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Abstract

Climate change has emerged as one of the most significant global challenges affecting public institutions, social systems, and
sustainable development. Healthcare systems are increasingly required to adapt to climate-related risks while strengthening their
resilience, preparedness, and institutional capacity. Despite growing scholarly attention to climate adaptation, a comprehensive
synthesis of adaptation strategies implemented across healthcare settings remains limited. This scoping review aims to examine
global initiatives related to climate adaptation in healthcare systems, identify major thematic areas, explore geographical patterns,
and highlight key research and policy gaps. The study follows the methodological framework of Arksey and O'Malley and adheres
to the PRISMA-ScR reporting guidelines. A systematic search was conducted across PubMed, Scopus, Web of Science, CINAHL,
and selected grey literature sources, covering publications from 2000 to 2024. Following screening and eligibility assessment, 147
sources were included in the review. The analysis identified six major adaptation domains: resilient healthcare infrastructure,
climate-sensitive disease surveillance and early warning systems, workforce preparedness and capacity development, resilient
medical supply chains, mental health adaptation, and governance and policy frameworks. The findings reveal considerable
geographical disparities in adaptation research and implementation, with most evidence originating from high-income countries,
while climate-vulnerable low- and middle-income countries remain underrepresented. The review suggests that climate adaptation
within healthcare systems is advancing but remains uneven, fragmented, and insufficiently integrated into broader governance and
sustainability frameworks. Strengthening institutional resilience, policy coordination, workforce preparedness, and long-term
adaptation planning is essential for improving the capacity of healthcare systems to respond effectively to climate-related challenges.
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1. INTRODUCTION

Climate change has emerged as one of the most consequential global challenges of the twenty-first century, affecting not only
environmental systems but also economic development, social well-being, institutional stability, and public governance (IPCC,
2021; Romanello et al., 2021). Increasing temperatures, extreme weather events, rising sea levels, changing precipitation patterns,
and ecological disruptions are reshaping the conditions under which societies operate and develop. These transformations have
profound implications for public institutions, particularly healthcare systems, which are increasingly required to respond to
complex and interconnected climate-related risks (Watts et al., 2021; WHO, 2020).

Healthcare systems occupy a distinctive position within the climate change discourse. On the one hand, they serve as critical
institutions responsible for protecting population health and responding to climate-related emergencies. On the other hand,
healthcare infrastructures themselves are vulnerable to climate-induced disruptions, including extreme heat events, flooding,
supply-chain interruptions, energy instability, and emerging disease burdens (Guenther & Balbus, 2014; WHO, 2020). As a resul,
climate adaptation has become a strategic priority for healthcare organizations seeking to maintain operational continuity,
institutional resilience, and service effectiveness under conditions of environmental uncertainty.

Within contemporary policy discussions, climate adaptation refers to the processes through which institutions, communities, and

governance systems adjust to actual or anticipated climatic conditions in order to reduce vulnerability and enhance resilience

(IPCC, 2021). Unlike mitigation strategies, which focus primarily on reducing greenhouse gas emissions, adaptation emphasizes

preparedness, responsiveness, and the capacity of institutions to function effectively despite changing environmental circumstances
Ebi & Hess, 2017). For healthcare systems, adaptation encompasses a broad range of activities, including resilient infrastructure

Y p p 8 g
planning, workforce preparedness, disease surveillance, emergency response systems, sustainable resource management, and
institutional governance reforms (WHO, 2020; NHS England, 2020).

Recent scholarship has increasingly recognized that climate adaptation should not be viewed solely as a technical or environmental
challenge but also as a matter of governance, institutional capacity, and sustainable development (Patz et al., 2014; Omrani et al.,
2021). The effectiveness of adaptation strategies depends not only on technological innovation but also on organizational learning,
policy coordination, professional training, and the ability of institutions to anticipate and respond to evolving risks. Consequently,
healthcare resilience has become an important area of interdisciplinary research connecting public policy, sustainability studies,

organizational management, and health systems governance.

Despite growing scholarly attention, the existing evidence base remains fragmented. Many studies focus on specific diseases,
localized adaptation programs, or individual national experiences, while comprehensive syntheses of adaptation initiatives across
healthcare settings remain relatively limited (Bouzid et al., 2013; Hess et al., 2020). Furthermore, the majority of available evidence
originates from high-income countries, whereas climate-vulnerable regions in South Asia, Sub-Saharan Africa, and other low- and
middle-income settings remain underrepresented despite facing disproportionate climate-related risks (Romanello et al., 2021;
Pakistan National Disaster Management Authority, 2022).

This gap in the literature highlights the need for a broader understanding of how healthcare institutions worldwide are responding
to climate-related challenges and how adaptation strategies are being integrated into governance structures, organizational practices,
and long-term development planning. Mapping these experiences is essential for identifying successful approaches, recognizing
persistent barriers, and informing future policy development.

Accordingly, the present scoping review aims to examine global climate adaptation initiatives within healthcare settings, identify
major thematic domains of adaptation practice, explore geographical patterns of implementation, and highlight existing research
and policy gaps. Particular attention is given to issues of institutional resilience, governance capacity, workforce preparedness, and
sustainable health system development, with the objective of contributing to a more comprehensive understanding of adaptation
in an era of accelerating environmental change.

2. METHODS
2.1 Study Design

This study employed a scoping review methodology based on the framework proposed by Arksey and O'Malley (2005) and further
refined by Levac et al. (2010). Scoping reviews are particularly suitable for examining broad and multidisciplinary fields of inquiry
where evidence is heterogeneous and where the objective is to map the scope, characteristics, and distribution of existing knowledge
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rather than to assess intervention effectiveness through meta-analysis. The review was conducted and reported in accordance with
the Preferred Reporting Items for Systematic Reviews and Meta-Analyses Extension for Scoping Reviews (PRISMA-ScR)
guidelines (Tricco et al., 2018).

