds,
flooding)

Wildfires

Cyclone
(extreme
winds,
flooding)

Flooding

System
failure

* Hospital capacity
and morgues
overwhelmed.

* Staff shortages due
to summer holiday
period. (Dhainaut et
al., 2004).

* Failure of supporting
systems (power).
(Andrad et al., 2022).

* Fuel shortages for

the backup generator.

(National Academies
of Sciences et al.,
2020)

¢ Cold chain failure.

(Andrade et al., 2022).

* Hospitals lacked
sufficient air quality.
(Power, 2020).

* Hospital capacity
overwhelmed.

* (Arriagadaetal.,
2020).

* Health facilities
destroyed/severely
damaged.

¢ Cholera outbreak

¢ Rural clinics
submerged. (WHO,
2023a).

* Vaccine cold chain
failure.

* (OCHA, 2022).

Impact

¢ ~14,800 avoidable deaths
(Dhainaut et al., 2004)

* 4,800 jobs in education and
health services lost (4.7% of
that sector).(Cashman, 2018)

* ~3,052 avoidable deaths
(Rodriguez-Madera et al.,
2021).

* AUD 1.95 billion economic
impact.(AIHW, 2020)

* 429 avoidable deaths.(AIHW,
2020).

* Respiratory and
cardiovascular illnesses
surged. (AIHW, 2020).

* UJS$ 108.9 million economic
loss in the Health sector.

* USS 202.4 million for health
infrastructure recovery.
(GFDRR, 2019).

* 94 health facilities out of
service.(Ministério da saude
Mocambique, 2019).

* Cholera outbreak affecting
6,768 and 8 deaths
(Lequechane et al., 2020).

* Healthcare access
decreased from 78.8% to
52.5% for children under 5
walking within 2 hours to the
nearest facility (Hierink et al.,
2020).

* 10% of health facilities out of
service.(WHO, 2023a).

* 15% of the population
without access to primary
and secondary health
facilities.(OCHA, 2022).

Adaptation lessons

¢ Early warning
system for better
preparedness
(Dhainaut et al., 2004).

¢ Decentralise power
supply including the
use of renewable
energy

¢ Stockpile fuel and
medication.

¢ Decentralise cold
chain management.
(Guerra Veldzquez,
2022).

* Install HEPA air
filtration.

¢ Stockpile N95 masks.

* Mobilise health staff in
disaster zones.

* Field hospital/ mobile
clinics.

* Integrated water
and sanitation and
health sector planning
for waterborne
disease surveillance.
(Lequechane et al.,
2020).

¢ Build resilient health
infrastructure. (WHO
Africa, 2019)

* Elevate hospitals in
flood prone areas.
(Government of
Pakistan et al., 2022)

* Field hospital/ mobile
clinics. (Simpson,
2022)

* Decentralised cold
chain management.
(Government of
Pakistan et al., 2022).
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2.2 Impact of flooding on a health system - the case of Nigeria

In Nigeria, the health system continues to face significant challenges, including a shortage of
healthcare workers, poorly maintained primary health facilities lacking essential resources, and
inadequate cold chain management characterised by outdated storage infrastructure and limited
accessibility in rural areas. In response to these systemic issues, the Nigerian government has
secured USS 2.2 billion to strengthen the national health sector (Ufoh, 2025). This investment will
support the renovation of over 17,000 primary health centres, the training of 120,000 frontline
health workers, and the expansion of national health insurance coverage, with the goal of doubling
enrolment within three years (Ufoh, 2025).

Nigeria's ranks among the top ten climate vulnerable countries, globally and as the most populous nation
in Africa and the sixth worldwide, which exacerbates its susceptibility to the adverse consequences of
climate change (Climate Scorecard, 2018). In 2022, the nationwide floods impacting all states affected
approximately 64% of households and caused an estimated loss of USS 6.68 billion in damages
(National Bureau of Statistics, 2023). Beyond the direct physical injuries caused by floodwaters
and debris, secondary health impacts, such as a cholera outbreak (Ogunribido & Ogunribido, 2024),
further underscored the increased demand for healthcare services. However, access to healthcare
was severely constrained, as many facilities were rendered non-operational. For instance, in Kogi
State, 90/106 health facilities were flooded, (WHO, 2022b), while in Jigawa State, 30 facilities were
submerged and declared out of use, with over 200 additional facilities sustaining significant damage.
Moreover, flood-related destruction of road infrastructure further impeded access to health services
for months following the event. This case exemplifies how a climate hazard can simultaneously
escalate the demand (box 1) for healthcare while severely limiting both the delivery and accessibility
of these essential services. This section presents an overview of the potential impacts of increases in
fluvial flooding due to climate change, on Nigeria’s health system, focusing on the disruption of health
facilities, and accessibility challenges.

To understand which health facilities and access routes will be vulnerable to climate change related
flooding in Nigeria, a high level screening was conducted using open access tools such as the GRI
Risk Viewer developed by the Oxford Program for Sustainable Infrastructure Systems (OPSIS) at the
University of Oxford (Russell et al., 2025). A 1-in-100-year fluvial flood event, comparable to the 2012
and 2022 floods that disrupted healthcare services in Nigeria, was selected under a medium-term
(2050) horizon using RCP 4.5 (moderate mitigation) and RCP 8.5 (high emissions) climate scenarios,
typically employed to inform infrastructure adaptation planning.
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Health facilities impacted

The location of existing healthcare infrastructure was mapped (Open Street Map, 2025) and overlaid
with fluvial flooding scenarios from Aqueduct flood hazard maps (Ward et al., 2020) accessed through
the GRI Risk Viewer Webtool (Russell et al., 2025). Figure 3 illustrates the impact of a 1-in-100-year
fluvial flooding event on health facilities based on Aqueduct data under climate change scenarios for
2050 (RCP 4.5). The North Central and Northeast regions are particularly exposed, with fluvial flooding
projected in the Chad Basin of Northeastern Nigeria by 2050 (RCP 4.5).

et e
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Figure 3. Health facilities impacted by a 100-year return period fluvial flooding event based on
Aqueduct projected fluvial flood model for 2050 under RCP 4.5. Source: Open Street Map, 2025;
Russell et al., 2025; Ward et al., 2020

Tables A1 and A2 disaggregates affected health facilities by type and flood depth, including hospitals,
clinics, pharmacies, health posts, and dental practices. The baseline fluvial flood model indicates
that a 1-in-100-year fluvial flood event would expose approximately 50/450 clinics, 34/743 general
practices, and 28/1283 hospitals to flood depths exceeding 0.3 m. Under the RCP 4.5 scenario, and
considering only existing infrastructure, these figures are projected to rise by 2050 to 61 clinics, 52
general practices, and 32 hospitals, respectively. To understand the implications of flooding on hospital
infrastructure (Figure 4, Table A3), flood depths of 0.3-0.5 m are associated with the functional
disruption of electrical and mechanical systems, including heating, ventilation, and air conditioning
(HVAC), as floodwaters reach basements and utility areas (FEMA, 2017). At depths of 0.5-1.0 m, major
service interruptions become increasingly likely, as backup power supplies and medical gas systems
are at risk if located in low-lying areas (Abebe et al., 2025; Jelic, 2018). Beyond 1.0 m, hospitals are
generally assumed to be non-operational, necessitating evacuation (First Street, 2025). Projections
suggest that by 2050, fluvial flooding could cause temporary shutdowns at 19 hospitals under both
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RCP 4.5 and RCP 8.5, compared with 17 currently. These estimates are conservative, however, as they
do not account for the construction of new hospital facilities by 2050.
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Figure 4. Comparison of fluvial flood scenarios impacting hospital functionality using Aqueduct
fluvial flood models for a 100-year return period. Source: Open Street Map, 2025; Russell et al., 2025;
Ward et al., 2020

Impact on accessibility

In a study by Weiss et al. (2020), walking and motorised travel times to the nearest health facility were
mapped, concluding that 43.3% of the global population cannot reach a healthcare facility by foot
within one hour, while 8.9% cannot reach healthcare within one hour with motorised transport. The
analysis from Weiss et al. (2020) were presented to demonstrate potential accessibility challenges
during a flood event in Nigeria. Accessibility disruptions are acutely exacerbated during flooding
events impacting access routes and may be further intensified in the long term due to the destruction
of transport infrastructure such as roads and bridges. For illustrative purposes, reduction factors
were applied to walking times based on flood depth. At depths up to 0.4 m (ankle to knee height),
adult walking speed is assumed to decrease by 20%. At depths of 0.4-0.9 m (knee to waist height),
walking speed is reduced by 40%, and at depths exceeding 0.9 m (greater than waist height), the path is
considered impassable (Li et al,, 2025). For motorised transport, including cars and motorcycles, flood
depths up to 0.15 m are assumed to double travel time, whereas depths of 0.15-0.3 m reduce speed
to approximately one-eighth of normal. At depths exceeding 0.3 m, roads are considered impassable
for average motorised vehicles (Gangwal et al.,, 2023). These results offer a preliminary estimate of
how travel time and accessibility may be affected and are intended for demonstration purposes.
A more detailed analysis is needed to account for potential chronic disruptions to road and bridge
infrastructure; the rerouting to the second nearest and non-flooded facility, narrow or low-lying road
segments near small water channels which may become impassable during flooding, even if average
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flood depths suggest otherwise. The scenario of switching from driving to walking during a flood was
also not analysed, as it was assumed that motorised travel distances are generally too great to be
completed on foot.
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Figure 5. Walking travel times (minutes) to health facilities for RCP 4.5 scenario (2050, RP100 fluvial
flood) using Aqueduct fluvial flood models combined with the travel time analysis of Weiss et al.
(2020). Source: Russell et al., 2025; Ward et al., 2020; Weiss et al., 2020

In Nigeria, an estimated 3.91% (~8 million people) of the population currently require more than one
hour of walking time to reach the nearest healthcare facility (Weiss et al., 2020). During a 1-in-100-year
flood event, this proportion increases to 5.08% (~10.5 million people). Under projected climate change
conditions, this figure is expected to rise by an additional 0.92% and 1.01% of the population by 2050
under RCP4.5 and RCP 8.5 scenarios, respectively (Table A4). Accounting for population growth, this
represents approximately 2.4 million and 2.65 million additional people with limited healthcare access,
with particularly severe impacts anticipated in the North Central and North East regions (Figure 5).
Notably, a 1-in-100-year flood event could completely block access to the nearest healthcare centre
for about 1.09% (~2.2 million), 1.48% (~3.9 million), and 1.57% (~4.1 million) of the population under the
baseline, 2050 RCP4.5, and RCP8.5 scenarios, respectively (Figure 6, Table A4).
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@ Baseline* (no flood)
Baseline* (RP 100)

@ 2050 (RP 100, RCP 4.5)

@ 2050 (RP 100, RCP 8.5)

Population (%)

60-120 min >120 min No access
(restrictive) (prohibitive) due to flooding

Walking time to closest healthcare facility

Note: *Using a 2020 population with a total of 208,252,500; **Using a 2030 population with a total of 262,490,500.

Figure 6. Impact of fluvial flooding scenarios on walking times to the nearest healthcare facility in
Nigeria combining Aqueduct fluvial flood models with the travel time analysis of Weiss et al. (2020).
Source: Russell et al., 2025; Ward et al., 2020; Weiss et al., 202).

With respect to motorised travel times to the nearest healthcare facility, 0.51% (~1 million people) of the
population currently require more than 60 minutes, a figure projected to increase to 5.51% under a 1-in-
100-year flood event in 2050 (RCP 4.5) (Table A5, Figure 7). In particular, the share of the population
with no access during a 1-in-100 year flood event is expected to rise from 4.22% (~8.8 million people)
under baseline conditions to 4.87% (~12.8 million people) by 2050, when accounting for population
growth under both RCP 4.5 and RCP 8.5 scenarios. The South, North Central, and North East regions
are projected to experience the most severe disruptions (Figure 8).
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| @ Baseline* (no flood)
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Note: *Using a 2020 population with a total of 208,252,500; **Using a 2030 population with a total of 262,490,500.
Figure 7. Impact of fluvial flooding scenarios on motorised travel times to the nearest healthcare

facility using Aqueduct flood models combined with the travel time analysis from Weiss et al. (2020).
Source: Russell et al., 2025; Ward et al., 2020; Weiss et al., 2020.
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Figure 8. Motorised travel times (minutes) to health facilities for RCP 4.5 scenario (2050, RP 100
flood) using Aqueduct fluvial flood models combined with the travel time analysis from Weiss et al.
(2020). Source: Russell et al., 2025; Ward et al., 2020; Weiss et al., 2020.
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Box 1: Case Study — Sokoto, Nigeria. Where is a climate shock likely to have the greatest

impact on the users?

Climate shocks (heatwaves, flooding, wildfire) threaten the continuity of healthcare services,
while exacerbating health issues in Sokoto, Nigeria. In wards exposed to multiple climate
hazards, this analysis examines indicators of healthcare demand and identifies where access
to care is structurally most fragile under conditions of disruption in order to determine which
populations are likely to be most affected.

Projected climate hazards in Sokoto State (RCP 4.5, 2041-2060)

Temperature
-Mean increase of 1.4 °C.
-75 additional warm spell

days.
Peak daily temperature up
to 46°C.

Increased demand*

Heat related illness

35-40°C: +15-25% prevalence of heat
stress, dehydration and skin irritation.
41-47°C: +40-60% prevalence of heat
exhaustion and cognitive impairment.
Exacerbated with high relative
humidity risk in August and
September.

Wildfires
High to very high hazard.

Wildfire related illness

Smoke and reduced air quality during
the fire season contribute to
respiratory symptoms and
exacerbation of existing conditions.

Floodwater
increases prevalence of waterborne
ilinesses, and injury from debris.

Flooded wards
N RP 100 pluvial flood, 25
facilities at medium risk
(0.21-0.60 m, 13 facilities
at high risk (>0.6 m).

Reduced supply

Flood events
disrupt health services, road access
and cold chain functionality.

*Greater demand expected from vulnerable health groups (infants, children, women of reproductive age, obese, elderly)

Results indicate wards which are most vulnerable during a climate shock (dark burgundy)
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Impact potential of structural access
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referral capacity

Combined impact potential Do ke
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1. Wards such as Gandi 1 (Rabah)
and Makuwana (Sabon Birni)
emerge as the most critical, as
they combine large populations
with elevated health care needs,
limited service density, and weak
access redundancy.

2.0ther wards, including Dukamaje
(Gada) and Kaura (Wamakko),
also face elevated risk due to the
scale of demand placed on the
health system, even where access
conditions are relatively stronger.
These vulnerabilities are further
amplified by broader security
dynamics and cross-border
mobility, which can constrain
service delivery and increase
pressure on already stretched
facilities.

Together, these factors indicate wards where the combination of high population health care
needs, fragile access, and external stressors could contribute to heightened impact during a
climate shock, providing a useful basis for consideration in resilience planning and health

system strengthening.

GCA/GlobalCad analysis; WHO (2018); Romanello et al. (2022); IPCC (2022)
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Status quo of health system
adaptation

3.1 Current standards, tools, and guidelines for climate change adaptation of health systems

International standards play a critical role in strengthening the quality, safety, and performance of
healthcare systems. Key healthcare standards include the healthcare organisation management
standard (ISO 7101:2023) which establishes comprehensive requirements for governance, leadership,
strategic planning, risk management, quality assurance, and the delivery of patient-centred care.
Similarly, the quality management systems standard for healthcare (EN 15224:2016), which is derived
from 1SO 9001, emphasises systematic risk management and the promotion of patient safety within
clinical processes. In addition, a range of standards address the management of cold chains, including
ISO 23412:2020, ISO 13485, ISO 21973:2020, ISO 9001, and ISO 13408, which collectively provide
frameworks for the safe transport, storage, and handling of temperature-sensitive equipment, biological
samples, pharmaceuticals, and vaccines (Table 2).

