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Abstract

A new generation of activists is calling for bold responses to the climate crisis. Although young
people are motivated to act on climate issues, existing educational frameworks do not adequately
prepare them by addressing the scope and complexity of the human health risks associated with
climate change. In this article, we adapt the US government’s climate literacy principles to
propose a definition and corresponding set of elements for a concept we term climate and health
literacy. We then conduct a scoping review to assess how the peer-reviewed literature addresses
these elements. Our analysis reveals a focus on training health professionals, more international
than domestic content, and limited information about data and models, fossil fuels, and equity. We
propose developing a framework that builds on the climate and health literacy elements to support
a broader educational agenda that prepares students and future leaders to recognize the complex
health ramifications of a changing climate.

Climate change poses significant threats to human health by exacerbating risks from extreme
heat, wildfires, coastal storms, ozone air pollution, and crop failures, among other hazards.!
Although a growing volume of research highlights climate change impacts, research focused
on corresponding health issues constitutes a small fraction of that work.2 Despite research
indicating that framing climate change as a health problem can motivate support for climate
action, the lack of emphasis on this linkage persists.3

Against this backdrop, youth climate activists are voicing concerns about the habitability of
the planet by declaring climate change a danger to their welfare. For example, prominent
activist Greta Thunberg describes climate instability as a direct threat to human well-being.*
The Youth Climate Movement has also raised the profile of young people describing the
climate crisis as a near-term, specific threat to health.

grabow@wisc.edu .



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Limaye et al.

Page 2

Younger people are particularly vulnerable to the harmful effects of climate change,

which can disrupt their development and contribute to long-term health challenges.® These
effects include threats to cognitive function’ and mental health.® Air pollution from fossil
fuel combustion limits recreational opportunities for youth® and contributes to school
absenteeism.10 Climate events also affect school operations, with some teachers suddenly
fulfilling roles as disaster first responders.11

To better prepare and protect people from climate harms, effective teaching strategies are
key. Education systems offer a unique opportunity to harness the energy of motivated
youth to inspire and train future leaders to acknowledge and understand the effects of
climate change on human health. Strategies to reduce climate impacts on human health

can include mitigation efforts (reducing carbon emissions) and preparing for unavoidable
impacts through adaptation measures. However, undergraduate and professional students in
the US are not adequately equipped as systems thinkers with interdisciplinary training to
effectively navigate subject matter boundaries and develop integrated solutions to address
the health impacts of climate change.1?

Younger students, too, can be made aware of the links between climate change and health.
No specific science standards for K-12 education link climate change and human health,
and current curricula specifically focused on climate change and human health in the US are
sparse. The Next Generation Science Standards offer a structure for K-12 science education,
but do not provide clear guidance on teaching climate change and health in tandem.13 The
term “climate change” is mentioned thirty-three times in the standards document, but never
directly in conjunction with human health. The lack of teaching on climate change-related
health effects persists at the undergraduate level, with only a few American universities
offering elective courses, seminars, lectures, or certificate programs in this area.1

Although researchers, students, and other professionals have identified a need for improved
climate and health education in professional training,1° there are currently limited efforts
to standardize that content around a practical definition of the topic; shape it for primary,
secondary, or undergraduate education; or ensure it is sufficiently robust. The sustainable
healthcare education movement has advocated for education about the impact of climate
change and ecosystem alterations on health, but strictly from a health care industry
perspective.1® A more harmonized approach to this topic is needed to facilitate its
dissemination to students.

Here, we describe the three parts of this work. First, we analyze the climate change literacy
teaching principles developed by the US Global Change Research Program®’ to propose

a definition and corresponding set of elements comprising a concept we term climate and
health literacy. In developing this definition, we draw on climate and health research to
characterize key elements of this topic. Second, to assess the degree to which existing peer-
reviewed publications at the intersection of climate, health, and education engage with the
complexity of the topic, we conduct a scoping review!8 based on the candidate elements of
the proposed definition. Third and finally, we review climate and health materials developed
by the National Institute for Environmental Health Sciences!? to assess overlap with the
proposed climate and health literacy elements. From our research, the National Institute of
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Environmental Health Sciences lesson plans are the predominant publicly available climate
and health curricula that could potentially be used at the K-12, undergraduate, and medical
professional levels and expanded on through the development of additional, localized case
studies using publicly available data.

