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Advancing climate change is an urgent global driver of human disease with some
of the world’'s most marginalized communities being at highest risk. In response
to this compound threat, scientific studies exploring the intersections of climate
and health are gaining momentum, yet sparse attention is currently paid to models
of research that engage and involve those who are most affected. This is a crucial
moment for the global health field to take up valuable lessons from the relatively
few climate-health studies that have purposefully brought scientists together with
communities and members of the wider public, via established approaches such
as community-based participatory research and citizen science, to reduce health
risks and better understand the deeper determinants of disease. Through a scoping
literature review of PubMed and qualitative framework analysis, we investigate
scientific, ethical, and social justice rationales that have motivated scientists to
involve communities, including Indigenous groups, and other public stakeholders
in climate-driven health research to varying degrees in different global contexts.
We also examine the benefits of diverse forms of engagement and show that involving
communities in research at the climate-health nexus has, for example, generated
co-produced adaptation strategies that respond appropriately and effectively to
priority health hazards. In addition, our findings demonstrate limitations, challenges,
and ethical considerations that can arise when engaging communities in climate-
health research. We argue that ethically engaging and involving communities and
the wider public in research at the intersection of climate change and health is
imperative for identifying relevant research priorities, promoting responsiveness
that can appropriately fill gaps in at-risk settings, and advancing social justice.
Our paper offers a range of examples of research designs and activities to guide
scientists working in this emerging interdisciplinary field, inform funders seeking
to support innovative and potentially transformative research, and contribute to
global health policy.
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Introduction

As the urgency of climate change becomes unavoidable, an
emerging area of global health research attempts to respond by
focusing on climate-drivers of disease (Romanello et al., 2023).
Among the structural causes of global health disparities such as
poverty and violent conflict, climate change starkly illustrates how
overlapping disadvantages can accelerate poor health outcomes for the
worst off. Layered burdens of poor physical and mental health,
disability, and death attributable to climate change, disproportionately
affect people living in poverty whose communities have historically
done the least to cause it. An urgent priority for climate-health
research is to improve understanding and catalyze responsiveness to
burdens of ill-health in places that are being increasingly hit hard by
climate change, especially marginalized settings in the Global South.
In recognizing the need for an effective response to climate change
threats based on the best available scientific knowledge, the United
Nations Framework Convention on Climate Change (United Nations
Framework Convention on Climate Change, 2015) calls for the
inclusion of ‘non-Party stakeholders, including civil society, local
communities and Indigenous peoples for the mobilization of stronger
and more ambitious climate action.

The 2030 Agenda and Sustainable Development Goals offer a
framework that links community involvement to global objectives for
climate resilience and health equity, emphasizing collaborative action
to foster sustainable, inclusive, and resilient societies. Beyond the
climate context, there have been long-standing efforts across multiple
research disciplines to enhance research knowledge and activate
responsiveness to community needs by bringing scientists together
with at-risk communities and members of the wider public, through
approaches such as community-based participatory research (CBPR)
(Viswanathan et al., 2004)and citizen science (Kruger and Shannon,
2000). Numerous studies have confirmed that drawing on the
knowledge and capacities of Indigenous and local people is often
pivotal for designing relevant and culturally appropriate research and
implementing it in ways that are acceptable and effective in local
settings (Wheeler and Root-Bernstein, 2020). Engaging and involving
affected community members in scientific research is also crucial for
characterizing problems through lived experience, bringing local
perspectives to the complexities and deeper determinants of
development challenges, and addressing social injustice (Yuan
etal., 2021).

The field of ecology has long embraced a more holistic
conceptual understanding of the intimate links between
environment and human activity. Sixteen years ago, in their ecology
and environmental research, Minkler et al. (2008) demonstrated the
role of community driven participatory research in promoting
environmental justice. Community health, public health and global
health models have also more recently broadened to include
considerations of the social determinants of health. Furthermore,
through their theoretical framework approach, Langmaid et al.
(2021) have highlighted potential gaps in health promotion theory
and practice in terms of the natural environment and health and
emphasize the need for a paradigm shift to embed ecological and
cultural determinants along with other determinants of health.
Indigenous paradigms have demonstrated the fundamental
connection between a healthy environment and community health
(Martello, 2008). The enduring knowledge of Indigenous peoples is
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increasingly informing global climate strategy and action although
important disparities have been identified regarding the geographic
distribution of these efforts and the risk of reinforcing harmful
stereotypes (Carmona et al., 2023; Petzold et al., 2020). Evidence
shows that engaging and involving those who are most affected by
health challenges can improve respect, trust, and the relevance of
research (Holzer et al., 2014). Furthermore, community engagement
and involvement (CEI) can enhance contextual knowledge about
complex health burdens, strengthen community awareness around
disease prevention and treatment, and help to define research
priorities that best align with community health needs (Adhikari
et al., 2017; Karris et al., 2020). In the context of infectious disease,
robust CEI can strengthen the reflexivity and ethical conduct of
health science research during periods of rapid change as it
improves communication and feedback (Bedson et al., 2020).
Vigorous CEI can also strengthen trust between communities and
scientific teams, as exemplified in diverse contexts during the
COVID-19 pandemic (Tindana et al., 2020; Ngwenya et al., 2022;
Sahoo et al., 2023).

Given the rapidly evolving changes in our global environment,
there is an increasing need for more dynamic study designs in the
health sciences, including social science research and clinical research.
For example, research during the COVID-19 pandemic sparked
increased use of adaptive designs in clinical trials to allow researchers
to revise and adapt study arms, sites, cohorts, and even research
questions in response to emerging data, although not without
challenges (Berry, 2011; Bothwell and Kesselheim, 2017; Butler et al.,
2023). This is a crucial moment for the global health field to take up
valuable lessons from the relatively few climate-health studies that
have purposefully brought scientists together with communities and
other members of society to reduce health risks and better understand
the deeper determinants of disease. Through a scoping literature
review and framework analysis (Gale et al.,, 2013; Pope et al., 2000)
we investigate scientific, ethical, and social justice rationales that have
motivated scientists to involve communities, including Indigenous
groups, and members of the broader public in climate-driven health
research to varying degrees in different global contexts. We examine
the nature, benefits, challenges, and ethical implications of different
approaches to engaged research as conveyed across the articles under
review. Via this analysis we illustrate the main advantages of engaging
community members and other public stakeholders in research at the
nexus of climate change and health. We offer both impetus and
examples to guide scientists working in this emerging and critical
interdisciplinary field, inform funders seeking to support innovative
and potentially transformative research, contribute to global health
policy, and advance social justice.

Methods

Our scoping literature review and qualitative analysis were
informed by our research questions: Q1: What models and examples
of scientific-community partnerships have been published by teams
working at the interface of climate change and health and what
approaches have they taken? Q2: What arguments and rationales are
given for involving communities at the climate-health interface? Q3:
What considerations or challenges arise, including ethical or social
justice considerations, if discussed?
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Drawing on these research questions and test articles we developed
our MeSH search string, shown in Table 1. Eligible articles needed to
be peer-reviewed scientific papers, include some form of community
involvement and focus on climate and health. Applying this string
we conducted an initial search of English-language, peer-reviewed
health science publications in PubMed to identify examples of
community-science partnerships and engagement around climate
change and health from 2000 to 2019, updated to 2023 prior to

TABLE 1 PubMed search string.

PubMed search string with MeSH terms

((“Community-Based Participatory Research’[Mesh] OR stakeholder
participation[Mesh] OR “community based participatory research”[tw] OR
“community research partner*”[tw] OR CBPR[tw] OR (community[tw] AND
academic[tw] AND partner*[tw]) OR “co-production of research’[tw] OR
“coproduction of research’[tw] OR (co-creation[tw] AND research[tw]) OR
(research[tw] AND activism [tw]) OR (“community engagement”[tw] AND
research[tw]) OR (“public engagement”[tw] AND research[tw]))

AND

(models, organizational[Mesh] OR model*[tw] OR framework*[tw] OR “frame
work*”[tw]))

AND

((environmental health [mesh] OR environmental pollution[mesh] OR

environment*[tiab]) OR (communicable diseases[Mesh] OR HIV OR infectious

diseases))

10.3389/fclim.2024.1456417

publication. Using Covidence review software to organize and review
abstracts, authors SP and MK independently reviewed abstracts to
eliminate papers not meeting inclusion criteria, resulting in 433
papers. Additional papers were excluded and borderline cases
discussed: with no full text available, no details on community
engagement, lack of combined focus on climate and health, misplaced
reference to ‘environment, or not meeting inclusion criteria, resulting
in 51 papers. Authors GB and MK then conducted a second
independent review of abstracts and full text, further eliminating
papers that did not report sufficient details on the community
engagement approach, did not clearly link health and climate change,
or were purely theoretical and did not contribute to a rationale for
community engagement in the climate-health context. A total of 51
pdfs were identified and stored on Zotero for qualitative review. (For
PRISMA diagram see Supplemental material).

