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Introduction

Climate change has been declared “the biggest global health threat of the 21st
century”,! but critically for implementation research (IR) it is not a uniform
phenomenon. Impacts vary both between and within countries, disproportionately
affecting the most vulnerable and exacerbating existing health and social
inequities. In this context, IR offers huge potential to help health systems adapt
to both the predicted and unforeseen impacts of climate change and climactic
events.?

The WHO-TDR /R module on climate change and health (CCH) is designed to
build capacity on conducting IR in the context of CCH.

It provides:
- an overview of the intersection between climate change and health, and the
critical role of IR in ensuring effectiveness of CCH interventions;
. practical guidance on carrying out IR in the context of CCH;

. clear signposting to relevant sections in the wider TDR Implementation
Research Toolkit and external resources.



Climate change and its impact on health

In its most recent Countdown report on health and climate change (2024)
The Lancet stated that rapid changes in climate and decades of insufficient
action to address the climate emergency, mean that people all around the world
now face “record-breaking threats to their well-being, health and survival”.?

The Pan American Health Organization (PAHO) classifies the impacts of climate
change on human health through three pathways:*

1. Direct impacts — morbidity and mortality caused by heat stress and extreme
weather events such as storms, floods etc.®

2. Indirect impacts through natural systems including allergic disorders due to
elevated air pollution and increased incidence of vector-borne diseases caused
by rising temperatures.

3. Indirect impacts through socioeconomic systems for example food insecurity
leading to malnutrition.

While there has been considerable progress recognizing the physical impacts
of climate change, less attention has been paid to mental health impacts — this
has been called the “invisible injustice”.® Fig. 1 highlights the impact of climate
change on health as well as drawing out the broader implications for mental
health.



IMPLEMENTATION
RESEARCH
TOOLKIT

Fig. 1. The physical and mental health threats resulting from current and
anticipated climate change impacts
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Note: Adapted from World Innovation Summit for Health report: “Health in the climate crisis:
A guide for health leaders” (2020) to further illustrate examples of the mental health outcomes
(psychological traumas) expected from the threats arising from climate change.”

Climate change is a global phenomenon, but not a uniform one. Geographical,
environmental, cultural, socioeconomic and population trends all play an
important role in shaping the health impacts of climate change. The impact
of climate change on health can vary significantly both between countries and
even within countries® — making context a critical consideration in research and
programmatic responses.
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The available evidence on climate change suggests that already vulnerable
groups are disproportionately affected by its negative impacts. Implementation
researchers should be alert to the risks of climate change exacerbating existing
health inequities or reversing previous gains. As outlined in the section on
Addressing health inequities and vulnerabilities in CCH.

Fig. 2 gives an overview of vulnerability factors and climate-related hazards, and
their impact on health outcomes and health systems. Climate change impacts
health both directly and indirectly, and is strongly mediated by environmental,
social and public health determinants.

Fig. 2. An overview of climate-sensitive health risks, their exposure
pathways and vulnerability factors.
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Future-proofing health systems in a changing climate

At the 78t World Health Assembly, held in Geneva in 2025, global leaders set a
target to “ensure health systems and health care facilities are climate-resilient,
low-carbon and environmentally sustainable”.'°

While the impact of climate change on health is well established, the impacts
on health systems have only come to the fore more recently.? As the effects of
climate change are non-linear, unpredictable and in flux, future-proofed health
systems must be both adaptive and constantly evolving in order to respond
to predicted and unforeseen challenges.? Health systems should prepare for

& facilities

Effects
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increased demand as climate change negatively impacts health and well-being,
as well as disruption caused by climate change, for example weather events that
cut off supply chains.!!

With the health sector contributing 5% of global greenhouse gas emissions,
decarbonizing health systems and facilities can also significantly improve health
outcomes and sustainability.? WHO’s Implementing the global framework on
well-being at country level: policy pathways (2025) highlights the importance
of developing low-carbon health systems, with the ultimate aim of achieving net
zero emissions.!?

TIP: The design of IR studies must account for climate instability and build
in adaptive approaches.

The role of IR in climate change and health — bridging the knowledge gap

“Implementation science for climate change and health adaptation should
take place within [the] context of iterative risk management and systems-
based approaches; otherwise, it may miss opportunities to increase resilience
as vulnerabilities shift, better practices develop, and the climate continues to
change.” Boyer et al (2020)!3

The intersection of climate change and health has become a key topic in global
health and is one of the four health challenges targeted in the TDR Strategy
2024-2029,* however research on climate and health “remains patchy”!®
and there are substantial gaps in evidence.'® Recent reviews of trends in CCH
research have found that most studies focused on health vulnerabilities to climate
change!® or the causal relationship between climate change and health,!’ rather
than focusing on more actionable topics such as the effectiveness of mitigation
and adaptation strategies. There are even fewer examples of IR studies in the
context of CCH.1317.18

As countries scale up their CCH efforts, there is a critical need for national-level
evidence to inform government decision-making.> The WHO Draft global action
plan on climate change and health (2025) highlights the need for IR in the
context of CCH - to develop a robust evidence base as well as to identify global
and regional knowledge gaps, with a focus on intervention effectiveness and the
impact of climate change on the health of vulnerable populations.©

The role of IR in bridging the “know—do” gap between research and action!®®
and rapidly translating research into “widespread, real-world use”? is particularly
valuable in the context of climate change, which is developing at an alarming pace.
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IR plays a critical role in tackling the complex, evolving challenges at the
intersection of climate change and health. Its strengths include the ability to
support “de-implementation” by identifying and discontinuing interventions
that are ineffective or harmful in certain settings; a flexible, systems-based
approach that can adapt to dynamic real-world conditions; and its inherently
multidisciplinary nature, which enables investigation of the health, social and
economic impacts of climate-related interventions.?!® These qualities make IR
particularly well suited to guiding practical, context-specific responses to the
changing conditions of the climate crisis.

Fig. 3 synthesizes key recommendations for IR approaches to advance CCH
adaptation research, highlighting strategies to enhance intervention effectiveness,
address context-specific challenges and promote health system resilience.

Fig. 3. Recommendations for implementation science approaches in climate
health adaptation research

a h

e |dentify and engage key multisectoral e Collaboratively identify common goals
stakeholders and understanding of implementation
e Collaboratively use or adapt frameworks processes
(eg, the Consolidated Framework for e |dentify strategies that are
Implementation Research) to feasible and acceptable to

multisectoral stakeholders
(e.g. communities,
implementers, and

anticipate barriers

e Consider multilevel
(e.g. consumer,

implementer, Apply Co-create_ policy-makers)
Organizationa| Implementatlon and SpECIfy
system, or science frameworks tailored
policy) to understand implementation
determinants multilevel barriers and strategies with
and PIOCESSES key stakeholders
processes
Measure

implementation Analyse which, how,

e Improved outcomes of the and why implementation e Use methods
acceptability, strategies strategies work that allow for
appropriateness, analyses iterative and rapid
feasibility, and analysis

reach of early e Use dual effectiveness
warning systems? and implementation aims
e Increased uptake and fidelity? e Use mixed methods

e |ncreased sustainability? that integrate qualitative data

e Cost-effective? with quantitative data

o /

Note: Reproduced from Neta, G et al.*®




(@

IMPLEMENTATION
RESEARCH
TOOLKIT

Stakeholders and context in climate change and health IR
Multisectoral and cross-disciplinary collaboration

CCH challenges cut across multiple sectors and disciplines. No single sector can
address these issues in isolation — solutions must be integrated, coordinated,
multisectoral and responsive to diverse stakeholder needs.”*?

The Barbados case study describing the development of a dengue early warning
system (EWS), highlights the value of engaging multisectoral stakeholders.!®
Multisectoral and cross-disciplinary approaches to CCH interventions help
improve sustainability and impact.®

Dengue early warning system in Barbados and the role of stakeholder
engagement

Introduction

Caribbean countries are highly vulnerable to the impacts of climate change, including
increases in vector-borne diseases such as dengue. In 2017, Barbados co-developed
a national dengue early warning system (EWS) using climate data to predict outbreaks
months in advance. The initiative was implemented through a multisectoral partnership
involving health, meteorological and research institutions.?°

While not originally designed as an IR project, a retrospective analysis was carried out by
Neta et al (2022) to identify key implementation barriers and how they were overcome.'®

Early consultation

Early and ongoing stakeholder engagement was critical to the success of the dengue EWS.
Not only did it increase “acceptability” of the EWS but ensured that implementation was
equitable and developed in partnership with those most in need.