2.2 Research Question
The review was guided by the following research question:

What climate adaptation strategies have been implemented or proposed within healthcare settings globally, and what major themes,
p g p prop 858 ¥ ]
geographical patterns, institutional approaches, and knowledge gaps emerge from the existing literature?

2.3 Search Strategy

A comprehensive literature search was conducted across five major electronic databases: PubMed/MEDLINE, Scopus, Web of
Science, CINAHL, and Embase. To enhance coverage and minimize publication bias, grey literature sources were also examined,
including reports and policy documents published by the World Health Organization (WHO), the Intergovernmental Panel on
Climate Change (IPCC), national health ministries, and international organizations involved in climate adaptation and sustainable
development.

The search covered publications released between January 2000 and December 2024 and was restricted to English-language sources.
Search terms were developed through an iterative process and included combinations of keywords related to climate change,
adaptation, resilience, healthcare systems, hospitals, health governance, disease surveillance, workforce preparedness, infrastructure
resilience, and sustainable health system development. Boolean operators (AND, OR) and database-specific indexing terms were
employed to optimize retrieval and ensure consistency across sources.

The search strategy was designed to capture both empirical studies and policy-oriented publications addressing institutional
responses to climate-related challenges within healthcare settings, thereby enabling a comprehensive assessment of adaptation
initiatives at local, national, and international levels.

Table 1. Eligibility Criteria for Literature Selection

Inclusion Criteria Exclusion Criteria

Peer-reviewed scholarly publications published in English Non-scholarly publications and non-reviewed sources
(except major institutional and policy documents)

Publications issued between 2000 and 2024 Publications released before 2000

Studies addressing climate adaptation, resilience, governance, or = Studies focusing exclusively on climate mitigation

preparedness within healthcare systems and related institutions without adaptation or resilience dimensions

Research examining healthcare organizations, health governance, = Studies unrelated to healthcare systems, institutional
institutional resilience, public health preparedness, or adaptation = adaptation, or governance frameworks
policies

Empirical, qualitative, mixed-methods, review, policy, and conceptual | Conference abstracts, editorials, commentaries, and
studies duplicate records

Studies conducted across all geographical regions and income contexts | Publications for which full-text access was unavailable

Source: Developed by the authors based on Arksey and O'Malley (2005), Levac et al. (2010), and Tricco et al. (2018).
2.4 Study Selection

Following the database search, all retrieved records were imported into Rayyan systematic review software to facilitate reference
management, duplicate removal, and screening procedures (Ouzzani et al., 2016). Consistent with established scoping review
methodology (Arksey & O'Malley, 2005; Levac et al., 2010; Peters et al., 2020), two independent reviewers screened titles and
abstracts against the predefined eligibility criteria. Full-text articles deemed potentially relevant were subsequently retrieved and
assessed for final inclusion.

Disagreements between reviewers were resolved through discussion and consensus-building procedures. Where consensus could
not be reached, a third reviewer was consulted to ensure methodological rigor and consistency in study selection. Inter-rater
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reliability was assessed using Cohen's kappa coefficient, which is widely recognized as an indicator of agreement beyond chance in
systematic evidence synthesis (McHugh, 2012; Viera & Garrett, 2005).

2.5 Data Extraction and Synthesis

A standardized data extraction form was developed based on recommendations for evidence mapping and scoping review
methodology (Tricco et al., 2018; Peters et al., 2020). The extraction tool was piloted using a subset of ten studies to ensure
consistency and clarity before full implementation.

Extracted variables included author information, year of publication, country or region of study, methodological design, healthcare
setting, adaptation domain, specific adaptation strategies, target populations, and principal findings. Additional information
relating to governance structures, institutional resilience, workforce preparedness, and policy frameworks was recorded where
available.

Given the methodological diversity of the included literature, a narrative synthesis approach was employed (Popay et al., 2006). The
synthesis focused on identifying recurring patterns, adaptation priorities, institutional responses, and geographical trends. Through
an inductive thematic analysis process, six major domains of climate adaptation within healthcare systems were identified and
subsequently used as the organizing framework for the presentation of findings (Braun & Clarke, 2006; Thomas & Harden, 2008).

3. RESULTS
3.1 Search Results and Study Characteristics

The initial database search identified 4,832 records. Following duplicate removal, 3,614 unique records remained for title and
abstract screening. Of these, 412 publications were selected for full-text assessment, resulting in the inclusion of 147 sources in the
final synthesis. The study selection process followed PRISMA-ScR recommendations and reflected accepted standards for scoping
reviews (Tricco et al., 2018).

Inter-rater reliability during the full-text screening stage demonstrated a high level of agreement (Cohen's x = 0.81), indicating
substantial consistency between reviewers (McHugh, 2012). The geographical distribution of the included literature revealed a
strong concentration of evidence originating from high-income countries, which accounted for approximately 67% of all studies.
The United States (22%), the United Kingdom (14%), and Australia (11%) represented the most frequently studied contexts.
Similar geographical patterns have been observed in previous climate-health reviews, reflecting disparities in research capacity,
funding availability, and institutional adaptation resources (Romanello et al., 2021; Watts et al., 2021).