In the qualitative review phase, MK and GB developed and
applied a qualitative thematic framework analysis in a close read of the
51 papers. This is an iterative technique used in qualitative analysis
that systematically guides the identification of more precise deductive
themes from one’s research questions and emergent themes from the
data source(s). In this case the data sources were the content of the
papers, including background, methods, results, discussion, and
figures (Gale et al., 2013; Pope et al., 2000).

Table 2 shows the final thematic analytic framework which GB
and MK completed independently for the 51 papers, with a balanced
allocation of papers between them. The results of this analysis were

TABLE 2 Qualitative thematic framework showing refined queries used for analysis.

Project/review/commentary-theory

Context: location, focus, global south or other contextual information

Study methods

Theme

Type of approach to partnership?

Definition

CBPR, Indigenous, participatory action, citizen science

(If there is no partnership enter NA)

specify if hybrid

Who is in the partnership?

What is the normative and/or practical rationale for the partnership? Why

take this approach?

Any ethical, justice, value-based reasons given; any practical/scientific reasons given; purpose(s)

What was their specific approach to community engagement?

What did they do in terms of activities? Any specific references to the interface, platform,

timing, extent of involvement of community members.

Is there a commitment to co-production?

If so, briefly describe how co-production is undertaken. Note if intentional vs. unintentional.

How are power and control handled, if mentioned?

Any overt or implicit recognition of hierarchies, marginalization, elevating unheard voices

within the partnership and work.

Do partnership activities include advocacy or hope for change? If so, how?

If yes, describe briefly the targeted audience (e.g., policy, gov., public health), and the message,

advocacy plan and how science and community input inform advocacy or transformation?

How do they speak of responsibility—e.g., for addressing the problem,

implementing interventions, effecting change?

For the problem itself, policy, interventions, communications, advocacy, etc. Any appeal to, gov.

or personal responsibility?

How do they speak about the sustainability and momentum of the

partnership itself?

Whether the partnership will continue/be maintained beyond life of project. What happens

when funding runs out, etc.

What ethical issues/barriers/considerations are raised? Benefits and risks/

harms of project or in the partnership?

Any ethical considerations within the partnership, distinct from the rationale, power,
responsibility as above. e.g., Do they mention managing expectations, hopes and partnership

limits? Do they mention benefits or unintended consequences?

Other significant themes

Anything else of relevance within the scope of ethics/social justice lens on community-science

partnerships for health and climate change.
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thoroughly cross-checked by GB and MK prior to deciding which
papers were to be included in the final analysis. Several articles were
found to be outside the scope of the central research questions shown
above. For example, several of the articles reported on ecology studies
that had no reference to human health. Others included mention of
community involvement in the abstract, but upon in-depth review, no
meaningful involvement of community members was described.

Papers not focused on the intersection of climate change and
human health, or not involving community members, were
excluded. Through this framework analysis we identified nine
projects that closely fit these criteria. In addition, we identified four
review articles and four conceptual/theoretical articles that
robustly answered our questions about what rationales can
be offered for science-community partnerships in climate-health
research, even if they did not focus on a single project. Thus, a total
of 17 papers (Table 3) were taken forward into the third phase of
our qualitative and normative analysis as presented in our
Results section.

Results

Following an in-depth qualitative review of the total 17 projects,
reviews, and theoretical papers shown in Table 3, we return to our
research questions and discuss our findings. In section 1, focusing
on the 9 project papers, we describe what has been done to engage
and involve communities and members of the wider public in
research on climate and human health, including innovative
examples of community-based activities. To help shed light on why
these approaches deserve greater consideration, in section 2
we present any normative and scientific rationales offered across all
papers for involving communities in climate driven health research.
In section 3 we describe findings across all papers on limitations,
challenges, or ethical considerations that arise when involving
communities in climate-health research. In Sections 2 and 3 we also
draw upon some landmark publications that are of broader scope
than those yielded by our searches, yet offer illuminating
perspectives on our findings, for example, the references to
Martello (2008).

To what extent have scientists who work at
the interface of climate change and health
been involving communities in their work
and what approaches have they taken?

Tackling the dual challenges of health and climate change through
community-science partnerships is a new and evolving area of
interest, bridging two long-standing but largely separate areas of
research: global health and environmental/ecological research. While
we found many examples of community engagement in clinical health
research or environmental research on non-health related topics, there
are still relatively few published accounts of community-science
partnerships on climate change and health. We focus on lessons
learned through the nine projects that explicitly described engaging
or involving communities or members of the wider public in research
aimed at addressing the impacts of climate change on health. These
studies spanned a range of approaches to involving community
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members or members of the wider public, and often mixed different
techniques and activities, drawing on aspects of community-based
participatory research and action research, visual methods, citizen
science, science communication and knowledge exchange. For the
purposes of our analysis, we have used CEI as a broader umbrella term
describing a range of processes where people who live in a defined
geographical area (from an entire country to a small informal
settlement) have been engaged or involved in research, beyond simply
being recruited as a study participant.

Climate change and health adaptation: Canada

Peace and Myers (2012) reported on a community-based
participatory research (CBPR) process integrated into a climate
change and health adaptation program for Northern First Nations and
Inuit in Canada. The program aimed to develop information and tools
for decision-making at various levels concerning human health and a
changing environment. It focused on capacity-building by funding
communities to conduct their own research in collaboration with
Aboriginal associations, academics, and governments. The program
mandated that participatory research include studying climate change
impacts on health, combining traditional knowledge and science,
developing locally appropriate adaptation plans and tools, and
communicating results to the community and beyond. Program
activities involved 15 community visits and three capacity-building
workshops, conducted in five locations to reach various rural
communities. These workshops, in partnership with Aboriginal
organizations, aimed to familiarize Northerners with climate change
impacts on health and guide them in developing research proposals
and budgets. Participants shared their observations of community
changes and related concerns, collaborating with researchers to
identify climate-related health effects. As participants became more
acquainted with climate-health intersections, they were encouraged
to develop projects to mitigate these effects and were guided on
research questions and study design. Workshop participants, in small
or whole group formats, designed CBPR projects relevant to their
communities and developed appropriate budgets. The CBPR activities
included photovoice (Wang and Burris, 1997), community-driven
collaborative filmmaking, capacity-building workshops, and various
forms of citizen science (though the term was not explicitly used).
These efforts aimed to empower communities to address climate
change impacts on health through locally driven research and
adaptation strategies.

Climate change and mental health: Nepal
Macfarlane et al. (2015) report on a mixed-methods study, using
photovoice, undertaken in Nepal to explore subjective mental health
experiences focused on participants’ encounters with climate change.
The study also aimed to assess whether a 4- to 5-day photovoice training
could increase environmental awareness and resilience to climate change.
Ten women subsistence farmers from Jumla, recruited by a key
informant from the Transcultural Psychosocial Organization, voluntarily
participated in the study. All the women participated in three study
components: ‘photovoice, in-depth interviews immediately after the final
photovoice session and at a follow-up two weeks later, and self-report
questionnaires. The photovoice process involved training participants to
use digital cameras, discussing ethics and group norms, and formulating
questions about climate change and mental health. One such question
developed by participants was, “How will water scarcity affect our
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TABLE 3 Brief summaries of papers identified through full-text review using framework analysis (n = 17).

Primary authors

(year of
publication)

Title of article

Brief Description

Projects including community engagement and involvement (1 = 9), listed in chronological order

Peace and Myers (2012)

Community-based participatory process - climate
change and health adaptation program for northern

first nations and Inuit in Canada

This article reports on the outputs and outcomes of a program designed to involve
communities in conducting their own research in cooperation with various
stakeholders to develop health-related adaptation plans and communication

materials to strengthen climate adaptation among Indigenous groups in Canada.