Multisectoral collaboration

A collaborative co-learning approach across sectors helped adapt to changing conditions
and develop new ways of thinking.?! Drawing on both climate and health data, the team
identified the delayed impact of heavy rainfall and the role of safe water storage (i.e.
covers and use of larvicide to deter mosquito breeding) in reducing future outbreaks of
dengue and the importance of public health messaging to raise awareness.!®

Addressing financial and technical barriers

Financial and technical constraints were mitigated by simplifying the modelling process
and embedding the system within existing platforms, such as the Barbados Meteorological
Services’ online weather/climate hazard messaging system.?! This supported sustainability
and local ownership.
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When assembling CCH IR teams or mapping key stakeholders, researchers should
consider including a range of disciplines as outlined in the section Stakeholder
mapping in CCH interventions. Leveraging expertise from different fields helps
ensure interventions are evidence-based, well-informed and context-specific.

Additionally, aligning policies across sectors helps prevent contradictions — such
@ BUILDING AN IR

as environmental policies aimed at improving air quality being undermined by TEAM

industrial expansion incentives.

Adopting a collaborative approach can also increase resource efficiency, reduce
duplication of efforts and maximize overall impact. Given the complexity of
these interactions, stakeholder mapping is essential for identifying key actors,
understanding power dynamics, and ensuring coordinated action across sectors.

STAKEHOLDER

While cross-disciplinary collaboration is crucial for effective CCH interventions, MAPPING

Challenges in cross-disciplinary collaboration a
it is not without its challenges. These include:

. Communication barriers — different fields use different terminologies,
conceptual frameworks and implementation approaches.

. Conflicting priorities — different sectors may have different and/or additional
goals to those of the health sector.

- Funding constraints — multisectoral projects require sustained funding and
commitment.

To overcome these barriers, multisectoral steering committees, joint priority-
setting exercises, and memorandums of understanding (MOUs) can formalize
common goals, as well as expected roles and responsibilities.

- Box 1. Reflection activity — Stakeholder mapping

Think of a CCH issue that is specifically relevant to a given country/setting.

- Which disciplines/sectors need to be involved in addressing it?
- What are the potential challenges in bringing them together?

Stakeholder mapping in CCH interventions

“In building climate-resilient health systems, incorporating inputs from
stakeholders and target populations is valuable in developing quality improvement
and optimization measures” according to Boyer, Bowen and Murray (2020).13

As outlined in the toolkit module How IR works, analysing and engaging

stakeholders is a critical step in understanding the context of an intervention HOW IR WORKS
[STAKEHOLDERS
SUB-HEADING]

and helping guide its effective implementation.


https://adphealth.org/irtoolkit/understanding-ir/how-ir-works.html
https://adphealth.org/irtoolkit/understanding-ir/how-ir-works.html
https://adphealth.org/irtoolkit/understanding-ir/how-ir-works.html
https://adphealth.org/irtoolkit/integrating-ir-into-health-systems/building-an-ir-team.html
https://adphealth.org/irtoolkit/integrating-ir-into-health-systems/building-an-ir-team.html
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The following key stakeholder groups should be considered for CCH IR:

- Government agencies — set policies and allocate resources.

« NGOs and community groups — ensure grassroots implementation.

- Health workers and researchers (including climate and social scientists) —
provide scientific evidence, data and insights on health, climate and social
dynamics.

- Economists and policy advisers — assess costs, benefits and financing
mechanisms for interventions.

- Urban planners, engineers and industry partners — develop climate-resilient
infrastructure and technologies, and provide resources.

- Media and communication experts — raise public awareness and facilitate
behaviour change campaigns.

- Affected communities — ensure interventions are culturally meaningful,
acceptable and feasible in real-world settings.

There are many approaches to stakeholder mapping, each offering different
insights into how actors interact, influence decisions and contribute to
implementation efforts. See box: MapStakes for an example resource.

- Box 2. MapStakes

MapStakes is a tool for mapping, involving and monitoring stakeholders in co-creation

processes.

See: Barquet K, Segnestam L & Dickin S. 2022.%?

10

Community engagement and the role of co-design in CCH

Interventions are more effective when developed with — rather than for — the
communities they aim to benefit. The design of CCH interventions should consider
whose needs are being addressed, who is leading the design and implementation
and “the agency of communities, and work to leverage assets or resilience points,
rather than simply copying and pasting solutions with fixed components from
elsewhere.”?3

A number of community participatory approaches are employed by researchers?*
with varying degrees of inclusion of community stakeholders. IR requires methods
of participation that help facilitate genuine co-creation and inclusion of lay and
professional community members, and other key stakeholders, throughout the
research process. This increases trust, equity and inclusivity, making interventions
more relevant and sustainable, particularly when working with marginalized or
fragile populations.



TDR IMPLEMENTATION RESEARCH MODULE
ON CLIMATE CHANGE AND HEALTH

Authentic involvement of stakeholders from local communities requires creative
engagement approaches and a redistribution of research budgets to support
meaningful community participation (as described in the case study: The lived
experience of climate change in Dhaka, Bangladesh). Unlike traditional expert-
driven models, co-design recognizes the lived experiences of affected communities
as essential expertise. Fig. 4 outlines the key principles, benefits and challenges
of using a co-design approach in community engagement.

Fig. 4. Principles, benefits and common challenges of co-design

Key principles

e Inclusivity —
ensure inclusion of
stakeholders from
diverse community
backgrounds,
particularly
marginalized and
underserved groups

Mutual learning

— blend scientific
knowledge with local
experiences and
indigenous knowledge

Shared decision-
making — community
members actively
shape research
goals, methods and
implementation

Contextual relevance
— ensure research
reflects local social,
cultural and political
factors that shape
health outcomes

Practical outcomes
— focus on real-world
solutions that can be
implemented, scaled
and sustained

\_

>

Benefits

¢ Enhanced ownership
and trust — when
participants are
equal partners, they
are more likely to
embrace and sustain
interventions

e Culturally appropriate
— solutions reflect
local realities,
improving feasibility
and uptake

e Capacity building —
community members
gain research skills,
fostering long-
term resilience and
self-reliance

Bridging research and
policy — collaborative
processes increase
likelihood of
translating research
findings into
actionable policies

/

.

>

Common
challenges

e Power imbalances —
hierarchical structures
and social norms may
limit engagement,
particularly from
marginalized groups

Resource constraints
— co-design requires
more time, funding
and facilitation
expertise than
conventional research

Political and
structural barriers —
local governance or
bureaucratic hurdles
can slow down or
impede collaboration

¢ Diverse stakeholder
interests — aligning
priorities among
funders, local
authorities and
communities can be
complex

/

N\

<

Addressing
challenges

e Ensure transparent
communication about
roles and expectations

Assess stakeholder
needs and create safe
spaces for discussion
(e.g. smaller,
language-accessible
discussions, using
community settings
for meetings)

Invest in facilitation
strategies that
encourage equitable
participation

/

-l

Incorporating lived experience in CCH IR

Individuals and communities who have experienced climate-related health
impacts first-hand can provide valuable insights into barriers to adoption, cultural
sensitivities and unexpected consequences of interventions. These perspectives
often highlight issues that may be overlooked by policy-makers and researchers
and make interventions more relevant and accepted by the communities they are

intended to serve.2®

969
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Capturing lived experience requires research methods that allow communities
to express their perspectives, challenges and priorities in their own words, for
example in-depth interviews, focus group discussions and photovoice.?® See case
study: The lived experience of climate change in Dhaka, Bangladesh.

An intersectional approach ensures that IR reflects diverse lived realities — such

DEVELOPING as women, older adults and people with disabilities — who may experience unique

AN IR PROJECT barriers to adapting to climate-related health risks. By using these participatory

mITTEHRéENCTIUNAL methods, CCH IR can move beyond one-size-fits-all solutions and support

GENDER LENS inclusive, effective and locally-driven responses to climate challenges and
impacts.

m The lived experience of climate change in Dhaka, Bangladesh?’-28

A powerful example of integrating lived experience into climate change research is “The
lived experience of climate change” project, led by Dr Joanne Jordan at the University
of Manchester. This initiative explored how climate change affects people in informal
settlements in Dhaka, Bangladesh, using a highly participatory approach to ensure that
their voices and realities were central to the research.

How lived experience was captured
« Engagement with over 600 informal dwellers through interviews, discussions and
interactive activities.

- Findings were translated into a traditional folk performance, or “Pot Gan”, which
combines storytelling, music and visuals to communicate key insights.

« A short documentary was produced to share the community’s perspectives with
policy-makers, researchers and the broader public — reaching over 126 000 online
viewers.?8

Why this approach matters
The project demonstrates how art, storytelling and lived experience can be used to:

- make climate research more accessible and engaging for affected communities;

- amplify voices that are often overlooked in policy discussions;

- build stronger connections between researchers, communities and decision-makers.

By centring the lived experience of people on the frontlines of climate change, this project
ensured that research findings were not just data points, but deeply personal narratives
that could drive real action.

