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Main Text:

Global warming has increased significantly over the last century, bringing severe health
consequences [1,2]. There is now urgency to respond and address climate change and health
(CC&H) challenges, as recently underscored by the Conference of Parties (COP) 28 Declaration
on Climate Change and Health in 2023 [3] and the prioritization of CC&H in the World Health
Organization’s General Program of Work 2025-2028 [2,4]. However, despite this momentum,
existing frameworks fail to integrate CC&H pathways with solutions and targets.

Progress to address CC&H is being hampered by our fragmented understanding of the problem
and a paucity of CC&H solution pathways to frame the challenge, resulting in a lack of
consensus on how to intervene effectively and measure results. The CC&H crisis requires a
systematic and collaborative approach to cultivating and deploying innovative solutions.
Framing the CC&H problem by way of pathways, solutions and targets is needed to bring
coherence and connectivity to the issue.

A design framework can provide
a theoretical foundation for
developing solutions to this
complex challenge [5]. Applied to
CC&H (Fig. 1), global health
policymakers need to understand
the magnitude of the CC&H
problem, know the causal CC&H
pathways, and be aware of
collective CC&H goals and
indicators to develop tangible
CC&H policy solutions. Guided
by this perspective, we developed
a solutions-focused and results-
oriented novel taxonomy on
CC&H solutions pathways.

Fig. 1 Design Framework for Climate Change and Health Solutions Creation
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CC&H solutions pathways are structured sequences illustrating how climate change leads to
health outcomes by influencing intermediary steps, such as its impact on the pathophysiology of
individuals and the social systems of populations, along with solutions and metrics to support
strategic decision-making and evaluation. A multipronged approach was undertaken to inform
the taxonomy of CC&H solutions pathways, including an exploration of literature and
engagement with key philanthropic and global organizations.

An exploratory non-systematic review of the literature was completed in March 2024 to identify
and describe CC&H pathways, the estimated burden of disease and morbidity from climate
change associated with each pathway, and global development goals and targets. The review
found ample evidence pointing to climate change and its harms to human health, but a lack of
understanding of current morbidity and mortality linked to specific CC&H pathways. During this
review, no taxonomy was found that organized pathways with solutions and metrics.

In addition, semi-structured interviews were conducted with philanthropic and global health
organizations between January and May 2024 to gather practical insights and assess needs. A
convenience sampling methodology was followed. Two organizations declined interviews.
Organizations identified the most appropriate staff member to be interviewed.

Fourteen organizations were interviewed in total. Nine were private philanthropies, four received
a significant amount of funding from government sources, and one received most of its funding
from other private philanthropies. Of the fourteen organizations interviewed, two focused
predominantly on climate change (without a specific focus on global health), while the remaining
twelve focused predominantly on global health development.

Interviews were conducted with the following: Bill and Melinda Gates Foundation, Wellcome
Trust, The Rockefeller Foundation, The Commonwealth Fund, Children’s Investment Fund
Foundation, Amref Health Africa, Izuki Foundation, Foundation S/Sanofi Collective, Malaria No
More, Hightide Foundation, Red Cross Red Crescent Climate Centre, Grand Challenges Canada,
Rocky Mountain Institute, and Clean Air Fund. Organizations were asked questions about their
CC&H strategy, solutions, evaluation, and use of global development agendas.

Thematic analysis showed that most organizations lack formal CC&H strategies and are
grappling to define and evaluate their CC&H work. Organizations expressed difficulty in
advancing CC&H work in the absence of global consensus defining the concept and frameworks
for evaluating CC&H initiatives. Most organizations were not fully using existing development
goals and targets to inform their CC&H efforts, but many believed leveraging existing global
development agendas would be beneficial. The lack of commonly understood CC&H taxonomy
stood out as a need to support the advancement of CC&H policy solutions.

Based on the findings, the development of an easy-to-communicate, results-oriented and
solutions-focused taxonomy of CC&H pathways was deemed feasible and relevant. CC&H
solution pathways were chosen and assembled based on the clarity of the CC&H association in
the literature, and simplicity for use by global health decision-makers. Global health experts and
the organizations interviewed were invited to review the draft taxonomy for further refinement.



The resulting Taxonomy for Climate Change and Health Solutions Pathways (Table 1)
categorizes seven key CC&H pathways. The seven pathways are extreme temperature, food
insecurity, mental wellbeing (encompassing forced displacement), poor air quality, water
insecurity, pathogens and vectors, and health systems. Each pathway is defined by a description
of climate change drivers, the impact of drivers on individual pathophysiology or social systems
that influence health, health outcomes, relevant adaptation and mitigation solutions, and
Sustainable Development Goals (SDGs) targets.

The SDGs provide a global strategy for development, including a focus on protecting the planet
and addressing climate change. The taxonomy highlights that existing global development
policy frameworks can help define success and support CC&H evaluation efforts. SDG targets
were chosen because they represent a global consensus among all countries on a system of
indicators and targets.