Studies from the Asia-Pacific region accounted for 18% of the evidence base, with India (7%), Bangladesh (4%), and the Philippines
(3%) contributing the largest number of publications. Although these countries face significant climate-related vulnerabilities, the
volume of adaptation research remains comparatively limited relative to the scale of anticipated health impacts (Haque et al., 2012;
Omrani et al., 2021; Pakistan National Disaster Management Authority, 2022). Sub-Saharan Africa contributed 9% of included
studies, further illustrating the persistent imbalance in global adaptation research despite the region’s high exposure to climate-
sensitive health risks (WHO, 2020; Romanello et al., 2021).

The included studies represented a diverse range of methodological approaches. Narrative and systematic reviews constituted 31%
of the sample, reflecting the growing interest in synthesizing climate adaptation evidence across health systems (Bouzid et al., 2013;
Hess et al., 2020). Empirical quantitative studies accounted for 27%, while qualitative and mixed-methods research represented
19% of the literature. Policy analyses contributed 14%, highlighting the increasing importance of governance and institutional
adaptation within climate-health scholarship (WHO, 2020; NHS England, 2020). Case studies and program evaluations comprised
the remaining 9%, providing context-specific insights into adaptation implementation and organizational learning processes
(Guenther & Balbus, 2014).

Healthcare settings varied considerably across studies. Hospitals and tertiary care facilities represented the largest category (41%),
followed by primary healthcare centers and community-based health services (28%). Public health agencies, ministries of health,
and governmental organizations accounted for 18% of included studies, while integrated health systems and cross-sectoral
adaptation initiatives comprised 13%. This distribution suggests that climate adaptation research is increasingly moving beyond
clinical settings toward broader questions of institutional resilience, governance capacity, and sustainable health system
development (WHO, 2020; Ebi & Hess, 2017; Patz et al., 2014).

3.2 Thematic Domains of Adaptation

Thematic analysis identified six major domains through which healthcare systems are adapting to climate-related challenges. These
domains encompass resilient healthcare infrastructure, climate-sensitive surveillance and early warning systems, workforce
preparedness and professional capacity development, resilient supply chains and pharmaceutical systems, mental health adaptation,
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and governance and policy frameworks. Collectively, these themes demonstrate that adaptation is increasingly understood as a
multidimensional process involving organizational resilience, institutional preparedness, policy coordination, and sustainable
development planning rather than solely clinical or emergency responses (WHO, 2020; Romanello et al., 2021; NHS England,

2020; IPCC, 2021).

A summary of the identified adaptation domains, representative strategies, and regional examples is presented in Table 2.

Table 2. Major Domains of Climate Adaptation in Healthcare Systems and Institutional Responses

Adaptation Domain  Representative Adaptation Strategies Illustrative Regional = Strength of
Examples Evidence
Infrastructure Climate-resilient hospital design, passive cooling = Australia, United Moderate—
Resilience systems, green building standards, flood-resistant = Kingdom, United States, = Strong
facilities, renewable energy integration Canada
Climate ~ Surveillance = Climate-sensitive disease monitoring, heat-health = India, Bangladesh, = Moderate
and Early Warning warning systems, predictive risk assessment tools, ~Southeast Asia, Sub-
Systems integrated surveillance platforms Saharan Africa
Workforce Climate-health education, emergency preparedness = Middle East, South Asia, ~Emerging—
Preparedness and | training, occupational heat protection measures, Australia Moderate
Capacity Building resilience-oriented professional development
Supply Chain and = Climate-resilient  logistics ~ systems,  cold-chain = Sub-Saharan Africa, Emerging
Pharmaceutical protection, decentralized procurement mechanisms, = South Asia, Small Island
Resilience emergency stock management Developing States
Mental Health and = Post-disaster ~psychological support, community = Australia, United States, = Moderate
Psychosocial resilience programs, eco-anxiety interventions, trauma- =~ United Kingdom, New
Adapration informed care approaches Zealand
Governance and Policy = National adaptation plans, climate-health governance = Global Strong
Frameworks strategies, institutional resilience frameworks, WHO
operational guidance, intersectoral coordination
mechanisms
Community ~ Health = Heat action plans, community preparedness programs, = India, Bangladesh, = Strong
and Local Adaptation climate-resilient 'WASH  initiatives, local risk = Nepal, African countries
communication strategies
Digital Health and = Telemedicine, digital monitoring systems, remote = Global Emerging-
Technological consultations,  disaster-response  communication Moderate
Adaptation platforms, Al-supported risk forecasting

Source: Developed by the authors based on WHO (2020), IPCC (2021), Romanello etal. (2021), NHS England (2020), Guenther
and Balbus (2014), Omrani et al. (2021), and included studies.

3.2.1 Health Infrastructure Resilience

Health infrastructure resilience emerged as the most extensively documented adaptation domain, appearing in approximately 38%
of the included studies. The literature consistently emphasizes that healthcare facilities are increasingly exposed to climate-related
risks, including flooding, heatwaves, storms, energy disruptions, and water insecurity, all of which can compromise service delivery
and institutional continuity (IPCC, 2021; WHO, 2020; Romanello et al., 2021; Watts et al., 2021). Consequently, adaptation
efforts have increasingly focused on strengthening the physical resilience of healthcare infrastructure while integrating sustainability
and long-term risk management into facility planning and operation.

The most frequently reported strategies involved climate-resilient hospital design, renewable energy integration, passive cooling
systems, flood-resistant construction, and energy-efficient building technologies (Guenther & Balbus, 2014; NHS England, 2020;
WHO, 2020). In high-income countries, green hospital initiatives have become an important component of adaptation planning,
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combining environmental sustainability objectives with operational resilience. Several studies highlighted the role of climate-
responsive architecture, decentralized energy systems, and emergency backup infrastructure in reducing vulnerability to extreme
weather events (Health Care Without Harm, 2019; Romanello et al., 2021; Hess et al., 2020).