However, there are no international standards dedicated specifically to climate resilient healthcare
systems, which are distinct, complex and high risk. Existing standards that incorporate elements of
climate resilience tend to address related aspects of healthcare facilities. These include organisational
resilience (ISO 22316:2017), business continuity management (ISO 22301:2019), environmental
management (ISO 14001), and occupational health and safety (ISO 45001:2018). A series of 1SO
standards dedicated to climate change adaptation (ISO 14090:2019, ISO 14091:2021, and ISO
14092:2020), collectively provide a comprehensive framework for managing climate resilience;
however, their guidance remains largely generic. These standards encompass high-level adaptation
planning (ISO 14090), methodologies for climate risk and vulnerability assessment (ISO 14091), and
guidance for developing local adaptation plans (ISO 14092). The standard most relevant concerning
infrastructure resilience, ISO/FDIS 22372, is currently under development; however, it does not provide
healthcare specific requirements and therefore lacks the necessary detail to guide climate resilience
within this sector.
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Table 2. International standards for healthcare and climate resilience

Healthcare specific standards

EN 15224:2016 (BSI, 2016) Quality management systems for healthcare
ISO 13485:2016 (1S0O, 2016) Medical devices quality management systems
ISO 21973:2020 (IS0, 2020a) Biotechnology transportation

IS0 23412:2020 (IS0, 2020b) Indirect, temperature-controlled refrigerated delivery

services
ISO 7101:2023 (IS0, 2023a) Healthcare Organization Management
ISO 13408 series (IS0, 2023b) Aseptic processing of healthcare products
Standards with climate resilience
ISO 14001:2015 (IS0, 2015) Environmental management systems
ISO 22316:2017 (ISO, 2017) Organisational resilience
ISO 45001:2018 (IS0, 2018) Occupational health and safety systems
ISO 22301:2019 (IS0, 2019b) Business continuity management systems

Adaptation to climate change: Principles, requirements

ISO 14090:2019 (IS0, 2019a) and guidelines

Adaptation to climate change: Adaptation planning for

[2ONEUS2:2020)(50R20200) local governments and communities

Adaptation to climate change: Guidelines on

150 14091:2021 (IS0, 2021) vulnerability, impacts and risk assessment

IS0 22372:2025 (IS0, 2025) Guidelines for infrastructure resilience

Although formal standards for climate resilient health systems have not yet been established, a range
of recommendations are available through existing tools and guidelines, predominantly published
by the World Health Organization (WHO) (Table A6). These include a step-by-step framework for
countries to develop Health Adaptation Plans (HAPs) in response to climate change (WHO 2014), and
an operational framework guiding health systems to prepare for, respond to, and adapt to health risks
through ten key components (WHO, 2015). This was updated in 2022, with specific indicators to assist
countries and health authorities in measuring, monitoring, and strengthening the climate resilience
of their health systems (WHO, 2022). At the facility level, the WHO provides a framework to help
healthcare facilities prepare for, respond to, and recover from climate-related impacts while minimising
their environmental footprint (WHO, 2020). Practical tools, such as checklists, enable managers,
planners, and policymakers to identify vulnerabilities, assess risks, and address resilience gaps within
health facilities (WHO, 2021). Most recently, WHO guidance emphasises making healthcare facilities
safe, climate-resilient, and environmentally sustainable, with a particular focus on supporting universal
health coverage and high-quality care (WHO, 2025).
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In addition to the WHO's publications which address healthcare resilience globally, a number of
regional and national initiatives have also been developed (Table A6). In Canada, resources provide a
roadmap for designing, constructing, and operating health facilities capable of withstanding current
and future climate challenges, alongside tools, data sources, and case examples to assess and
address health impacts through vulnerability and adaptation (V&A) assessments (GreenCare, 2024,
Health Canada, 2022). In the United States, guidance emphasises cross-sector collaboration for
climate change adaptation planning and offers practical tools to strengthen healthcare organisations’
capacity to withstand and recover from climate-related hazards through risk assessment, community
engagement, and coordinated planning (CDC, 2024; Guenther et al., 2025). In Europe, system-wide
approaches combine adaptation and decarbonisation to help health systems prepare for, respond to,
and mitigate climate change impacts, illustrated with practical case studies (HCWH Europe, 2024).
Resources tailored for low- and middle-income settings provide methods to identify and address
climate and health vulnerabilities, assess risks, and implement context-appropriate resilience solutions
for health facilities (CAA, 2025). This toolkit provides a comprehensive six-stage approach, piloted in
rural primary healthcare networks in South Africa and a hospital in Chad. It addresses key themes
including resilient infrastructure, supply chains, energy, water and sanitation, health service delivery,
workforce, disaster planning, and governance.

Existing guidelines and standards offer decision-makers practical frameworks and indices for
assessment; however, a gap remains between their development and effective implementation. This
gap is influenced by factors such as the practical feasibility and contextual relevance of the guidelines
(e.g., availability of resources), the level of training and awareness among practitioners, and the
strength of governance mechanisms (WHO, 2010). While the guidelines generally reflect a systems-
based approach and encourage cross-sector collaboration, they have gaps. For example, they do not
comprehensively consider the vulnerabilities of the healthcare system and its dependencies on sub-
systems, including the population’s ability to access healthcare, and on supporting systems, and often
remain asset-centric, concentrating on the assessment of physical climate risks at the level of individual
facilities, such as hospitals. Although these analyses provide valuable insights, they often overlook the
systemic nature of healthcare and its interdependencies with supporting systems—including water,
energy, waste management, digital infrastructure, transport, and service access. As a result, they may
not fully capture the breadth of vulnerabilities, the potential magnitude of associated risks, or the full
range of benefits that could be achieved through targeted adaptation interventions, and, thus, may not
identify the right adaptation needs, options and priorities.

3.2. Status of climate change adaptation of health systems in Africa

Efforts to build health system resilience are anchored in the UNFCCC process on the Global Goal
on Adaptation, which has been established in the Paris Agreement. It aims at “enhancing adaptive
capacity, strengthening resilience and reducing vulnerability to climate change, with a view to
contributing to sustainable development” (UN, 2015). Health has been established as one of the key
areas in which countries need to build resilience. Already since 2010, alongside the United Nations
Framework Convention on Climate Change (UNFCCC) National Adaptation Plan (NAP) process, health
has received a dedicated adaptation plan in the form of Health National Adaptation Plans (HNAPs)
(WHO, 2025a). Within the Global Goal on Adaptation Framework of the Glasgow—Sharm el-Sheikh
work programme, health was defined as one of the core pillars of climate change adaptation, calling for
“‘Attaining resilience against climate change related health impacts, promoting climate-resilient health
services, and significantly reducing climate-related morbidity and mortality, particularly in the most
vulnerable communities” (UNFCCC, 2023).

Africa remains in the early stages of implementing health and climate change adaptation policy

instruments. Currently, only eight African countries have published (HNAPs), with others in the
drafting stage. In addition, nine have developed sectoral national health plans that integrate adaptation
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measures, while 66% reference health in their NAPs / Nationally Determined Contributions (NDCs)
under the UNFCCC (Table 3). Overall, the proportion for Health (18%) is lower than that observed in
other sectors such as Agriculture and Water comprising 34% and 20% of sectoral plans respectively
(GCA, 2025b). However, health system strengthening has also been demonstrated indirectly through
resilience in other sectors. Countries such as Madagascar and Céte d'lvoire are implementing reforms
that stabilise electricity, water, sanitation, and fiscal transfers, they are reinforcing the foundational
systems that connect climate change adaptation policy to human wellbeing. These same systems (i.e.,
energy reliability, WASH, and social protection) are equally vital for pandemic preparedness, ensuring
that hospitals, disease surveillance units, and emergency response facilities remain operational during
periods of acute stress (GCA, 2026).

Table 3. Summary African Countries with Health and Adaptation Policy Instruments

Health National Sectoral Health Plan with Health in NAPs
Adaptation Plans Adaptation Considerations / NDCs
Cape Verde (2023) Algeria (2015)
Cote d'lvoire (2022) Angola (2021)
Ethiopia (2024) Benin (2022)
Nigeria (2025) - Burkina Faso (2021)
Somalia (2025) Strategy (2024- Cape Verde (2025)
Tanzania (2018) 2030) Cameroon (2021)
Uganda (2024) Central African Republic (2021)
Zambia (2017) Comoros (2021)

Congo (2021)
Democratic Republic of the

e Congo (2021-2025)
National ]
NC::'pe \ﬂ'dtg: Health Policy Eritrea (2022)
ational Action s
i (2016) Eswatini (2025)

Ethiopia (2025)
Ghana (2021)
Kenya (2025)
Lesotho (2017)

Security of Cabo
Verde (2022 -
2026)

Gabon:
National

Health Liberia (2015)
Devel t
peéf] ?55”293? Madagascar (2022)

Malawi (2021)
Mauritania (2025)
Mauritius (2025)
Morocco (2025)
Mozambique (2023)
Namibia (2030)
Seychelles: Niger (2021)
National Health Nigeria (2025)
National Health. Rwanda (2035)
Policy (2022) Senegal (2020)
Seychelles (2025)
« *  Somalia (2025)

The Gambia: .
National '
Health Policy
(2021)

Lesotho: :
National South Africa (2025)
o Sudan (2016)
Eswatini: Togo (201 8)
National Health Tunisia (2025)
Sector Strategic
Plan (2024/25 - Uganda (2022)
2027/28) Tanzania (2021)

Zambia (2025)
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In addition, existing health and adaptation policy instruments (Table 3) demonstrate significant gaps
in recognising healthcare as a holistic system. When screening the policy documents of Table 3, for
keywords and phrases associated with health system resilience (identified by the standards, guidelines
and systemic failures from previous events), such as ‘infrastructure’, ‘'staff’ ‘'workers’, ‘access’
‘'supporting systems’, ‘water’, ‘electricity’, ‘sewage’, ‘digital’, road’, ‘adaptation’ and ‘cross-sectoral’ ,
approximately 26% do not reference health infrastructure, 43% do not mention health staff, 45% omit
access to healthcare, 60% do not acknowledge supporting systems, 69% exclude adaptation for
supporting systems, and 43% do not address cross-sectoral collaboration. However, some countries,
mention all key themes such as Cape Verde, Ethiopia, Nigeria, Somalia and Zambia, in one or more
of their policy documents. Nigeria is leading the way by integrating the full set of themes into both
its recently issued HNAP and its 2025 NDC. This level of policy alignment is particularly important
for ensuring that the government’s USS 2.2 billion commitment to strengthening the national health
system is undertaken in a manner that enhances climate resilience, especially given Nigeria's high
vulnerability to climate-related risks as emphasised in the previous chapter (Ufoh, 2025).

Although policy frameworks remain relatively underdeveloped, Africa’s climate health agenda is gaining
momentum through increased investment. In May 2024, (amref health africa, 2024) at the 77th WHO
World Health Assembly, a resolution was passed for climate resilient health systems in Africa through
greater investment in data, research and early warning signs. In September 2024 (WHO, 2025b), over 80
health and climate experts metin Senegal for the 5th Clim-HEALTH Africa meeting. They endorsed a five-
year strategic plan for the African region with the aim to build resilient and sustainable health systems
that will integrate climate change adaptation into national health planning. In April 2025 (WHQO, 2025c¢),
eight Southern African countries (Botswana, Lesotho, Madagascar, Malawi, Mozambique, Namibia,
South Africa, Zimbabwe) launched a USS 35 million, 3-year programme supported by the WHO and the
Pandemic Fund. It focuses on early warning & disease surveillance systems; strengthening laboratory
diagnostics; building a skilled public health workforce, establishing a Climate-Health Observatory for
cross-border risk tracking. Following this in July 2025, the African Centre for Disease Control (CDC)
launched a five-year strategic framework, aimed to enhance the resilience of health systems, advance
disease surveillance, and promote sustainable public health outcomes across Africa in the context of
climate change. The total budget is estimated at USS 482,494,500, allocated across six pillars. The
largest proportions of funding are directed towards Public Health Emergency and Disaster Response
(25.18%) and National Health System Strengthening mechanisms (20.73%). Such initiatives remain
largely focused on climate change and disease prevalence, with a low proportion of funding allocated
to strengthening health system resilience.

At the national level, the World Bank and the Global Facility for Disaster Reduction and Recovery
(GFDRR), supported eight African countries since 2023 (Ameh et al.,, 2021), in advancing health system
resilience through application of the Frontline Scorecard tool (Tariverdi et al.,, 2024). Success stories
include the retrofitting of 50 health facilities in Mauritania to withstand flooding by 2028 and the
integration of a climate risk assessment of the primary healthcare upgrade in Sudan.
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New approaches in addressing
health system vulnerability

Two novel frameworks provide the conceptual basis for deriving vulnerabilities in the health system,
adaptation solutions, and actionable recommendations for achieving climate resilient health systems.
Health system resilience is a holistic concept. In this sense, it is defined as the “capacity of health
actors, institutions, and populations to prepare for and effectively respond to crises; maintain core
functions when a crisis hits; and, informed by lessons learnt during the crisis, reorganise if conditions
require it” (Kruk et al, 2017, p. 1). Access to healthcare is essential for a functioning and resilient
healthcare system. If healthcare is not accessible to the population seeking care, the main function —
to deliver healthcare — of a health system cannot be fulfilled. Access is therefore a central metric for
the performance of healthcare systems (Levesque et al,, 2013, p. 1).

The two approaches therefore provide a systematic way of identifying vulnerabilities, deterioration,
disruption and system failures, and offer guidance on how to improve the ability of health systems
to prepare for, respond to, maintain and reorganise in the face of climate risks. To achieve this,
the approaches address health system vulnerabilities and adaptation options from two different
perspectives (Table 4):

Table 4. Perspectives and approaches to health system resilience
Perspective Approach

Perspective of healthcare service provision,
comprising healthcare facilities, healthcare assets, Healthcare systems-of-systems approach
the healthcare value chain, and supporting systems

Perspective of sustained access to healthcare for Integrated framework of health system resilience and
patients, the population, and vulnerable groups climate change
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Figure 9 illustrates why assessing both frameworks together enables readers to gain a comprehensive
understanding of vulnerabilities and adaptation options, to achieve sustained value chains, healthcare

access and services.

Health care service
delivery (facilities,
healthcare assets, )

staff)
Healthcare |
system-of Health care L
_systems value chains
approach |
Supporting systems Health system
(energy, transport, — resilience:
Direct and water, waste, etc.) Sustained value
. indirect | chains, healthcare
_________________________________________ lmpaCtS of TR seoess A
climate l services for
change patients and
Healthcare access Healthcare access the population
dimensions: dimensions:
Integrated Approachability; Ability to perceive;
framework for acceptability; ability to seek;
health system availability; ability to reach;
rc_esmence and affordability; ability to pay;
climate change appropriateness ability to engage

Figure 9. Conceptual approaches towards sustained healthcare access in the context of climate
change

The “Integrated framework of health system resilience and climate change” (section 3.1) roots in the
main idea what dimensions — at the supply and demand side — influence and constitute access to
health care. For each dimension, it is assessed how it is or could be impacted by climate change and
what adaption options respond to these impacts. The approach characterises the health system as
a dynamic system, including all actors of a health system from patients to doctors, going through a
continuous resilience process.

The “Healthcare system-of-systems approach to vulnerability and adaptation” (section 3.2) applies a
different lens of the health system resilience. It frames the health care system as part of a system-of-
systems, being a collection of multiple independent systems that form part of a larger, more complex
system that are interconnected and depend on each other. Grounding this definition, the healthcare
system-of-systems can be considered to contain the healthcare system, as well as the energy,
transport, water, waste management and digital communications systems on which the healthcare
system depends. Thus, to function properly, health systems depend heavily on other economic and
social systems, called supporting systems.