Watch the documentary here: https://www.youtube.com/watch?v=myM8dOAiRgw

12


https://adphealth.org/irtoolkit/intersectional-gender-lens/
https://adphealth.org/irtoolkit/intersectional-gender-lens/
https://adphealth.org/irtoolkit/intersectional-gender-lens/
https://adphealth.org/irtoolkit/intersectional-gender-lens/
https://adphealth.org/irtoolkit/intersectional-gender-lens/
https://www.youtube.com/watch?v=myM8d0AiRgw
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- Box 3. Reflection activity — Your role in co-design

Objective:

969

To encourage you to reflect on your own positionality, biases and role in a co-design process

when working with communities on CCH interventions.

Think about a time when you worked collaboratively with others in a decision-making or
problem-solving process (e.g. a group project, community work or research activity).

1. Who had the most influence in shaping the decisions?

2. Did you notice any power imbalances? If so, how did they affect participation?

3. How did your own background, assumptions or expertise shape how you engaged

with others?

4. |If you had to redo the process with a stronger focus on equity and inclusion, what

would you do differently?

Reflection output:

Focus on identifying areas where power dynamics or decision-making structures could
be more inclusive and participatory in future work and what methods you can use to

facilitate this.

Tailoring CCH interventions to different contexts

To be effective, CCH interventions must address context-specific environmental,
social and infrastructural challenges. These challenges vary widely by geographic
region and socioeconomic setting, requiring tailored interventions that address
the most pressing local challenges in the most impactful and sustainable ways.

This section explores the influence of place (e.g. urban, rural or peri-urban)
and economic context (e.g. high-income versus low-income settings) on CCH
interventions. It also considers how climate change can deepen existing health
inequalities, highlighting the importance of equity and the differential impacts
on vulnerable groups.

More wide-ranging CCH interventions would also benefit from diverse data drawn
from multiple settings — such as tropical versus temperate zones, different disease
burdens and varying socioeconomic conditions — captured through targeted
monitoring in ecologically and climatically distinct regions.?° Data sources are
addressed in section 4.

CLIMATE DATA
SOURCES

13
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Urban, rural and peri-urban settings

Urban, rural and peri-urban areas each present distinct challenges and require
targeted approaches.

Over half of the world’s population live in cities, with the UN predicting this
will reach over two-thirds by 2050.?° Urban settings often have well-developed
infrastructure but factors such as population density create “complex
microclimates”?® that can heighten climate risks.

Rural areas are often reliant on climate-sensitive livelihoods, increasing
vulnerability. Peri-urban areas —where rapid urbanization meets rural infrastructure
gaps — experience a blend of climate risks from both settings, which necessitates
combined approaches. Fig. 5 outlines the different primary climate risks in each
setting and key interventions to address them. Box 4 describes examples of
contextualized CCH interventions in each setting.

Figure 5: Climate risks and health system responses in urban, rural and
peri-urban settings
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- Box 4. Examples of geographically contextualized CCH interventions

- Urban: In Paris, the city’s heat action plan includes cooling centres, hydration stations
and targeted outreach for vulnerable populations.3°

« Rural: In Malawi, solar-powered health clinics provide uninterrupted medical services
(i.e. vaccine cold chain) in remote areas affected by extreme weather.3!

- Peri-urban: Arstaféltet, a peri-urban area in Stockholm, is integrating wetlands and
green infrastructure to manage flood risks and improve water quality while supporting
urban expansion.®?

High- and low-income countries

Economic factors also shape CCH interventions. High- and low-income countries
face different challenges and require distinct strategies based on economic
capacity, governance structures and health care infrastructure.

High-income countries (HICs) typically have stronger health systems and climate
adaptation policies, which allows for a greater focus on mitigation and use of
technology.

For example:

- Al-driven disease modelling to predict and respond to climate-sensitive
health risks.

- Precision public health strategies, integrating climate and health data for
targeted interventions.

- Emission reduction policies, such as green hospital initiatives and sustainable
transport in health care services.

Low- and middle-income countries (LMICs) often face financial constraints, weak
infrastructure and greater climate vulnerability. Interventions should prioritize
adaptation and resilience, for example:

« Low-tech early warning systems, such as community radio and SMS-based
heatwave alerts.

- Decentralized health care solutions, including mobile clinics and community
health workers.

- Climate-adaptive agriculture and nutrition programmes, reducing malnutrition
linked to food insecurity.

While approaches should be context-specific, cross-country learning is also
critical for bridging knowledge gaps. HICs can support LMICs through technology
transfer, financing and technical expertise, while LMICs offer valuable insights
from community-driven resilience and low-cost adaptation strategies. This two-
way learning enhances the effectiveness, equity and sustainability of CCH
interventions.

15
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Addressing health inequities and vulnerabilities in CCH

Islam and Winkel (2017) describe climate change as “a vicious cycle, whereby
initial inequality causes the disadvantaged groups to suffer disproportionately
from the adverse effects of climate change, resulting in greater subsequent
inequality”.3® Addressing inequality both within and between countries is
essential for strengthening CCH interventions3* and ensuring that climate change
does not exacerbate existing health inequalities.'>'® The ND-GAIN Country Index
(see Box 5) is a useful tool for understanding country-level vulnerabilities to
climate change and readiness to adapt.

- Box 5. ND-GAIN Country Index: A tool for understanding CCH resilience and inequalities

The ND-GAIN Country Index is a global ranking system that assesses countries’ vulnerability
to climate change and their readiness to adapt.®® It provides comparable, data-driven
insights into how different nations are positioned to manage climate risks and implement
adaptation strategies.

This index is particularly useful for CCH IR because:

- It highlights disparities in resilience: low-income and marginalized nations often
face greater CCH risks due to weak infrastructure, limited health care access and
socioeconomic vulnerabilities.

« It connects climate change to public health capacity: countries with low readiness
scores are more likely to struggle with heat stress, vector-borne diseases, and food and
water insecurity.

- It informs policy and intervention planning: the index helps researchers, policy-makers
and development organizations prioritize adaptation efforts by identifying regions that
need urgent support.

By integrating ND-GAIN data into CCH IR design, stakeholders can better understand
global inequalities, assess resilience gaps and design targeted interventions that improve
adaptation in the most vulnerable communities.

16

All too often it is vulnerable people and groups who are most at risk of negative
health (and broader societal) impacts of climate change.'®3¢ People living in
poverty are also more susceptible to these negative health impacts. For example,
as climate change increases the spread of waterborne disease, those without
access to piped water face a greater risk of contracting diarrhoea.®®* Many of
these vulnerabilities are rooted in historical and structural inequalities and
unequal access to resources. Addressing these underlying drivers is critical to
ensuring that climate change does not further entrench existing health inequities.
Table 1 outlines some of the biological and socioeconomic impacts facing
different vulnerable groups in the context of CCH.
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Table 1. Examples of biological and socioeconomic vulnerahilities with
climate-relevant health implications for each vulnerable group/community'®

Vulnerable group

or community

Biological, physiological and health-

related vulnerability

Socioeconomic and demographic
vulnerability

Women

Children and
youth

Older people

Workers

Displaced
persons

People living
with disabilities

Indigenous
peoples

Ethnic
minorities

Rural and
remote
communities

People with low
socioeconomic
status

People with
pre-existing
conditions

Female reproductive and
maternal health issues, including
during pregnancy, postpartum
and menopause.

Developing biological systems,
including the immune system.
Greater sensitivity to heat or
respiratory illnesses.

Weaker immunity, reduced body-
heat regulation, medication use
and higher risk of illness due to
ageing. Co-morbidities.

Pre-existing (occupational)
illness. Increased exposure to
extreme weather (especially
outdoor workers) and chemicals
or toxins.

Higher rates of disease
proliferation. Mental health
issues from trauma.

Pre-existing physical or mental
morbidities and higher risk of
poor health outcomes.

Generational trauma. Higher
genetic predisposition to certain
diseases in some Indigenous
populations.

Higher prevalence of certain
diseases in different ethnic
groups.

Proximity to agricultural or
industrial operations which

use harmful chemicals such as
fertilizers, pesticides or solvents.
Higher risk of zoonoses.

Higher prevalence of pre-existing
health conditions and risk of
infectious and noncommunicable
diseases due to poor living
conditions.

Greater susceptibility to morbidity
and mortality from climate-
related events.

Unequal access to resources.
Societal propensity of traditionally
female social or economic roles, for
example caregiving.

Higher risk living conditions for
children from families with low
socioeconomic status. Lack of
agency in making decisions.

Limited financial or social
resources. Higher likelihood of
living alone.

Greater exposure to health risks due
to physically demanding work or
unsafe working conditions.

Limited access to key enablers
of health, such as housing, food,
sanitation and health care.

Mobility challenges. Dependence
on others. Limited agency and
access to key enablers of health,
such as housing, health care and
employment.

Reliance on natural ecosystems for
sustenance, culture and way of life.

Systemic discrimination. Higher risk
living conditions, for example close
to industrial sites or highly polluted
traffic corridors.