Flood adaptation measures were particularly prominent within South Asian and Small Island Developing State contexts, where
healthcare facilities are increasingly exposed to recurrent flooding and coastal hazards (Haque et al., 2012; WHO, 2020). Studies
from Bangladesh reported the elevation of healthcare facilities, installation of emergency power generation systems, climate-
resilient water management infrastructure, and strategic stockpiling of essential medicines and emergency supplies (Hashizume et
al., 2008; Haque et al., 2012). Similar approaches were documented in vulnerable coastal regions across Southeast Asia and the
Pacific.

Heat resilience represented another major adaptation theme. Interventions included cool-roof technologies, passive ventilation
systems, shaded outdoor spaces, urban greening initiatives, and heat-resistant building materials designed to reduce thermal stress
on both patients and healthcare workers (WHO, 2020; Ebi & Hess, 2017; Romanello et al., 2021). These measures were most
frequently reported in Australia, the Middle East, and South Asia, where prolonged heat exposure increasingly threatens healthcare
operations and workforce productivity (Watts et al., 2021; IPCC, 2021).

Across all regions, emergency preparedness planning emerged as a cross-cutting component of infrastructure resilience. Adaptation
measures included climate emergency response protocols, evacuation planning, redundant communication systems, emergency
water and power supplies, and integrated disaster preparedness frameworks (WHO, 2020; Guenther & Balbus, 2014; NHS
England, 2020). Collectively, the evidence suggests that resilient healthcare infrastructure is increasingly recognized as a
foundational component of climate adaptation and institutional preparedness.

3.2.2 Climate-Sensitive Disease Surveillance and Early Warning Systems

Climate-sensitive surveillance and early warning systems constituted the second most prominent adaptation domain, appearing in
approximately 29% of included studies. The literature highlights the growing importance of surveillance systems capable of
identifying, monitoring, and forecasting climate-related health risks, thereby enabling timely public health responses and reducing
vulnerability to disease outbreaks and environmental hazards (WHO, 2008; Ebi & Hess, 2017; Hess et al., 2020).

Many of the reviewed studies emphasized the integration of meteorological, environmental, and epidemiological data into early
warning systems designed to anticipate climate-sensitive diseases (Hales et al., 2002; Omrani et al., 2021). Such systems facilitate
proactive interventions by providing health authorities with information regarding changing disease patterns associated with
temperature fluctuations, rainfall variability, flooding, and other climate-related factors.

In South and Southeast Asia, dengue fever surveillance represented one of the most extensively documented adaptation initiatives.
Studies reported the use of predictive models combining meteorological indicators, vector surveillance, and disease incidence data
to support early intervention strategies (Hales et al., 2002; Omrani et al., 2021). India's Integrated Disease Surveillance Programme
(IDSP) and dengue forecasting initiatives implemented in the Philippines were frequently cited as examples of climate-informed
surveillance systems capable of improving preparedness and response capacity.

Waterborne disease surveillance also emerged as a significant adaptation priority. Research conducted in Bangladesh, Cambodia,
and several African countries demonstrated the value of rainfall-based and flood-triggered monitoring systems for cholera and other
water-related diseases (Hashizume et al., 2008; WHO, 2020; Ebi & Hess, 2017). These systems allow public health authorities to
identify high-risk periods and mobilize preventive interventions before outbreaks escalate.

Heat-health warning systems were particularly prominent in European, Australian, and North American contexts. The literature
consistently indicates that such systems can significantly reduce heat-related morbidity and mortality through timely public
advisories, activation of cooling centers, workforce mobilization, and targeted protection of vulnerable populations (Watts et al.,
2021; Romanello et al., 2021; WHO, 2020). The evidence therefore suggests that surveillance and early warning systems represent
one of the most cost-effective adaptation strategies available to healthcare systems facing increasing climate uncertainty.

3.2.3 Health Workforce Preparedness

Health workforce preparedness was identified as a critical yet comparatively underdeveloped adaptation domain, appearing
substantively in approximately 21% of the reviewed literature. Despite growing recognition of climate-related health risks, many
studies reported significant gaps in professional knowledge, institutional training, and workforce readiness (Maxwell & Blashki,
2016; WHO, 2020; Romanello et al., 2021).

Several studies from South Asia, Africa, and the Middle East indicated that healthcare professionals often receive limited formal
education regarding climate-sensitive diseases, environmental health risks, and adaptation planning (Maxwell & Blashki, 2016;
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Omrani et al., 2021). Surveys conducted among medical students and healthcare workers revealed concerns regarding preparedness
for climate-related health emergencies and the management of emerging environmental health challenges.

The most frequently reported adaptation strategies included integrating climate-health competencies into undergraduate and
postgraduate curricula, developing continuing professional development programs, and strengthening interdisciplinary
collaboration between health and environmental sectors (Maxwell & Blashki, 2016; WHO, 2020). Additional interventions
focused on occupational heat protection measures, climate emergency training, disaster preparedness exercises, and community-
based health education initiatives.

Several institutional models demonstrated promising practices. Australia's Climate and Health Alliance and the United Kingdom's
Centre for Sustainable Healthcare were frequently cited as examples of organizations actively promoting climate literacy, workforce
resilience, and sustainable healthcare leadership (Romanello et al., 2021; NHS England, 2020). Overall, the literature suggests that
workforce preparedness remains a crucial prerequisite for effective adaptation and requires greater investment in education,
training, and institutional capacity building.