By combining the two perspectives — healthcare provision and access to healthcare — it is possible

to understand systemic vulnerabilities and prioritise a robust set of adaptation options for the health
system in order to achieve climate-resilient value chains, healthcare services, and access to healthcare.
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4.1. Sustaining and improving access to healthcare in the context of climate change

The integrative framework on health system resilience and climate change by Ridde et al. (2025) thoroughly
assesses the dimensions relevant to health care access by considering the resilience process. Health
care access is thereby understood as the opportunity to have healthcare needs fulfilled distinguishing
between the accessibility of healthcare providers, organisations, institutions, and systems (supply-side
factors), and the ability of populations, communities, households, and individuals to access healthcare
provision (demand-side factors) (Levesque et al., 2013). The approach is based on the seminal framework
presented by Levesque et al. (2013) that has been widely adopted in academia and practice (Cu et al,
2021). The usefulness of this approach lies in its relative simplicity and measurability: Alongside the
process from healthcare needs to healthcare consequences (e.g., reestablished health), five demand-
side dimensions and five supply-side dimensions have been identified.

The integrative framework fundamentally takes health system resilience into consideration in the
context of climate change. It integrates dynamic changes to the health system and health system
access due to climate change and reactions of the health system and the population. Thus, the
population is perceived as an active participant of the health system through their access to and
demand of healthcare services. Following the framework, climate hazards lead to disruptive events at
the demand and the supply side. Thereby, the health system (supply side) — as well as the responses
of the population (demand side) — are dynamic:

« Disruptive events lead to dynamic changes of the health system, which comprise the stages of pro-
active adaptation strategies, deterioration, (partial) failure, recovery, and improvement, through the
process of resilience. The process of resilience itself is influenced by the exposure, sensitivity, and
capacity to adapt to climate hazards.

«  Consequently, the health systemis in a continuous process of adapting to climate-related stressors
and disruptive events following formal (e.g., changes in infrastructure of procedures) and informal
(i.e., situational flexibility) adaptation pathways. The ability of the system to adapt and the level
of health system resilience impacts healthcare accessibility, and ultimately population health and
socio-ecological outcomes.

*  The same continuous process applies to the population, who also adapts to climate change-related
stressors and disruptive events and, secondary, adapts to changes in health service provision. The
ability of the population to adapt depends on their mobility, certain socio-economic characteristics
that reduce sensitivity (e.g., health literacy, personal and social values, and income) and their ability
to access healthcare.
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Figure 10 gives an overview of the integrative conceptual framework of access to healthcare in the
context of climate change developed by Ridde et al. (2025).

Demand-side of healthcare access Supply-side of healthcare access

Population (im)mobilities Exposure Routine & Pertubations
\
v
Determinants of population abilities Sensitivity Determinants of supply-side capacities
\y
7
Population abilities to healthcare access Adaptive capacity Healthcare accessibility
v

Outcomes of Health System Resilience

Depending on how well the system manages stressors, it may:

Collapse Deteriorate Recover Improve

Healthcare Access Population Health Socio-economic
Outcomes Outcomes Ecological Outcomes

&

Figure 10. Integrative conceptual framework of access to healthcare in the context of climate
change. Source: Ridde et al. (2025)

The integrative framework brings together the population (demand-side of healthcare access) — on
the left side of the figure — and health service provision (supply-side of healthcare access) — on the
right side of the figure. It lays the foundation for systematically assessing access to healthcare in the
light of climate change. Applying this approach, the demand side and the supply side of healthcare is
assessed with regard to their specific vulnerability and barriers for healthcare access. Based on this,
suitable adaptation options are derived and presented.
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4.1.1. How can we adapt the demand side of healthcare access?

Figure 11 shows the determinants of health system resilience at the demand side. In the discussion
of vulnerabilities and adaptation options of the health system, the presentation systematically follows
the framework from “Immobility situations”, over “Socio-economic characteristics’, through to the five

access dimensions of the framework: "Ability to perceive”, “Ability to seek”, “Ability to reach”, “Ability to
pay”’, and "Ability to engage”.

Population
(im)mobilities

Captures all forms of
movement or lack thereof —
ranging from daily commuting
to forced displacement — and
how these patterns affect

Determinants
of population
abilities

Encompasses
socio-economic factors like
education, income, health
literacy, living environment,
and empowerment that
shape people's ability to

Population

abilities to

healthcare
access

Involves five healthcare
access dimensions: Ability to
perceive a need; Ability to
seek care; Ability to physically
reach services; Ability to pay
(afford services); Ability to
engage in long-term care.
These dimensions determine

healthcare access.

engage with health systems. whether people can truly

access the care they need.

Figure 11. Demand-side determinants of health system resilience. Source: Ridde et al. (2025)

Immobility situations: Immobility of individuals and households leads to the fact that they cannot
remove themselves from the direct or indirect exposure of climate hazards. Reducing direct exposure
means that the subjects move, displace or migrate into an area which is not or less exposed to climate
hazards or the (current or potential) impact of hazards. Reducing indirect exposure, in the context
of this Adaptation Insights, means that the subject responds to disrupted health infrastructure and
access to healthcare through human mobility, for instance by temporarily moving to an urban centre.
If the individual or household removes itself permanently from the exposure, it is often referred to
as transformative risk management (Leppert et al., 2021). This, for example, is if the households
permanently move to another location or country where better healthcare access is expected. Other
more temporary adaptation options comprise local relocation sites or emergency shelters with
the availability of healthcare services. Mobility itself can also be improved by providing mobility or
relocation services for immobile people during extreme weather events or natural disasters.

Socio-economic characteristics: Socio-economic characteristics refer to determinants of population
abilities to access healthcare, such as health literacy, trust in healthcare providers, social support,
income, health insurance, and empowerment. Although these are general characteristics of socio-
economic development, they are as relevant in the context of climate change as they constitute
the basis for the adaptive capacity of the population. Adaptation options, therefore, predominantly,
refer to climate change adaptation measures needed beyond the health sector to strengthen these
characteristics.

43



Adaptation Insights 04

Ability to perceive: The dimension refers to whether the population perceives the need for healthcare.
It is determined by “factors such as health literacy, knowledge about health and beliefs related to
health and sickness” (Levesque et al., 2013). Climate hazards change the patterns of disease, for which
the population may not be sufficiently sensitised. For instance, during times of extreme heat and
heat waves, the risk of heat exhaustion or heat stroke increases, as do certain diseases linked to
sun exposure, such as photogenodermatoses. When flooding occurs, water-borne diseases, such as
cough, diarrhoea or cholera, or water related diseases such as malaria, pose a higher risk (Diallo &
Ridde, 2024). Therefore, adaptation option include sensitisation for changes in health risks and early
signal for the need to seek healthcare.

Ability to seek: This dimension refers to the “personal autonomy and capacity to choose to seek
care, knowledge about healthcare options and individuals’ rights that would determine expressing
the intention to obtain healthcare” (Levesque et al, 2013). As the ability to seek is a more general
dimension, deeply rooted in local culture, climate change related disruptions may change the autonomy
and capacity to choose disproportionally to the disadvantage of vulnerable groups, such as women,
children, elderly, and indigents. Therefore, health sector adaptation requires affirmative actions for
those vulnerable groups whose ability to seek is already under pressure in normal times and worsened
in the context of climate change.

Ability to reach: This dimension means the “personal mobility and availability of transportation,
occupational flexibility, and knowledge about health services that would enable one person to physically
reach service providers” (Levesque et al., 2013). The ‘ability to reach’ may be limited, for example, through
the flooding of road infrastructure. Extreme weather conditions and climate-related natural disasters
may result in (a) reduced personal mobility and the nonavailability of functioning transportation, in (b)
decreased physical access to healthcare providers, and (c) in heightened healthcare needs. As pointed
out in our geographic assessment of climate risks on a country’s health system (chapter 2), travel
time to facilities is an important factor of healthcare access in times of climate-related infrastructure
disruptions. Such time-related elements of access have also found important by the analysis of Cu
et al. (2021). Adaptation options therefore include organised transportation (e.g., buses or four-wheel
drive vehicles) from settlements to healthcare facilities during such events. Adaptation options also
include adapted labour regulations for climate events to strengthen the right of employees to seek
healthcare when they need care.

Ability to pay: The ability to pay refers to “the capacity to generate economic resources [..] to pay
for healthcare services without catastrophic expenditure of resources required for basic necessities”
(Levesque et al.,, 2013). Although, the ability to pay is a general concern in most healthcare financing
systems, challenges increase during climate events. First, the population might lack immediate income
earning possibilities during extreme weather events or natural disasters as opportunity costs increase
of spending the available resources. Second, access to existing resources might be limited as a result
of dysfunctional finance systems (e.g., banks or ATMs) and health insurance schemes. Third, lower
capacities of healthcare facilities and reduced availability of essential medicine or medical aids as a
result of climatic shocks may increase prices and, thus, further reduce the ability to pay. Adaptation
options therefore need to include that strengthen equitable access, such as flexible payment systems
at the point of service, the provision of emergency treatment at no cost, guaranteed acceptance of
health insurance membership during climate events, and regulations to avoid excess pricing and black
market trading of medicine and medical aids.

Ability to engage: The ability to engage relates “to the participation and involvement of the client in
decision-making and treatment decisions” (Levesque et al., 2013). Participation and involvement of
the client in treatment decisions is of heightened important in times of climate events, particularly
when the facility decides to prioritise certain cases or treatments (e.g., triage), and when there is no
or limited availability of certain treatments. Participation of the patient in such situations is essential
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so that the patient can take informed decisions. This includes establishing a patient-centred approach
to the treatment process in times of climate events. The development of proactive strategies about
treatment protocols and processes, prioritisation, and ethical decisions requires the participation
of communities in health system governance. Community governance is of particular importance
considering the operation of the health system under conditions of scarcity and reduced capacity.

Table 5 gives an overview of adaptation options at the demand side following the application of the
integrative framework of health system resilience by Ridde et al. (2025).

Table 5. Adaptation options for the demand side of healthcare access

Demand side factors

Adaptation options

Immobility (“trapped”)
situations

Socio-economic
characteristics

Ability to perceive

Ability to seek

Ability to reach

Ability to pay

Ability to engage

* Individuals or households (temporarily or permanently) move, displace or
migrate into an area which is not or less exposed to climate hazards or the
(current or potential) impact of hazards.

* Local relocation sites or emergency shelters with the availability of
healthcare services.

*  Provide equitable access to mobility through or relocation or mobility
services for immobile people who cannot move and are trapped in a hazard-
affected environment.

*  Climate change adaptation measures and strategies beyond the health sector
to strengthen the adaptive capacity of the population, also outside the health
sector itself, such as access to clean water, access to finance, food security,
and options for income diversification.

*  Sensitisation for climate change-related increases in health risks and related
needs to seek healthcare.

*  Equitable adaptation solutions as part of adaption planning in the health
sector aiming at vulnerable groups whose autonomy and capacity to choose,
to seek and to navigate healthcare is worsened during climate change related
disruptions.

*  Organised transportation (e.g., buses, boats, or four-wheel drive vehicles)
from settlements to healthcare facilities during climate events.

*  Adaptation of labour regulations to strengthen the right of employees to seek
care during climate events.

*  Flexible payment systems and subsidised rates at the point of service
during crisis that guarantee access to care at times of temporary liquidity
constraints, and guaranteed acceptance of health insurance membership
during climate events.

C Information to patients about prioritisations (e.g., triage) of certain cases or
treatments about no or limited availability of certain treatments is required to
take informed decisions.

*  Establishment of a patient-centred approach to the treatment process in
times of climate events.

*  Enable community governance for proactive and inclusive strategies about
treatment protocols and processes, prioritisation, and ethical decisions,
particularly in the consideration of the operation of the health system under
conditions of scarcity and reduced capacity.
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4.1.2. How can we adapt the supply side of healthcare access?

Figure 12 shows the determinants of health system resilience at the supply side. The framework will be
systematically followed in the discussion of vulnerabilities and adaptation options of the health system,
from “Supply side capacities” to the five accessibility dimensions of the framework: “Approachability”,

n o n o

“Acceptability”, “Availability & accommodation”, "Affordability”, and “Appropriateness”.

Determinants
of supply-side
capacities

Healthcare
accessibility

Routine &
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caused by climate events.
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that support service delivery.

Figure 12. Supply-side determinants of health system resilience. Source: Ridde et al. (2025)

Supply-side capacities: Supply-side capacities are linked to the sensitivity to climate hazards. Overall,
an increase of capacities is part of health system strengthening, and generally reduces the sensitivity
to hazards and constitutes the basis for the supply side’s adaptive capacity. Determinants of supply-
side capacities consist of the budgetary situation and resource allocation, the cost structure, the
technical and interpersonal quality, or if the building structure is climate-resilient. Against the backdrop
of climate change, particularly outstanding determinants seem to be the organisational strength and
autonomy of the institution or facility, the technical and interpersonal quality, and the availability of
resources in times of crisis. Adaptation options therefore include drills and trainings of staff and
improved coordination for extreme weather events and natural disasters, as well as measures to
increase the financial and institutional sustainability of healthcare institutions and facilities.

Approachability: Approachability means that the population requiring healthcare “can actually identify
that some form of services exists, can be reached, and have an impact on the health” (Levesque et
al,, 2013). In situations of extreme weather events or natural disasters, barriers of access include that
the population might not know which facilities are functioning and providing what services, and which
healthcare facilities are reachable. Suitable adaptation options include transparency of the current
situation of health service provision and information and outreach activities about available treatments
and services.

Acceptability: Acceptability can be understood as “cultural and social factors determining the
possibility for people to accept the services” (Levesque et al,, 2013). Similarly to the demand-side
dimension ‘ability to seek’, the possibility for people to accept existing services may be disproportionally
reduced for vulnerable groups as established standards for creating culturally acceptable conditions
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for healthcare may be limited in times of crisis. Adaptation options include an assessment of changes
in healthcare service provision during climatic events and natural disasters that may result in cultural
and social unacceptability of services for certain groups, and to establish provisional measures to
retain acceptability of services.

Availability & accommodation: Availability and accommodation refers to “the fact that health services
[..] can be reached both physically and in a timely manner” (Levesque et al., 2013). The ‘availability and
accommodation’ can be heavily impacted by climate risks, if, for instance, a facility needs to close
due to climate change impacts. Climate change related stressors and extreme weather events may
therefore result in inaccessible healthcare facilities at their fixed locations or in longer travel times
to reach them. An example is flooding events. As pointed out in chapter 2.2, longer climate-change
related travel times or inaccessible facilities due to flooding in Nigeria can be expected. In times of
extreme heat, certain times of the day may to be avoided for travelling to and from facilities. Temporary
unavailability may happen due to storms or heavy rains, or the consequences thereof such as rubble or
blocked roads. Adaptation options include the climate-proofing of roads and transport infrastructure,
the establishment of mobile clinics, medical stands, or temporary healthcare facilities in residential
areas, the strengthening of community health workers, or changed opening times during climate
events, such as during heat waves (Diallo & Ridde, 2024).

Affordability: Affordability means the “economic capacity for people to spend resources and time to
use appropriate services” (Levesque et al., 2013). During extreme weather events and climate change
related natural disasters, the urgency and need for certain treatments increases. From the individual
and public health perspective, it is essential to guarantee the affordability of these healthcare services
for the population. Adaptation options therefore include public health emergency funds (either by
the healthcare financing provider(s) or the government) and governmental subsidies for high priority
treatments during certain climatic conditions and natural disasters.

Appropriateness: Appropriateness means “the fit between services and clients need, its timeliness,
the amount of care spent in assessing health problems and determining the correct treatment and the
technical and interpersonal quality of the services provided” (Levesque et al., 2013). This dimension
may be impacted by climate change when the facility is damaged or staff is absent in times of crisis,
delivering healthcare at lower capacity or quality. Healthcare needs and the quantity of required
treatments may change through gradual climate change related changes and during extreme weather
events and natural disasters, for example an increased level of cutting wounds and physical injuries
during cyclones, or higher prevalence of infectious diseases during floods. Adaptation options of
the health system therefore require projecting healthcare needs during these climate events and the
preparation of inventories (e.g., medical stocks) and health care facilities for such changes, as well as
appropriate training for health staff.
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Table 6 gives an overview of adaptation options at the supply side following our application of the
integrative framework of health system resilience by Ridde et al. (2025).

