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Abstract

Here we introduce a demand-driven framework designed to implement climate services in
the health sector, with a particular focus on the Caribbean region. Climate services are
essential for supporting informed decision-making and response strategies in relation to cli-
mate-related health risks. Through collaborative efforts, we are co-producing a climate-
driven dengue early warning system (EWS) to target vector-borne diseases effectively.
While challenges exist in implementing such systems, EWSs provide valuable tools for man-
aging epidemic risks by predicting potential disease outbreaks in advance. The scarcity of
operational climate tools in the health sector underscores the need for increased investment
and strategic implementation practices. To address these challenges, a demand-driven
framework is proposed, emphasizing strategic planning focused on health intervention
development, partnership building, data, communication, human resources, capacity build-
ing, and sustainable funding. This framework aims to integrate climate services seamlessly
into health systems, thereby enhancing public health resilience and facilitating well-informed
decision-making to effectively address climate-sensitive diseases.
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Introduction

According to the World Health Organization, “climate change is the single biggest health
threat facing humanity” [1]. Changing temperature and precipitation patterns, and more fre-
quent extreme weather events threaten human health worldwide [2,3]. These impacts are fur-
ther compounded by the distribution of socioeconomic and demographic factors, placing
vulnerable populations at greater risk, including low-income communities, children, the
elderly, individuals with pre-existing health conditions, and those residing in low-lying coastal
cities prone to flooding and sea level rise [4]. The Caribbean Small Island Developing States
(SIDS) are uniquely vulnerable to climate-related health hazards due to their location within
the North Atlantic hurricane belt, composition of small, low-lying islands, and dependence on
natural resources and tourism. Critical climate and health concerns in the Caribbean include
the increased frequency and intensity of tropical storms, heat waves, droughts, worsening air
pollution, disruption of food production and supply, interruption of water supply and sanita-
tion services, and increased transmission of infectious diseases [5]. Thus, it is critical that cur-
rent and future climate-related human impacts are embedded into public health decision-
making, primarily through the development of climate services for the health sector.

Climate services for health leverage climate information to support health sector decisions
by improving the efficiency and effectiveness of long-term planning and short-term response.
This in turn can improve the efficiency of resource mobilization in anticipation of climate-
related health risks, enabling more effective prevention and response strategies. The Caribbean
region is placing significant emphasis on developing climate services to improve preparedness
and response to vector-borne diseases (VBDs), that is, dengue, Zika, and chikungunya [6]. To
enhance regional integrated surveillance efforts for the prevention of VBD outbreaks, the
Caribbean Public Health Agency (CARPHA), the Pan American Health Organization
(PAHO) and the World Meteorological Organization (WMO)-designated Regional Climate
Centre for the Caribbean (Caribbean RCC) hosted by the Caribbean Institute for Meteorology
and Hydrology (CIMH) are focusing on the co-production of climate-driven impact based dis-
ease early warning systems (EWS) with member states in the region [Fig 1] [7-11]. At its oper-
ational core, an EWS can be defined as a system that collects, analyzes, and disseminates
information about potential hazards or risks. We will hereinafter refer to this operational core
as the EWS. However, it should be noted that an EWS further comprises (1) an information
portal where the early warning information is stored and accessed and from where the infor-
mation is disseminated; and (2) awareness, education and outreach to enhance capacity for
both the providers and the users of the information."

Climate variability and change have both short- and long-term effects on VBDs, interacting
with many biological, social and environmental factors [13]. For example, climate impacts
human interactions with pathogens, vectors, and non-human hosts, affecting the transmission
dynamics, geographic spread and re-emergence of VBDs. Vector abundance, survival, and
feeding activity increase with rising temperatures (up to thermal optima) due to the depen-
dence of arthropod body temperature on the external environment. Rising temperatures may
also increase viral production in the host, thus making it more infectious [14]. The relationship
between precipitation and VBD is complex and context specific. Increased precipitation can
fill containers and provide more suitable breeding sites for disease vectors (it is important to
note that too much precipitation can also flush oviposition sites). However, drought can also
increase the number of breeding sites around households due to the increased need to store
water-if improperly stored [9].