Principles Of Climate Literacy

Climate literacy describes essential educational principles of climate science, supported by
fundamental concepts similar to those underlying science literacy benchmarks. Specifically,
it denotes an “understanding of your influence on climate and climate’s influence on you
and society.”17 It requires that individuals appreciate basic principles of the Earth’s climate
system, know how to assess scientifically credible information about climate, communicate
about climate change in a meaningful way, and make informed and responsible decisions
with regard to actions that may affect the climate.

The Need For Climate And Health Literacy

The US Global Change Research Program defined seven principles of climate literacy to
support educators in their efforts to include climate science in their curricula.l” These
principles help to standardize material on a broad level. For example, the Climate Literacy
and Energy Awareness Network has reviewed materials for quality and alignment with the
Next Generation Science Standards and climate literacy frameworks.2 The first six climate
literacy elements describe the causes and consequences of climate change. The seventh
element focuses on the ramifications of the climate crisis for the earth system and human
lives; yet within this broad category, just one of six subelements specifically highlights
human health implications. The incomplete characterization of health impacts excludes
important dimensions of the problem, including how mitigation and adaptation can reduce
physical and mental health harms,21:22 how societal dependence on fossil fuels worsens
health,23 and how costly climate-related damages to health can be.24

Analogous to the principles of climate literacy, we posit that a set of key elements can
support enhanced training on the relationship between climate and human health. Although
the tenets of climate and health literacy have not previously been defined, they can build

on the existing climate literacy definition to capture the depth and range of health-related
knowledge in this field. For example, educational content can explain how government
policies, industry actions, and individual behaviors affect climate change—and therefore
health. Furthermore, case studies can describe the utility of policy action to actively promote
or harm human health via mitigation of or adaptation to climate change.

Existing deficits in climate education resources demonstrate the need for broader training
in this area.2> For example, in a review of medical school curricula content linking health
to climate change on the Association of American Medical Colleges curriculum inventory
database, no explicit inclusion of climate change education was found.2% An analysis of
international health professions school curricula revealed large variation in content; a more
standardized approach to material development could improve the focus of those efforts,2’
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but before new curricula can be developed, greater consensus on the definition of climate
and health literacy is needed.

Defining and enhancing climate and health literacy has the potential to indirectly improve
health and well-being by strengthening climate policy and related health behaviors.2® The
positive impact of advancing health literacy on health outcomes is a good corollary for this
potential effect. Health literacy has been described as a derivative concept and asset: People
with health literacy have the skills needed to better engage in health-enhancing behavior
and social actions for public health, which in turn has yielded improved health and more
health opportunities.2% We argue that the same will be true of climate and health literacy.
Poor health literacy, in contrast, has been linked to costs associated with inappropriate or
inadequate use of medication and is associated with low understanding of preventative care
and access to preventive services.30

Given the historic roles of young people in past political movements and their interest in the
injustices of climate change, youth are potential agents of change.3! Empowering youth with
climate and health literacy will enhance their ability to advocate for policy change using
cogent arguments and evidence. In addition, improved climate and health literacy among
professionals could drive health-based decision making related to energy and climate policy.
Therefore, we propose clearly defining climate and health literacy with elements that can
expand and deepen the application of this topic in educational curricula.

Study Data And Methods

Defining Climate And Health Literacy And Its Elements

The concept of climate and health literacy is not new.32 However, recognition of the need
to expand teaching of this concept has focused primarily on training health professionals.28
The Climate and Health Literacy Consortium, for example, works to educate the public
about the health effects of climate change in health care settings.32 Climate change
knowledge is essential for physicians and nurses to work effectively in a rapidly changing
environment, and better training could prepare clinicians to address relevant climate-related
challenges.