Table 6. Adaptation options for the supply side of healthcare access

Supply-side factors Adaptation options

Supply side capacities *  Drills and trainings of staff and improved coordination for extreme weather
events and natural disasters.

*  Measures to increase the financial and institutional sustainability of
healthcare institutions and facilities.

Approachability *  Transparency, information, and outreach about availability of facilities and
services during extreme weather events or natural disasters.

Acceptability *  Assessment of cultural and social unacceptability of services and service
provision for certain (vulnerable) groups in times of climatic events and
natural disasters.

*  Establishment of provisional measures to retain acceptability of services for

all groups.
Availability & *  Climate-proofing of roads and transport infrastructure to improve access to
accommodation health care facilities.

*  Health stands, mobile clinics or temporary healthcare facilities in residential
areas and emergency shelters.

*  Establishing or strengthening the system of community health workers.

* Changed opening times, e.g., during heat waves, and establishment of an
extreme heat surveillance system.

Affordability *  Public health emergency funds for certain treatments during climatic events
and natural disasters.

*  Governmental subsidies for high priority treatments during certain climatic
conditions and natural disasters.

Appropriateness *  Projections of healthcare needs through climate-related gradual changes or
extreme events.

*  Preparation of inventories (e.g., medical stocks) and health facilities for
climate events.

*  Appropriate training for health staff for these climate events.

*  Provision of appropriate support for mental health problems related to
climate change and as a result of climate-related disasters for patients and
staff.

This section provided an application of a current integrative framework of health system resilience
in the context of climate change, that focused on healthcare access as a metric for health for the
development of adaptation strategies and policies.
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4.2. Healthcare system-of-systems vulnerability and targeted adaptation

The existing approaches insufficiently capture the systemic interdependencies of healthcare systems,
thereby underestimating the scope of vulnerabilities, the scale of risks, and the potential gains from
integrated adaptation strategies, and, thus, may not identify the right adaptation priorities. Arecent GCA
and OIA report on conceptualising healthcare as system-of-system (Thacker et al., 2026) highlights
how a healthcare system consists of interconnected assets and services, their dependencies,
potential systemic vulnerabilities and adaptation options. This assessment, which focuses on the
hard (structural/technical) dimension of health systems, elaborates on the perspective of healthcare
service provision, comprising interconnected systems, from healthcare facilities, healthcare assets,
the healthcare value chain, and supporting systems.

4.2.1. How is a healthcare system interconnected?

A healthcare systems characterisation (Figure 13) centres around 10 healthcare service access
points. Some of these services are delivered at buildings, whilst others through transportation modes.
Supporting these key service-enabling assets are other assets within the healthcare system including
the healthcare materials supply chain (that use storage and transportation assets), as well as healthcare
personnel supply (that use housing and transportation assets).
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Figure 13. Generalised representation of the healthcare system, including key building and vehicle
related assets and their interconnectivity.
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4.2.2. What external systems support healthcare assets and services?

The healthcare system is dependent on the services provided by a broad range of external systems.
These external services include those derived from infrastructure systems such as energy, transport,
water, waste management and digital. Understanding healthcare’s systemic vulnerabilities requires
expanding analysis from a single system to a system-of-systems perspective, encompassing
healthcare and its dependent external infrastructures. Figure 14 maps six key healthcare asset types
and their dependencies across twelve infrastructure sub-sectors.
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Figure 14. Generalised characterisation of the healthcare systems’ dependence on a variety of
infrastructure systems - creating a conceptual system-of-systems.

Infrastructure systems also depend on one another to enable their functionality. Figure 15 provides a
generalised representation of the healthcare system-of-systems, based on a generalised infrastructure
characterisation by (Thacker et al,, 2017). Atits centre is the healthcare system, with other infrastructure
systems surrounding it. Each system is represented a series of interconnected assets that supply
services. 3 different edge types (continuous line, dotted lines, and dashed lines) are used to showcase
the connectivity within systems, dependencies of the healthcare system on infrastructure systems,
and dependencies between different infrastructure systems, respectively. Such as representation
provides an indication as to the complex functional relationships between sectors, that can also be
considered as points of vulnerability and failure.
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Figure 15. Generalised representation of the healthcare system-of-systems. Adapted from Thacker
et al. 2017.

The 12 different sub-sectors also have dependencies on one another for core functionality. This
includes where sectoral workforces require electricity, water, wastewater, waste management,
digital communications and road transport to support their jobs and keep the sectors in operation.
Beyond this, other specialised dependencies exist between sub-sectors, such as supply-chain related
dependencies between road, rail, ports, and airports. A further example includes waste and hazardous
waste dependencies from multiple sectors — that are due to the use and production of waste through
their operation and maintenance.
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4.2.3. What are the system climate vulnerabilities?

Connectivity and interdependence enable patients to receive a broad range of services in an array of
contexts; it also introduces a multitude of systemic vulnerabilities. Systemic vulnerabilities inherent
within the healthcare system-of-systems have the potential to create impacts to healthcare services
at the different healthcare service access points. Disruptive events are initialised when a component
within the system-of-systems is exposed to a level of intensity from a climate hazard that it cannot
withstand. For example, a road asset that cannot withstand flooding of a given depth.

Figure 16 provides a generalised characterisation of the climate hazard vulnerabilities of the
healthcare system-of-systems. The figure shows the disruptive potential of flooding (coastal, fluvial
and pluvial), wildfires and landslides — which are found to impact all assets within the system-of-
system — whether they are located above ground or are buried beneath it. Precipitation is shown to
create low and moderate vulnerabilities, with moderate vulnerabilities experienced on assets that rely
on road infrastructure (due to precipitation impacting driving), as well as at airports (due to take-off
and landing restrictions). Precipitation is one of many drivers of flooding, and the that is considered a
different category in the table. In all but the most extreme contexts, temperature similarly can impact
all aspects in low and moderate ways, where moderate vulnerabilities exist in rail infrastructure (due
to line buckling and rolling stock impacts), the airports (through runway blistering and the perishing
of freight materials), as well as electricity (where overhead power lines have thermal operating limits).
Multiple sectors have high vulnerability to extreme winds, including electricity and phones (because
of the use of overhead lines), as well as healthcare vehicles and the transportation assets, whose
operability is heavily impacted by winds. Droughts have high vulnerability in the water sector (due to
water availability issues), and moderate vulnerabilities with electricity and wastewater systems — which
rely on water provision (for thermal cooling at some electricity plants, and to produce wastewater in
buildings, such as toilet flushing).
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system
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Figure 16. Generalised characterisation of the climate hazard vulnerabilities of the healthcare
system-of-systems.
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4.2.4. How can we adapt in a systemic way?

Healthcare system-of-systems adaptation can enhance resilience through multiple measures across
infrastructure dependencies (Figure 17). For the electricity sector, this includes onsite battery storage,
renewable generation, and diesel backup generators, supported by onsite liquid fuel storage (diesel, petrol,
propane) for emergency use. To mitigate transport vulnerabilities, healthcare facilities can establish
multiple access routes and diversify vehicle modes for service delivery, storage, and personnel transport.
Alternative modes—such as port, airport, or road-based emergency vehicles—can substitute during hazard
events when conditions allow. Water resilience can be improved through onsite water tanks, grey water
reuse (e.g., rainwater for flushing), and stormwater management via soakaways or other nature-based
systems, reducing demand on external supply and treatment networks. For waste management, both
general and hazardous waste can be stored onsite or in vehicles, with onsite incineration used where
feasible—particularly for hazardous waste when external capacity is limited. Finally, digital vulnerabilities
(e.g., phone or internet outages) can be addressed through redundant communication systems, such as
multiple devices and service providers, ensuring continued access to information and digital services.
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Figure 17. Adaptation options for the healthcare system to address systemic external dependency
vulnerabilities. Generalised between material- and access-based service delivery.
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Adaptation insights and way forward

This Adaptation Insights report contributes to the growing body of evidence on health system
resilience. It provides novel insights into how to make health systems more climate-resilient to sustain
value chains and healthcare services and access to healthcare. The application and synthesis of two
distinct conceptual approaches enables readers to gain new insights into how to approach health
system resilience. These insights stem from two perspectives: the provision of healthcare services,
comprising healthcare facilities, assets, value chains, and supporting systems, and sustained access
to healthcare for patients, the population, and vulnerable groups.

The analysis has shown that good practices are emerging, that theoretical concepts of practical use
are available, and that adaptation technologies and instruments exist or are emerging. Based on its
systematic analysis, this Adaptation Insights report contributes a frame for implementation and gives
clear recommendations on the way forward. This report is a valuable contribution to health system
resilience in times of climate change deriving landmark findings from these approaches, but also,
because there are fewer studies about climate change and health systems in Africa compared to other
continents. A gap that needs to be further filled.

This Adaptation Insights report — grounded in systematic analysis — calls for substantially increased
financing and efforts by IFls, by African governments, and international development partners in order
to make health systems climate resilient and to sustain value chains, healthcare services, and access to
healthcare in the context of climate change. Evidence is striking that progress towards climate resilient
health system has been slow and that climate change adaptation of health systems is fundamentally
under-financed and that investments are insufficient.

This Adaptation Insights report confirms substantial adaptation finance, planning and policy, and
collaboration gaps that need to be addressed through a concerted effort of all stakeholders. In its last
assessment report, the IPCC warned with a high confidence that action for climate-resilient health
systems between 2014 until 2022 has been slow “despite acknowledgement of the importance of
health adaptation as a key component” (IPCC, 2022, p. 95).

Therefore, this Adaptation Insights emphasises that efforts and progress towards climate resilient
health system need to gain momentum and require focus, actions, and investments of governments
and IFIs to achieve climate-resilient health systems with sustained value chains, healthcare access
and services. Drawing on these observations and our experience working with international and
domestic financial institutions to catalyse adaptation through the Africa Adaptation Acceleration
Program (AAAP), this section presents a set of practical recommendations to scale climate-resilient
health systems. These recommendations focus on mobilising and directing finance toward system-
wide resilience rather than isolated assets. Adaptation technologies, instruments, and good practices
are ready for deployment, and strategic investments can deliver high economic returns and cost-
efficiency. IFls, development banks, domestic financial institutions, and private partners now have
a clear opportunity to leverage dedicated climate finance, deploy de-risked investment structures,
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and align funding with these actionable recommendations to accelerate tangible impact on health
system resilience.

The set of insights and subsequent recommendations are tailored for IFls, governments, development
partners and domestic financial institutions are outlined below categorised into five thematic action
fields to guide investment planning, project design, and financing decisions for climate-resilient
health systems:

5.1. Climate risks are reducing health system capacity while increasing demand: they
need to be embedded at the core of health system planning, financing, and monitoring
strategies

Climate change is increasing healthcare demand and health burden. The demand for healthcare
services is projected to rise because of the adverse health impacts associated with climate change,
whether these are direct health impacts of climate risk events or due to gradually changing climate, or
whether they are indirect or secondary impacts. Investments in climate-resilient capacity expansion,
facilities, and adaptive health monitoring systems are effective in preventing system overload and
mitigating downstream economic and social losses related to health-service disruptions.

At the same time, climate-driven temporary reduction in health system capacity are expected to
increase in African countries, which show severe challenges across pillars of healthcare delivery.
Climate change impacts are expected to increase the number of healthcare facilities, health
infrastructure, and segments of the supply chain that are not operational or fully functional due to
failures within or outside the health system, thereby reducing the overall health system capacity.
Deterioration or system failures may be temporary, localised, or prolonged and large-scale.

Research and evaluation of climate-resilient health systems have intensified in recent years and
can contribute to accelerating evidence-based health system adaptation. The body of knowledge
and evidence on the effectiveness and impact of health system resilience interventions has expanded
substantially, leading to a growing number of methodologies to support adaptation efforts.

The first set of recommendation therefore aims to embed climate risks and anticipate adaptation needs
upfront by integrating them at the core of healthcare planning, financing and investment preparation
frameworks, and national-scale health monitoring strategies:

#1: Integrate Climate Risk into Health Planning and Investment Prioritisation.

National and subnational governments can strengthen their capacity and systematise
processes to integrate climate risk analysis into healthcare system planning and investment
project prioritisation, in coordination with international and domestic financial institutions and
development partners. By assessing and monitoring how national and localised climate impacts
shift demand for healthcare , affect healthcare delivery, and (temporarily) reduce healthcare
system capacity, stakeholders can identify climate-specific changes in demand patterns
and channel resources efficiently to address the rising burden of communicable and non-
communicable diseases.

Integrating adaptation and resilience measures upfrontin planning, pipeline projects development
and project prioritisation is a crucial strategy to prepare healthcare systems for increases and
shifts in climate-related health risks, ensuring that current investments align with future climate-
driven healthcare demands.
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#2 Embed Climate Risk Screening in Investment Preparation Frameworks.

National and subnational governments, implementation agencies, and financing institutions
should further integrate climate risks into investment preparation frameworks, integrating
climate risks screening not as a compliance effort, but as a forward-looking methodology to
safeguard investments and their socio-economic returns under future climatic conditions (GCA,
2025a).

Within investment projects preparation, assessing climate risk channels to assets and service
delivery, supporting systems, and healthcare access early in the process enables cost-benefit
analysis of adaptation options, allowing stakeholders to identify the set adaptation measures
that can provide a cost-effective and financially viable strategy to sustain healthcare assets,
services, and access under more frequent extreme events and rising climate stressors. In
addition to upgrading existing health infrastructure, this includes new constructions based on
the results of climate risk assessments (e.g., the selection of low-risk sites and location).

Overall, operationalising this climate risk screening and adaptation options integration into
large- and medium-scale investment projects can accelerate evidence-based health system
adaptation, leveraging research and applied knowledge in investment preparation processes to
safeguard both direct financial returns and long-term sustainable development outcomes.

#3: Establish Climate- and Weather-Informed Information Systems for Health.

Governments, with support and in coordination with IFIs and development partners, should
increase focus on establishing robust national climate- and weather-informed health information
systems. These should range from local to national early warning systems and climate risk
assessments for human health, enabling the projection of epidemiological patterns and
healthcare needs while accounting for potential deterioration or temporary failure of health
systems following natural disasters and extreme weather events.

Linking effective monitoring with strategic planning and financing frameworks can help ensure
that adaptation strategies are continuously informed and adjusted, and allowing to respond to
both anticipated and unforeseen impacts of changing climatic conditions on healthcare demand
and service delivery capacity, increasing health system responsiveness.
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5.2. Shift from asset-level resilience to system-wide and value chain approaches
considering interdependencies

Resilience cannot be achieved by focusing only on individual facilities. Climate risks
affect entire supply chains and interconnected systems, creating vulnerabilities across scales and
sectors. This study provides a generalised demonstration of how a healthcare systemis interconnected,
highlighting the cascading systemic vulnerabilities which can occur from a climate hazard, causing
disruptions in both services and access. The assessment of climate risks on a country’s health
system — with the case study of flood risks in Nigeria presented in this report — shows that physical
accessibility to healthcare facilities is likely to decline in a changing climate, with certain groups or
locations at risk of temporarily losing access altogether.

Effective adaptation efforts are therefore required to account for interconnectedness in climate-
proofing the health system, with a target on reliable access to healthcare services. The functioning
of the health care system is dependent on supporting systems, particularly on energy, transport, water,
waste management and digital communications systems. These interdependencies are increasing, for
example due to electrification and digitalisation. Deterioration, disruptions, and failures of supporting
systems due to climate change impacts can have a negative impact on the health system. Infrastructure
outside the health facility may be critical to ensure sustained services. Therefore, health policies,
planning, operations and maintenance frameworks need to include more systematically detailed
assessments and improved management of system interdependencies, looking at health value chain
across geographical scales (from assets and local networks to the regional supply and demand area)
and sectors (acknowledging underlying dependencies on supporting infrastructure).