Together with the CARPHA, PAHO, CIMH and other regional partners, we are working to
co-develop tailored statistical climate-and-health models and simultaneously co-design
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Fig 1. When developing climate services for climate-sensitive infectious diseases (CSIDs), stakeholders across multiple sectors are involved. Therefore,
developing comprehensive public health action requires collaboration, cooperation, communication, and an understanding of common goals and outcomes, as
well as recognition of the contributions from different parts of the stakeholder community to the decision-making and response processes [12].

https://doi.org/10.1371/journal.pcim.0000282.9001

sustainable tools that can be implemented and operationalized to support long-term decision-
making and help build resilience to climate-sensitive infectious disease threats [Fig 2]. Here,
‘operationalization’ is defined as the act to turn disease surveillance, demographic data and cli-
mate indicators into valuable tools and information that health practitioners and disease con-
trol and prevention teams can use to protect the public from climate-related health risks. We
define climate tools as a resource, application, or technology designed to help decision-makers;
these tools can encompass a range of functionalities, such as climate data visualization, vulner-
ability mapping, and decision-support. Finally, we distinguish between partner and stake-
holder as the following: a partner is actively involved in the co-creation and decision-making
processes of a project, while a stakeholder is affected by or has an interest in the outcomes of
the project but may not be directly involved in its execution.

Developing climate services for the health sector is a prominent subject in climate adapta-
tion [15,16]. However, transitioning from theoretical models to practical implementation can
be challenging [17]. Disease early warning systems provide tools for decision-makers in the
health sector to proactively manage and mitigate epidemic risks, enabling more targeted and
timely responses to protect public health. EWSs which employ seasonal climate forecasts can
predict changes in impending disease risk up to 3-4 months in advance [18]. This is critical in
resource-limited areas where sufficient lead time permits the timely optimization of resource
allocation and preventive measures, reducing the overall burden on healthcare systems. The
extended disease response time provided by early warnings can improve the likelihood that
community members, hospitals and healthcare facilities are prepared and do not collapse [19],
particularly in resource-constrained contexts such as Caribbean Small Island Developing
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Fig 2. Partners involved in the co-production of the Early Warning System (EWS). Top left: National-level partners; top right: Regional partners; bottom
right: Academic institutions and inter-governmental organizations; bottom left: Funders who have supported this process. All partners excluding funders were
present at the 2022 regional meeting where we discussed early warning system opportunities and challenges for implementation. Partners present at the
meeting are co-authors on the paper.

https://doi.org/10.1371/journal.pcim.0000282.9002

States (SIDS). Further, the health sector can develop tailored interventions to support commu-
nities in taking action to prevent an outbreak from occurring [Fig 3] [20].

Although EWSs are invaluable climate-and-health services, few of these systems have been
implemented and operationalized. A 2021 landscaping analysis on available climate tools for
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Fig 3. The co-production of climate services, information, and resources for the health sector is an important step in addressing the health impacts of
climate change and variability. It is critical that the health sector is equipped with proper climate services that can help to reduce negative health outcomes
and crises [21,22].

https://doi.org/10.1371/journal.pcim.0000282.9003

infectious diseases [23] showed that globally over the last ten years, of the 9,500 papers identi-
fied in the literature review, only 37 tools were available for use by decision-makers. One
example is the AeDES interactive map room climate-and-health service which incorporates
four different environmental suitability models, considering climate factors and mosquito life
cycles, that allow decision-makers to monitor and forecast diseases in several parts of the
Americas [24]. However, the low number of available tools suggests a lack of investment or
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incentives for researchers in academia or companies to develop operational climate tools for
the health sector. Finally, most of the identified tools (81.1%) were focused on vector-borne
diseases, demonstrating a shortage of tools for respiratory, foodborne, and waterborne diseases
[23].