MacFarlane et al. (2015)

Implications of participatory methods to address
mental health needs associated with climate change:

‘photovoice’ in Nepal

A mixed methods analysis exploring the subjective mental health experiences of
women in rural Nepal who took part in a photovoice process focused on

environmental impacts related to climate change.

Shupe (2017)

High resolution stream water quality assessment in the
Vancouver, British Columbia region: a citizen science

study

This study reports on the quality of water collected from natural stream systems

during different climatic seasons by a large cohort of citizen scientists in Canada.

Lines et al. (2019)

Connection to the land as a youth-identified social

determinant of Indigenous Peoples health

This article reports findings from a series of creative participatory activities
facilitated with an Indigenous group of youth during a leadership camp in the
Canadian Northwest Territories to capture their perspectives of health and health

agency.

Sim et al. (2020)

A greener vision for vector control: The example of the

Singapore dengue control program

This article describes Singapore’s Global Vector Control Response strategy,
including various community engagement approaches, for controlling climate-

sensitive vector borne diseases, focusing on dengue fever.

Porter et al. (2021)

Predicting the current and future distribution of the
western black-legged tick, Ixodes pacificus, across the

Western US using citizen science collections

This study presents niche species distribution models determined through a
nationwide citizen science tick collection program, implemented over a 2-year

period, in the USA.

Liddell and Kington (2021)

“Something was attacking them and their reproductive
organs”: environmental reproductive justice in an

Indigenous tribe in the United States Gulf Coast

A qualitative study taking a ‘community-engaged’ approach, utilizing data from a
broader research project investigating the reproductive and sexual health

experiences of women from an Indigenous tribe in the Gulf South.

Black and Sykes (2022)

Steps toward engagement integrity: learning from
participatory visual methods in marginalized

South African communities

A community case study reporting on the methods,
outcomes and learning from an NGO-led community engagement project on the
topic of water quality and microbiology, implemented in the Western Cape

province during a severe drought in the area.

Scobie et al. (2023)

The agency of community groups in health and climate
change adaptation governance and policy in SIDS: the

case of in Toco, Trinidad and Tobago

This qualitative case study reports the findings of interviews and surveys
undertaken to understand the perspectives of coastal community groups in the
Caribbean regarding their development priorities in the context of climate change

adaptation and health.

Reviews (1 = 4) and theoretical papers (n = 4), listed in chronological order

Parham et al. (2015)

Climate, environmental and socio-economic change:
weighing up the balance in vector-borne disease

transmission.

A review seeking to elucidate current knowledge around the epidemiological,
ecological, and socio-economic factors that drive vector borne disease
transmission. The paper identifies key themes and uncertainties, evaluates ongoing

challenges and open research questions and offers some solutions for the field.

Bardosh et al. (2017)

Addressing vulnerability, building resilience:
community-based adaptation to vector-borne diseases

in the context of global change

A review drawing upon concepts of vulnerability, resilience, participation and
community-based adaptation to provide an alternative biosocial perspective
grounded in social science insights.

The analysis is informed by a realist review focused on seven major climate-
sensitive vector borne

diseases.

Corburn (2017)

Concepts for studying urban environmental justice

A theoretical paper offering research frameworks for understanding and acting to

address urban environmental justice.

Minkler et al. (2008)

Promoting environmental justice through community-
based participatory research: the Role of community

and partnership capacity

A theoretical paper presenting the results of a cross-site case study of four CBPR
partnerships in the

United States that researched environmental health problems and worked to
educate legislators and promote relevant public policy. A previously published
theoretical framework is used to examine community and partnership capacity

within and across case study sites.

Frontiers in Climate

05

(Continued)

frontiersin.org


https://doi.org/10.3389/fclim.2024.1456417
https://www.frontiersin.org/journals/climate
https://www.frontiersin.org

Black et al.

TABLE 3 (Continued)

Primary authors Title of article

(year of
publication)

Kelly et al. (2020) Citizen science and marine conservation: a global

review

10.3389/fclim.2024.1456417

Brief Description

A global overview of the current extent and potential of marine citizen science and
its contribution to marine conservation. Through an online global survey this
review explores the geographical distribution, type and format of 74 marine citizen
science projects to ascertain how marine citizen science can inform current

understanding of marine biodiversity.

Langmaid et al. (2021) Applying the mandala of health in the anthropocene

This article describes the elements of 21st century socio-ecological health and
applies them in a revised socio-ecological framework for health promotion.
Through a qualitative descriptive study design the article explores the significance
of ecological and cultural determinants of health and reviews models in
contemporary health promotion to inform the development of a revised Mandala

of Health.

Adams (2021) Critical psychologies and climate change

A review of recent contributions in critical psychology, critical social psychology,
critical

community psychology and liberation psychology, to understand human responses
to climate change. It contrasts critical psychology with mainstream psychology in
general terms, before introducing a critical psychological perspective on climate

change.

Merildinen et al. (2022) Puppeteering as a metaphor for unpacking power in
participatory action research on climate change and

health

A theoretical paper that uses the metaphor of ‘puppeteering’ to examine the
influence of power relations between researcher-activists and marginalized

community members in the context of participatory action research targeting

climate change and health.

well-being and livelihood?” After the initial training session, participants
took photographs related to their questions and shared their favorite
images in analysis sessions. They deconstructed selected images using
the SHOWED method (Gant et al., 2009), which prompts reflection on
what is seen, its relevance to their lives, underlying concerns, and
potential actions. Photovoice facilitation was culturally tailored and
supported by a Nepali research assistant. The photovoice process
culminated in two community photography exhibitions showcasing the
womens photographs and narratives. Self-reported mental health,
specifically symptoms of depression, was assessed using the Nepali
version of the Beck Depression Inventory before and after the photovoice
intervention.

Fresh water watch: Canada

One of the significant health impacts of climate change is on
shrinking, or changes in the cleanliness, of local water sources. Shupe
(2017) describes citizen science undertaken as part of a high-
resolution stream water quality assessment project in the Vancouver,
British Columbia region of Canada. Between June 2013 and May 2016,
field-based workshops were held multiple times a year to train
community volunteers in water sampling methods. The goal was for
citizens to collect stream data as part of the Fresh Water Watch
Program. A total of 192 volunteers, referred to as citizen scientist
leaders (CSLs), were trained. During training days, multiple sample
measurements were made by teams of volunteers and compared to
those taken by instructors. As part of their training, participants were
required to pass an online training quiz. Trained volunteers were
provided with testing kits and written instruction sheets and given
access to an online, on demand training video for review of the
appropriate methods. After the training CSLs were assigned sampling
locations in streams within their local or nearby community and
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instructed to sample in the immediate vicinity of the site. They had
been trained to carefully draw water from accessible areas on stream
banks or bridges using a bucket. In total, the volunteers assisted in the
collection of 750 samples across 81 sampling sites representing 49
streams. Shupe (2017) points out that the assistance of the trained
volunteers allowed a significant number of measurements to be made
which contributed to a better understanding of the seasonal and
spatial dynamics of stream water quality. The author emphasizes the
value of citizen science in freshwater research.

Indigenous youth leadership: Canada

Lines et al. (2019) present a project carried out in 2016 wherein
fifteen Yellowknives Dene First Nation (YKDFN) youth in the
Canadian Northwest Territories participated in the ‘On-the-Land
Health Leadership Camp. The authors explain that social determinants
of Indigenous health are known to include structural determinants
such as history, political climate, environmental and social contexts.
They argue that relationships, interconnectivity, and community are
fundamental to these determinants and that understanding these
determinants from the perspective of Indigenous youth is vital to
identifying means of alleviating future inequities in a changing
environment. The project was framed to engage youth in Indigenous
traditions around a deep respect for and connection with the land of
one’s community and ancestors. Using a strength- and community-
based participatory approach through an Indigenous research lens,
the YKDEN Wellness Division and university researchers crafted a
week-long event, the “Youth Health Leadership On-the-Land
Workshop” which included sharing circles, photovoice and mural art
activities. The qualitative research formed part of a wide mixed-
methods research approach that also included two quantitative
surveys (a short electronic ‘clicker’ polling survey and a longer iPad
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survey that employed Likert scale questions on demographics and
health). The workshop provided an opportunity for youth to practice
cultural skills and convey their perspectives on health and health
agency. Views on what a healthy community looks like, health issues,
and health priorities were expressed through sharing circles,
photovoice, mural art and a modified ‘nominal group’ technique, and
recoded through observations, field notes, and personal reflections. In
the photovoice project, youth walked around their community to
capture images reflecting health issues and priorities in photos or
videos. Participatory analysis was done in groups of 3-6 participants,
and the discussions were facilitated by the researchers and research
assistants. The collective analysis was guided by the SHOWED method
(Gant et al., 2009).