Limited access to infrastructure,
clean water and difficulties
accessing health care.

Limited ability to afford adaptation
and resilience measures and access
care. Greater exposure to climate-
related risks such as fast-changing
weather conditions.

Possible challenges with mobility
and other disabilities caused by the
pre-existing illness.
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Implementation researchers should ensure that project design considers the
needs of high-risk, marginalized and underserved groups!? and avoids unintended
negative impacts of interventions that could drive further inequality.'® Co-designing
interventions with local communities at the outset of a project can help ensure
that outcomes are aligned with local priorities, resources, needs and values, and
do not worsen existing health inequities.

Women are particularly vulnerable to climate change challenges.*® Researchers
should refer to the toolkit module on Developing implementation research projects
with an intersectional gender lens to better understand how gender intersects
with other social factors in the context of IR.

By taking these vulnerabilities into account, IR can help bridge the health equity
gap.®’ IR frameworks such as the Consolidated Framework for Implementation
Research (CFIR) and Reach Effectiveness Adoption Implementation Maintenance
(RE-AIM) provide a structured approach to understanding context and identifying
strategies to improve CCH intervention adoption among marginalized groups.®®

Systems thinking in CCH interventions

As outlined, climate change does not impact health in isolation — it interacts with
environmental, social, economic and political systems. This complexity calls for a
systems thinking approach that acknowledges these interdependencies and helps
design interventions that are holistic, equity-focused, sustainable and tackle
multiple drivers of risk.??3°

Unlike traditional, linear cause-and-effect approaches, systems thinking tries to
anticipate unintended and/or indirect consequences and promote solutions that
address root causes rather than just symptoms. For example, traditional intervention
design might focus on distributing mosquito nets to reduce malaria transmission,
whereas a systems thinking approach would also examine broader determinants
of malaria risk, such as water management, housing quality and socioeconomic
vulnerabilities.

This approach also helps to ensure long-term sustainability as interventions
anticipate future challenges and design for adaptability over time.

A key example of a collaborative, systems-based approach is One Health:!? “an
integrated, unifying approach that aims to sustainably balance and optimize the
health of people, animals and ecosystems” (One Health High-Level Expert Panel
(OHHLEP)#°). For more details on how to integrate a One Health approach into
IR, researchers should explore the related module in this toolkit.

- Box 6. Reflection activity — Systems thinking

Think about a recent CCH intervention in your region:

- Did it address only one issue or did it consider multiple interconnected factors?

- Were there any unintended consequences?

« How could a systems thinking approach have improved it?
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Framing IR in climate change and health
Addressing common implementation challenges

CCH interventions face many barriers during implementation. While these
challenges are highly context-specific, Table 2 outlines some of the common and
systemic reasons why interventions fail.

Table 2. Common implementation barriers facing CCH interventions

Barrier

Policy—practice
disconnect

Underfunded and
over-reliant: the
donor dependency
problem

Problem statement

Many governments
acknowledge CCH risks,

yet climate policies rarely
translate into on-the-ground
health interventions.

Many interventions lack
sustainable funding and
remain pilot projects rather
than long-term solutions.

EERIS

Climate adaptation is seen as
a “future” issue rather than
an immediate health priority.

Ministries often work in silos
—health and environment
policies don't align.

Political and economic
interests resist change.

Ministries of health often
prioritize immediate crises
(e.g. infectious disease
outbreaks) over long-term
climate adaptation.

Low- and middle-income
countries (LMICs) depend
on short-term donor funding,
leading to interventions that
collapse once funding ends.

Not measured =
not managed: the
data problem

Left behind:
without people,
interventions fail

Governments need CCH
surveillance systems to track
risks (e.g. air pollution,
disease outbreaks), but many
lack real-time data.

Even the best interventions
fail if people don't trust
them.

Data systems often don't
integrate climate and health
records.

In LMICs, health surveillance
relies on paper-based records
or poorly maintained digital
systems.

Al tools exist but require
large amounts of reliable data
to be effective.

Misinformation and climate
denialism reduce public trust
in interventions.

Top-down interventions
that ignore local knowledge
struggle with uptake.

Fear of government overreach
—some communities

reject climate policies as
“anti-economic.”
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Implementing CCH interventions can face significant barriers, but these
challenges are not insurmountable. Many initiatives fail not because they lack
merit, but due to systemic issues such as fragmented policies, unsustainable
funding, inadequate data systems and a lack of community engagement.

IR provides a structured, evidence-informed approach to understanding and
addressing implementation barriers and bottlenecks. By identifying what works,
for whom and under what conditions, IR helps practitioners and policy-makers
tailor solutions to real-world contexts.

To overcome these barriers, governments can prioritize integrating climate
adaptation into national health strategies, ensuring policies translate into
actionable, well-funded interventions. A shift from short-term donor dependency to
long-term investment is crucial for building resilient health systems. Furthermore,
strengthening data infrastructure enhances predictive capabilities and enables
better decision-making. Equally important, interventions must be designed with
communities rather than imposed on them, ensuring trust, relevance and uptake.

By applying IR to these persistent challenges, CCH strategies can transition
from fragmented short-term efforts to scalable and impactful programmes that
safeguard public health in a changing climate.

Tools for capacity assessment

Interventions often focus on the what (e.g. vaccination programmes, Al-driven
disease tracking, early warning systems) but neglect the how (i.e. who will run
it, what infrastructure is needed and whether local teams can sustain it once
external support is gone). Conducting a capacity assessment can help expose
weak points before they derail an intervention.

Capacity assessment in CCH implementation involves evaluating the ability of
health systems, institutions and communities to effectively integrate and sustain
climate adaptation strategies. This process helps identify gaps, strengths and
opportunities for improving resilience against CCH risks.

Key aspects of capacity assessment for CCH IR projects are:

- Institutional capacity: evaluates whether government agencies, health
ministries and nongovernmental organizations (NGOs) have the necessary
policies, governance structures and coordination mechanisms for CCH
adaptation.

- Workforce and training capacity: assesses the skill levels, availability and
preparedness of health workers to manage climate-sensitive diseases and
extreme weather-related health emergencies.

- Infrastructure and resource availability: identifies gaps in health care facilities,
data systems and logistics that may hinder climate resilience.

- Community and stakeholder engagement: examinestherole of local communities,
traditional knowledge and multisectoral partnerships in adapting to CCH
challenges.


https://adphealth.org/irtoolkit/understanding-ir/the-need-for-ir.html
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on the sector, target audience and level of intervention. Some are designed for MAPPING

high-level institutional capacity-building, while others focus on local, community- IN CCH

There is no single “best” capacity assessment tool — different tools exist depending STAKEHOLDER
- aINTERVENTIONS
based resilience.

- Box 7. Vulnerahility and capacity assessment (VCA) tool

The VCA is a community-focused tool for assessing climate change vulnerabilities and
adaptation solutions at the health facility level in LMICs, focusing on specific health risks,
infrastructure resilience and environmental sustainability.

It uses a five-stage process — incorporating data review, audits, scenario-based qualitative
analysis and action planning — to provide a practical framework for health facilities to identify
climate hazards, prioritize interventions and develop resilience plans.

Read more:
https://climateactionaccelerator.org/wp-content/uploads/2024/10/NCA-10_2024-EN.pdf

Framing IR questions for CCH
CCH adaptation interventions

According to the IPCC Sixth Assessment Report (2023), 3.6 billion people on
the planet already live in areas susceptible to climate-related hazards. It is both
urgent and necessary to adapt life on Earth to the impacts of climate change,
especially for the most vulnerable populations — and this need for adaptation
measures is expected to increase.?’

Despite growing climate-related risks, current adaptation efforts are not sufficient
to protect public health — particularly in LMICs where structural inequalities limit
access to funding and technical resources.*! The gap between climate risks and
health system readiness remains a significant challenge.

There are many interventions that can be employed to reduce the health impacts
of climate change, as well as strategies to support individuals, organizations,
communities and countries to become more resilient to CCH risks.*? These include:

Strengthening health systems:*3
- Enhancing surveillance for climate-sensitive diseases (e.g. dengue and heat-
related illnesses).

- Increasing health care capacity to manage the health impacts of extreme
weather events, such as floods and heatwaves.

- Building capacity among health care workers to adequately respond to
climate-related events.
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Climate-resilient infrastructure:**

- Designing hospitals, water systems and housing to withstand extreme weather
events.

- Promoting green infrastructure, such as urban tree planting to mitigate heat
stress.

Early warning systems:*°

« Such mechanisms help predict and reduce health impacts, support emergency
planning and guide responses across all levels of the health system.

- When an extreme heat event is expected, early warnings are followed by
practical recommendations on protective actions, helping to reduce negative
health outcomes.

Community-based approaches:*®

- Empowering communities to play a central role in planning and decision-
making processes.

- Education on health risks associated with climate change.