The 2021 landscaping study also featured interviews with worldwide experts to determine
the top barriers that prevent decision-makers from using climate tools in the health sector
[25]. Key barriers included a lack of funding to move from tool to service, lack of political
mandate for the health sector to address climate issues, lack of communication between deci-
sion-makers and scientists, language barriers, lack of formal education (e.g., university curric-
ulum or professional training), and lack of formal collaboration agreements between climate
and health sectors to facilitate joint work plans [10]. A 2021 literature review of climate change
and health in the Caribbean found very few examples of integrated early warning information
systems to increase the availability and dissemination of climate information to inform health
sector planning. The study recognised the need for more comprehensive and responsive
national systems based on multi-sectoral design and implementation approaches [26].

Implementing climate services can be challenging. Here, a demand-driven implementation
guideline is proposed. This guideline was developed through years of capacity building dia-
logues and stakeholder meetings across the Caribbean region and further refined during a
2022 multi-sectoral national workshop held in Barbados, which focused on implementing a
climate-driven dengue early warning system with key stakeholders across the climate and
health sectors. This study aims to create a general implementation framework for climate ser-
vices for the health sector that is useful for scientists and decision-makers in the Latin America
and Caribbean (LAC) region. Here, a case study from Barbados is being used to validate guide-
lines for the implementation process. Finally, the objective of this work is to provide a frame-
work for the effective design, development, and integration of climate services into health
systems, with the aim of enhancing public health resilience, reducing climate-related health
risks, and promoting informed decision-making in response to and in anticipation of chang-
ing climate conditions.

Methods
General approach

Our approach to developing this implementation framework is rooted in dynamic collabora-
tion rather than traditional methodologies (i.e., survey or interviews). This process was finely
honed and brought to fruition during a key regional meeting held at the Caribbean Institute
for Meteorology and Hydrology (CIMH) in Bridgetown, Barbados, in 2022 with core project
partners who are all co-authors on this paper [Fig 2]. The meeting was scheduled as part of the
CARPHA project to create, implement and operationalize a climate-driven dengue early warn-
ing system. The goal of the meeting was to discuss how we would use our tool and implement
the EWS at both national and regional levels.

Since 2016, key participating experts and stakeholders have continuously and collabora-
tively contributed their knowledge and insights regarding early warning and climate-sensitive
disease in the Caribbean. This ongoing engagement has ensured a rich base of expertise that
underpins our entire framework. At the regional meeting (2022), which marked a pivotal
moment in our process, we (the co-authors of the paper), who represent diverse partners
involved in this work, engaged in in-depth discussions. This was not merely a meeting; it was a
culmination of years of collaborative efforts, where every voice was not just heard but inte-
grated into the planning process [Fig 4]. Through our discussions, we identified key themes
and ideas as well as plans to move implementation of the EWS forward. These discussions
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https://doi.org/10.1371/journal.pcim.0000282.9004

were then organized into distinct themes and categories. To ensure these categories were
actionable and relevant, we reverse-engineered the questions that we felt were essential for
implementing a successful Early Warning System (EWS). The partners felt that this framework
was applicable to many others in the field and decided to publish the framework to help guide
new projects and teams in this type of transdisciplinary collaborative process.

The framework’s guiding questions and models were inspired by both past published work
and recent discussions. These include influential modeling and co-learning papers and the
wealth of knowledge generated from years of meetings and workshops, which involved many
of our partners [Fig 4]. This method emphasizes co-creation, recognizing all contributors as
partners rather than mere participants. By engaging in a process that values each partner’s
input equally, we have built a foundation of trust that is crucial for the ongoing success and
expansion of our initiative. This trust has also been instrumental in securing new funding to
support continued collaboration and implementation. The regional meeting was the final step
before formalizing our findings and recommendations in a comprehensive paper. This docu-
ment not only reflects a consensus on how to move forward but also serves as a testament to
the robust, cooperative approach we advocate for in environmental and climate-related
projects.

Our approach demonstrates that effective implementation frameworks can emerge from
processes that prioritize transdisciplinary partnership, dialogue, and mutual respect over hier-
archical methodologies. By focusing on collaboration and co-creation, we ensure that our
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framework is not only inclusive but also equipped to address the complex challenges of envi-
ronmental and climate justice.