Dengue vector control: Singapore

Dengue fever, exacerbated by climate change, poses significant
personal and population-level morbidity, especially due to a minority
of cases that produce clinically severe disease. Effective public health
surveillance is crucial for global response efforts. Sim et al. (2020) detail
Singapore’s dengue control program, initiated in the 1960s and
managed by the National Environment Agency (NEA). This program
integrates multiple principles from the WHO Global Vector Control
Response (GVCR) strategy, which advocates for effective, locally
adaptive, and sustainable vector control (World Health Organization
& Special Programme for Research and Training in Tropical Diseases,
2017). Key GVCR actions include strengthening inter- and intra-
sectoral collaboration and community engagement. The Singaporean
program leverages existing community structures, such as the People’s
Association, grassroots organizations, and Neighborhood Committees,
to mobilize residents in checking for mosquito breeding activity and
reducing infection sources through the ‘5-Step Mozzie Wipeout’
model. The NEA also trains community members and emergency
response teams as Dengue Prevention Volunteers, who educate
residents on dengue prevention through household visits, distributing
educational materials, supporting roadshows, co-ordinating
community-wide eradication events, organizing ‘block parties’ and
implementing the mozzie wipeout strategy. In addition to nationwide
general messaging, the program also targets specific population groups
to encourage them to play a greater role in mosquito control. Focused
campaigns engage specific groups, including domestic helpers,
construction workers, the elderly, and school children, to enhance their
role in mosquito control. Routine house-to-house inspections by NEA
officers serve as additional awareness-raising measures. The program
includes a research arm led by the Environmental Health Institute,
which involves community engagement to disseminate accurate
knowledge about transmission vectors and risk reduction. Various
methods evaluate community knowledge, attitudes, and practices over

time to measure the program’s effectiveness.

Black legged tick distribution: Western
United States

Increased average temperatures due to climate change have
resulted in a longer season for tick reproduction in many tick-prone
regions, resulting in an increase in tick-borne diseases. Porter et al.
(2021) presented an interesting example of citizen-science related to
the climate-health nexus in their study of the black-legged tick, Ixodes
pacificus (I. pacificus), in the Western United States. Measures of tick
bite disease risk have traditionally relied on active vector surveillance,
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requiring researchers to collect ticks from the environment. Given
increased climate-driven shifts in tick distribution with serious
implications for public health, they argue that it has become vital to
more extensively monitor vector and disease distributions, coverage
that is difficult and costly for a small scientific team. Responding to
this need, Porter et al. (2021) recruited citizen scientists across the
Western US into a large-scale tick collection program. Citizens were
recruited through a public relations campaign and public website. The
citizen scientists participated in the program by mailing collected ticks
and associated data to the research laboratory at Northern Arizona
University. The submission form covered information related to the
characteristics of tick exposure, including date, the human activity
being undertaken at the time of exposure, location, and the type of
environment in which the ticks were collected. Since the objective of
the research program was to raise awareness about tick bite disease
and about the study, individuals and public awareness groups
disseminated information though social media and other advertising
platforms. The details of the citizen science tick collection program are
published elsewhere (Nicto et al., 2018). In their article the authors
share detailed results obtained through analyzing 18,881 ticks
submitted by citizen scientists working over a two-year period. Their
findings are presented in the form of niche models predicting the
current and future distribution of I. pacificus.

Environmental reproductive justice: United States
Gulf Coast

Liddell and Kington (2021) led a CBPR study that was nested
within a broader research project investigating the reproductive and
sexual health experiences of women from an Indigenous tribe in the
American South, Gulf Coast region. The study explored the
intersection of environmental justice and reproductive justice with a
focus on the ability to have and raise children among Indigenous
groups, especially in the Gulf South. These groups are particularly
vulnerable to environmental injustice and harm due to climate change,
including land loss and oil company exploitation. For tribes that are
non-federally recognized and therefore lack political recognition and
power, these issues hit hardest. The research team used a descriptive
research methodology with semi-structured, in-depth qualitative
interviewing as their primary research method. The authors state that
they “employed best practices to ensure a just and decolonizing
research project” The community engagement approach involved the
establishment of a community-advisory board (CAB) composed of
two women leaders of a Gulf Coast Indigenous tribe who helped to
develop and pilot the interview questions and assisted throughout the
process with recruitment and dissemination of results. The interview
guide was designed collaboratively with CAB members to ensure that
questions which were most relevant to tribal members were included.
CAB members also identified initial seed participants for interviews.

Water microbiology: South Africa

South Africa, like many African nations, faces severe drought due
to climate change, leading to significant water shortages and
worsening health outcomes, particularly in impoverished
communities. In their case study, Black and Sykes (2022) discuss
“Bucket Loads of Health” (BLH), a science engagement project
facilitated by the Sustainable Livelihoods Foundation (SLF) in the
Western Cape province during the 2018 drought. The project focused

on water microbiology research and the water-health nexus. Over
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12 months, the authors facilitated bi-directional engagement between
environmental microbiologists at Stellenbosch University and
members of two marginalized communities, one being a research site.
Twenty-seven adults from the two communities participated in BLH,
co-producing the engagement process design. This included
opportunities for knowledge exchange and co-leading exhibition
events with the microbiologists. A participatory visual methods
approach fostered collective learning. Microbiologists used
personalized hand maps to introduce themselves and explain the
importance of their research on water quality in informal settlements
and townships. During knowledge exchange sessions, scientists
delivered bespoke presentations on their research and provided
guided tours of their laboratory and microbiology department for the
community groups. Community members created maps to highlight
local areas and facilities most affected by contaminated water and
water shortages, along with personalized body maps and digital
stories to depict their embodied experiences of living with these
conditions. Exhibition events attended by community residents,
researchers, and students showcased the visual materials created by
the participating community groups and the microbiology science
posters. These events provided an opportunity for shared experiences
and reflections on the project’s impact, emphasizing the value of
integrating community perspectives in scientific research on water
microbiology and health in drought-stricken regions.

Community groups agency in health and climate
adaptation: Trinidad and Tobago

In this case study in the rural northeast of Trinidad and Tobago,
Scobie et al. (2023) sought to contribute to better understanding
community-led action on health and climate change adaptation by
investigating community groups’ perceptions of the challenges faced
and addressed by their community. The authors explain that Toco
was chosen for the study because of the deep connections between
the people of Toco and their environment, and because of the long
history of community action in this coastal community. The core
purpose of the study was to register the voices and perspectives of
coastal community groups in the context of a new impetus for action
around climate change adaptation and health in the Caribbean
region. In their methodology, the researchers built upon the findings
of an initial literature review to formulate prompts for ‘elite’ semi-
structured interviews and to design an online survey. Local people
involved in community development suggested potential participants
for both the interviews and surveys. The research team identified 12
active Toco community development groups and held semi-
structured interviews with one leader or member of each group, as
selected by the groups themselves. Thirty-four active representatives
of agencies, groups, or organizations that had been serving the Toco
communities for five to over fifty years completed the online surveys.
In reporting their findings, the research team focuses on themes of
agency, poverty, external agency and support, immediate needs,
policy co-production and capacity building. In discussing agency and
power, Scobie et al. (2023) raise the concern that whereas practitioners
may empower local agency while facilitating communication between
different actors, there is a risk that local, participants may lose agency
and become the ‘mouthpieces’ of researchers and stakeholders. The
authors also highlight the disconnect between local voices and the
urgency around mainstreaming mitigation strategies into regional
and national climate change adaptation policies.

Frontiers in Climate

10.3389/fclim.2024.1456417

What reasons are offered for engaging and
involving communities in research on
climate change and human health?

The range of activities described in the projects identified in this
review required extra time, expense, and effort beyond the core
scientific work involved. It is helpful to consider the reasons why some
research teams go to these additional lengths to involve communities
or citizens in their research at the intersection of climate and health
and why some believe researchers should go to these extra lengths.
While some authors explicitly argued for these efforts, others provided
indirect motivations by citing tangible benefits gained through
community involvement. Here, we draw on the nine project papers
summarized above as well as the eight closely related review and
theoretical papers to help interpret the experiences shared by the
project teams.