3.2.4 Supply Chain and Pharmaceutical Resilience

Climate-related disruptions to supply chains and pharmaceutical systems emerged as an increasingly important area of adaptation,
appearing in approximately 18% of included studies. Extreme weather events, transportation interruptions, infrastructure failures,
and prolonged heat exposure have the potential to compromise access to essential medicines, vaccines, medical devices, and
emergency supplies (WHO, 2020; Guenther & Balbus, 2014).

The reviewed literature highlights particular concerns regarding cold-chain management, especially in tropical and resource-
constrained settings where temperature-sensitive vaccines and biologics are vulnerable to climatic variability (WHO, 2020; Health
Care Without Harm, 2019). Adaptation measures included climate-resilient storage facilities, backup energy systems, decentralized
logistics networks, and enhanced monitoring technologies designed to protect pharmaceutical integrity during extreme events.

Other frequently reported strategies involved diversification of procurement channels, establishment of emergency stockpiles,
development of contingency distribution plans, and integration of climate risk assessments into supply-chain management
frameworks (WHO, 2020; NHS England, 2020). Several studies emphasized that reliance on single-source suppliers may increase
vulnerability during climate-related crises and recommended greater supply-chain redundancy as a resilience strategy.

The WHO Health Emergency and Disaster Risk Management (Health-EDRM) framework has increasingly been used as a
reference point for strengthening supply-chain preparedness and institutional resilience (WHO, 2020). Nevertheless, substantial
implementation gaps remain, particularly in low- and middle-income countries where financial, technological, and logistical
constraints continue to limit adaptation capacity (Romanello et al., 2021; Omrani et al., 2021).

3.2.5 Mental Health Adaptation

The mental health dimensions of climate adaptation have emerged as one of the fastest-growing yet comparatively underdeveloped
areas within the climate-health literature, appearing in approximately 16% of the reviewed studies. Increasing evidence suggests that
climate change affects mental well-being through multiple pathways, including direct exposure to extreme weather events,
prolonged environmental uncertainty, ecological degradation, forced displacement, and disruptions to livelihoods and social
networks (Clayton et al., 2017; Berry et al., 2010; Cianconi et al., 2020; Romanello et al., 2021). Consequently, mental health
adaptation is increasingly recognized as an essential component of climate-resilient healthcare systems.

The reviewed literature identified three principal categories of climate-related mental health challenges. The first involves acute
psychological responses associated with climate-related disasters, including floods, cyclones, droughts, heatwaves, and wildfires.
These events have been associated with increased prevalence of post-traumatic stress disorder, anxiety disorders, depression, and
prolonged psychological distress among affected populations (Berry et al., 2010; Clayton et al., 2017; Cianconi et al., 2020). The
second category concerns chronic psychological impacts linked to climate anxiety, ecological grief, solastalgia, and perceptions of
environmental loss, particularly among younger populations and communities highly dependent on natural resources (Clayton et
al., 2017; Romanello et al., 2021). The third involves mental health consequences associated with climate-induced migration,
displacement, economic insecurity, and social disruption, which may contribute to long-term psychosocial vulnerability (WHO,
2023; UNEP, 2023).

Adaptation initiatives identified in the literature included integration of psychosocial support into disaster preparedness
frameworks, expansion of community mental health services, development of climate-sensitive mental health policies, and training
programs designed to strengthen the capacity of primary healthcare professionals to identify and address climate-related
psychological distress (WHO, 2020; Clayton et al., 2017; Cianconi et al., 2020). Several studies emphasized the importance of
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community resilience programs, social support networks, and culturally responsive interventions in reducing vulnerability and
promoting psychological adaptation (Berry et al., 2010; WHO, 2024).

Most available evidence originates from Australia, the United States, Canada, and the United Kingdom, where climate-related
mental health research has expanded substantially over the past decade (Clayton et al., 2017; Romanello et al., 2021). By contrast,
significant research gaps remain across South Asia, Sub-Saharan Africa, and other climate-vulnerable regions despite growing
evidence of climate-related psychosocial burdens in these contexts (UNDP, 2023; WHO, 2024). The findings suggest that mental
health adaptation remains insufficiently integrated into broader health adaptation strategies and requires greater policy attention,
funding, and institutional support.

3.2.6 Health Policy and Governance Frameworks

Health policy and governance emerged as one of the most influential adaptation domains, appearing as a primary focus in
approximately 34% of included studies and as a cross-cutting theme throughout much of the broader literature. Scholars
increasingly argue that climate adaptation should be understood not merely as a technical challenge but as a governance issue
requiring coordinated institutional action, strategic planning, stakeholder engagement, and long-term policy commitment (Bowen
& Ebi, 2015; Biesbroek et al., 2015; WHO, 2020).

The literature consistently highlights the importance of governance capacity in determining the effectiveness of adaptation efforts.
Successful adaptation depends upon policy integration, intersectoral collaboration, sustainable financing mechanisms, monitoring
systems, and institutional learning processes capable of responding to evolving climate risks (Patz et al., 2014; Azzopardi-Muscat et
al., 2023; OECD, 2023). Healthcare adaptation therefore increasingly involves collaboration between public health agencies,
environmental authorities, disaster management institutions, local governments, and community organizations.

At the international level, the WHO Resolution WHA61.19 on Climate Change and Health and the Operational Framework for
Building Climate-Resilient and Low-Carbon Health Systems provide an important foundation for adaptation planning and
implementation (WHO, 2008; WHO, 2020). More recent guidance from WHO, UNEP, and the World Bank has further
emphasized the integration of climate resilience into health governance, institutional planning, and sustainable development
strategies (WHO, 2024; UNEP, 2023; World Bank, 2023).