Details on the development of the framework

The development of the implementation framework was refined through a process of identify-
ing recurring themes from the discussions and debates over strategies for pathways forward
held at the 2022 regional meeting held at CIMH in Bridgetown, Barbados. We then reverse
engineered these discussions to outline clear implementation questions and guidance. The
framework consists of key components such as partnership building and stakeholder engage-
ment, data collection, audit tool outputs, public communication, health interventions, server
and storage management, human resources and technical capacity development, funding and
resource mobilization, training, and monitoring and evaluation.

Throughout the collaborative meeting, partners shared insights, challenges and successes,
and certain themes emerged. These recurring themes were grouped and analyzed to identify
common patterns, areas needing improvement, and critical challenges across different aspects
of the project. Questions addressed critical aspects of climate services implementation, such as
data collection, analysis, communication, and decision-making. We then identified different
strategies for addressing issues and opportunities highlighted by these themes. This aspect was
critical for planning practical pathways and solutions that leverage the collective expertise and
resources of the partners. Once we had concrete strategies in place to address all key themes
we reverse engineered from theme to question. We looked at the proposed solution of a theme
and asked, “What did we need to ask or know to arrive at these solutions?” This questioning
helped to outline the specific steps and groups of questions per theme needed for implement-
ing the EWS. It ensured that each step was directly linked to an element of the discussion and
tied back to initial themes (themes are the headings in the framework i.e., funding, data, etc.).
From the reverse engineered steps, we formulated specific implementation questions. These
questions were designed to be general enough to guide any team in addressing climate service
implementation challenges.

The questions and corresponding implementation guidance were then reviewed by all part-
ners. The feedback phase was essential to ensure the questions were practical, relevant and
could be adapted to various contexts. Based on partner feedback, questions were refined, and
guidance (see results section) was updated. The final questions and implementation guidelines
were compiled into the final framework [Fig 7]. We used the software Canva to create a visual
representation of the framework for teams to view the whole picture in an easy to understand
and visually appealing way. Guiding questions and themes can be found in S1 Annex. Finally,
the entire framework and corresponding visuals were meticulously reviewed to ensure consen-
sus among all partners, affirming the collaborative and participatory nature of the process.

This approach and output ensure that the resulting framework is actionable, directly tied to
identified needs of various sectors, and equipped with practical steps for successful implemen-
tation. This framework is meant to be flexible and guide transdisciplinary teams working
across sectors to think about the big picture and major components of implementing a cli-
mate service in the health sector. We encourage teams to build on these questions and adapt
them to meet the needs of their specific endeavor.

Approach to collaboration

The framework development process placed a strong emphasis on fostering collaboration
among stakeholders and promoting effective communication and coordination throughout its
creation. As a result, the framework is better equipped to address diverse needs and facilitate

PLOS Climate | https://doi.org/10.1371/journal.pcim.0000282 October 2, 2024 8/22


https://doi.org/10.1371/journal.pclm.0000282

PLOS CLIMATE

Advancing climate services for health: A demand-driven implementation framework

the successful integration of climate services into public health decision-making and resource
allocation. Our approach to enhancing collaboration and communication is multi-faceted and
tailored to the unique challenges of climate-sensitive health issues in the Caribbean. We have
identified and engaged a diverse group of stakeholders, including health professionals, climate
experts, and regional and local authorities. This engagement is facilitated through a variety of
platforms, including both digital (Zoom and Microsoft Teams—for data sharing and regular
updates, RShiny—for training, and Miro Boards—for collaborative mapping) and in-country
visits (for feasibility assessments, knowledge exchange, and training). Additionally, we place
significant emphasis on regular meetings (bi-weekly for project entirety) among the partners
(the co-authors of this paper), which serve as platforms for brainstorming, problem-solving,
and tracking project progress. These interactions are crucial for ensuring all voices are heard
and integrated into the decision-making process. Furthermore, we actively solicit and incorpo-
rate feedback from stakeholders through online meetings and during the visits. This feedback
is vital in refining our strategies and ensuring they remain aligned with stakeholder needs and
expectations. We are also implementing training sessions aiming at enhancing stakeholders’
understanding of the intersection between climate data and health outcomes. This is crucial
for building a knowledgeable base of stakeholders. Lastly, we have designed our collaboration
and communication strategies to be scalable and adaptable, for example hybrid participation
i.e. in person or virtual, accommodating moving schedules, and meeting with different stake-
holders at varying times, and using WhatsApp instead of email for best communication. This
ensures that they can be effectively applied in different contexts or regions, particularly in the
Caribbean Small Island Developing States.