Involving communities can improve science,
especially in climate-health research

Consistent with the wider literature supporting community and
public engagement in science and considering the distinctive
challenges raised by the climate and health context, several teams
demonstrated how involving communities can strengthen science.
Community involvement improves the relevance of research priorities
and research questions through attention to community knowledge
and informs methods to ensure that approaches fit the context of
community health and environmental burdens, especially for
marginalized populations. Several teams also emphasized the
distinctive value of involving communities in climate-health research,
improving the overall responsiveness and adaptability of the research
to rapidly changing environmental determinants of health in specific
regions. Often teams cite or illustrate more than one of these rationales.

To illustrate how community involvement can strengthen research
priorities and questions, for example, the Singapore Dengue project
showed how local knowledge and specific observations gained only
through local partnerships helped inform responsive interventions to
a persistent vector borne disease (VBD) that has resisted eradication
(Sim et al, 2020). Through a partnership with the Singapore
Contractors Association Limited (SCAL), public health scientists were
able to study and respond to the role that construction sites play as a
driver of dengue transmission, “since rainwater-filled land excavation
holes, construction materials, and equipment (e.g., water tanks, skips,
canvas sheeting) can become Aedes habitats” (Sim et al., 2020). Parham
et al. point out that the next generation of risk assessment methods
should take the complexity of VBD transmission dynamics into
account, including the effects of broader societal contexts in which
pathogen transmission occurs, if more reliable evaluations of the effects
of climate change on VBDs are to be undertaken (Parham et al., 2015).

Other projects illustrated how advice from communities can help
to characterize the nature of a health problem, identify infection
pathways, or shape practical solutions in ways that are more responsive
to community needs in the face of rapid climate-health crises. The
Northern First Nations and Inuit climate change and health adaptation
program offered a powerful example of community shaped research,
with supported projects being directly designed by community groups
and directly responsive to health burdens prioritized by the community
(Peace and Myers, 2012). The South African BLH project helped the
microbiologists involved to appreciate how informal settlement dwellers
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were impacted by water shortages, difficulties faced in safe water
storage, and other issues that have informed their subsequent research
design. Specifically, participating in knowledge exchange sessions with
community members who were residing in the microbiology research
setting highlighted to the team the importance of engaging and
involving community representatives prior to embarking on a research
project. In the tick-borne disease citizen science project, the team was
clear that the scale of surveillance needed to study the problem would
not have been possible without citizen volunteers—the involvement of
citizens extended the reach of the scientific work, and shortened the
time needed for data collection at scale.

Bardosh et al. (2017) argue that tackling VBDs driven in part by
climate change requires a paradigm shift, away from simple disease-
models to a more dynamic and ‘biosocial’ model of public health
research with greater investment in “meaningful public participation,
strengthening of health systems, sustainable development, wider
institutional changes and attention to the social determinants of
health, including the drivers of co-infection” For example, the
Nepalese project on mental health offered powerful insights into a
stigmatizing and under-reported health effect of climate change
(Macfarlane et al., 2015). Similarly, the Gulf South project documented
underreported environmental impacts on marginalized Indigenous
women’s reproductive health (Liddell and Kington, 2021).

All projects in the review illustrated reasons for involving
communities and members of the public that were distinctive to the
intersecting problems of climate and health. Across the projects and
theoretical discussions, teams conveyed how understanding the
environment’s role in health requires engaging the people who live
within it. Shupe (2017) describes how community members and
citizens can contribute valuable background knowledge about climate-
health patterns over time or gather environmental observations from
locations that may be difficult for researchers to reach [for example,
Porter etal. (2021) and Shupe (2017)]. Other teams noted that climate-
driven disease patterns can be difficult to predict without the help of
citizens. Porter et al. (2021) hypothesize that changing ecological
conditions, including those driven by the changing climate, will result
in an inevitable shift in tick dispersal and patterns of tick bite disease.
They claim that predicting the potential future distribution of ticks will
provide insight into significant shifts of pathogens and disease and
enable public health agencies to anticipate and combat these threats—
engaging the public through observational assistance will be critical for
tracking shifting patterns. In the face of shifting climate patterns, Peace
and Myers argued that community members can provide insights
about specific environmental barriers and facilitators to consider in the
design of local climate adaptation strategies (Peace and Myers, 2012).

Last, involving the public can help bring interventions and
adaptation strategies to scale (Sim et al., 2020). As Porter et al. (2021)
discuss, the low cost, continuous, rapid, extensive, and spatially
diverse sample collection made possible by a large-scale citizen science
approach has an important role to play in mitigating climate sensitive
disease. In response to concerns that citizens might lack the relevant
scientific expertise to bring interventions to scale, Shupe (2017) draws
on the perspectives of other experts in claiming that with appropriate
capacity development and oversight, volunteers can often collect data
of equal quality to those collected by ‘experts’ (Daniclsen et al., 2014).
Research referred to by Kelly et al. (2020) in their review argues that
citizen scientists can develop into collaborating experts when enabled
by scientists to engage and communicate as ‘equals’
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Involving communities in research strengthens
both community and researcher knowledge
around climate and health science

Beyond improving science, the projects presented demonstrated
direct benefits to the communities involved in research, particularly
around knowledge and learning. Involving communities in climate-
health research can raise awareness of the effects of climate change,
impacts on health, and potential mitigation efforts (Bardosh et al.,
2017).
community members about the objectives, methods and value of

Specifically, authors reported better understanding by

climate-related field studies being undertaken within their
communities (Black and Sykes, 2022). The two research projects that
involved Indigenous groups in Canada provide examples of
transformative learning through community-science engagement
activities, including shifts in perspective about the land and
environment. As Lines et al. (2019) describe, the YKDFN youth
recognized that participating in cultural activities which strengthened
their connection to the land could result in better health for their
community. Indigenous participants also realized the importance of
their active role in shaping future health research and their agency to
address priority environmental-health issues.

These transformational shifts in community awareness and
knowledge can be transferred and sustained over time. The program
described by Peace and Myers (2012) offers an example of how CBPR
at the intersection of climate and health can be implemented across
multiple communities and sustained over many years. The climate
change and health adaptation program they describe provided
opportunities for participants to develop their own research proposals
and budgets and widely showcase the results of their work across
Indigenous community networks (Peace and Myers, 2012). The
initiative resulted in the development of extensive community-driven
climate adaptation strategies engaging infrastructure (including a
media research lab focusing on women’s health and workstations
designed to build local skills in ice monitoring) and culturally relevant
tools. Indigenous participants engaged through the program conveyed
that their involvement had transformed their knowledge about the
links between climate change and health (Peace and Myers, 2012). In
turn, Martello (2008) argued that the Inuit live closely with the
environment; hold valuable environmentally rooted knowledge and
traditions important for diet, spirituality, culture, and economics.

Other articles further demonstrated how engaging and involving
communities in programmatic interventions led to decreased health
threats in at-risk settings. By engaging residents in dengue control
through household inspections, the NEA discovered that ‘holders’
supporting bamboo poles assembled outside high-rise apartments for
drying clothes were harboring substantial numbers of Aedes mosquito
larvae. The subsequent re-design of the clothes drying system,
contributed to source reduction efforts by diminishing mosquito
breeding grounds and furthermore made the process of hanging out
laundry physically safer for residents (Sim et al., 2020).

Research teams also gained important learning through their
efforts to engage and involve communities in their work. Black and
Sykes (2022) note that a role play performed by community
participants “opened a difficult but needed conversation” about how
environmental water science was being perceived by community
members living in a research setting. The conversation helped the
participating scientists to understand what people living in informal
settlements and facing the impacts of climate on health consider to
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be priorities for research. MacFarlane et al. (2015) highlight the
enjoyment of a photovoice process amongst Nepali women
photographers. The authors emphasize that the approach taken to
engaging and involving communities in research has important
implications for their experience of participation and this extends to
how methodology can influence the mental health of those taking
part. The authors report a significant reduction in depression
following the photovoice sessions. MacFarlane et al. (2015) conclude
that photovoice could be applied as a community-based and
participatory mental health intervention in the context of climate
change and be used as a “well-accepted” method for building needed
social capital.