#4 — Expand Standards for Health Systems Risks Screening and Adaptation from Facilities
to Full Healthcare Value Chains.

Resilient health systems rely on supply chains and wider functions, from the local scale
(facilities) to the regional scale (pharmaceuticals supply chains, logistics, workforce mobility).
International and national climate change adaptation standards for health systems should evolve
from asset-centric approaches toward system-wide standards. Such holistic framework can
conceptualise healthcare as an interconnected system encompassing all components required
for sustained delivery and equitable access, with a focus on minimising service, delivery, and
access disruptions. Key aspects of these multi-scale adaptation standards may include climate-
resilient facility design, operation, and maintenance standards; workforce resilience; cold-chain
management; transportation and access infrastructure; and emergency response capacities.

#5 — Address Health System Dependencies, Interconnected Systems and Cross-Sector Risk
Hotspots.

Climate vulnerability of healthcare systems are also closely interlinked to failures in energy,
transport, water, sanitation, and digital infrastructure. Identifying interdependencies driving
system deterioration or failure and hotspots of risks, where cascading disruptions are likely to
affect healthcare delivery and access at scale, is critical for effective reduction of systemic
vulnerability. Governments and development actors should integrate the interconnectedness of
systems and the dependency of the health system into climate risk and adaptation standards.

Furthermore, health sector standards need to define methodologies how to assess and quantify physical
climate risks and cascading impacts in order to design targeted and cost-effective adaptation strategies.

Beyond the health sector itself, territorial governance policies and planning processes should explicitly
consider the interdependencies between health systems and supporting infrastructure. This includes
assessing cross-sectoral vulnerabilities and prioritising adaptation options that address potential
deterioration or failure of these supporting systems under changing climatic conditions.
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5.3. Focus on sustaining access to healthcare and make health systems user-centric,
locally-led, and service-oriented

Access to healthcare is central to healthcare system performance. Climate change
increasingly affects access to healthcare at the supply and the demand side, leading to failing health
system, as its main function — to deliver healthcare — cannot be fulfilled.

Climate impacts disproportionately affect vulnerable populations and disrupt last-mile service
delivery. Prioritising access, equity, and service continuity from a user perspective directly contributes
to achieving a more resilient health system, together with the inclusion of populations as active health
system actors in adaptation strategies and processes.

Sustaining both demand and supply of healthcare is central for climate change adaptation efforts,
through adequate policy incentives and context-specific adaptation measures. Climate change
negatively impacts access to healthcare at the supply and the demand side, leading to failing health
system, as its main function — to deliver healthcare — cannot be fulfilled. Climate change adaptation
measures are required at the demand-side and supply-side of healthcare access, following the
integrative framework of health systems resilience (section 3.1), to sustaining access.

National health adaptation planning processes (e.g.,, HNAPs) and healthcare system development
planning could set focus on service delivery and access targets, allowing for context-specific adaptation
solutions to emerge. Various context-specific adaptation options at the demand and supply side are
available (Table 5, page 28 and Table 7, page 31 ). This was revealed by the analysis of the integrative
framework of health systems resilience (section 4.1) and such methodology lays the ground for an
effective, context-specific action plan.

#6 Think Health System Adaptation from the Goal to Sustain Access to Health Care.

In the context of climate change, a paradigm shift is advised to design and assess healthcare
system performance with the goal to sustain and improve access to health care. Given the
requirement for complex adaptation responses at the supply and demand side, the population
needs to be considered as an actor in health system resilience. Current and future health and
healthcare-related adaptation strategies of the population needs to be considered and supported
in health system planning and management.

#7 — Strengthen Last-Mile Delivery, Physical Accessibility of Healthcare Facilities, and
Users-Centred Adaptation.

Strengthening physical accessibility and decentralised service provision can ensure continuity
of care during climate shocks, particularly in remote and climate-exposed areas. This involves
focusing not only on health service delivery (supply side), but also on measures to ensure patients
and populations have sustained access to healthcare (demand side). Physical accessibility, for
example, can be strengthened by ensuring road accessibility of stationary facilities, climate-
resilient health and transport infrastructure, means of transport for immobile people, or providing
(temporary) health service access close to communities, including in emergency shelters.
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Governments and development partners should develop evidence-based policies at the demand
and supply sides to improve and sustain access to healthcare for patients and the population.
Specifically, these measures and policies should safeguard both the population’s ability to
access care and the health system'’s capacity to deliver accessible, acceptable, and appropriate
services, under different configurations of climate-related disruptions. This could for example
integrate policy targets and incentives to:

- Increase the abilities of population to access health care, comprising the ability to perceive, the
ability to seek, the ability to reach, the ability to pay, and the ability to engage (see examples of
demand-side adaptation options on Table 5, page 28);

- Strengthen the capacities of the health system to provide access to health care, comprising
improved approachability, acceptability, availability & accommodation, affordability, and
appropriateness (see examples of supply-side adaptation options on Table 7, page 31);

- Enable equitable access to healthcare, including vulnerable and marginalised groups.
#8 — Promote Localised Solutions and Devolve Decision-Making.

Localised and context-specific solutions are essential to trigger resilience at the macro level.
In line with locally led adaptation principles, decision-making should be devolved to the
lowest appropriate level and contribute to adaptation actions identification, prioritisation,
implementation and evaluation.

In health sector adaptation strategies and policies, IFls, governments and development
partners should consider the patients and population (including users, their associations,
territorial and community actors, and vulnerable groups) as active participants of the health
system through their access to and demand of healthcare services, as well as through their
health-related adaptation strategies. Community involvement is required to effectively sustain
healthcare access.
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5.4. Build and manage adaptive, dynamic, and evidence-based health systems in the
context of climate change

Successful adaptation requires recognising health systems as dynamic structures.
Health systems are dynamic systems that operate in changing environments characterised by
recurrent shocks and stresses and respond through evolving resilience processes — whether planned
or unplanned.

The analysis of the integrative framework of health systems resilience (section 3.1) revealed that
health system needs to be considered as a dynamic system that continuously goes through resilience
processes of pro-active adaptation strategies, deterioration, (partial) failure, recovery, and improvement
on both sides, demand side (access) and supply-side (delivery of healthcare). Static approaches to
planning and management are increasingly insufficient to address evolving climate risks. This has
several policy implications.

#9 - Allow for Flexible Decision-Making for Dynamic System Response.

Flexible decision-making structures can allow local actors to respond rapidly to climate-related
disruptions with maximum efficiency and relevance, while maintaining coherence with national
strategies.

Adaptation strategies should recognise the health system as a dynamic entity undergoing
continuous processes of reaction and response, both at the level of health care supply and
health care demand. Decision-making authority and adaptive capacity should therefore be built
in the design and operations, to enable decision-makers to react and adapt with coherence and
flexibility at all levels, including the population.

#10 - Foster Population Capacity to Manage the Impacts of Climate Change with regard to
Health and Healthcare Access.

Resilient health systems depend not only on infrastructure, but also on community preparedness,
risk awareness, and climate risk management strategies to reduce the health burden associated
with changing climate and extreme weather events. Health sector adaptation could integrate
protocol for temporary and flexible adaptation in times of extreme weather events and natural
disasters, including population participation, in order to increase the reactivity of the health system.

Atabroader scale, thisapproach would strengthen alignment between disasters risk management
plans, preparedness strategies within HNAPs and health system adaptation plans.

#11 — Deploy Local Early Warning Systems and Real-Time Data Platforms.

Early warning systems and real-time data management platforms at the local level are critical to
enable rapid yet informed decision-making and coordinated responses, thereby reducing service
disruption and maintain healthcare access during climate events.

Health sectoradaptation could integrate data-driven approaches, including localised early warning
systems, extreme heat surveillance system, dynamic risk mapping, and real-time information
dissemination to health actors and communities. This would enhance system responsiveness
and efficiency, and strengthen the overall evidence-base and continuous-learning approaches.
Reliable data are the prerequisite for the development of adaptation interventions, and also
required for the assessment their effectiveness and impact.
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#12 - Leverage Research, Evaluation, and Knowledge Sharing to Accelerate Evidence-Based
Health System Adaptation.

Effective and efficient adaptation requires evidence-based policies. This involves rigorous
impact assessments and evaluations of innovative and not well-tested health system adaptation
interventions, and also requires harmonising existing frameworks of health system resilience
and to take them from theory to practice. It also includes better knowledge sharing and capacity
strengthening on health system adaptation and resilience with stakeholders.

5.5. Strengthen regional cooperation and mobilise finance for climate-resilient health
systems

Climate risks transcend national boundaries, yet adaptation responses in the health sector
remain fragmented, underfunded, and overly asset-centric. While progress has been made in developing
standards, tools, and policy instruments, current approaches do not comprehensively address the
systemic nature of climate risks to health systems, nor provide adequate financial resources.

Existing international guidelines provide a valuable foundation for strengthening the climate resilience
of healthcare facilities and service delivery. However, they remain primarily oriented toward asset
centric service delivery, with limited attention to access and systemic failures, which are equally critical
as highlighted in Chapter 1. International standards offer strong frameworks for quality assurance and
organisational resilience; however, no comprehensive global standard exists to guide climate change
adaptation across a healthcare system. As aresult, adaptation efforts are often fragmented, addressing
only discrete aspects of healthcare resilience (i.e., delivery only or asset centric) rather than the full set
of interdependent subsystems required for sustained and equitable healthcare provision.

National planning instruments reflect similar gaps. The assessment conducted in this Adaptation
Insights report reveals various gaps in policies and planning. For example, the assessment of
adaptation policy instruments in African countries revealed substantial gaps in the adaptation plans to
climate-proof health systems (see Table 5 on page 28 and Table 7 on page 31). In their plans, a quarter
of countries do not consider health infrastructure, about 40% of countries don't consider healthcare
staff, sustainable access, and cross-sectoral coordination, respectively. A mere 60% do not consider
supporting systems at all, while almost 70% don’t consider adaptation for supporting systems. Thus,
the gaps in policies and planning are particularly in the domains of (a) health system vulnerabilities
where successful healthcare delivery depends on the function of health system subsystems
and on supporting systems; (b) the consideration of the population as a health system actor that
accesses healthcare and that needs to be able to express demand for healthcare services; and (c) the
consideration of health system reactivity and dynamics in health system planning.

Although global evidence on climate-related health impacts is well established, implementation
and financing of health adaptation policies lags behind, compared more established sectors for
climate change adaptation, such as Agriculture and Water (chapter 1). Nonetheless, momentum
is emerging through increased investment, regional collaboration, and the development of strategic
frameworks, although with a large proportion disease prevalence focused. The strategic framework on
climate change and health by the AfricaCDC could serve as a frame for collaboration (AfricaCDC, 2025).
The findings of this Adaptation Insights are in line with the conclusions of the IPCC (2022, p. 95) that
“building climate resilient health systems will require multi-sectoral, multi-system and collaborative
efforts at all governance scales (very high confidence).”

Financing gaps for the adaptation of the health sector, as reported by several agencies, are

striking and constrain progress. The IPCC, for example, concludes that “This level of investment
is insufficient to protect human health and health systems from most climate-sensitive health risks
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(very high confidence)” (IPCC, 2022, p. 96). Available evidence suggests that even modest, climate-
informed investments, such as low-cost retrofits, can yield disproportionately high protection benefits
- for example, pointed out by WHO (2009) non-structural retrofits, which comprise changes that do not
require alterations to the load-bearing components of buildings, amounting to just 1% of a hospital’s
total value can safeguard up to 90% of its assets. However, financing continues to prioritise isolated
assets rather than system-wide resilience, including workforce capacity, supporting infrastructure,
surveillance systems, and equitable access mechanisms.

Addressing these structural weaknesses requires greater international coordination, stronger
regional cooperation, comprehensive standards, and a significant scaling and realignment of
adaptation finance toward integrated, system-level resilience. Positive examples show that when
funds are available, countries can effectively strengthen their planning and implementation systems,
and involve all actors. For example, Nigeria is pioneering adaptation planning of the health system
as it already addresses all themes required for health system adaptation and recently announced a
USS 2.2 billion investment in the healthcare sector. Governments can use such momentum to act by
strengthening implementation, and institutional framework to ensure delivery of plans, and involve all
relevant actors, including the population as part of the health system.

Given the strong impact on the well-being of the population, these findings represent a wake-up call for
substantial increases in healthcare system adaptation financing, with the following macro-level enablers.

#13 — Embrace Healthcare Systems’ Complexity in Policies and Regional Cooperation.

Reflecting more realistically climate-health linkages in policy design and regional cooperation
mechanisms (cross-border collaboration, harmonised or international standards, and knowledge
exchange) can strengthen collective resilience and reduce fragmentation.

Even in the absence of a holistic international standard, governments and development partners
should conceptualise healthcare as a system, encompassing the interdependent components
required for sustained service delivery and equitable access, in the development of their national
health planning and in their Health National Adaptation Plans (HNAPs). Policies and regional
cooperation frameworks could specifically include:

- Systematic policy institutional regulatory screening (PIR) and update where gaps are identified using
the key themes identified in this Adaptation Insights, which are health infrastructure, healthcare staff,
sustainable access, supporting systems and cross-sectoral coordination.

- The development of case-based learning to understand the interconnectedness for the
context. This would help test and refine the framework through real-world applications,
historic case studies, and cross-country comparisons to generate practical insights for
policymakers, populations, healthcare practitioners, and infrastructure providers.

- Builtin coordination mechanisms among continental, regional, and national actors, to share
and capitalise on these lessons learned in health system adaptation, best practices and
challenges specific to local, national, and regional contexts.
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#14 - Align and Increase Finance for Climate-Resilient Health Systems

Current levels of adaptation financing for health systems are insufficient relative to projected
climate risks. Closing this gap is essential to safeguard human health and well-being, and long-
term development resilience. IFls, governments and development partners should align and
expand financing toward system-wide resilience rather than isolated infrastructure investments,
to maximise systemic impact and incentivise a more diverse pool of financiers.

This could include:

- Mobilising climate finance instruments, blended finance, guarantees, and private-sector
participation towards healthcare systems resilience;

- Widening investment beyond facilities to workforce resilience, supporting systems, cross-
border surveillance, and access mechanisms;

- Institutionalising climate change adaptation sovereign financing within health planning and
budgeting processes;

- Leverage collaboration with civil society, non-profit actors, through an integrated system
approach, allowing to prioritise actions and incentives where it matters the most.

Climate change poses an increasingly significant threat to health systems. On the one hand, the
impacts of climate change increase the burden of disease and drives higher demand for healthcare.
On the other hand, health systems themselves are increasingly exposed and affected. The increasingly
complex and interconnected nature of healthcare systems means that novel solutions are required to
ensure resilience in times of climate change. This Adaptation Insights’ assessment of the impact of
climate change on health systems and the current state of health system planning in Africa sheds light
on these mounting challenges and complexity.

This Adaptation Insights report presents two novel conceptual frameworks for health system
vulnerabilities and adaptation options that address this complexity, helping to overcome the challenges
on the way to achieving climate-resilient health systems. The synthesised findings of this approach
enable multi-layered conclusions to be drawn and actionable recommendations to be derived. The
report encourages stakeholders to actively engage with the approaches and interpret them in their
own contexts to develop the most effective adaptation solutions for their health systems.

Based on the evidence presented in this report, we provide 14 actionable policy recommendations
for decision makers concerned with healthcare systems. These recommendations support targeted
action in a range of areas and are addressed to relevant stakeholders, guiding implementation. As a
collaborative effort, the findings have informed a set of actionable recommendations that are relevant
in the context of African countries and developing economies drawing from experience from the first
phase of the Africa Adaptation Acceleration Programme (2020-2025).