National adaptation frameworks have also expanded considerably. Countries such as the United Kingdom, Australia, Canada, New
Zealand, and India have adopted adaptation plans that incorporate health-sector resilience, emergency preparedness, and climate-
sensitive risk management (NHS England, 2020; Romanello et al., 2021). However, substantial differences remain regarding
implementation capacity, funding availability, and institutional coordination, particularly among low- and middle-income
countries where climate vulnerability is often greatest (OECD, 2023; WHO, 2024).

Overall, the literature suggests that governance structures play a decisive role in determining whether adaptation efforts remain
fragmented and reactive or become integrated, equitable, and sustainable components of long-term health system development.

4, DISCUSSION
4.1 Principal Findings

This review provides a comprehensive synthesis of climate adaptation initiatives implemented within healthcare systems globally.
The identification of six major adaptation domains—healthcare infrastructure resilience, climate-sensitive surveillance systems,
workforce preparedness, supply-chain resilience, mental health adaptation, and governance frameworks—demonstrates the
multidimensional nature of climate-related challenges facing healthcare institutions (WHO, 2020; IPCC, 2021; Romanello et al.,
2021).

A key finding of the review is that adaptation is increasingly conceptualized as a systemic and institutional process rather than a
collection of isolated technical interventions. The literature indicates that resilient healthcare systems require integrated approaches
combining infrastructure investments, workforce development, governance reforms, digital innovation, and community
engagement (Guenther & Balbus, 2014; Kruk et al., 2017; WHO, 2024). This observation aligns with contemporary resilience
frameworks emphasizing adaptive capacity, organizational learning, and long-term sustainability as core dimensions of institutional
preparedness (Castleden et al., 2011; OECD, 2023).

4.2 Geographic and Equity Disparities

One of the most significant findings concerns the unequal geographical distribution of adaptation research and implementation.
High-income countries continue to dominate the evidence base despite often possessing stronger infrastructure, greater financial
resources, and more developed institutional capacities than many climate-vulnerable regions (Romanello et al., 2021; Berrang-Ford
etal., 2021).
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By contrast, regions such as South Asia and Sub-Saharan Africa remain substantially underrepresented in the adaptation literature
despite facing some of the most severe climate-related health risks globally (WHO, 2024; UNDP, 2023; Pakistan National Disaster
Management Authority, 2022). This imbalance reflects broader inequalities in research funding, institutional capacity, and access
to scientific infrastructure. It also limits the development of context-specific adaptation knowledge capable of informing policy and
practice in vulnerable settings (Lesnikowski et al., 2015; OECD, 2023).

The findings suggest that adaptation should increasingly be approached through principles of climate justice and equity,
recognizing that those populations contributing least to global emissions frequently experience the greatest climate-related
vulnerabilities (Berrang-Ford et al., 2021; UNEP, 2023). Addressing these disparities will require targeted investment in local
research capacity, knowledge exchange, and institutional strengthening across low- and middle-income countries.

4.3 The Workforce Preparedness Gap

The limited attention devoted to workforce preparedness represents one of the most important gaps identified in this review.
Although healthcare professionals constitute the foundation of adaptation implementation, relatively few studies have examined
climate literacy, workforce competencies, and professional preparedness in a systematic manner (Maxwell & Blashki, 2016; WHO,
2020).

The literature consistently demonstrates that many healthcare workers report insufficient training regarding climate-sensitive
diseases, environmental health risks, and adaptation planning (Maxwell & Blashki, 2016; Romanello et al., 2021). These findings
raise concerns regarding the capacity of healthcare systems to respond effectively to increasingly complex climate-related challenges.

Several international organizations and academic initiatives have called for the integration of climate and planetary health
competencies into medical, nursing, and public health education (Lancet Countdown, WHO, and OECD reports). However,
implementation remains uneven, particularly within low- and middle-income countries where educational resources are often
limited (WHO, 2024; OECD, 2023; Romanello et al., 2021). Strengthening workforce preparedness therefore represents not only
an educational priority but also a critical component of long-term health system resilience and sustainable adaptation.

4.4 Mental Health: An Underexplored Dimension of Climate Adaptation

One of the most significant gaps identified in this review concerns the limited integration of mental health considerations into
climate adaptation frameworks. Although a growing body of research demonstrates that climate change affects psychological well-
being through multiple pathways, mental health remains comparatively underrepresented in adaptation planning and policy
development (Clayton et al., 2017; Berry et al., 2010; Cianconi et al., 2020). Climate-related mental health impacts extend beyond
the immediate consequences of extreme weather events and include chronic stress, ecological grief, climate anxiety, uncertainty
regarding future environmental conditions, and disruptions to social and economic stability (Romanello etal., 2021; WHO, 2024).

The literature indicates that exposure to floods, cyclones, droughts, wildfires, and other climate-related disasters is associated with
elevated risks of depression, anxiety disorders, post-traumatic stress disorder, and long-term psychological distress (Berry et al,
2010; Clayton et al., 2017; Cianconi et al., 2020). These effects are often intensified by displacement, livelihood insecurity, and the
weakening of social support networks. In addition, recent studies have highlighted the emergence of climate anxiety and eco-
anxiety, particularly among younger populations who perceive climate change as a persistent threat to their future well-being
(Clayton et al., 2017; Romanello et al., 2021).

Despite increasing recognition of these challenges, mental health considerations are frequently absent from national adaptation
strategies and institutional resilience plans (WHO, 2023; UNEP, 2023). This gap is particularly evident in low- and middle-income
countries, where climate vulnerability is high while mental health services remain under-resourced and unevenly distributed
(UNDP, 2023; WHO, 2024). South Asia represents a particularly important case, as recurrent floods, heatwaves, and
environmental degradation coincide with limited mental health infrastructure and substantial barriers to care.