This dynamic and collaborative approach has helped to shape a detailed and adaptable
implementation framework for climate services in the health sector and serves as a guide for
effectively implementing health interventions at regional and national levels, ensuring robust
climate services meet the needs of diverse stakeholders. It has the potential to guide future
efforts in climate and health adaptation, though it is still undergoing testing and validation in
Barbados and soon in two other CARPHA member states (St. Lucia and Grenada).

In set box: Case study Barbados

In 2017, a co-creation process to build a dengue EWS began in Barbados [8,9]. This was
led by the national health sector, the Regional Climate Center (RCC), Caribbean Insti-
tute for Meteorology and Hydrology (CIMH), the Caribbean Public Health Agency
(CARPHA), the national meteorological services (Barbados Meteorological Services),
and other governmental, intergovernmental, and academic institutions [7]. Stakeholder
engagement plans were used to conduct both formal and informal meetings to gain
insights into the demand, which informed the co-design process of a set of climate-and-
health services for the country, including a prediction model [11,27]. The concluding
demands of the health sector were to create a system that uses a minimum three-month
lead time to alert the healthcare system of increased disease risk in the country. This risk
would trigger a health system intervention that includes, but is not limited to, commu-
nity engagement campaigns, increased medical personnel training of disease symptom-
atology, more frequent vector control visits, and re-allocating funds to prevent
outbreaks.

Throughout the COVID-19 pandemic, stakeholder engagement was maintained using
virtual methods despite strict travel restrictions. New methods of bringing stakeholders
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together were used, including virtual breakout rooms, and other virtual interaction tech-
niques. In 2022, strict travel restrictions were lifted and a one-week long set of meetings
with key institutional partners was held in Barbados to continue discussing EWS con-
struction along with implementation and operationalization plans for the climate-driven
dengue EWS. Meetings were held with the health and climate sectors to revisit past goals
and ensure that model outputs were still consistent with decision-makers’ needs. It was
also pertinent that model inputs be revisited to determine whether the model configura-
tion needed to be updated. Key discussions regarding stakeholder involvement and roles,
human resources and technical capacity, design and usability of user interfaces, return on
investments, and monitoring and evaluation of the EWS took place [Figs 5 & 6].

Ethics statement

IRB approval from the regional governing body and project implementation partner the
Caribbean Public Health Agency was received (FWA #: FW A00023242 and HHS IRB Regis-
tration Number: IRB00010238). In addition, formal consent to publish meeting discoveries
which led to the development of the framework was granted by the Barbados Ministry of
Health and Wellness. A meeting was arranged to discuss the guidelines presented here, meet-
ing invitations were sent to partners on October 11th and the meeting was held on November
3rd, 2022. Verbal informed consent was obtained to publish the implementation framework
questions defined during the meeting. All partners present at the meeting contributed to this
work and are co-authors of this paper. See S1 Checklist for all information regarding inclusiv-
ity protocols and S1 Data for summary of data.