Involving communities is ‘the right thing to do’

While all projects demonstrated the added value of community
involvement to enhance scientific and community knowledge, some
teams went further and discussed or demonstrated important ethical
or social justice considerations to motivate community involvement.
Authors highlighted that respecting and responding to local
knowledge can equip communities to monitor and modify their
environment, increasing their agency over their community’s health
and well-being (Peace and Myers, 2012; Bardosh et al., 2017; Scobie
et al.,, 2023). Demonstrating respect for persons within and across a
community requires their meaningful involvement in shaping
priorities for future climate-health research that best align with
community needs (Black and Sykes, 2022). The BLH project in
South Africa was planned to support the participating research team
in learning about the perceptions and acceptability of their water
research in an informal settlement. The CBPR project in the Northern
territories of Canada (Peace and Myers, 2012) was designed to foster
ownership of the research by the community participants and ensure
their meaningful contribution to the pool of knowledge gathered for
shaping climate change mitigation strategies. One of the community-
based researchers reported that they appreciated having a “space
provided where communities can share their knowledge, their
research, and their plans of how to deal with the changes through
adaptation plans” Kelly et al. (2020) suggest that ownership of
research in the context of citizen science may be bolstered by
engaging citizen participants in promoting and communicating
about a research project, and in disseminating its results.
Complementing scientific rationales, is a call to acknowledge and to
act upon local insights about how the impacts of climate change are
affecting public health, not only to ensure more responsive research,
but importantly to foster citizen’s agency to be part of the solution
through community activist groups (Lines et al., 2019). Scobie et al.
(2023) discuss the disillusioning effect of tokenistic engagement for
agenda setting and policy co-production on the agency of committed
community development groups.

Beyond the scientific importance of understanding structural
determinants of health, some teams embraced an overt appeal to
social justice. Bardosh et al. (2017) observe that climate change
“disproportionately impacts people in tropical climates with
inadequate access to health services, poor housing, weak governance
They
acknowledge the regional and global impact caused by vector-borne

structures, and socio-economic underdevelopment”
disease epidemics, but they also “enact a quieter ‘hidden’ endemic toll
on local communities, perpetuating poverty, disability, malnutrition,

and social isolation” (Bardosh et al., 2017). Traditional epidemiological
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disease models have not adequately considered “how local
communities adapt in the context of an epidemic, or how they use
socio-cultural capital to mitigate endemic disease challenges”
(Bardosh et al., 2017).

Liddell and Kington (2021) sought to understand the contribution
of settler colonialism and historical oppression to environmental
reproductive injustice among an Indigenous tribe in the Gulf South of
the United States. The underpinnings of these structural determinants
on the ability of women to have and raise children, and further
implications of climate change, were central to the research inquiry.
Further, reparative justice required shifting research practices to
correct colonial power imbalances in the way the research was carried
out. Tribal leaders played a crucial role as community advisors in
developing interview questions, assisting with recruitment of
interviewees, and supporting the dissemination of the research
findings. For example, researchers followed the advice of tribal
advisors to take a life-history-type approach to the interviews, and
ethical approval to undertake the research was sought from both a
University Institutional Review Board and a tribal council.

In another Indigenous health project, CBPR was seen as a way of
breaking the cycle of health inequities; as Lines et al. (2019) expressed,
“the perspective of Indigenous youth is vital to identifying the means
of alleviating future inequities.” The authors took a decolonizing CBPR
approach, grounded by Indigenous community relations, to
understand youth insights on the social determinants of Indigenous
health, including their viewpoints on history and politics. The
researchers aimed to challenge the oppressive acts of colonization by
reconstructing concepts of health to include Indigenous knowledge.
The research process integrated multiple interactive components
including photovoice and mural art to involve youth participants in
generating and analyzing data. Thus, unique Indigenous worldviews
informed the prioritization of health solutions. A perhaps deeper
intention highlighted by the authors was to provide opportunities for
the participating youth to “practice cultural skills” around connections
to ancestral land, skills that had nearly been lost to colonial attempts
to eradicate ancestral practices (Lines et al., 2019). For Peace and
Myers (2012), regained cultural skills included “how to observe the
land and its changes, how to hunt and respect the land and wildlife,
which helped to develop valuable attributes such as patience, respect,
self-sufficiency, self-esteem and traditional knowledge on how their
natural world is changing” Corburn argues that researchers should
begin urban environmental justice research by asking how historical
institutional decisions may have influenced current inequitable
burdens and how multiple institutions may have had intersecting and
aggregated impacts on ‘communities of color’ (Corburn, 2017).

As Martello (2008) reflected, the history of environmental science
research with Indigenous peoples reflects the deeper social and
political tensions of colonialism and reparation: “Recent analyses of
climate change in the Arctic are intersecting, with long histories
belonging to Indigenous peoples - histories of adaptation, ingenuity,
resourcefulness, community, spirituality, and strength, but also of
occupation, oppression, racism, and social, economic, and health
problems. Environmental science has had its own role in these
histories” (Martello, 2008). Examples of early and ongoing efforts to
support community participatory research in partnership with Arctic
Indigenous peoples, argues Martello, have shifted perceptions of what
counts as scientific expertise and who may speak with authority in
climate sciences.
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Participatory research was also described as a tool for interrogating
political drivers of environmental health impacts on the community.
Confronting the political underpinnings of access to safe water,
sanitation and hygiene was a key conceptual driver for the BLH
project in South Africa (Black and Sykes, 2022). A core objective was
for participating community members to bring the everyday health
related impacts of water shortage in their communities to the attention
of local government authorities, through a striking visual methods
approach that would be difficult to ignore. These techniques were also
used to elevate politically hidden voices around the impacts of climate
change on health. Similarly, the primary rationale of MacFarlane et al.
(2015) for engaging and involving community members in their
research was to elicit perspectives of climate change as seen directly
through the eyes of women subsistence farmers living in a high-risk
context in Nepal, using photovoice to tell their story through
collectively curated images.

The Singaporean project on dengue control takes an overtly
political stance on the involvement of citizens in the ongoing public
health surveillance and research. The approach mirrors other aspects
of Singaporean public life, relying on centralized control and planning
and a strong sense of collective responsibility for maintaining a healthy
environment. Government legislative and punitive power are
leveraged for behavior change—including the use of policies, penalties,
and fines (Sim et al., 2020). Responsibility, however, is shared between
citizens and government. Local politicians are expected to prevent
outbreaks of dengue in their constituencies, describing how they
include communication about the importance of dengue prevention
to residents during walkabout sessions. This collective responsibility
for the environment and health, Sim et al. (2020) explain, reflects
efforts over the past 60 years to share a vision of Singapore as a ‘City
in a Garden, where biodiversity and a green environment are seen as
solutions to improving the health, well-being, and economic
competitiveness of its citizens. Bardosh et al. (2017) also underscore
the power of ‘social responsibility’ as a lever for galvanizing biosocial
change in the face of climate driven disease, citing the pivotal Alma
Ata Declaration of 1978 as a watershed agreement in global health
(International Conference on Primary Health Care, 1978). Similar to
the Singaporean model, they argue that responsibility must truly
be shared between citizens and government to effect sustainable
change: “Communities respond best when they see that civil
authorities are taking responsibility for infrastructure issues, such as

water provision and drainage problems” (Bardosh et al., 2017).

What limitations, challenges, or ethical
considerations arise when involving
communities in climate-health research?

Across the nine projects featured in this review, teams shared
valuable cautionary lessons when involving communities and
members of the broader public in research at the intersection of
climate and health. While involving members of the public in data
collection can strengthen research by bolstering the amount of data
available for analysis and geographical reach of data collection, there
are important limitations when considering a community’s
technological capacity and potentially limited resources. For example,
Shupe (2017) acknowledges that the citizen scientist model of water
sampling may not be appropriate for more resource-intensive data

Frontiers in Climate

11

10.3389/fclim.2024.1456417

necessary to fully explore the quality of surface water given the scarcity
of resources in the study communities. Citizen science projects often
require citizens to undergo training and upload data via the internet.
Both citizen science projects in this review (Shupe, 2017; Porter et al.,
2021) required interested members of the public to register and
be trained on project websites. In the water collection project, citizen
science leaders tested samples in the field and used smart phones to
enter data into an online app.