Housing-related heat exposure:*’

- Reducing exposure at housing levels (e.g. through cooling roofs) are proven
to be low-cost and still highly effective solutions to reduce vulnerability of
lower-income populations.

Yet, implementation and scale-up remains a central challenge, largely due to
limited investment.!®

Mitigation and health co-benefits

Mitigation focuses on reducing the progression of climate change, primarily
by addressing the primary cause: cutting down greenhouse gas emissions.
Recent record CO, emission rates*® and global mean temperatures suggest that
mitigation is underperforming and demands extra scientific attention. The health
sector is responsible for a significant share of greenhouse gas emissions and,
consequently, for an important number of direct and indirect deaths.

Co-benefits are strategies that simultaneously address climate change and result
in secondary gains. They can be a powerful incentive to accelerate behavioural
and policy changes, as the population observes the short-term benefits, while
the consequences of the mitigation are experienced in the long term.*® For
example, reducing greenhouse emissions improves air quality, which also reduces
respiratory illnesses.
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Setting IR questions for CCH interventions

IR can help identify, understand and develop strategies for “overcoming barriers
to the adoption, adaptation, integration, scale-up, and sustainability of evidence-
based climate and health interventions”.%°

Table 3 outlines some sample IR questions for assessing adaptation and mitigation
activities in the context of CCH.

Table 3. Sample climate change and health IR questions

Mitigation Adaptation

- What organizational and policy changes

are most effective for reducing health
care facility emissions?

How can increased awareness of
climate change among health care
workers be translated into sustainable
practices and resource management in
hospitals and clinics?

- What factors enable or hinder the

What are the barriers and facilitators to
implementing heatwave early warning
systems among vulnerable populations?

How can adaptation interventions be
tailored and sustained in communities
with diverse cultural backgrounds?

- What strategies are most effective for

integrating local knowledge into health
adaptation planning and delivery?

implementation of mitigation strategies
in health care settings and how can
they be addressed to improve uptake
and sustainability?

For newer interventions with limited data on their effectiveness, IR studies should
consider investigating both effectiveness as well as any barriers to implementation.
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Emerging climate change-related public health challenges in Africa:
A case study of the heat—health vulnerability of informal settlement
residents in Dar es Salaam, United Republic of Tanzania®'

Background

This study uses a mixed methods analysis to examine the heat—health vulnerability of
informal settlement residents in Dar es Salaam, United Republic of Tanzania. Despite
rapidly rising surface temperatures across Africa, little research has focused on the
vulnerability of urban informal settlements to heat-related health risks.

Study highlights and findings

- Climate projections confirm increasing temperatures, with both daytime and night-
time heat stress set to worsen in the coming decades.

- Heat poses significant health risks in Dar es Salaam.

« Informal settlement residents are particularly vulnerable due to a combination of high
exposure (e.g. poor housing, urban heat-island effects), high sensitivity (e.g. pre-
existing health conditions, lack of access to health care) and low adaptive capacity
(e.g. limited cooling options, financial constraints).

This study highlights the intersection of heat—health impacts and vulnerability in the
context of climate change. There is an urgent need for more research into heat-health
impacts and targeted adaptation strategies to protect vulnerable populations — particularly
in LMICs and in ‘hotter’ regions.

Designing and conducting climate change and health IR studies
Selecting the right methods for CCH IR

There is no one-size-fits-all approach to conducting IR in climate and health. The
complexity of CCH issues — ranging from heat stress and vector-borne diseases
to health system resilience — means that research must be adaptable, context-

specific and problem-driven.

RESEARCH

METHODS

AND DATA a and data management sections of the IR toolkit.
MANAGEMENT
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Before reading this section, researchers should first refer to the research methods
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Quantitative methods: measuring CCH impacts at scale

Quantitative methods involve the collection and analysis of numerical data to
identify patterns, test hypotheses, and establish generalizable findings. In CCH
projects, this may include statistical analyses of health outcomes related to
temperature variations, air quality indices or the prevalence of climate-sensitive
diseases. For instance, time-series analyses can elucidate correlations between
heatwaves and increased hospital admissions for heat-related illnesses.

Why it matters in CCH IR:

- Allows researchers to measure the scope and severity of CCH issues.

- Identifies trends over time, such as the long-term health effects of rising
temperatures.

- Provides evidence for decision-making, helping policy-makers allocate
resources efficiently and appropriately.

Common quantitative approaches in CCH IR:
- Epidemiological studies — analyse disease trends linked to climate change
(e.g. malaria incidence and temperature shifts).

- Time-series analysis — assess long-term trends (e.g. spikes in respiratory
illnesses during wildfire seasons).

- Surveys and structured questionnaires — collect data on health-related
behaviours, service access and adaptation strategies.

Qualitative methods: understanding context and human behaviour

Qualitative methods such as interviews, focus groups and ethnographic
observations provide nuanced insights into how communities perceive climate
risks, adapt to environmental changes and access relevant health services. For
example, semi-structured interviews with residents in flood-prone areas can
reveal barriers to evacuation and inform the development of more effective
communication strategies.

Why it matters in CCH IR:

- Explains why interventions succeed or fail in different settings.
- Captures community perspectives on climate risks and adaptation challenges.
- Helps tailor policies and interventions to local realities.

Common qualitative approaches in CCH IR:
- In-depth interviews — for example engaging health workers, policy-makers
and affected individuals to understand their perspectives.
- Focus groups — gather shared insights on CCH challenges and adaptation
strategies.

- Ethnographic observation — study health care settings to assess how frontline
workers manage CCH risks.
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Value and challenges of mixed methods research in CCH research

Mixed methods research integrates numerical data (quantitative) and contextual
insights (qualitative) to provide a comprehensive understanding of CCH-related
issues.

Why it matters in CCH IR:

- Provides a comprehensive understanding of both measurable trends and the
contextual factors that influence real-world outcomes.

- Helps explain unexpected results (e.g. why a policy/intervention succeeds in
one area but fails elsewhere).

- ldentifies barriers to implementation that quantitative data alone might
overlook.

- Ensures policy and intervention recommendations are grounded in both
statistical evidence and lived experiences.

This approach is particularly helpful for studies that wish to explore not just
whether an IR intervention succeeded or failed, but also how or why.'® Table 4
outlines common mixed methods study designs used in CCH IR.

Table 4. Common mixed methods study designs in climate health research>2

Method Description Example
Convergent Collects quantitative Researchers assess heat stress
parallel design | and qualitative data in outdoor workers by combining
simultaneously and temperature readings and hospital
compares them. admissions (quantitative) with worker

interviews about heat adaptation
(qualitative).

Sequential Quantitative data A study analysing air pollution and

explanatory collection first, followed asthma rates in urban areas may

design by qualitative methods to | first examine hospital records before

explain findings. conducting focus groups to understand

community barriers to health care
access.

Sequential Begins with qualitative A study exploring Indigenous

exploratory methods, then follows up | knowledge of climate adaptation might

design with quantitative analysis. | first conduct ethnographic research,

then survey a broader population to
assess how widely such strategies are
adopted.

A mixed methods approach is a valuable tool for informing evidence-based
decision-making and improving intervention effectiveness. However, researchers
should also be aware of the challenges this method presents:

- Time- and resource-intensive — collecting, analysing and integrating diverse
datasets requires additional effort and expertise.

- Potential inconsistencies — quantitative and qualitative findings may not
always align, requiring deeper interpretation and triangulation.
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Importance of longitudinal studies for CCH

While single-event studies capture snapshots of immediate health crises, they do
not track long-term effects such as shifting disease burdens, cumulative exposure
risks or the effectiveness of adaptation strategies.

For example:

- Rising temperatures and air pollution contribute to the gradual increase in
respiratory diseases over decades.

- Vector-borne diseases such as malaria and dengue are slowly spreading to
new regions as global climate patterns shift.

- Long-term exposure to heat stress, food insecurity and displacement
exacerbates mental health challenges over time.

Longitudinal population studies track the health of large groups over time,
providing insights into how environmental, socioeconomic and genetic factors
influence health throughout the life course.?® They are crucial for understanding
how climate change impacts health outcomes over time — revealing trends
and delayed effects that short-term research might miss. This approach is
vital for identifying gradual health impacts and assessing the effectiveness of
interventions.

Longitudinal studies are an invaluable research tool, but they can be challenging
and resource intensive.% Specifically:

- High costs: Maintaining long-term research platforms is expensive, often
requiring substantial financial resources for data collection, participant
retention and infrastructure upkeep.

- Participant attrition: Over time, participants may drop out due to various
reasons, leading to potential biases and reduced data reliability.

.- Research fatigue: Continuous participation can lead to fatigue among
subjects, affecting their engagement and the quality of data collected (see
Box: Longitudinal research and the challenge of research fatigue).

Nonetheless, the insights gained from longitudinal studies are invaluable.
They provide critical evidence to inform public health interventions and policy
decisions aimed at mitigating the adverse health effects of climate change.