To develop an overarching “definition” and elements comprising climate and health literacy,
we analyzed the US Global Change Research Program climate literacy principles and sought
to identify corresponding elements focused on describing the complexity of climate effects
on human health. To do so, we summarized the seven climate literacy principles into broad
descriptive categories (root cause, mechanism, determinants, implications, interventions,
evidence, and complexity), conducted a qualitative thematic review of climate and health
research based on those categories, and—based on that review—generated corresponding
climate and health literacy elements (see online appendix exhibit A1).33

Scoping Review Of Existing Research And Educational Content

After identifying candidate climate and health literacy elements, we explored whether
growing knowledge about the health risks of the climate crisis is reflected in peer-reviewed
literature at the intersection of climate change, education, and health.
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The aim of this scoping review was to assess peer-reviewed research studies and
commentaries for their engagement with the complexity of this topic, as identified
through our climate and health literacy elements. Evaluating the discourse within the
literature against a set of broad definitional elements informs recommendations for further
implementation of educational content on climate change and health. In this review, we
restrict our analysis to work published in academic journals because there is currently no
systematic way to access current educational content across the K-12 and undergraduate
curricula in the US.

The scoping review process was guided by the PRISMA extension for scoping reviews
guidelines and is summarized in appendix exhibit A2.33 Our search strategy was developed
in consultation with a health sciences academic librarian and included three “AND”
categories: climate change AND health AND education with no date constraints. We
searched six electronic research databases: PubMed, the Education Resource Information
Center, the Agricultural & Environmental Science Database, Academic Search Premier, and
Web of Science. We excluded the research database Scopus because the focus of this article
is US education and Scopus is global in scope. Next, the consulting librarian removed
duplicates from the database search. Three reviewers screened thirty titles and abstracts
from the overall sample of 1,346 articles to confirm 93 percent concordance. To prevent
any disagreements in classification, reviewers followed a standardized screening rubric. The
remaining 1,316 abstracts were divided among the three reviewers for screening. Inclusion
criteria were as follows articles must be published in English in a peer-reviewed academic
journal and include mention of climate change or global warming, human health, and
education or training. Reviewers assessed the remaining 206 full-text articles for eligibility
on the basis of specificity to educational curriculum and training. Last, reviewers read the
remaining seventy-two articles to evaluate whether each included any mention or discussion
of the seven climate and health literacy elements. Reviewers also determined target student
audiences and locations represented (US or international) in the articles.

Evaluation Of Current Climate And Health Lesson Plans

Limitations

To complement the scoping analysis of the peer-reviewed literature, we reviewed all the
National Institute of Environmental Health Sciences climate and health lesson plans to
determine whether curricula, objectives, and keywords overlapped with the proposed climate
and health literacy elements. These lesson plans are targeted toward US and international
high school and secondary school courses and university undergraduates, and the National
Institute of Environmental Health Sciences has developed additional materials specific to
students in medical schools (both US and international) and public health graduate programs
(US only). The National Institute of Environmental Health Sciences lesson plans were
chosen for this analysis because they appear to be the only publicly available climate and
health curriculum in the US.

Several factors limit the analytical rigor and utility of this study. Although courses in climate
change and health are minimally available at the university level, a thorough evaluation of
existing curricula on climate and health was not feasible because of the lack of a centralized
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resource capturing this content. Our proposed literacy elements are not all-encompassing:
they do not indicate whether published research adequately captures the available science
accurately or is age-appropriate, current, or has been evaluated for effectiveness. Our
scoping review could only assess literature that discussed specific curricula and trainings via
a secondary analysis; we were unable to view and evaluate the original education materials.
Moreover, this review prioritized assessment of broad thematic content rather than targeting
an analysis to determine the presence of specific terms (for example, health “co-benefits” of
climate change mitigation).

Study Results

Based on our thematic analysis, we define climate and health literacy as the degree

to which an individual understands the complex relationship between climate change

and human health; a climate health—literate individual can recognize direct and indirect
linkages between climate change and health, communicate risks, assess data, comprehend
uncertainty, and make informed and responsible personal decisions or advocate for broader
policies that protect health. In exhibit 1 and appendix exhibit A1, we identify potential
climate and health literacy categories and seven elements based on the established US
Global Change Research Program climate literacy principles.33

Exhibit 1 summarizes results from our scoping review of the peer-reviewed literature in the
context of the seven climate and health literacy candidate elements identified.