These recommendations are intended as a first step towards fostering deliberative dialogue with the
perspective of shifting financial and governmental systems towards a more integrated approach to
climate-resilient healthcare systems. These recommendations therefore provide a foundation for
further collaborative work to establish sustained value chains, improve access to healthcare services
and ultimately create climate-resilient health systems. This will help to catalyse adaptation action,
supporting healthier societies and resilient economies while safeguarding the essential rights of all.

65



06

References




Climate-resilient health systems for sustained value chains, healthcare access and services

References

Abebe, Y. A, Pregnolato, M., & Jonkman, S. N. (2025). Flood impacts on healthcare facilities and
disaster preparedness — A systematic review. International Journal of Disaster Risk Reduction, 119,
105340. https://doi.org/10.1016/}.ijdrr.2025.105340

AfricaCDC. (2025). Climate Change and Health: Strategic Framework. https://africacdc.org/
download/climate-change-and-health-strategic-framework-2025/?ind=1751869588777&filename=C
LIMATE-CHANGE-AND-HEALTH-STRATEGIC-FRAMEWORK . pdf

AIHW. (2020). Australian bushfires 2019-20: Exploring the short-term health impacts. Australian
Institute of Health and Welfare.

Ameh, S., Akeem, B. O., Ochimana, C., Oluwasanu, A. 0., Mohamed, S. F,, Okello, S., Muhihi, A, &
Danaei, G. (2021). A qualitative inquiry of access to and quality of primary healthcare in seven
communities in East and West Africa (SevenCEWA): Perspectives of stakeholders, healthcare
providers and users. BMC Family Practice, 22(1), 45. https://doi.org/10.1186/s12875-021-01394-z

amref health africa. (2024, May 31). Turning the Tide: Africa Health Advocates Hail Groundbreaking
WHA Resolution on Climate Change and Health. Newsroom. https://newsroom.amref.org/press-
releases/2024/05/turning-the-tide-amref-health-africa-hails-groundbreaking-wha-resolution-on-
climate-change-and-health/

Andrade, E. L., Cordova, A., Schagen, C. R,, Jula, M., Rodriguez-Diaz, C. E., Rivera, M. |, & Santos-
Burgoa, C. (2022). The impact of Hurricane Maria on individuals living with non-communicable
disease in Puerto Rico: The experience of 10 communities. BMC Public Health, 22(1), 2083. https://
doi.org/10.1186/s12889-022-14552-4

Arriagada, N. B, Palmer, A. J., Bowman, D. M, Morgan, G. G., Jalaludin, B. B., & Johnston,

F. H. (2020). Unprecedented smoke-related health burden associated with the 2019-20

bushfires in eastern Australia. Medical Journal of Australia, 213(6). https://www.mja.com.au/
journal/2020/213/6/unprecedented-smoke-related-health-burden-associated-2019-20-bushfires-
eastern

Atwoli, L., Erhabor, G., Gbakima, A., Haileamlak, A., Ntumba, J.-M,, Kigera, J., Laybourn-Langton,
L., Mash, B., Muhia, J., Mulaudzi, F., Ofori-Adjei, D., Okonofua, F., Rashidian, A., EI-Adawy, M.,
Sidibé, S., Snouber, A, Tumwine, J., Yassien, M., Yonga, P., ... Zielinski, C. (2022). COP27 Climate
Change Conference: Urgent action needed for Africa and the world. 28(11), 785-787. https://doi.
org/10.26719/2022.28.11.785

BSI. (2016). BS EN 15224:2016 Quality management systems. EN IS0 9001:2015 for healthcare.
https://www.en-standard.eu/bs-en-15224-2016-quality-management-systems-en-iso-9001-2015-
for-healthcare/

CAA. (2025). Climate action accelerator 2025_Health Facility Climate vulnerability and capacity

assessment manual. Climate Action Accelerator. https://climateactionaccelerator.org/wp-content/
uploads/2025/07/VCA-05_2025-EN-1.pdf

67



Adaptation Insights 04

Cashman, K. (2018, September 25). One Year after Hurricane Maria, Employment in Puerto Rico is
Down by 26,000. CEPR. https://cepr.net/publications/one-year-after-hurricane-maria-employment-
in-puerto-rico-is-down-by-26000/

CDC. (2024). Climate and Health: A Guide for Cross-Sector Collaboration. https://www.cdc.gov/
climate-health/media/pdfs/2024/06/CrossSectorClimateandHealth_508.pdf

CDC. (2025, January 14). Mental Health and Stress-Related Disorders. Climate and Health. https://
www.cdc.gov/climate-health/php/effects/mental-health-disorders.html

Climate Change and Health: Strategic Framework 2025. (2025, July 7). Africa CDC. https://africacdc.
org/download/climate-change-and-health-strategic-framework-2025/

Climate Scorecard. (2018, November 28). Nigeria Listed as One of the 10 Most Climate Vulnerable
Countries. Climate Scorecard. https://www.climatescorecard.org/2018/11/nigeria-listed-as-one-of-
the-10-most-climate-vulnerable-countries/

Cross Dependency Initiative. (2023). 2023 XDI Global Hospital Infrastructure

Physical Climate Risk Report (XDI Benchmark Series). https://cdn.prod.website-files.
com/6470f78e041bb767ea4d900f/685b59111e32cf7ae2bbc581_XDI1%20Global%20Hospital%20
Infrastructure%20Physical%20Climate%20Risk%20Report%202023%20Download.pdf

Cu, A, Meister, S, Lefebvre, B, & Ridde, V. (2021). Assessing healthcare access using the Levesque’s
conceptual framework- a scoping review. International Journal for Equity in Health, 20(1), Article 1.
https://doi.org/10.1186/s12939-021-01416-3

Dhainaut, J.-F.,, Claessens, Y.-E., Ginsburg, C., & Riou, B. (2004). Unprecedented heat-related deaths
during the 2003 heat wave in Paris: Consequences on emergency departments. Critical Care
(London, England), 8(1), 1-2. https://doi.org/10.1186/cc2404

Diallo, A. M., & Ridde, V. (2024). Climate change and resilience of the Senegalese health system
in the face of the floods in Keur Massar. The International Journal of Health Planning and
Management, 39(6), 1840-1859. https://doi.org/10.1002/hpm.3846

Ebi, K. L., Berry, P, Campbell-Lendrum, D., Cissé, G., Hess, J., Ogden, N., & Schnitter,
R. (2019). Health system adaptation to climate variability and change. Washington,
DC: Global Center on Adaptation. https://www.gca.org/wp-content/uploads/2020/12/
HealthSystemAdaptationToClimateVariabilityandChange_0.pdf

FEMA. (2017). Protecting Building Utilities From Flood Damage: Principles and Practices for the
Design and Construction of Flood Resistant Building Utility Systems: P-348 (2nd ed.). Federal
Emergency Management Agency.

First Street. (2025). Community Flood Methodology. First StreetTM. https://help firststreet.org/hc/
en-us/articles/4408457052055-Community-Flood-Methodology

Foundation S, Reaching the Last Mile, The Rockefeller Foundation, SEEK Development, adelphi
consult, & AfriCatalyst. (2025). Resourcing Climate and Health Priorities. Mapping of International
Finance Flows, 2018-2022. Foundation S - The Sanofi Collective. https://www.rockefellerfoundation.
org/wp-content/uploads/2025/01/Resourcing-Climate-and-Health-Priorities-Full-Report-Final.pdf

Gangwal, U,, Siders, A. R., Horney, J., Michael, H. A,, & Dong, S. (2023). Critical facility accessibility
and road criticality assessment considering flood-induced partial failure. Sustainable and Resilient
Infrastructure, 8(sup1), 337-355. https://doi.org/10.1080/23789689.2022.2149184

GCA. (2025a). Climate Resilient Infrastructure Handbook. Global Center on Adaptation

(GCA). https://gca.org/wp-content/uploads/2025/06/Climate-Resilient-Infrastructure-
Handbook_20250613.pdf

68



Climate-resilient health systems for sustained value chains, healthcare access and services

GCA. (2025b). Resilient Economies Index Africa. Global Center on Adaptation.
https://gca.org/wp-content/uploads/2025/11/Resilient-Index-Economies-Report-5.11.pdf

GCA. (2026). Synergies Between Health Systems Strengthening and Climate Adaptation. A
Comparative Analysis of IMF and World Bank Policy-Based Operations in Madagascar and Cote
d’Ivoire. Global Center on Adaptation (GCA).

GFDRR. (2019). Mozambique Cyclone Idai. Post Disaster Needs Assessment. Republic of
Mozambique Ministry of Health. https://www.gfdrr.org/sites/default/files/publication/PDNA_
Report_Mozambique_Cyclone_IDAI.pdf

Government of Burkina Faso. (2025). Plan d'actions du plan national d’'adaptation aux changements
climatiques (2024-2026). https://unfccc.int/documents/646374

Government of Nigeria. (2025). Nigeria's third nationally determined contribution (NDC 3.0). https://
unfccc.int/documents/497790

Government of Pakistan, Asian Development Bank, European Union, United Nations Development
Programme, & World Bank. (2022). Pakistan floods 2022. Post-disaster needs assessment.
Ministry of Planning Development & Special Initiatives. https://thedocs.worldbank.org/en/
doc/4a0114eb7d1cechbbbf2f65c5ce0789db-0310012022/original/Pakistan-Floods-2022-PDNA-
Main-Report.pdf

GreenCare. (2024). Climate Resilience Guidelines for BC Health Facility Planning & Design V2.0.
GreenCare. https://bcgreencare.ca/wp-content/uploads/2024/05/hf-climate-resilience-guidelines_
v2.0.pdf

Guenther et al,, R. (2025). Climate Resilience for Health Care Toolkit—January 2025. Office
of Climate Change and Health Equity. https://medsocietiesforclimatehealth.org/wp-content/
uploads/2025/01/CR4HC_Toolkit_Final_12.20.2024 pdf

Guerra Velazquez, G. R. (2022). Hurricane Maria and Public Health in Puerto Rico: Lessons Learned
to Increase Resiliency and Prepare for Future Disasters. Annals of Global Health, 88(1), 82. https://
doi.org/10.5334/a0gh.3869

HCWH Europe. (2024). Practical Guide for Building Climate-Resilient Health Systems | Health Care
Without Harm—Europe. https://europe.noharm.org/resources/practical-guide-building-climate-
resilient-health-systems

Health Canada. (2022, September 12). Climate Change and Health Vulnerability and Adaptation
Assessments: Resource Guide [Guidance]. https://www.canada.ca/en/health-canada/services/
publications/healthy-living/climate-health-adapt-vulnerability-adaptation-assessments-resource-
guide.html

Hierink, F.,, Rodrigues, N., Mufiiz, M., Panciera, R., & Ray, N. (2020). Modelling geographical
accessibility to support disaster response and rehabilitation of a healthcare system: An impact
analysis of Cyclones Idai and Kenneth in Mozambique. BMJ Open, 10(11), e039138. https://doi.
org/10.1136/bmjopen-2020-039138

IPCC (with Portner, H.-O,, Roberts, D. C., Adams, H., Adler, C., Aldunce, P, Ali, E., Begum, R. A, Betts,
R., Kerr, R. B., & Biesbroek, R.). (2022). Climate change 2022: Impacts, adaptation and vulnerability.
IPCC Geneva, Switzerland: https://www.ipcc.ch/report/sixth-assessment-report-working-group-ii/

ISO. (2015). ISO 14001:2015 Environmental management systems—Requirements with guidance for
use. https://www.iso.org/standard/60857.html

ISO. (2016). ISO 13485:2016 Medical devices—Quality management systems—Requirements for
regulatory purposes. https://www.iso.org/standard/59752.html

69



Adaptation Insights 04

ISO. (2017). IS0 22316:2017 Security and resilience—0rganizational resilience—Principles and
attributes. https://www.iso.org/standard/50053.html|

ISO. (2018). 1ISO 45001:2018. Occupational health and safety management systems—Requirements
with guidance for use. https://www.iso.org/standard/63787.html

ISO. (2019a). ISO 14090:2019. Adaptation to climate change—Principles, requirements and
guidelines. https://www.iso.org/standard/68507.html

ISO. (2079b). ISO 22301:2019. Security and resilience—Business continuity management systems—
Requirements. https://www.iso.org/standard/75106.html

ISO. (2020a). 1ISO 21973:2020. Biotechnology—General requirements for transportation of cells for
therapeutic use. https://www.iso.org/standard/72326.html

ISO. (2020b). ISO 23412:2020. Indirect, temperature-controlled refrigerated delivery services—Land
transport of parcels with intermediate transfer. https://www.iso.org/standard/75468.html

ISO. (2020c¢). ISO/TS 14092:2020 Adaptation to climate change—Requirements and guidance on
adaptation planning for local governments and communities. https://www.iso.org/standard/685009.
html

ISO. (2021). ISO 14091:2021(en), Adaptation to climate change—Guidelines on vulnerability, impacts
and risk assessment. https://www.iso.org/obp/ui/en/#iso:std:iso:14091.ed-1:v1.en

ISO. (2023a). ISO 7101:2023. Healthcare organization management—Management systems for
quality in healthcare organizations—Requirements. https://www.iso.org/standard/81647.html

ISO. (2023b). ISO 13408:2023. Aseptic processing of health care products Part 1: General
requirements. https://www.iso.org/standard/77151.html

ISO. (2025). 1ISO 22372:2025. Security and resilience—Community resilience—Guidelines for
infrastructure resilience. https://www.iso.org/standard/50275.html

Jelic, I. (2018). SE-003 Design Guide—Flood Design for Hospitals. https://pdhstar.com/
wp-content/uploads/2018/10/SE-003-Design-Guide-Flood-Design-for-Hospitals-FINAL.
pdf?srsltid=AfmBOorVwVCD2AK2KNNJPwOC28SHxSc809FIUOPsOrvjWX0yalxPOiWs

Kruk, M. E., Ling, E. J., Bitton, A., Cammett, M., Cavanaugh, K., Chopra, M., el-Jardali, F., Macauley,
R. J., Muraguri, M. K., Konuma, S., Marten, R., Martineau, F.,, Myers, M., Rasanathan, K., Ruelas, E.,
Soucat, A., Sugihantono, A., & Warnken, H. (2017). Building resilient health systems: A proposal for a
resilience index. BMJ, j2323. https://doi.org/10.1136/bm;.j2323

Leppert, G. (2016). Social Risk Management Strategies and Health Risk Exposure — Insights and
Evidence from Ghana and Malawi (Vol. 2). LIT Verlag. https://kups.ub.uni-koeln.de/6539/

Leppert, G., Kongeter, A, Moull, K., Nawrotzki, R., Romling, C., & Schmitt, J. (2021). Evaluation of
interventions for climate change adaptation: Instruments for managing residual climate risks. German
Institute for Development Evaluation (DEval). https://www.ssoar.info/ssoar/handle/document/79585

Lequechane, J. D.,, Mahumane, A., Chale, F., Nhabomba, C., Salomao, C., Lameira, C., Chicumbe,

S., & Sema Baltazar, C. (2020). Mozambique's response to cyclone Idai: How collaboration and
surveillance with water, sanitation and hygiene (WASH) interventions were used to control a cholera
epidemic. Infectious Diseases of Poverty, 9, 68. https://doi.org/10.1186/s40249-020-00692-5

Levesque, J.-F, Harris, M. F, & Russell, G. (2013). Patient-centred access to health care:

Conceptualising access at the interface of health systems and populations. International Journal for
Equity in Health, 12(1), 18. https://doi.org/10.1186/1475-9276-12-18

70



Climate-resilient health systems for sustained value chains, healthcare access and services

Li, X., Song, W., Zhang, J., & Bode, N. W. F. (2025). Impacts of Water Depth on Pedestrian Speed,
Gait, and Stability: Results from an experimental study. 12th International Conference on Pedestrian
and Evacuation Dynamics (PED 2025). https://amca-admin.rachel.puxdesign.cz/PED25/media/
amca/2025/abstrakta/ped_2025_extended_abstract_95.pdf

Ministério da saude Mocambique. (2019). Tropical Cyclones Idai and Kenneth. Republic of
Mozambique Ministry of Health. https://www.afro.who.int/sites/default/files/2019-06/National_
SitRep_4_Mozambique_31_May_2019_ENG.PDF

Ministry of Health & Population Egypt. (2024). Egypt National Health Strategy. https://extranet.who.
int/cpcd/sites/default/files/public_file_repository/EGY_Egypt_National-Health-Strategy_2024-2030.
pdf

Ministry of Health and Social Welfare Nigeria. (2025). Nigeria Climate Change and Health National
Adaptation Plan. https://www.health.gov.ng/wp-content/uploads/2025/06/HNAP-master-final-
draft-16-3-25.pdf

Ministry of Health Cabo Verde. (2023). Plano nacional de adaptagdo da salde as mudangas
climaticas 2023-2027. https://www.atachcommunity.com/fileadmin/uploads/atach/Documents/
Country_documents/Cabo-Verde_HNAP_2023.pdf

Ministry of Health Ewatini. (2024). National health sector strategic plan (NHSSP) 2024/25—
2027/2028—Eswatini. https://reliefweb.int/report/eswatini/national-health-sector-strategic-plan-
nhssp-202425-20272028

Ministry of Health Gambia. (20217). National Health Policy.