FURTHER READING The Wellcome Trust’s report Combining climate and
health data: Challenges and opportunities for longitudinal population
studies (2022)?° examines the feasibility of utilizing longitudinal
population studies to investigate the health impacts of climate change.

Link: https://wellcome.org/reports/combiningclimate-and-health-data-
challenges-and-opportunities-longitudinal-population
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- Box 8. Longitudinal research and the challenge of research fatigue®

The African Population and Health Research Center (APHRC) has extensive experience
managing longitudinal research platforms, particularly in urban health and demographic
surveillance. Their work provides valuable lessons for implementation researchers in the
field of CCH, where long-term data collection is essential yet fraught with challenges.

One of the major challenges APHRC identifies is research fatigue — a critical issue for
longitudinal CCH studies. When participants are repeatedly surveyed over many years,
engagement declines, leading to higher drop-out rates and reduced data reliability.

These insights are crucial for CCH researchers, who must design engagement strategies
that reduce participant burden while maintaining high-quality longitudinal data collection.
APHRC'’s work suggests that standardized protocols, digital tools and training programmes
for field researchers can help maintain continuity across decades-long studies.

Ethical considerations in CCH research

CCH interventions often involve working with vulnerable populations, including

ADDRESSING displaced communities, low-income groups and Indigenous peoples. These
HEALTH ; i i i i i _
INEQUITIES AND populations often experience disproportionate climate impacts — such as food

VULNERABILITIES

insecurity, water scarcity, extreme weather events and disease outbreaks — yet

IN CCH they often have little representation in climate policy and research.5#%°

Ethical considerations are critical to ensuring research respects rights, autonomy
ETHICAL and cultural perspectives while maintaining scientific rigour and real-world
ISSUES relevance. Table 5 outlines ethical challenges in the context of CCH, researchers

28

should also read Ethical issues in the IR toolkit for a broader discussion.

Table 5. Ethical challenges in CCH research

Challenge

Working with
climate-displaced
and stateless
populations

Data privacy and
protection

Power imbalances
in research

Ethical concern

Many climate migrants
lack legal protections
and may fear government
surveillance or
exploitation.

CCH research collects
sensitive personal data,
including medical
histories and geospatial
tracking.

Research in low-income
settings is often led by
external institutions,
leaving local communities
with little say in the
process.

Best practices

Use anonymous participation
and ensure data confidentiality.

Partner with local organizations
to build trust.

Follow strict data governance
protocols to protect individuals.

Ensure geospatial data
cannot be misused for forced
relocations.

Implement co-design methods
to ensure co-ownership of
research.

Establish long-term, reciprocal
partnerships rather than one-
time data collection projects.
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- Box 9. Key considerations

- Research must be culturally sensitive and adapted to local contexts.

- Minimizing inherent power imbalances and confidentiality risks requires proactive
strategies.

- Modifying research methods — such as simplified consent processes and gender-
sensitive approaches — enhances ethical rigour without compromising data quality.

Climate data sources

Understanding the complex relationship between climate change and health
requires more than isolated studies or short-term observations. Continuous, high-
quality data is needed to monitor emerging health trends, delayed effects of
climate exposure, community resilience and intervention impact.

Nissan, Diggle and Fronterre (2022) call for increased collaboration between
health and climate researchers to combine data sets and advance understanding
of “climate—health interactions”.?® However researchers should be aware that
differences in temporal and spatial scales can make this integration challenging.'?

Data sources for CCH monitoring

Effective CCH implementation research requires reliable data, often from multiple
sources. These data help researchers track environmental changes, assess health
impacts and develop early warning systems (EWS) for climate-sensitive diseases.
CCH monitoring draws from a mix of meteorological, environmental and health
datasets, often integrating information across sectors.

This section highlights the different types of data available and their role in
studying climate impacts on health. Table 6 provides a list of relevant sources
for each data type.

Meteorological data

Meteorological data plays a crucial role in CCH monitoring, providing insights
into how environmental changes impact public health.

- Heatwaves and temperature extremes can lead to severe heat-related
illnesses,*!% making temperature data essential for EWS and adaptation
strategies.

- Air pollution trends, influenced by climate shifts, affect respiratory health,
with long-term data helping to track exposure risks.%’

. Vector-borne disease spread is closely linked to climate conditions, as
rising temperatures and changing rainfall patterns alter mosquito and tick
habitats,®® increasing/extending disease transmission. See Box: Applying IR
to climate-informed disease surveillance.

- Extreme weather events such as hurricanes, droughts and floods pose both
immediate and long-term health risks, from injuries and waterborne diseases
to food insecurity and displacement.>®
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Understanding these patterns through sustained meteorological monitoring
allows for better preparedness and targeted public health interventions.

- Box 10. Applying IR to climate-informed disease surveillance

MalaClim is a climate-informed health initiative that integrates meteorological data
with malaria case records to explore links between climate variability and vector-borne
disease, aiming to develop an early warning system in Guadalcanal, Solomon Islands.®
Applying an IR lens can support efforts to scale and adapt the initiative by identifying
implementation bottlenecks, assessing feasibility across diverse settings and strengthening
stakeholder collaboration.!3 Tools such as concept mapping can help explore contextual
factors influencing uptake, identify enabling and constraining conditions, and generate
evidence on what drives the success or failure of climate-sensitive interventions in different
environments.®!

30

Air quality and pollution monitoring

Air quality data are critical for understanding the health impacts of climate
change, particularly in relation to respiratory and cardiovascular diseases. Rising
temperatures can worsen air pollution levels by increasing ground-level ozone and
fine particulate matter (PM2.5),%? both of which are linked to conditions such
as asthma, chronic obstructive pulmonary disease (COPD) and cardiovascular
illnesses.53

Long-term monitoring of pollutant concentrations helps researchers track trends,
assess health risks and design mitigation strategies. Urbanization, industrial
emissions, wildfires and climate-driven changes in atmospheric circulation all
contribute to fluctuating air quality, making continuous monitoring essential for
public health responses.

Vector-borne disease surveillance

Climate change is altering the distribution and intensity of vector-borne diseases,
making long-term surveillance essential for tracking emerging health risks.
Temperature, humidity and precipitation patterns directly influence mosquito and
tick populations, affecting the spread of diseases such as malaria, dengue, Zika
virus and Lyme disease.®* Warmer temperatures accelerate mosquito breeding
cycles and expand their geographic range, while shifting rainfall patterns create
new breeding sites.
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Longitudinal disease surveillance allows researchers to predict outbreaks, assess
climate-driven disease expansion and support the development of targeted

public health interventions, such as vector control strategies and early warning SECTION

systems.®® IMPORTANCE OF
LONGITUDINAL

Health surveillance systems g'(T:IFIIDIES FOR

Health surveillance systems provide critical data on the direct and indirect health
impacts of climate change. These systems track morbidity and mortality trends
linked to climate-sensitive health conditions, such as heat-related illnesses,®®
respiratory diseases,®” waterborne infections,® and malnutrition.®® By integrating
climate variables with data on hospital admissions, disease registries and
outbreak monitoring, researchers can assess long-term health trends and evaluate
the effectiveness of adaptation strategies. Health surveillance is particularly
important in detecting early warning signs of climate-driven health crises,
enabling timely public health interventions and policy responses.

Remote sensing and GIS

Remote sensing and geographic information systems (GIS) provide spatial and
environmental data crucial for CCH monitoring. Satellite imagery and GIS-based
analysis help track land use changes, extreme weather events, deforestation,
desertification and water availability, all of which influence health outcomes.

Remote sensing is particularly valuable for monitoring vector-borne disease risks,
air pollution levels and temperature fluctuations at local and global scales. By
integrating GIS with health data, researchers can map disease hotspots, predict
climate-driven health risks and support targeted interventions in vulnerable
regions.”®
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Table 6. Data sources hy type

Data type Sources

Meteorological | - World Meteorological Organization (WMO): Coordinates global
climate monitoring and provides standardized datasets.

- NASA Earth Observatory: Offers satellite-based data on
atmospheric and land-surface conditions.

. Copernicus Climate Change Service: Delivers long-term climate
records and projections for climate adaptation strategies.

- NOAA (National Oceanic and Atmospheric Administration):
Tracks weather patterns, oceanic changes and climate variability.

Air quality - WHO Global Health Observatory (GHO): Provides global data on
air quality and its health impacts.

- EPA Air Quality Index (AQI): Tracks real-time pollution levels and
provides public health advisories.

Vector-borne - Malaria Atlas Project: Provides GIS-based tracking of malaria
disease distribution and risk factors.
surveillance

- National Disease Surveillance Systems: Integrate climate,
entomological and epidemiological data to improve outbreak
prediction.

. Earth Observation Platforms (NASA, Copernicus): Offer remote
sensing data to map environmental conditions favourable for
vector proliferation.