Other scholars have categorized health literacy in terms of levels.34 Similarly, for climate
and health literacy, we propose three distinct levels or scaffolding (functional, intermediate,
and advanced) to sequentially indicate increased awareness of climate change and health-
related decision-making on personal, family, and public levels, as well as increased depth
of understanding of the complex interactions between climate and human health. We
anticipate that proficiency in climate and health literacy can be developed over time, with
younger students obtaining functional levels during K-12 education and older, college
and professional students reaching advanced levels. For example, K-12 students should
understand the root causes of climate change and its basic links to health and make
appropriate decisions in a disaster context (for example, following guidance on evacuation
orders during wildfires or extreme weather events). Professionals may be able to articulate
how climate models predict health impacts over wide temporal and geographic scales.

Our findings demonstrate the extent to which peer-reviewed articles from the scoping review
included discussion of the elements of climate and health literacy. These articles spanned

the education of a wide range of age groups, from preschool students to those engaging

in professional training. However, the predominant audience was health care professionals,
representing nearly half of the articles (47 percent) included in the assessment. Notably,
articles focusing on the importance of teaching nurses elements of climate and health
literacy comprised nearly 20 percent of the final articles. All articles mentioned the

basic mechanism between climate change and health (element 2), and 60 percent linked
environmental conditions to physical and mental health (element 3). Linkages between fossil
fuels and health (element 1) were identified in 35 percent of articles. About half of the
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reviewed articles described both how mitigation and adaptation actions can improve health
outcomes (element 5, 56 percent) and the complexity of climate impacts on health (element
7, 57 percent). Importantly, the inequitable implications of climate change on the health of
marginalized groups (element 4) were identified in only 39 percent of the articles. Relatively
few articles explained the data and models on which climate and health research findings are
based (element 6, 24 percent). Overall, we found a high degree of international content even
though we specifically omitted international databases in our search (50 percent). Appendix
exhibit A3 describes these data in greater detail.33

Our evaluation of six existing climate change and health-related lesson plans indicates that
these materials include consideration of most of the climate and health literacy elements (see
appendix exhibit A4).33 The learning goals for all lesson plans and course materials are the
same, and we found that all these materials explained five of the seven proposed elements.
We note that most (four of six) of the lesson plans did not engage with element 4, which
focuses on the inequitable health burden of climate-related risks. These materials link to
modules based on material presented in the National Climate Assessment3® and, as such, do
not include a wide array of case studies tailored to specific localities.

Discussion

Real-world application of the climate and health literacy definition and elements will
require development of a strong educational framework, pedagogical models, and curricula
appropriate for various age groups. Such advancements should be developed through an
iterative process that engages climate, health, and education experts.

Health professionals are on the front lines of this challenge, but students across all age
groups can benefit from the conceptualization of climate change as a health issue. Improved
student understanding of climate change and its impacts on health is needed to ensure

that future scientists, business leaders, and decision makers-—including politicians and
advocates-—have appropriate knowledge to make informed decisions regarding climate
change adaptation, mitigation, and policy. Specifically, a definition of climate and health
literacy is useful to inform medical education and wider audiences. Application of this
definition should ultimately include learning objectives, modules, and assessment tasks

to integrate into existing curricula. Lessons can be learned from the emerging efforts to
integrate climate change and health in public health graduate programs. For example, the
Global Consortium on Climate and Health Education recently proposed a core set of Climate
and Health Competencies for students receiving training in health professions.3¢ These
competencies also stress the climate-health mechanism, the complexity of effects, and the
role of mitigation and adaptation interventions to improve health.

By adopting a definition of climate and health literacy and further applying it through a
framework and curricula in the future, there is an opportunity to boost climate and health
literacy such that impactful shifts in health and policy may result. Professionals and students
who reach advanced levels of climate and health literacy will be better equipped to advocate
for climate-smart and health-driven policies as constituents, voters, business leaders, and
decision makers. Evidence demonstrates that quantifying climate change impacts in terms
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of economics and health outcomes can be a more effective climate advocacy strategy
than discussing the environment alone.3” Climate and health literate citizens will have the
vocabulary and understanding to better prepare and respond to climate-related health risks.