These research activities required participants to have strong and
reliable access to the internet. The success of the tick collection
program in the Western US also relied on a well-functioning mail
system. As cost-free access to the internet is often constrained or
non-existent in marginalized communities in many low- and low-to-
middle-income countries, and this is coupled with a failing postal
system, the possibility for citizen science approaches of this nature to
be taken up at a global scale in at-risk settings is questionable without
additional investment in community infrastructure. As Bardosh et al.
(2017) underscored the importance of government-citizen shared
responsibility they also acknowledged that “a major constraint for
vector-borne disease control is that there are still relatively limited
examples of how to institutionalize participatory approaches in
developing countries in the context of limited resources and weak
institutional support.”

A central ethical principle of CEI in research is to ‘do no harny’
with the intention that people take part of their own free will in the
absence of coercion, punishment, or increased vulnerability (UNICEF,
2020). Sim et al. (2020) acknowledge that the dengue control activities
in Singapore have been accompanied by government legislation and
law enforcement, which the NEA use alongside community
engagement to enhance public compliance in the vector reduction
strategy. Operations teams are authorized by the government to enter
households to conduct inspections, and residents are subject to
“monetary penalties” if mosquitos at certain stages of the life cycle are
found on the premises. The authors further refer to the use of a ‘carrot
and stick’ approach to source reduction in behavior change campaigns
led by a communications division of national government. While the
NEA approach to vector reduction has been effective in decreasing
dengue transmission, its achievements have to some degree been
reliant on punitive measures and the approach also risks stigmatization
of households.

Reflecting on the principle of ‘do no harm, Black and Sykes (2022)
report body mapping as an effective approach for community
members to illustrate their embodied experiences of climate change
impacts on health, yet the technique is not benign. The authors explain
that immersive visual techniques can stir participants to share deeply
personal experiences and emphasize that great care should be taken
to support and safeguard those taking part in visual methods
processes. This finding resonates with the views of MacFarlane et al.
(2015) regarding the potential for CEI in research to impact the
mental health of affected community members and that the need for
adequate care mechanisms should be in place to support those who
need them.

Citizen and community involvement in research occurs alongside
everyday lives, obligations, and commitments. It requires substantial
time and opportunity costs for participants. It has long been argued
that community members who make efforts to engage in research and
be involved in its progress should be compensated for their time
(Black et al., 2013) yet there was little mention of compensation across
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the projects showcased here. For payment to be feasible, and payment
amounts to be meaningful to participants, research budgets need to
include resources for this, which currently is not always the case. Peace
and Myers (2012) also highlight the duration of funding as a major
challenge for the climate change and health adaptation program for
Northern First Nations and Inuit in Canada. The program was limited
to funding of 1 year at a time and delays in receipt of funds brought
about serious challenges for community-driven research. In a similar
vein, Black and Sykes (2022) have argued that funders and research
institutions need to match professed commitments to engagement
with training and resources to support researchers and community
members in responding to the needs and aspirations surfaced through
community engagement efforts. These authors introduce the concept
of ‘engagement integrity’ to highlight the gap between recommended
standards of community engagement and what is realistically
achievable in projects that are constrained by funding, time, and
political will. Liddell and Kington (2021) also raise the issue of policy
engagement. They state that their findings around environmental
reproductive justice in Gulf South imply that local Jumla policy should
be adapted to support women “in place” and that dedicated resources
are needed for this. Their research process did not, however, include
an advocacy component, so the possibility of this happening
remains uncertain.

A further significant challenge identified by Peace and Myers
(2012) was the requirement for ethics review for the CBPR activities
which largely required the same standards as western-based laboratory
or medical research. These requirements did not consider the
distinctive nature of CBPR and the integration of traditional
knowledge, which needs to be protected. The authors argue that these
and other distinctive ethical considerations be incorporated in ethics
review processes to recognize the unique nature of CBPR.

Sim et al. (2020) highlight the efforts of the Singaporean dengue
control program to identify novel public health messaging techniques
to prevent ‘engagement fatigue’ The global fight against HIV showed
that mass media interventions may be useful in reducing global HIV/
AIDS disparities because of their reach and effectiveness (LaCroix
et al., 2014). Awareness raising approaches around climate-health
challenges will require constant efforts to stay current and
be compelling and effective, and this will be strengthened through the
consultation and participation of community and public stakeholders.

Discussion

Climate-health science represents a rapidly emerging area of
cross-disciplinary research (Romanello et al., 2023). As the field
grows, we can expect to see more published work on innovative study
designs, including those involving communities. As the reviewed
projects demonstrate, engaging and involving communities and the
wider public in research at the climate-health nexus can make crucial
contributions to mitigating the health impacts of climate change by
improving the responsiveness and reach of science and reinforcing the
knowledge, awareness, and agency of citizens and communities to
effect change. The projects and programs featured illustrate the
overlapping scientific and community benefits, as well as important
appeals to social justice. Taking a range of methodological approaches,
including citizen science, CBPR, visual methods, and other
engagement strategies, these examples demonstrate how CEI has been
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undertaken to develop appropriate climate adaptation and mitigation
strategies (Peace and Myers, 2012), understand how approaches to
community engagement in climate-health research can influence
participants’ mental health (Macfarlane et al., 2015), investigate the
quality and conditions of the environment (Shupe, 2017), foster health
agency among Indigenous persons (Lines et al., 2019), control the
spread of climate-related disease (Sim et al., 2020) estimate the
distribution of disease-causing vectors (Porter et al., 2021), explore the
intersections of health and environmental justice (Liddell and
Kington, 2021) and elucidate perceptions of research and health
priorities in settings at high risk of climate-driven disaster (Black and
Sykes, 2022). Climate-driven disease, itself, is an emerging cross-
sectional area of research; as such, the far-reaching health impacts of
climate change are still poorly understood (Romanello et al., 2023).
Several of the projects illustrated how community involvement in
research can shed light on otherwise hidden aspects of this emerging
disease burden, improving the quality and accuracy of global
epidemiology with important implications for directing resources to
marginalized communities.

The breadth and complexity of climate-health challenges
necessitates interdisciplinary research whereby expertise in multiple
fields is integrated for the identification of effective solutions
(Schipper et al., 2021). Given the intricate links between the changing
climate, human activity, human health, and ecosystem health, it
follows that research approaches ought to reflect and account for
cross-cutting considerations such as environment-human-genetic
interactions, the importance of multi-disease models, and the
significance of health systems analysis (Bardosh et al, 2017).
Alongside the need to engage communities and members of the
wider public in health science research there is a parallel requirement
for CEI in environmental research, ecology, engineering, architecture,
and city planning (for example) as these other climate-related
research areas will also benefit from contextual knowledge, lived
experiences and local insight into problem solving. The requirement
for more inclusive research design also extends to clinical trials, some
of which have already taken up an adaptive design approach (Berry,
2011) which could be expanded to incorporate community feedback.
It has been shown that CBPR with people who are living with the
impacts of hazardous environments can not only support the
identification of locally driven solutions but also unpack mechanisms
of intervention, distinct groupings of accountability and defined
forms of collaboration (Black et al., 2023).

There are several bi-directional benefits — for research teams and
for the community — that echo well established rationales for
community engagement in health research more generally. These
include enhancing both the relevance and the methodology of
research (Sprague Martinez et al., 2018). As seen with the rise of
citizen science, involving citizens in data collection and observations,
with the proper training, can extend the reach of studies that would
otherwise not be possible (Shupe, 2017; Porter et al., 2021). Unique to
climate-health science is the need to have ongoing, rapid observations
within communities during cyclical and dynamic environmental
events and disease outbreaks (Bardosh et al., 2017). The nature of
relationships that are critical for more sensitive approaches to CEI in
research, such as participatory visual methods, require time and
funding to meaningfully involve participants in shaping science and
to build trusting, sustainable partnerships between scientific teams
and communities (Black et al., 2017; Treffry-Goatley et al., 2021).
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The extent to which researchers can engage and involve
communities and members of the wider public in research studies
is strongly dependent on research contexts. The breadth and depth
of engagement and involvement that is possible may depend on
whether research is being conducted at hyper-local, local,
provincial, district or national levels, as well as the scale,
engagement experience, and commitment of the research teams and
other stakeholders (organizations) concerned. Depending on their
circumstances, scientific teams have varying access to technology,
infrastructure, services, expertise and support. Moreover, the
availability of financial resources will be dependent on the research
sponsor. The variation observed in the extent of CEI in the projects
we have reviewed here may be instructive in demonstrating that not
all projects can or should take a deep dive approach to engagement.
The Singapore case study is interesting in its longevity—several
decades long—yet the program took a fairly high-level approach to
involving community members in shaping the science. Similarly,
teams adopting citizen science methods may be able to adopt some
of the benefits of CEI, including bi-directional learning about
climate change and health, more responsive sampling, and wider
reach, when deeper investments in communities are not feasible or
ethically appropriate. It was clear from the studies explored here
that one size does not fit all. It was also clear that important ethical
considerations need to be made when researchers commit to
in-depth CEI, such as CBPR. For example, whilst Scobie et al.
convey the potential of practitioners and experts to empower local
agency by facilitating communication between multiple
stakeholders at different scales, they also highlight the
following barrier:

‘[However] in relationships of inequality, there is a risk that local,
weaker actors may lose agency and become the mouthpieces
(ventriloquists, marionettes, or puppets) of researchers and others
external actors’ (Merildinen et al., 2022).