Ministry of Health Lesotho. (2017). National health policy. https://extranet.who.int/
countryplanningcycles/sites/default/files/public_file_rep/LSO_Lesotho_National-Health-
Policy_2017.pdf

Ministry of Health Seychelles. (2022). National Health Strategic Plan.

Ministry of Health South Africa. (2014). National climate change and health adaptation plan
2014-2019. https://climate-laws.org/document/national-climate-change-and-health-adaptation-
plan-2014-2019_e3fc

Ministry of Health Tanzania. (2018). Tanzania health national adaptation plan 2018-2023. https://
climate-laws.org/document/tanzania-health-national-adaptation-plan-2018-2023_e670

Ministry of Health Togo. (2018). Plan national d’adaptation aux changements climatiques du
Togo (PNACC), 2018. https://leap.unep.org/en/countries/tg/national-legislation/plan-national-
dadaptation-aux-changements-climatiques-du-togo

Ministry of Health Uganda. (2025). Health National Adaptation Plan.

Ministry of Health Zambia. (2017). Health national adaptation plan. https://leap.unep.org/en/
countries/zm/national-legislation/health-national-adaptation-plan

Ministry of Water, Irrigation and Energy Ethiopia. (2021). National framework for climate services
- strategic plan: 2021-2030. https://climate-laws.org/document/national-framework-for-climate-
services-strategic-plan-2021-2030_e92f

NAP Central. (2025). Submitted NAPs from developing country parties. https://napcentral.org/
submitted-naps

National Academies of Sciences, Affairs, P. and G., Projects, O. of S., & Committee on Building
Adaptable and Resilient Supply Chains After Hurricanes Harvey. (2020). Overview of Supply Chain

71



Adaptation Insights 04

Impacts from the 2017 Hurricanes. In Strengthening Post-Hurricane Supply Chain Resilience:
Observations from Hurricanes Harvey, Irma, and Maria. National Academies Press (US). https://
www.nchi.nlm.nih.gov/books/NBK556352/

National Bureau of Statistics. (2023). Nigeria Flood Impact, Recovery and Mitigation Assessment
Report 2022-2023. National Bureau of Statistics. https://www.nigerianstat.gov.ng/elibrary/
read/1241417

OCHA. (2022). 2022 Floods response plan Pakistan. United Nations Office for the Coordination of
Humanitarian Affairs (OCHA). https://pakistan.un.org/sites/default/files/2022-09/Pakistan%20
2022%20Floods%20Response%20Plan%20-%20August%202022_0.pdf

Ogony, J., Mangeni, J., Ayodo, G., Amulen, E., Scopas, F., Juma, T., Wagaba, M., Mwaka, A. D.,
Nwanja, L., Princewill, S., Oyugi, B., Yongo, A., Rakotosolofo, S., Francioli, A, Mugamu, E., Davies, J.,
Karanja, S., & Hannah, C. (2025). The stifling burden of climate change on African public healthcare
systems. Frontiers in Public Health, 13, 1559737. https://doi.org/10.3389/fpubh.2025.1559737

Ogunribido, Thompson. H. T, & Ogunribido, B. 0. (2024). The 2022 floods in Nigeria: Causes, socio —
economic impact and mitigation measures. https://doi.org/10.5281/ZENOD0.14106896

Oleribe, 0. 0., Momoh, J., Uzochukwu, B. S., Mbofana, F., Adebiyi, A., Barbera, T., Williams, R., &
Taylor-Robinson, S. D. (2019). Identifying Key Challenges Facing Healthcare Systems In Africa And
Potential Solutions. International Journal of General Medicine, 12, 395-403. https://doi.org/10.2147/
IJGM.S223882

Open Street Map. (2025). Healthsites.io. https://healthsites.io/

Power, C. (2020, November 24). Canberra hospital staff said air “virtually unbreathable” during
bushfires. Canberra Daily. https://canberradaily.com.au/canberra-hospital-staff-said-air-virtually-
unbreathable-during-bushfires/

Republique du Burundi. (2023). Plan national d’adaptation initial. https://unfccc.int/
documents/635430

Ridde, V., Barua, M., Bonnet, E., Casseus, A, Clech, L., De Allegri, M., Kabir, S., Goudet, J.-M., Henrys,
D., Islam, M. N, LU'Heureux, Y., Masselot, C., Mathon, D., Meister, S., & Sarker, M. (2025). Improving an
integrative framework of health system resilience and climate change: Lessons from Bangladesh
and Haiti. PLOS Climate, 4(6), e0000512. https://doi.org/10.1371/journal.pcIm.0000512

Rodriguez-Madera, S. L., Varas-Diaz, N., Padilla, M., Grove, K., Rivera-Bustelo, K., Ramos, J.,
Contreras-Ramirez, V., Rivera-Rodriguez, S., Vargas-Molina, R., & Santini, J. (2021). The impact of
Hurricane Maria on Puerto Rico’s health system: Post-disaster perceptions and experiences of
health care providers and administrators. Global Health Research and Policy, 6, 44. https://doi.
org/10.1186/s41256-021-00228-w

Romanello, M., Di Napoli, C., Drummond, P, Green, C., Kennard, H., Lampard, P., Scamman, D., Arnell,
N., Ayeb-Karlsson, S., Ford, L. B., Belesova, K., Bowen, K., Cai, W., Callaghan, M., Campbell-Lendrum,
D., Chambers, J., van Daalen, K. R, Dalin, C., Dasandi, N, ... Costello, A. (2022). The 2022 report

of the Lancet Countdown on health and climate change: Health at the mercy of fossil fuels. The
Lancet, 400(10363), 1619-1654. https://doi.org/10.1016/S0140-6736(22)01540-9

Russell, T., Ziarkowski, M., Thomas, F., Nicholas, C., Pant, R., Bernhofen, M., Jaramillo, D., Leonova,
N., Shiarella, A, Lestang, T., Robertson, M., Lemmen, R, Glasgow, G., Fowler, T., Ranger, N,

& Hall, J. W. (2025). Global Resilience Index Risk Viewer. University of Oxford. https://global.
infrastructureresilience.org/

Simpson, B. (2022, August 11). Lessons from Pakistan’s Floods | Global Health NOW. https://
globalhealthnow.org/2022-11/lessons-pakistans-floods

72



Climate-resilient health systems for sustained value chains, healthcare access and services

Tariverdi, M., Thompson, D., Klaiber, C., Rentschler, J., Sakoda, K., Leonova, N., Rahmani, S,
Desjonqueéres, C., Di Giorgio, L., & Reneses, T. P. (2024). The Frontline Scorecard: An Assessment
Tool for Climate and Disaster Risk Management in Health Systems. The World Bank Group.
https://openknowledge.worldbank.org/server/api/core/bitstreams/47a1fdc5-7647-4b2c-a665-
044c9218cac0/content

Thacker, S., Massie-Vereker, V., Adshead, D., Mercer, E., & Leppert, G. (2026). Healthcare System-of-
Systems Vulnerability. Global Center on Adaptation (GCA); Oxford Infrastructure Analytics (OIA).

Thacker, S., Pant, R., & Hall, J. W. (2017). System-of-systems formulation and disruption analysis
for multi-scale critical national infrastructures. Reliability Engineering & System Safety, 167, 30—-41.
https://doi.org/10.1016/j.ress.2017.04.023

The Collaborative Media Project. (2023, October 30). SPECIAL REPORT: One year after flood
damaged PHCs in Jigawa, government neglects repairs - The Collaborative Media Project. The
Collaborative Media Project. https://collaborativemedia.wscij.org/special-report-one-year-after-
flood-damaged-phcs-in-jigawa-government-neglects-repairs/

Thomas, W. (2011, June 29). Code Grey: Protecting Hospitals from Severe Weather. Earthzine.
https://earthzine.org/code-grey-protecting-hospitals-from-severe-weather-2/

Ufoh, A. (2025, June 6). Health sector gets $2.2 billion boost. The Guardian Nigeria. https://
guardian.ng/news/health-sector-gets-2-2-billion-boost/

UN. (2015). Paris Agreement. https://unfccc.int/sites/default/files/english_paris_agreement.pdf

UN. (2025). The Sustainable Development Goals Report 2025. United Nations. https://unstats.
un.org/sdgs/report/2025/The-Sustainable-Development-Goals-Report-2025.pdf

UN General Assembly. (2015). Transforming our world: The 2030 Agenda for Sustainable
Development. Resolution adopted by the General Assembly on 11 September 2015 (A/RES/70/1).
https://upload.wikimedia.org/wikipedia/commons/d/d5/N1529189.pdf

UNFCCC. (2023). Glasgow—Sharm el-Sheikh work programme on the global goal on adaptation
referred to in decision 7/CMA.3. https://unfccc.int/sites/default/files/resource/cma5_auv_8a_gga.
pdf

UNFCCC. (2025a). Nationally determined contributions registry. https://unfccc.int/NDCREG
UNFCCC. (2025b). NDC 3.0. https://unfccc.int/ndc-3.0

UNGA. (1948). Universal Declaration of Human Rights. (Article 25). United Nations General
Assembly.

Ward, P. J., Winsemius, H. C., Kuzma, S., Bierkens, M. F,, Bouwman, A., De Moel, H., Loaiza, A. D.,
Eilander, D., Englhardt, J., & Erkens, G. (2020). Aqueduct floods methodology. https://www.wri.org/
research/aqueduct-floods-methodology

Weiss, D. J., Nelson, A, Vargas-Ruiz, C. A., Gligori¢, K., Bavadekar, S., Gabrilovich, E., Bertozzi-Villa,
A., Rozier, J., Gibson, H. S., Shekel, T., Kamath, C., Lieber, A., Schulman, K., Shao, Y., Qarkaxhija, V.,
Nandi, A. K., Keddie, S. H., Rumisha, S., Amratia, P., ... Gething, P. W. (2020). Global maps of travel
time to healthcare facilities. Nature Medicine, 26(12), 1835-1838. https://doi.org/10.1038/s41591-
020-1059-1

WHO. (2007). Everybody’s business: Strengthening health systems to improve health outcomes:

WHOQO'’s framework for action. World Health Organization. https://www.who.int/publications/i/item/
everybody-s-business----strengthening-health-systems-to-improve-health-outcomes

73



Adaptation Insights 04

WHO. (2009). Save lives: Make hospitals safe in emergencies. World Health Organization. https://
iris.who.int/handle/10665/69994

WHO. (2010). Monitoring the Building Blocks of Health Systems: A Handbook of Indicators and their
Measurement Strategies. World Health Organization.

WHO. (2014). WHO guidance to protect health from climate change through health adaptation
planning. World Health Organization. https://iris.who.int/handle/10665/137383

WHO. (2015). Operational framework for building climate resilient health systems. World Health
Organization. https://iris.who.int/handle/10665/189951

WHO. (2018). WHO Housing and Health Guidelines. https://iris.who.int/server/api/core/bitstreams/
be014865-921a-482¢c-89e4-9191c7476e13/content

WHO. (2020). WHO Guidance for Climate-Resilient and Environmentally Sustainable Health Care
Facilities (1st ed). World Health Organization.

WHO. (2021a). Checklists to Assess Vulnerabilities in Health Care Facilities in the Context of Climate
Change (Tst ed). World Health Organization.

WHO. (2021b). COP26 special report on climate change and health: The health argument for climate
action. World Health Organization. https://apo.org.au/node/314515

WHO. (2022a). Measuring the Climate Resilience of Health Systems (1st ed). World Health
Organization.

WHO. (2022b, November 2). Flooding- WHO on hand to support government mitigate disease
outbreaks in hardest hit settlements of Kogi State. WHO Regional Office for Africa. https://www.
afro.who.int/countries/nigeria/news/flooding-who-hand-support-government-mitigate-disease-
outbreaks-hardest-hit-settlements-kogi-state

WHO. (2023a). WHO's Health Emergency Appeal 2023. https://www.who.int/publications/i/item/
WHO-WHE-EXR-2023.1

WHO. (2023b, October 12). Climate change. https://www.who.int/news-room/fact-sheets/detail/
climate-change-and-health

WHO. (2023c, December 1). Human rights. https://www.who.int/news-room/fact-sheets/detail/
human-rights-and-health

WHO. (2024). Safe, climate-resilient and environmentally sustainable health care facilities: An
overview. World Health Organization. https://doi.org/10.2471/B09119

WHO. (2025a). Health at the heart of national adaptation planning: A global review of national
adaptation plans and health national adaptation plans. World Health Organization. https://www.
who.int/publications/i/item/B09395

WHO. (2025b, November 5). Experts agree on African regional plan for health and climate change.
WHO Regional Office for Africa. https://www.afro.who.int/news/experts-agree-african-regional-
plan-health-and-climate-change

WHO. (2025¢, November 5). Southern African countries launch climate-resilient health initiative with

WHO support | WHO | Regional Office for Africa. https://www.afro.who.int/news/southern-african-
countries-launch-climate-resilient-health-initiative-who-support

74



Climate-resilient health systems for sustained value chains, healthcare access and services

WHO Africa. (2019, May 7). Restoring essential health services after Cyclone Idai in Mozambique
| WHO | Regional Office for Africa. https://www.afro.who.int/news/restoring-essential-health-
services-after-cyclone-idai-mozambique

WHO: Climate Change and Health, WHA77.14 (2024). https://apps.who.int/gb/ebwha/pdf_files/
WHA77/A77_R14-en.pdf

Wright, E., & Chowdhry, A. (2024). Climate emergency threatens 41 million people, their livelihoods
and health care in low-elevation coastal areas in Latin America and Caribbean | United Nations

Population Fund. https://www.unfpa.org/press/climate-emergency-threatens-41-million-people-
their-livelihoods-and-health-care-low-elevation

75



0/

Annexes




Climate-resilient health systems for sustained value chains, healthcare access and services

Annex 1. Supplementary information for
chapter 1

Methodology for section 1.2

The flood exposure assessment of health facilities was conducted using the WRI Aqueduct Floods
Hazard Maps at a 1 km spatial resolution (Ward et al., 2020). The analysis focused on 100-year return
period (RP100) river flood scenarios for the year 2050, under both RCP 4.5 and RCP 8.5 climate
projections. Health facility locations were obtained from Healthsites.io, an openly accessible global
database of health service points. These facility coordinates were spatially intersected with gridded
flood depth layers to determine the extent of inundation exposure.

Flood depth values were classified into the following intervals: <0.3 m, >0.3-0.5 m, >0.5-0.8 m, >0.8—
1.0 m, >1.0-1.5 m, >1.5-2.0 m, and >2.0 m. The number of health facilities within each flood depth
category was then aggregated by facility type (e.g., hospitals, clinics, pharmacies, etc.), providing a
comparative estimate of exposure across service categories and climate scenarios.