This analysis draws on established climate literacy principles to identify a corresponding
definition and elements within a health context and evaluates existing literature for its
representation of those elements. Findings from our scoping review illustrate that climate
change and health curricula could be improved by further educating students to better
grapple with the breadth of health inequities involved with a changing climate and to

better understand the wide range of data and models necessary to inform climate impacts
on health. Our results also indicate that efforts are needed to broaden climate and health
training beyond nurses, doctors, and public health professionals to K-12 and undergraduate
students, as well as the broader public, and the existing National Institute of Environmental
Health Sciences lesson plans are a suitable starting point for achieving, at the very least,
functional climate and health literacy. Such efforts could empower people of all ages to
harness knowledge of the health implications of climate change in support of advocacy and
policy change.

Students who are not trained to confront the complex health ramifications of climate change
will be limited in their ability to address these threats in their professional lives. A climate
and health literacy definition informed by a tested set of climate literacy principles can
enable more engagement with this topic within education systems, considering the enormity
of global climate crisis as it relates to public health. A health-focused approach to teaching
about climate change could help make the climate crisis more personal and tangible to all
students and more relevant to learners of younger ages.38 This approach can complement
more advanced competency frameworks targeting health professional students.36

Barriers may limit the application of the climate and health literacy definition into school
curricula. Incorporating this health-focused content into K-12 and undergraduate curricula
may be arduous in addition to the challenge of teaching basic climate literacy principles.3°
Content developed within each component element should be responsive to the changing
needs of students, educators, and the broader public to respond to the health threats of
climate change. For example, youth perspectives and actions can be incorporated, as can
representation of regions expected to experience disproportionate health harms from climate
change.%0 Furthermore, development of educational content that engages with these seven
elements tailored to local contexts would require significant new efforts. As exhibit 1 shows,
specific elements merit more attention because they have been underemphasized within the
existing research literature.

Conclusion

By conceptualizing climate change as fundamentally a human health issue, a climate
and health literacy approach can help empower and stimulate young people to address
this existential threat from a health-protective standpoint. Before we can apply climate
and health literacy approaches to education, however, we must agree on how it should
be defined. Here, we have provided a definition and outlined seven elements of climate
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and health literacy, drawing from the well-established climate literacy literature. Further,
we outline gaps in current peer-reviewed literature related to these primary categories.
Interdisciplinary effort is needed to shape and apply an appropriate climate and health
literacy framework for education.

Although the climate crisis presents significant risks to human health, existing frameworks
for teaching about climate change do not adequately describe these risks, and teaching of
these topics to K-12 and undergraduates is limited. Existing literature exploring education,
climate change, and human health reveals gaps in key content areas, such as equity and
models, and a large focus on nurses and medical professionals. Enhancing climate and
health literacy among K—12 and undergraduate students and people of all ages can help
augment preparedness to deal with the complex health ramifications of the climate crisis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Scoping review articles containing elements of climate and health literacy (CHL), by literacy level

Articlesincluding

CHL elements
(%)
Definitional categoriesand elements of CHL (n=72)
Functional literacy level
1. Root cause: The fossil fuels that shape our lives worsen the climate crisis and our health. 35
2. Mechanism: Climate change affects human health by altering global temperatures and the hydrologic cycle and
driving sea level rise. 100
Intermediate literacy level
3. Determinants: The environment and our health are intertwined. Quality of life and physical and mental health are
strongly tied to our environment. 60
4. Implications: Climate change worsens existing health disparities. 39
5. Interventions: The adverse health impacts of climate change can be reduced through mitigation and adaptation. 56
Advanced literacy level
6. Evidence: Our understanding of climate impacts on health relies on different types of data and models. 24
7. Complexity: The human health effects linked to climate change are complex and vary over space and time. 57

SOURCE Authors’ analysis of 72 peer-reviewed articles on climate change, human health, and education or training.

a. . .
Articles that discuss each of the seven elements of CHL as a percent of the overall total.
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