To our knowledge, the Taxonomy for Climate Change and Health Solutions Pathways is the first
to integrate CC&H pathways, solutions, and metrics. In turn, this taxonomy fills a critical gap in
the literature and provides a much-needed tool for policy-making practice. Its primary function
is to help policymakers navigate the complex relationships among problems, solutions, and
metrics in CC&H and to act as a versatile framework to support global health organizations in
decision-making processes. As a framework, it helps articulate CC&H pathways and can guide
the development of CC&H strategies and policies, allocate CC&H resources transparently and
efficiently, and foster a coordinated and collaborative approach.

In conclusion, framing the CC&H problem by pathways, solutions, and targets provides a
coherent and actionable approach to tackling CC&H while addressing our fragmented
understanding of the problem and paving a way forward to support increased progress.



Table 1 - Taxonomy for Climate Change and Health Solutions Pathways
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Pathogens &
Vectors

Extreme Heat

Food
Insecurity

Poor air

Quality

Water
Insecurity

Mental
Wellbeing

Health
Systems

Changes in the behavior,
physiology, and life course of
vectors and pathogens, and the
abundance and behavior of
reservoir hosts.

Increased frequency and
intensity of extreme
temperature variations above
normal.

Lower yields of food due to
decreased water availability,
pest/disease control,
pollination, and increased CO»
in the atmosphere.

Increased ground-level ozone
and increased particulate matter
(PM) resulting from the
burning of fossil fuels and
forest fires.

Changes in rainfall patterns,
and flooding, increased toxic
algae blooms, runoff of toxins
into waterways, and decreased
wastewater infrastructure
resiliency.

Increased frequency of extreme
weather events leads to
traumatic experiences,
including forced displacement.

Increased frequency of extreme
weather events and changes in
climate causes acute and
chronic strain on health
systems.

An increase in populations (geographies) exposed to
vectors and pathogens leads to increased
susceptibility to and spread of Malaria, Dengue,
Lyme disease, and West Nile.

Changes in physiology from the body's efforts and
inability to effectively regulate internal body
temperature leads to accelerated morbidity and
mortality from chronic disease (including respiratory,
cardiovascular, mental health, and kidney disease)
and adverse pregnancy outcomes.

Malnutrition results in deficiencies in macro and
micronutrients required for growth, maturation and
physiological functioning, leading to stunting and
wasting, and increased morbidity and mortality from
increased duration and severity of infectious and
chronic disease.

PM can cause oxidative and inflammatory tissue
damage. Fine particles <2.5um can enter the
bloodstream and impact organs throughout the body,
leading to stroke, ischemic heart disease, chronic
obstructive pulmonary disease, lung cancer,
pneumonia and asthma.

Inadequate access to clean water, safe sanitation and
good hygiene (WaSH), leading to increased ingestion
of pathogens and toxins resulting in water-related
diseases and illnesses.

Traumatic experiences increase stress, exhaustion,
and loss of community and support networks, leading
to post-traumatic stress syndrome (PTSD), anxiety,
and depression.

Disruptions and reductions in the delivery of essential
health services can lead to adverse health outcomes
for health issues reliant on health system service
delivery. Health systems have a unique role to play
in all pathways above.

Adaptation: Surveillance and early warning
systems, community vector control measures,
house/ personal protective measures,
innovation in vector (mosquito) adaptation,
innovation in diagnosis and treatment
Adaptation: Heat action plans, early heat
warning systems, enhancing and greening
built environments, implementing
occupational safety measures, and education
campaigns.

Adaptation: Early weather warning systems,
crop diversification (including climate-
resilient crops), farming technology
development, innovation in food storage and
transportation, forging new markets and trade
pathways

Adaptation: enhancing built living
environments (such as homes and indoor
workplaces), personal protective gear.
Mitigation: Public policy change, industry
innovation, forest burn management.

Adaptation: Surveillance and early warning
systems, water purification and WaSH
infrastructure innovation, innovation in
pathogen detection in water, innovation in
diagnosis, water supply augmentation, water
resources and demand management.
Adaptation: Incorporating mental health
needs into community disaster response plans
and incorporating extreme weather events in
mental health policies and programs.

Adaptation: Infrastructure, technology and
supplies; research, surveillance and risk
monitoring; workforce development;
leadership and governance; and financing.

3.3 End epidemics of malaria and combat other
communicable diseases.

3.4 Reduce by 1/3 premature mortality from non-
communicable diseases through prevention and
treatment.

11.7 Provide universal access to safe, inclusive
and accessible green and public spaces.

2.1 End hunger and ensure access to safe,
nutritious and sufficient food.

2.4 Ensure sustainable food production systems
and implement resilient agricultural practices.

3.9 Reduce deaths and illnesses from air pollution
and contamination.

11.6 Reduce the adverse environmental impact of
cities, including air quality.

3.3 Combat waterborne diseases and other
communicable diseases.

6.1 Achieve universal access to safe and
affordable drinking water.

6.2 Increase access to adequate sanitation and
hygiene.

3.4 Reduce premature non-communicable disease
mortality and promote mental health and well-
being.

3.5 Strengthen prevention and treatment of
substance abuse.

3.8 Achieve universal health coverage, including
financial risk protection and access to essential
healthcare services, medicines and vaccines. 3¢
Increase health financing and the recruitment,
training and retention of the health workforce.
13.1 Strengthen resilience and adaptive capacity
to climate-related hazards.
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