. CDC Climate and Health Program: Tracks the impact of climate
change on vector-borne diseases.*

Health - WHO Global Health Observatory (GHO): Aggregates international
surveillance health data, including climate-related conditions such as heat
systems stress and infectious disease outbreaks.

. CDC Heat and Health Tracker: Provides localized data on heat-
related illnesses and health risks.*

- Integrated Disease Surveillance and Response (IDSR):
Strengthens disease surveillance systems in resource-limited
settings to track climate-health interactions.

Remote sensing | « NASA Landsat Program: Provides satellite imagery for monitoring
and GIS environmental changes over time.

- Copernicus: Offers Earth observation data for tracking climate
and land-use changes.

- MODIS (Moderate Resolution Imaging Spectroradiometer): Tracks
land surface temperature and vegetation cover changes.

- Sentinel Satellites (ESA): Provide high-resolution imagery for
monitoring air pollution, water bodies and environmental hazards.

Note: * CDC sites/programmes are no longer available (as of October 2025).

32



TDR IMPLEMENTATION RESEARCH MODULE
ON CLIMATE CHANGE AND HEALTH

Tools and technologies for data collection

Advances in technology are transformative for CCH IR, enabling more precise,
scalable and efficient data collection. By integrating remote sensing, GIS,
automated health monitoring and Al-driven analytics, researchers can better
track climate-driven health risks over time and evaluate the effectiveness of
implementation strategies. By improving data accuracy, scalability and
accessibility, these technologies help researchers assess what works, for whom
and under what conditions. In Uganda, antimalarials and GIS mapping were used
to reduce the risk of malaria spread following heavy rain and flooding (see case
study).

Case study 4 Usmg_an_tlmalarlals;la7|21d risk mapping to mitigate flood-associated
malaria in Uganda ’"

With climate change comes increased risk of heavy rainfall and flooding, which are
closely linked to malaria epidemics. Following severe flooding in rural western Uganda in
May 2020, Xu et al (2024) investigated the spatial risk of malaria infection at multiple
timepoints.’?

Children aged 12 and under were given three rounds of an antimalarial treatment
(dihydroartemisinin-piperaquine) starting one month after the flood. Rapid diagnostic
testing was carried out one-, two- and three-months post-flood, demonstrating a significant
reduction in malaria incidence.

The study used remote sensing and on-site surveys not just to map disease risk, but also
to identify geographic disparities in how the intervention reached different subgroups. For
example, residents who were displaced for longer post-flooding and had lower access to
insecticidal nets were at greater risk of malaria infection.

Traditional malaria monitoring systems weren’t designed to detect climate-driven shifts in
transmission. The study demonstrates the value of GIS tools for mapping and controlling
malaria outbreaks caused by severe flooding.

Wright et al (2025) note that the intervention could have been further strengthened by
combining short-term chemoprevention with longer-term measures such as addressing
floodwater control and incentivizing residents to relocate away from flood risk areas.’?
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Table 7 summarizes key technologies used in CCH research — listing specific tools
or systems and their function.
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Table 7. Climate and health data technologies

Technology category

Remote sensing and satellite
data enable researchers to
monitor temperature changes,
air pollution levels, land use
shift and vector habitats
without on-the-ground
measurements.

Geographic information systems
(GIS) visualize CCH linkages
by integrating spatial data
with epidemiological trends.

Wearahle and mobile health
technologies provide real-time
health monitoring, improving
longitudinal studies of heat
stress, respiratory conditions
and physical activity in
extreme climates.

Automated environmental
monitoring can enhance long-
term CCH surveillance by
collecting environmental data.

Tool/system

NASA Earth
Observing System
(EOS)

Copernicus Sentinel
Satellites (ESA)

MODIS

Google Earth Engine

ArcGIS and QGIS

Malaria Early
Warning System
(MEWS)

Smartwatches and
wearable sensors

mHealth apps

Air pollution
monitoring networks

Vector surveillance
systems

Function/use

Tracks climate indicators such
as surface temperature and
atmospheric composition.

Provides high-resolution data
on air quality, land cover and
hazards.

Measures aerosols, vegetation
and environmental variables.

Enables large-scale geospatial
analysis of climate and health
data.

Map disease outbreaks,
extreme weather risks and
exposures.

Predicts malaria outbreaks
based on climate and
ecological data.

Measure heart rate,
temperature and physiological
responses to heat.

Collect self-reported climate-
related health symptoms and
behaviours.

Track real-time exposure to
hazardous air pollutants.

Use automated traps/sensors
to track mosquito populations.

IR frameworks for CCH

IR plays a critical role in strengthening CCH interventions by supporting iterative,
adaptive approaches and facilitating knowledge sharing among stakeholders
throughout the process.'® Implementation frameworks provide a structured
means of evaluating and addressing multi-level and highly contextualized barriers
to effective implementation.!8

Fisher et al (2025) found that IR is frequently applied only retrospectively —
assessing outcomes rather than guiding planning and design from the outset.
They assert that this focus on evaluation misses an opportunity to design and
adapt interventions to suit individual and often complex local contexts and
improve sustainability.?

Implementation frameworks — whether used prospectively to guide planning or
retrospectively to evaluate impact — are most effective when matched to the
evolving dynamics of the health systems and communities they aim to support.
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This section highlights three existing frameworks, and one framework under
development, that are well suited to CCH IR.

Consolidated Framework for Implementation Research (CFIR)

Boyer, Bowen & Murray (2020) recommend the Consolidated Framework for
Implementation Research (CFIR) as a useful framework for understanding and
organizing “potential factors that can influence the integration of climate and
health forecasted outlooks into health planning”.'® Using a CFIR framework can
also help to identify and anticipate barriers to CCH interventions.!®

Plan-Do-Study-Act (PDSA) cycle

Originating in quality improvement,? the PDSA cycle can be used to iteratively
test improvements in complex health interventions such as CCH”3 — see Table 8
for a description of the cycle.

Table 8. Description of the Plan—-Do-Study—Act (PDSA) cycle method
according to developers and commentators

How the PDSA method is
analogous to scientific
methodology (Speroff
and O’Connor; 2004)

Formation of a
hypothesis for
improvement

How the PDSA method
may be adapted for use
in health care contexts

Original description of
the method relating to

manufacturing (Deming;
1986) (Langley; 1996)

Identify objective

Plan Plan a change or test

aimed at improvement Identify questions

and predictions

Plan to carry out the
cycle (who, when,
where, when)

Execute the plan Conduct study protocol

with collection of data

Do Carry out the change

or test (preferably on a Document problems

small scale) and unexpected
observations
Begin data analysis
Study Examine the results. . Complete the data Analysis and
What did we learn? analysis interpretation of the
What went wrong? results

. Compare data to
predictions

. Summarize what was
|learnt

Act

Adopt the change,
abandon it or run
through cycle again

- What changes are to

be made?

. What will the next

cycle entail?

Iteration for what to do
next

Source: Taylor MJ, McNicholas C, Nicolay C, Darzi A, Bell D, Reed JE (2014)7*
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Reach Effectiveness Adoption Implementation Maintenance (RE-AIM)

This implementation framework evaluates population health impacts of
interventions. Researchers can use the five dimensions of the acronym — reach,
effectiveness, adoption, implementation, maintenance — to pose questions
interrogating the effectiveness of CCH programmes.!3¢! See Fig. 6.

Fig. 6: Elements of the RE-AIM framework’

How do | incorporate
the intervention so How do | reach the
it is delivered over the targeted population?
long-term?

How do | ensure the How do | know my
intervention is interventions is

delivered properly? How do effective?

| develop
organizational
support to deliver my
intervention?

Adoption
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SCALE-up: a new framework for CCH IR

The SCALE-up (successful climate change and health adaptation learning
and evaluation) framework is a newly developed tool designed to assess the
effectiveness of climate change interventions in the context of human health and
health systems.”!

Developed to assess positive, negative or neutral impacts of climate interventions
on health and well-being, the SCALE-up framework comprises six steps (see
Fig. 7):

Assess CCH risks and vulnerabilities.

Evaluate and select adaptation options.

Implementation.

Community and partner feedback.

Assess impact, revise interventions and share lessons learned.

o0k W=

Scale up and monitor impact.

Fig. 7. Guiding concept to inform the development of a climate change-
health—adaptation assessment framework to evaluate effectiveness’

Short- and Inception
long-term (co-design)
stages

6 1

Scale up Assess CCH risks and
and monitor impact vulnerabilities

5

Assess impact,
revise
interventions
and share lessons
learned

2

Evaluate and
select adaption
options

Decision-

Follow-up making

Community and
partner feedback

Implementation

Mo, : 100
0’7’t0ring and e\,a\ua’t\o

Engagement Intervention
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Evaluating and communicating CCH-focused IR
Evaluation

Evaluating IR is essential to ensure the success and effectiveness of an
intervention, particularly in this narrow window of opportunity to accomplish
the Paris Agreement goals.”® Through the evaluation process, researchers can
identify the strengths and weaknesses of an approach, understand the factors
that influence its success and make necessary adjustments to improve outcomes.