The findings suggest that effective adaptation frameworks should incorporate mental health as a core dimension of resilience
planning rather than as a secondary consequence of climate-related events. Priority areas include the integration of psychosocial
support into disaster preparedness programs, expansion of community-based mental health services, strengthening of primary
healthcare screening mechanisms, and development of culturally appropriate interventions designed to enhance social and
psychological resilience (WHO, 2020; Clayton et al., 2017; Cianconi et al., 2020). Addressing these challenges is essential for
ensuring that climate adaptation strategies promote not only physical health protection but also broader social well-being and
community resilience.

4.5 Technology, Digital Transformation, and Climate Adaptation
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An emerging theme identified across the reviewed literature is the growing role of digital technologies in supporting climate
adaptation within healthcare systems. Although digital health was not originally conceptualized as a separate adaptation domain,
recent developments indicate that technological innovation is becoming increasingly important for enhancing institutional
resilience, service continuity, and adaptive capacity (WHO, 2024; Liao et al., 2023).

Digital health technologies contribute to adaptation through several mechanisms. Telemedicine platforms facilitate healthcare
access during climate-related emergencies and support service delivery in geographically isolated or disaster-affected communities
(WHO, 2023; Liao et al., 2023). Health information systems increasingly integrate environmental, meteorological, and
epidemiological data to improve disease surveillance and support evidence-based decision-making (Ebi & Hess, 2017; Cowie et al.,
2022). Furthermore, advances in artificial intelligence and machine learning have enabled the development of predictive models
capable of identifying climate-sensitive disease risks and supporting early warning systems with greater accuracy (Cowie et al., 2022;
Majeed et al., 2024).

The literature also highlights the importance of digital platforms in strengthening institutional preparedness, resource
management, and communication during climate-related disruptions (World Bank, 2023; OECD, 2023). Digital monitoring
systems can improve emergency response coordination, facilitate rapid information exchange, and support continuity of care when
traditional infrastructure is compromised. Such capabilities are particularly relevant in contexts characterized by increasing climate
uncertainty and growing pressure on healthcare resources.

Nevertheless, the benefits of digital adaptation are not distributed equally. Significant disparities persist between countries and
regions in terms of digital infrastructure, technological capacity, internet accessibility, and workforce competencies (UNDDP, 2023;
World Bank, 2023). Consequently, digital transformation may inadvertently create new forms of adaptation inequality if
technological resources remain concentrated within wealthier healthcare systems. Addressing these disparities requires targeted
investment in digital infrastructure, capacity building, and equitable access to technological innovation.

Overall, the findings suggest that digital transformation is becoming an increasingly important component of climate adaptation
and institutional resilience. Future adaptation strategies should therefore consider technological innovation not merely as a
supportive tool but as a strategic element of sustainable and resilient healthcare system development.

4.6 Research Gaps and Future Priorities

The synthesis of the reviewed literature reveals that although climate adaptation within healthcare systems has received increasing
scholarly and policy attention, significant knowledge gaps and implementation challenges persist. These gaps are not distributed
evenly across regions and adaptation domains, reflecting broader inequalities in research capacity, financial resources, governance
structures, and institutional preparedness (Berrang-Ford et al., 2021; WHO, 2024; OECD, 2023).

One of the most prominent findings concerns the geographical concentration of adaptation evidence in high-income countries.
Many climate-vulnerable regions, particularly South Asia, Sub-Saharan Africa, and Small Island Developing States, remain
substantially underrepresented despite experiencing disproportionate climate-related health risks (UNDDP, 2023; World Bank,
2023). Furthermore, the literature lacks standardized indicators capable of evaluating adaptation effectiveness across different

healthcare systems and institutional contexts. This limits comparative analysis and constrains evidence-based policy development
(WHO, 2023).

The review also highlights persistent deficiencies in workforce preparedness, mental health adaptation, and digital inclusion. While
climate-sensitive surveillance systems and infrastructure resilience have attracted growing investment, comparatively less attention
has been devoted to climate literacy among healthcare professionals, psychosocial resilience, and equitable access to digital
adaptation technologies (Romanello et al., 2021; Maxwell & Blashki, 2016; Clayton et al., 2017).

Future research should therefore prioritize interdisciplinary approaches that integrate governance, institutional resilience, digital
transformation, and social equity into climate adaptation planning. Greater attention should also be directed toward
implementation research capable of evaluating adaptation outcomes under diverse environmental, economic, and socio-political
conditions.

Table 3. Key Research Gaps and Future Priorities for Climate Adaptation in Healthcare Systems

Identified Gap Potential Implications Strategic Priority

Limited evidence from low- and = Adaptation policies may not reflect = Increase targeted research funding, institutional
middle-income countries the needs of the most climate- partnerships, and local  capacity-building
vulnerable populations initiatives
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Absence of
adaptation indicators

standardized

Underrepresentation of mental
health adaptation

Insufficient  climate  literacy

among healthcare professionals

Weak

adaptation policies at institutional

implementation of

level

Unequal access to  digital

adaptation technologies

Limited evaluation of adaptation
effectiveness

Fragmented intersectoral

coordination

Limited evidence on institutional
resilience models

Inadequate integration of

sustainability principles

Difficulty evaluating and comparing

adaptation effectiveness across
healthcare systems

Growing  psychosocial ~ burdens
remain  insufficiently  addressed

within adaptation planning

Reduced preparedness for climate-
health

emergencies

sensitive challenges and

National adaptation plans may fail to

produce measurable operational
outcomes

Expansion of technological
disparities and adaptation
inequalities

Uncertainty regarding the long-term
impact of adaptation interventions

Reduced efficiency of adaptation
planning and emergency response
systems

Lack of transferable best practices for
healthcare adaptation

Adaptation efforts may remain

reactive rather than transformative

Develop internationally accepted climate-health
adaptation metrics and monitoring frameworks