Perhaps most compelling when exploring all papers in depth
were the direct and indirect appeals to more normative reasons for
CEJ, including appeals to climate justice, restorative justice, and
epistemic justice. Several of the studies and reviews argued that
embedding CEI in climate-health studies is especially important for
people living in marginalized and at-risk settings, given the
knowledge and power sharing inherent in thoughtful CEI approaches.
Kelly et al. point out that the power dynamics evident in engaged
research stem from levels of knowledge or ‘expertise’ as scientists
typically establish and lead projects. The authors highlight the need
to improve understanding around power in citizen science, for
example (Kelly et al., 2020). Consistent with the wider literature on
community engagement in global health research, there was a cross-
cutting appreciation that research conducted in marginalized
communities ought to actively engage and involve leaders and
members of that community. This is best captured in a familiar
mantra from Charlton’s earlier work on community engagement in
global health, “nothing about us, without us” (Charlton, 1998). This
idea that communities ought to have a say in research that is
conducted in relation to them, takes their time, samples and effort,
and potentially exposes them to the risks of research is equally
important in climate-health research, especially as it begins to track
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the rapidly growing climate-health burden in the Global South. The
fact that only four out of the nine featured projects were undertaken
in the Global South underscores the need to extend these efforts
much further into the majority world.

The climate crisis is disproportionately impacting those who live
in places with constrained health care facilities, inadequate services,
poor infrastructure, and insufficient local resources to adapt to
changing weather patterns. Many of these at-risk communities have
suffered historical and contemporary injustice (Black and Sykes,
2022). The urgent need to advance climate literacy and prioritize
research that involves and consults people living in marginalized
settings beset with environmental hazards is supported by appeals for
restorative justice (Liddell and Kington, 2021). Arguments from
epistemic justice also recognize that knowledge is power, and that
greater acknowledgement should be given to the potential of local
knowledge for promoting the ethical scientific study of broad and
complex health challenges (Pratt and De Vries, 2023). Former
oppression of Indigenous communities provides a powerful example
of the need for restorative justice and more rigorous commitment to
CBPR. Engaging and involving Indigenous people in research on
climate and health will deepen the integration of unique and
important worldviews into health solutions based on community
strengths and capacities for action. This supports an overall evolving
recognition that Indigenous peoples’ conceptions of the world and
problem-solving approaches offer distinctive, innovative solutions to
colonial health effects when integrated into the foundation of health
programs. As illustrated in two of the featured Indigenous health
projects, there is a crucial role for involving youth in defining health
meaning and priorities in the face of environmental change that are
connected to culture, land, and specific to ways of life (Peace and
Myers, 2012; Lines et al., 2019).

In the context of climate change, it has been proposed that work
toward more equitable global health outcomes is likely to require
intersectoral collaborations and support for affected communities
(Markle etal., 2023). Sim et al. (2020) emphasize that the success of
the dengue control program in Singapore has been dependent on
the close collaboration of the NEA with other government
ministries, town councils, the private sector, and academic and
research institutions. Scobie et al. (2023) highlight the capability of
community leaders in Toco to mobilize community resources that
can help to bridge a ‘local-national policy gap’ and facilitate
community participation in the implementation of local adaptation
policy. Supportive and effective collaborations to address climate
health impacts will require knowledge exchange through
transdisciplinary partnerships and agreements about roles,
responsibilities and potential interventions, between research
teams, community members, government officials and other
societal stakeholders (Wright et al., 2021). It is crucial to emphasize
that engaging and involving community members and public
stakeholders in research can raise tensions around responsibility
and accountability for responding to emergent action plans and
implementing solutions identified through participatory processes
(Shaw, 2017). Minkler et al. (2008) highlight the need for
participants in the action phase of CBPR to gain increased policy
engagement skills and better knowledge about the policy-making
process, and encourage trainings from “policy mentors” and other
learning approaches to increase community capacity in this area.
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They also emphasize the critical need to augment the level of
institutional funding available for CBPR partnerships aiming to
achieve environmental justice.

Of growing concern are the psychological and emotional
impacts of climate change and how these are likely to have uneven
impacts on communities and individuals, depending on place-
based, economic, geographic and cultural differences; impacts that
may give rise to experiences of disempowerment, inequality and
injustice (Adams, 2021). Our findings show that the mental health
implications of engaging and involving at-risk community members
in research at the intersection of climate and health raise important
ethical considerations. It has previously been suggested that
psychiatrists and community health workers have an important role
to play in integrating mental health services into primary care,
promoting community resilience, and educating communities
about the mental health effects of climate change (Maughan et al.,
2014). Furthermore, research groups often lack the funding,
capacity, and resources to address the clear need for vast structural
changes conveyed by affected community members during research
engagement activities, which can leave researchers feeling powerless
and ethically conflicted (Black and Sykes, 2022). Discussion forums
including debriefing and ethics discussion groups (Kelley et al.,
2016; Molyneux et al., 2021) could support researchers to navigate
distress and vulnerability that may arise during CEI at the
intersection of climate and health. It has also been shown that
building community networks around ongoing research helps build
solidarity around common public health burdens (Pratt et al., 2020;
Khirikoekkong et al., 2023).

An important limitation of this review is that it likely
underrepresents the prevalence of community-science partnerships
in the climate change and health field. Because community
engagement is not necessarily considered part of the scientific
methodology of a project and is perceived by some researchers to be a
formative, preparatory or obligatory phase of work, community
engagement efforts may not always be reported and described in
scientific papers. While our initial literature review found a large
number of papers, very few reported sufficient details on either the
approach to community involvement or rationale for community
involvement, details necessary for an in-depth qualitative review (see
Supplemental material). Furthermore, it may be that other projects
from the Global South exist that were not identified in our search for
English-language publications. Thus, it is possible that our sample
underestimates how many scientific teams are involving communities
in their climate-health work. Nonetheless, it is critical to report on
examples, successes and challenges.

In acknowledging the barriers and limitations of CE], it is essential
to be cognizant of the costs, effort, and time involved for community
members, public stakeholders, and scientific teams to participate in
engaged research, as well as the ethical considerations, especially when
it is not possible to sustain community-science partnerships or act on
community aspirations for climate adaptation measures. Meaningfully
and effectively integrating communities’ vital contributions requires a
significant shift in how impactful research is designed and funded and
will require institutional change (Markle et al., 2023). In recognizing
these requirements and being open to change, the scientific
community can play a profound and critical role in addressing the
health impacts of climate change, responding to climate inequality,
and advancing social justice.
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Conclusion

In the face of rising heat, increasing water shortage and regular
flooding events, there is an escalating need for research spanning and
connecting with the fields of climate change and health to be designed
more inclusively. We have argued that science at the intersection of
climate and health should incorporate the experience, insights, priorities,
and capacities of communities and the wider public into research design
and practice. Our conclusion is supported by overlapping scientific,
social justice and ethical reasons shared by scientific teams and
community participants engaged in this work. The ethical conduct of
engagement and involvement with at-risk populations will
be strengthened through building equitable partnerships between
researchers and community members. This will enable a more attuned
investigation of causal pathways of disease while simultaneously
involving communities and citizens in improving the effectiveness of
interventions, raising awareness, and where appropriate advocating for
social and political change. Perhaps most importantly in confronting a
global climate threat, involving communities meaningfully in science can

be galvanizing, instilling a sense of fellowship in a threat facing all of us.
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