Limitations: The analysis is constrained by several methodological and data-related uncertainties.
Both the historical and projected flood scenarios were derived from the WRI Aqueduct Flood hazard
layers. So, the historical inundation dataset represents modelled — not observed — flood extents. As
such, local hydrological processes, drainage infrastructure, and smaller-scale flood variations may
not be fully captured at the 1 km resolution. The health facility dataset, while extensive, may exclude
unregistered, temporary, or recently constructed facilities, potentially underestimating exposure.
Moreover, the analysis assumes static facility locations and does not incorporate adaptive measures,
retrofitting, or new construction that may occur by 2050. Accessibility assessments, including walking
and motorised travel times, are also based on static assumptions and do not reflect real-time disruptions
caused by compound hazards or damaged road infrastructure during flood events. Furthermore, while
flooding may not influence the walking time to the second-nearest healthcare facility, the present
analysis considers only the impact on access to the nearest facility.
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Table A1. Health facility types expected to be impacted by a 1-in100 year fluvial flood event in 2050
(RCP 4.5) using Aqueduct fluvial flood models. Source: Open Street Map, 2025; Russell et al., 2025;
Ward et al., 2020

2050, RP 100, RCP 4.5

Fletetl DE91) Hospital Clinic Doctors Pharmacy Dentist et Other o]

(m) post Count
<=0.3 1251 389 691 1241 6 9 64 3651
>0.3-0.5 5 2 3 11 0 0 1 22
>0.5-0.8 4 36 17 29 1 1 0 88
>0.8-1.0 4 5 3 4 0 0 0 16
>1.0-1.5 15 14 15 19 0 0 0 63

>1.5-2.0 0 1 4 3 0 0 0 8

>2.0 4 3 10 0 0 0 0 17
Total Count 1283 450 743 1307 7 10 65 3865

Table A2. Health facility types expected to be impacted by a 1-in100 year fluvial flood event in 2050
(RCP 8.5) using Aqueduct fluvial flood models. Source: Open Street Map, 2025; Russell et al., 2025;
Ward et al., 2020

2050, RP 100, RCP 8.5

Pllee Tl Hospital Clinic Doctors Pharmacy Dentist izl Other Juizl
(m) post Count
<=0.3 1248 392 691 1245 6 9 65 3656
>0.3-0.5 3 30 5 6 1 0 0 45
>0.5-0.8 9 5 13 30 0 1 0 58
>0.8-1.0 4 5 8 6 0 0 0 23
>1.0-1.5 3 9 12 9 0 0 0 33
>1.5-2.0 8 6 5 11 0 0 0 30
>2.0 8 3 9 0 0 0 0 20
Total Count 1283 450 743 1307 7 10 65 3865
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Table A3. Comparison of flood scenarios impacting hospital infrastructure using Aqueduct fluvial
flood models for a 100-year return period. Source: Open Street Map, 2025; Russell et al., 2025;

Ward et al., 2020

Flood Depth (m)

<=0.3
>0.3-0.5
>0.5-0.8
>0.8-1.0
>1.0-1.5
>1.5-2.0
>2.0

Total

Baseline (2020)

1255

1283

Hospitals

2050, RCP 4.5

1251

1283

2050, RCP 8.5

1248

1283

Table A4. Impact of fluvial flooding scenarios on walking times to the nearest healthcare facility
combining Aqueduct fluvial flood models and the analysis of Weiss et al. (2020). Source: Russell et
al., 2025; Ward et al., 2020; Weiss et al., 2020

Walking Travel
Time

0-10 min
>10-20 min
>20-30 min
>30-40 min
>40-50 min
>50-60 min
>60-90 min
>90-120 min

>120 min (prohibitive)

No access due to
flooding

Population (%)

Baseline*
(no flood)

41.02
36.36
7.76
5.85
3.37
1.73
2.31
0.81
0.79

0.00

Baseline*
(RP 100)

40.65

35.82
7.65
5.83
3.27
1.72
2.37
0.81
0.81

1.09

2050%*
(RP 100, RCP4.5)

38.34
35.49
8.37
6.26
3.62
1.92
2.70
0.92
0.91

1.48

2050%*
(RP 100, RCP8.5)

38.33
35.44
8.36
6.25

3.62

2.69
0.92

0.91

1.57

*Using a 2020 population with a total of 208,252,500; **Using a 2030 population with a total of 262,490,500.
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Table A5. Impact of fluvial flooding scenarios on motorised travel times to the nearest healthcare
facility using Aqueduct flood models combined with the travel time analysis from Weiss et al.
(2020). Source: Russell et al., 2025; Ward et al., 2020; Weiss et al., 2020.

Population (%)

Motorised Travel Baseline* Baseline* 2050** 2050**
Time (no flood) (RP 100) (RP 100, RCP4.5) (RP 100, RCP8.5)

0-10 min 93.69 89.54 87.83 87.85
>10-20 min 3.65 3.62 4.29 4.27
>20-30 min 0.86 0.84 0.95 0.97
>30-40 min 0.70 0.67 077 0.77
>40-50 min 0.37 0.36 0.41 0.41
>50-60 min 0.21 0.20 0.24 0.23
>60-90 min 0.29 0.29 0.33 0.33
>90-120 min 012 012 0.14 0.14
>120 min (prohibitive) 0.10 0.14 0.17 0.17
No access. due to 0.00 4.22 4.87 4.87

flooding

*Using a 2020 population with a total of 208,252,500; **Using a 2030 population with a total of 262,490,500.
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Annex 2. Supplementary information for

chapter 2

Table A6 . Guidelines for climate resilient healthcare systems

WHO Guidelines

Guidance to Protect Health from
Climate Change through Health
Adaptation Planning (WHO, 2014)

Operational Framework for Building
Climate Resilient Health Systems (WHO,
2015)

Guidance for Climate-Resilient and
Environmentally Sustainable Healthcare
Facilities (WHO, 2020)

Checklist to Assess Vulnerabilities
in Health Facilities in the Context of
Climate Change (WHO, 2021a)

Measuring the Climate Resilience of
Health Systems (WHO, 2022a)

Safe, Climate-Resilient and
Environmentally Sustainable Healthcare
Facilities (WHO, 2024)

Other Guidelines

Climate Change and Health Vulnerability
and Adaptation Assessments: A
Knowledge to Action Resource Guide
(Health Canada, 2022)

Climate and Health: A Guide for Cross-
Sector Collaboration (CDC, 2024)

Climate Resilience Guidelines for BC
Health Facility Planning & Design
(GreenCare, 2024)

Practical Guide for Building Climate-
Resilient Health Systems (HCWH
Europe, 2024)

Climate Resilience for Healthcare
Toolkit (Guenther et al., 2025)

Health Facility Climate Vulnerability and
Capacity Assessment Manual (CAA,
2025)

Year

2014

2015

2020

2021

2022

2024

2020

2024

2024

2024

2025

2025

Purpose

A step-by-step framework for countries to develop Health
Adaptation Plans (HAPs) in response to climate change.

Guidance for health systems to prepare for, respond to, and
adapt to health risks from climate variability and change by
implementing 10 key components.

A framework to help healthcare facilities prepare for, respond to
and recover from climate change impacts while reducing their
environmental footprint.

A practical tool for health facility managers, planners, and
policymakers to identify vulnerabilities, risks, and resilience
gaps of healthcare facilities under climate change.

An updated framework and indicators to help countries and
health authorities measure, monitor, and strengthen the
climate resilience of health systems, building on the WHO 2015
operational framework.

Guidance for managers, practitioners, and policymakers to make
healthcare facilities safe, climate-resilient, and environmentally
sustainable, focusing on universal health coverage and high-
quality care.

Canada focused tools, data sources, and case examples to
assess and address the health impacts of climate change
through a vulnerability and adaptation (V&A) assessment.

U.S focused guidelines to support health department staff
in conducting cross-sector outreach for climate change
adaptation planning.

Roadmap for designing, building, and operating health facilities
in British Columbia to withstand current and future climate
challenges.

Assist health systems prepare for, adapt to, and mitigate

climate change impacts using a system-wide European

approach combining adaptation and decarbonisation,
supported by case studies.

U.S focused guide that helps healthcare organisations
strengthen their ability to withstand and recover from
climate-related hazards through a climate risk assessment,
community engagement, collaboration and planning.

A method to identify and address climate and health
vulnerabilities, risks, and solutions for health facilities in low-
and middle-income settings.
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Table A7 . Overview of how major themes are addressed across health and adaptation policies in Africa

Algeria
(UNFccc,
2025a)

Angola
(UNFCCC,
2025a)

Benin
(UNFCCC,
2025a)

Burkina Faso
(Government of
Burkina Faso,
2025)

Burundi
(Republique du
Burundi, 2023)

Cape Verde
(Ministry of
Health Cabo
Verde, 2023)

Cameroon
(NAP Central,
2025)

Central African
Republic
(NAP Central,
2025)

Comoros
(UNFCCC,
2025a)

Congo
(UNFCCC,
2025a)

Cote d’'lvoire
(UNFCCC,
2025a)

Democratic
Republic of the
Congo
(NAP Central,
2025)
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NDC (2015)

NDC (2021)

NDC (2021)*

PNACC (2024-
2028)*

NAP(2023) *

NAPHS (2022-
2026) & HNAP
(2021)

NAP (2015)

NAP 2022*%

NDC (2021-
2030) *

NDC(2021)*

PNASS (2021-
2025)*

NAPTCC (2022-

2026)

Evaluates
whether adapta-
tion to adverse
effects of
climate change
for hospitals,
clinics, or health
centres are
considered.

Briefly
mentioned

Briefly
mentioned

Briefly
mentioned

Briefly
mentioned

Evaluates
whether
expanding
health care
workers’
knowledge
about climate
change and
how to adapt
to possible
hazards is
considered.

Briefly
mentioned

Briefly
mentioned

Briefly
mentioned

Briefly
mentioned

Evaluates
whether long-
term adaptation
allowing access
to healthcare
services under
the adverse
effects of
climate change
is considered.

Briefly
mentioned

Briefly
mentioned

Briefly
mentioned

Briefly
mentioned; but
without actual

adaptation
examples.

Evaluates
whether the
importance
of resilient
supporting

systems,

such as water
supply, energy/
electricity,
sewage,
waste, digital
connectivity,
or roads for
healthcare
systems is
considered.

Briefly
mentioned
(waste)

Briefly
mentioned

Evaluates
whether
suitable

adaptation
measures are
considered
for these
supporting
systems, to
insure proper
health care
delivery.

briefly
mentioned
(waste)

briefly
mentioned

Briefly
mentioned

Assesses
whether
coordination
between the
health sector
and other
vital sectors
(transport,
water, energy,
environment,
etc) is
considered
in health
adaptation
planning.

Briefly
mentioned

Briefly
mentioned

Briefly
mentioned

Briefly
mentioned




Eritrea (UNFC-
CC, 2025b)

Eswatini
(Ministry of
Health Ewatini,
2024)

Ethiopia
(Ministry of Wa-
ter, Irrigation and
Energy Ethiopia,

2021)

Egypt
(Ministry of
Health & Pop-
ulation Egypt,
2024)

Gabon
(UNFCCC,
2025a)

Ghana
(UNFCCC,
2025a)

Kenya
(NAP Central,
2025)

Lesotho
(Ministry of
Health Lesotho,
2017)

Liberia
(NAP Central,
2025)

Madagascar
(NAP Central,
2025)

NDC (2022)

NHSSP(
2024/25-
2027/28)

HNAP (2024-

2028)

NHS (2024-

2030)

NDC(2022)*

NDC (2020-
2030)

NAP (2015-
2030)

NHP(2017)

NAP (2020-
2030)*

NAP 2022*

Slightly
mentioned
(NHS) - not

enough
adaptation
measures,

rather highlights
need to monitor
for disaster
resilient health-
facilities.

Briefly
mentioned

Slightly
mentioned
(less for
infrastructure
more for staff
adaptations).

Briefly
mentioned

Briefly
mentioned

Slightly
mentioned

Briefly
mentioned

Slightly
mentioned
(more for
electricity
and road

infrastructure).

Climate-resilient health systems for sustained value chains, healthcare access and services

Briefly
mentions
climate
change, and
not in enough
detail to be
considered
an efficient
climate
change
adaptation
paper/
section.
slightly
mentioned
(water,
sanitation only)
(need more
details for road
infrastructure,
electricity etc.
in regards
to access to
healthcare.)
Briefly
mentioned
Not
mentioned
in relation to
health care
system.
Mentions
that climate
changeis a
risk factor
for health
sector, but
does not go
into detail at
all regarding
its effects

on any of the
topics above.

Briefly
mentioned
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Malawi
(UNFCCC,
2025a)

Mauritania
(UNFCCC,
2025a)

Mauritius
(UNFCCC,
2025a)

Morocco
(NAP Central,
2025)

Mozambique
(NAP Central,
2025)

Namibia
(UNFCCC,
2025a)

Niger
(NAP Central,
2025)

Nigeria
(Government
of Nigeria,
2025; Ministry
of Health and
Social Welfare
Nigeria, 2025)

Rwanda
(UNFCCC,
2025a)

Senegal
(UNFCCC,
2025a)

Seychelles

(Ministry of

Health Sey-
chelles, 2022)

Somalia
(NAP Central,
2025)

South Africa
(Ministry of
Health South
Africa, 2014)

Sudan
(NAP Central,
2025)
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NDC(2021)

NDC(2025)*

NDC(2025)

NAP (2022-
2030) *

NAP(2023)

NDC (2023)

NAP (2022) *

HNAP (2025-
2030) and
NDC(2025)

NDC(2035)

NDC(2020)*

NHSP (2022-
2026)

NAP (2026-
2030)

HNAP (2014-
2019) & NAP
(2021)

NAP(2016)

Briefly
mentioned

Briefly
mentioned

Briefly
mentioned

Briefly
mentioned

Briefly
mentioned

Slightly
mentioned
(NAP) no
in depth
adaptations. +
mentioned in
(HNAP)

Briefly
mentioned

Briefly
mentioned

Briefly
mentioned

Briefly
mentioned

Briefly

mentioned

Briefly
mentioned

Briefly
mentioned
(water and

roads)

Briefly
mentioned

Briefly
mentioned

Briefly
mentioned

Briefly
mentioned

Briefly
mentioned

Briefly
mentioned

Briefly
mentioned




Tanzania
(Ministry of HNAP (2018-
Health Tanzania, 2023)
2018)
The Gambia
(Ministry of NHP(2021- Briefly
Health Gambia, 2030) mentioned
2021)
Togo
(Ministry of Briefly Briefly
Health Togo, PNACE @OID) mentioned mentioned
2018)
Tunisia . .
wvece, | NELETE | enioned mentoned
2025a)
Partially
mentioned
(electricity,
energy); need
to develop it
Uganda
(Ministry of HNAP (2025- f”arg;f}rst: rg:ffr
Health Uganda, 2030) access' e
2025) when health
system is
heavily effected
by climate
change results.
Zambia
(Ministry of
Health Zambia, | VAP (2017)
2017)
%=262%dont, | 429%dont, | 452%dont, | pondont
% 47.6% do, 26.2% | 35.7% do, 21.4% | 21.4% do, 33.3% 19 0‘"% brie'fl
briefly do. briefly do. briefly do. : i Y

*Based on an automated translation to English.

Partially
mentioned as its
only applied to
electricity and
energy.

69.04% don't,
14.3% do, 16.7%
briefly do.

Cross-sectorial
coordination
between health
sector and other
supporting
systems is
vague in the
context of
climate change
resilience for
health care
accessibility.
(slightly
mentioned)

Briefly
mentioned

Slightly
mentioned; need
to apply to all
sectors which
effect health
care when
climate change
effects are in
action. (again,
water/roads
etc.)

42.9% don't,
26.2% do, 30.9%
briefly do.
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