Examples of evaluation approaches
Health outcomes

One key metric for evaluating success is the reduction in climate-sensitive
disease morbidity or mortality. Secondary data sources are more commonly used
than primary data because they are easier and less expensive to collect.

System resilience

Assessing health care system resilience involves measuring preparedness and
response effectiveness following extreme weather events (e.g. heatwaves). Metrics
may include the efficiency of hospital response times, the ability of medical
facilities to maintain operations during climate disruptions and the post-disaster
recovery timeline. Monitoring the implementation of climate-adaptive strategies
is also critical in determining system resilience.

Emission reductions

A crucial component of evaluation is the quantifiable reduction in greenhouse
gas emissions resulting from implemented interventions. This could include
lower emissions from health care facilities through energy-efficient upgrades,
reductions in transportation-related emissions due to increased telehealth use or
overall decreased carbon footprints of health care supply chains. Reliable data
collection methods, such as carbon tracking systems, can provide measurable
insights into these improvements.

Behavioural changes

Sustainable behaviour adoption is another important evaluation factor. This
includes monitoring increased use of public transportation or active commuting,
such as walking and cycling. Additionally, greater community engagement
in energy-efficient practices — such as the use of renewable energy sources
and waste reduction — can demonstrate the long-term cultural shift toward
sustainability. Survey data associated with objective measurements can help
assess the effectiveness of these behavioural changes.
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Developing and measuring key performance indicators

Key performance indicators (KPIs) are essential for tracking progress, improving
effectiveness and ensuring sustainability in CCH interventions. They help policy-
makers, health systems and implementing organizations by:

« providing measurable benchmarks for assessing interventions;
. enabling data-driven decisions for policies and resource allocation;
- allowing for adjustments and optimization of interventions.

KPls for CCH interventions can be categorized as follows:

- Process indicators help track implementation progress. For example, number
of personnel trained on CCH adaptation.

- Outcome indicators help measure effectiveness and impact of implementation
activities. For example, reduction in heat-related hospital admissions.

- Sustainability indicators measure long-term impact of interventions.

The danger of measuring the wrong things

It is easy to fall into the trap of measuring the wrong thing and inadvertently
misrepresenting an intervention’s effectiveness. While process indicators —
measuring what was done — are a useful and relatively simple means of monitoring
implementation efforts, they can create a false sense of success if they are not
paired with strong outcome indicators — measuring what changed as a result.

For example, a CCH programme may report that 500 health care workers attended
a workshop on heatwave response. However, if the programme does not measure
whether those workers implemented heatwave protocols in their hospitals when
needed, the intervention’s real effectiveness remains unknown.

Developing KPIs is a complex and technical undertaking, as is developing the
methods and tools to collect these. Methods that are geared to climate—health
KPls must go beyond tracking activities and focus on measuring real-world
improvements in health outcomes, resilience and long-term sustainability.

How to avoid KPI failures
- Make KPIs outcome-driven: measure what changes, not simply what was
done.

- Ensure KPIs track real-world impact: use community engagement data,
health outcomes, and long-term resilience measures.

- Be flexible: KPIs may need to evolve as new risks emerge and interventions
are scaled up.
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Institutionalizing CCH monitoring

Despite growing recognition of climate change as a public health crisis, integrating
long-term CCH monitoring into institutional frameworks faces several systemic
barriers. Many LMICs lack dedicated financial resources, making sustained data
collection and analysis difficult. Additionally, CCH initiatives often compete with
more immediate health priorities, leading to fragmented implementation and
inconsistent policy attention.

A further challenge lies in data standardization, as climate and health data
are often collected by separate sectors using different methodologies, making
alignment and integration complex. Furthermore, many public health institutions
lack the technical expertise needed to incorporate climate data into health
decision-making, requiring investment in capacity building and interdisciplinary
training.

Institutionalizing CCH monitoring is about more than just data collection — it
is about ensuring long-term, systematic surveillance that informs policy, public
health interventions and resource allocation. By strengthening institutional
frameworks, countries can enhance risk prediction, improve policy design and
build public health resilience, ensuring that climate-related health risks are not
just studied but actively mitigated.

Climate change has slow-moving, cumulative health effects, making consistent,
high-quality monitoring essential for tracking disease trends, predicting health
risks and evaluating adaptation strategies. Without institutional frameworks in
place, CCH monitoring remains fragmented and reactive instead of proactive —
failing to support evidence-based decision-making at national and global levels.

Key institutions in CCH monitoring

Several global and national institutions are responsible for overseeing CCH
monitoring efforts, integrating data collection, policy development and capacity
building (see Table 9).
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Table 9. Key institutions in CCH monitoring

Institution Role in CCH monitoring

World Health Organization | Leads global CCH initiatives, such as the Climate and
(WHO) Health Country Profile Project, which helps governments
assess climate-related health risks.

World Meteorological Provides climate data standards and coordinates national
Organisation (WMO) meteorological agencies to improve CCH forecasting
including the Global Framework for Climate Services
(GFCS), which links meteorological services with public
health planning.

Regional/national public Conduct national surveillance of climate-sensitive
health agencies (e.g. Africa | diseases (e.g. heat-related illnesses, vector-borne
CDC) diseases, air pollution effects).

IPCC (Intergovernmental Provides scientific assessments on climate change and

Panel on Climate Change) | its impacts on health, guiding policy recommendations
at international levels.

Communicating CCH IR projects

Effective communication and dissemination ensures that CCH-focused IR leads
to real-world impact — shaping policy, guiding interventions and improving public
health outcomes. Before reading this section, researchers should familiarize
themselves with the Communications and advocacy module of the toolkit.

Feedback to stakeholders

Research findings only matter if they reach the right stakeholders (e.g. policy-
makers, health care professionals, researchers and communities) in clear,
actionable and engaging formats.

Providing timely and engaging stakeholder feedback helps to:

- Ensure IR findings are practical and useful for decision-makers and
implementers.

- Build trust and transparency, developing long-term collaboration between
researchers and communities.

- Improve intervention effectiveness, as stakeholders refine solutions based
on real-world challenges.

- Encourage policy integration, helping create actionable CCH strategies.

Bowen et al (2023) note that “despite the acknowledged importance of research
translation, there is a lack of research funding and collaborative processes to
support this”.”” When designing IR studies, researchers should consider how best
to share the findings for maximum impact.
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Health co-benefit messaging

When communicating about climate change, one of the most effective strategies
is to connect it to something people already care about: their health. Many
climate solutions don’t just reduce emissions — they also deliver direct health
benefits. Framing climate messaging around health co-benefits, helps shift
the conversation from distant, abstract environmental concerns to immediate,
tangible improvements in people’s well-being. This makes climate messaging
more relatable, persuasive and inclusive.

For example:
« Air pollution — highlight how cleaner air leads to fewer cases of asthma,
heart disease and stroke.

« Active transport — walking and cycling does not just lower carbon footprints,
it improves fitness, mental health and reduces risk of chronic diseases.

- Diet changes — eating more plant-based foods is not only good for the
environment, it reduces risk of heart disease and certain cancers.

RESOURCE: For more on using health co-benefits to enhance climate
communication, visit the WHO/WMO ClimaHealth resource.

Challenges in communicating CCH research

Despite the importance of clear communication, researchers often face barriers
to effectively disseminating CCH findings. These challenges can hinder public
understanding, policy adoption and intervention effectiveness. Table 10 outlines
common barriers to CCH communication and how to overcome them.

RESOURCE: The Lancet Countdown on Health and Climate Change effectively
uses infographics and interactive data dashboards to make CCH trends more
digestible for policy-makers and the public.

https://lancetcountdown.org/explore-our-data/
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Table 10. Common barriers to CCH communication and how to overcome

them

Barrier Solution

Complexity of CCH data

Many stakeholders — including policy-
makers, health care providers and the
general public — struggle to interpret
climate projections and health risk
models due to their technical nature.

Overly complex messaging can reduce
engagement and prevent action.

Misinformation and political barriers:

- Climate change and its health impacts
are highly politicized, leading to
misinformation campaigns that create
scepticism and resistance.

In some regions, economic and
political interests actively undermine
scientific messaging.

Use simple infographics, videos and
short animations to make complex
findings engaging.

Share real-world case studies or
personal narratives to connect with
audiences emotionally.

- Translate key messages into plain

language, avoiding jargon.

Engage the audience through Q&A
sessions, polls and user-generated
content.

Partner with influencers and trusted
messengers (e.g. health professionals,
scientists and community leaders) to
amplify key messages.

Focus on shared values — such as
health, economic stability and disaster
preparedness — to make climate action
more broadly acceptable.
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