Integrate mental health services, psychosocial
resilience programs, and community support
mechanisms into adaptation strategies

Incorporate climate-health competencies into
undergraduate, postgraduate, and continuing
professional education

Strengthen governance mechanisms,
accountability systems, and implementation

monitoring frameworks

Invest in infrastructure, workforce

digital

training, and equitable technology access

Promote longitudinal and comparative studies
assessing adaptation outcomes

Enhance collaboration among health,
environment,  disaster  management, and
development sectors

Support comparative research on resilient
healthcare ~ governance and  organizational
adaptation

Align adaptation planning with sustainable
development and long-term resilience objectives

Source: Developed by the authors based on WHO (2020, 2024), IPCC (2021, 2022), Romanello et al. (2021), OECD (2023),
World Bank (2023), and studies included in the review.

4.7 Implications for South Asian Health Systems

The findings of this review have particular relevance for South Asia, one of the world's most climate-vulnerable regions. Rapid
urbanization, population growth, environmental degradation, socioeconomic inequalities, and increasing exposure to extreme
weather events create substantial challenges for healthcare systems across the region (IPCC, 2021; Romanello et al., 2021). Recent
climate-related disasters have demonstrated the vulnerability of public institutions and highlighted the need for more resilient and
adaptive healthcare systems capable of responding effectively to emerging environmental risks.

The 2022 floods in Pakistan provide a notable example of the consequences of insufficient institutional preparedness. The disaster
severely disrupted healthcare services, damaged healthcare infrastructure, and exposed existing weaknesses in emergency response
capacity, health governance, and disaster management coordination (Pakistan National Disaster Management Authority, 2022).
Similar vulnerabilities have been documented in Bangladesh, India, Nepal, and Sri Lanka, where climate-sensitive diseases, flooding,
heatwaves, and environmental stresses increasingly interact with demographic pressures and resource constraints (Haque et al.,
2012; WHO, 2024).

The review suggests that adaptation should be viewed not merely as a health-sector responsibility but as a broader issue of
governance, institutional resilience, and sustainable development. Effective adaptation requires coordinated planning across
multiple sectors, including health, environment, education, infrastructure, disaster risk reduction, and local government
administration (OECD, 2023; World Bank, 2023). Strengthening healthcare resilience therefore depends on the ability of
institutions to anticipate risks, mobilize resources, and implement long-term adaptation strategies rather than relying solely on
emergency responses.

Several priority areas emerge from the reviewed evidence. These include strengthening climate-resilient healthcare infrastructure,
expanding climate-sensitive surveillance systems, improving workforce preparedness, integrating climate literacy into professional
education, enhancing digital health capacities, and developing community-based adaptation initiatives tailored to local
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environmental conditions (WHO, 2020; NHS England, 2020; Romanello et al., 2021). Particular attention should be directed
toward rural and underserved populations, where climate vulnerability and healthcare inequalities often intersect.

Regional cooperation also represents an important but underutilized opportunity. Collaborative initiatives involving South Asian
countries could facilitate the exchange of knowledge, institutional experiences, technological innovations, and policy solutions.
Greater cooperation through regional platforms may strengthen adaptation capacity while reducing duplication of efforts and
promoting more equitable responses to shared climate challenges (UNDP, 2023; UNEP, 2023).

5. CONCLUSION

This review provides a comprehensive synthesis of climate adaptation strategies implemented within healthcare systems across
diverse geographical contexts. The findings identify six major domains of adaptation—healthcare infrastructure resilience, climate-
sensitive surveillance systems, workforce preparedness, supply-chain resilience, mental health adaptation, and governance
frameworks—demonstrating that climate adaptation is a multidimensional process requiring coordinated institutional responses.

The review further reveals substantial geographical and structural inequalities in adaptation research and implementation. While
high-income countries account for the majority of available evidence, many climate-vulnerable regions continue to face significant
limitations in research capacity, financial resources, technological infrastructure, and institutional preparedness (Berrang-Ford et
al., 2021; WHO, 2024). These disparities highlight the importance of equity-oriented adaptation strategies capable of supporting
vulnerable populations and strengthening resilience where climate risks are most severe.

A central conclusion of this study is that climate adaptation should be understood not solely as an environmental or healthcare
challenge but as a broader issue of governance, institutional capacity, and sustainable development. Effective adaptation requires
long-term planning, intersectoral coordination, workforce development, digital innovation, and resilient public institutions
capable of responding to increasingly complex environmental conditions (OECD, 2023; World Bank, 2023; WHO, 2024).

The findings also emphasize the growing importance of integrating adaptation into routine health system planning rather than
treating climate-related risks as exceptional events. Healthcare resilience depends not only on physical infrastructure but also on
organizational learning, policy coherence, professional competencies, and community engagement. Investments in these areas can
contribute to more adaptive, equitable, and sustainable healthcare systems.

Future research should prioritize underrepresented regions, strengthen comparative evidence on adaptation effectiveness, and
develop standardized frameworks for monitoring adaptation outcomes. Greater attention should also be devoted to mental health
adaptation, workforce preparedness, digital inclusion, and institutional resilience. By advancing these priorities, policymakers,
researchers, and healthcare organizations can contribute to the development of health systems capable of addressing the challenges
of a rapidly changing climate while supporting broader sustainable development objectives.
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