Results
Partnership building and stakeholder engagement

The workshop in Barbados sought to understand partners’ perspectives and responses to key
implementation themes. The meeting also established clear roles and responsibilities for each
of the sectors involved, for example, who will be accountable, consulted, and/or informed. The
Barbados Ministry of Health and Wellness would be responsible and accountable for provid-
ing health data to formulate and inform early warning models, interpreting model outputs,
enacting health interventions, and communicating model results to the public. The Barbados
Meteorological Services would be responsible for generating seasonal forecasts and running
health-impact models, which are informed by a combination of observed and forecast climate
data. As the technical arm of the Caribbean Meteorological Organisation—of which Barbados
is one of 16 member states—, the Caribbean Institute for Meteorology and Hydrology (CIMH),
would be consulted when running the model and work to automate inputs of climate forecasts.
As the regional lead health organization, CARPHA would monitor the outputs of the EWS,
ensure communication between different member states and facilitate regional and local col-
laborations. Finally, academic institutions would be consulted for maintenance and hiccups
that may evolve during the implementation and operation of the EWS.

The workshop held in Barbados allowed for discussion and negotiation of roles and respon-
sibilities between stakeholders. For example, dialogue around location of host servers to run
models and expansion and application to other Caribbean Small Island Developing States in
the future. Opportunities for stakeholders to come together should be provided to discuss both
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\e Que.,
,§°Q %,
I o
EWS
MODEL
DEVELOPMENT

When does the dengue
season tend to peak?

Which meteorological
variables are important for
explaining dengue risk?

Which interactions and
time lags best explain
variation in dengue risk

What other factors can be
incorporated in the model?
i.e. entomological, serotype...

What is the probability of
exceeding the predefined
epidemic threshold?

Fig 5. Example of guiding questions used to create predictive models for the climate-driven Dengue EWS in Barbados by Lowe et al. 2018 [9].

https://doi.org/10.1371/journal.pcim.0000282.9g005

major and minor details of implementation, ensuring that all who should be involved are up to
date and in agreement about pathways forward.

Building a strong partnership amongst stakeholders and partners is critical. It is important
to outline the role and capacity of each stakeholder’s involvement and make sure all are aware
of each other’s duties. A table can help break down roles and actions using the following cate-
gories: involved, oversight, managing, and/or operating. Continued engagement from the

beginning to the end of the project will help maintain ownership, create confidence, and build
trust which will support the move from model to EWS implementation more efficiently. More-
over, involving local community members in the climate and health adaptation plans is crucial
for building resilient health systems. Their unique knowledge, experiences, and perspectives
can enhance the effectiveness and relevance of adaptation measures, leading to more
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\e Qugg, .
o %,
L ®
EWS
IMPLEMENTATION

How will stakeholders
maintain involvement and
in what capacity?

Who will be in charge of
maintaining and funding the
EWS long term ?

What graphical outputs
are needed by the health
sector to inform decisions?

Who will create and conduct
monitoring and evaluations
of EWS?

What is the return on
investment and how will it be
communicated to the public?

Fig 6. Example of guiding questions used in the development of the implementation framework for climate-driven Dengue EWS.

https://doi.org/10.1371/journal.pcim.0000282.9006

sustainable solutions. Targeted educational programs and campaigns can empower communi-
ties to understand the connections between climate change and variability, health impacts, and
the importance of climate driven early warning systems. Equipped with this knowledge, com-
munity members can actively participate in and support the development of health-resilient
strategies, fostering a collective effort to address climate-related health challenges [Fig 7, sec-

tion 1].

Data, permissions, and models

In many places, long-term weather and climate data is more consistent and accessible than
health data. Climate data are often collected and analyzed over long periods of time and can be

PLOS Climate | https://doi.org/10.1371/journal.pcim.0000282 October 2, 2024 12/22


https://doi.org/10.1371/journal.pclm.0000282.g006
https://doi.org/10.1371/journal.pclm.0000282

PLOS CLIMATE

Advancing climate services for health: A demand-driven implementation framework

PARTNERSHIP BUILDING

e What stakeholders should be involved in the implementation phase?
e What roles & responsibilities will each stakeholder fill?
e Who will be responsible for guiding and managing stakeholder

engagement?

¢ What type of funding will be needed to maintain
and scale the EWS?

e Who will be responsible for securing funding?

e What funding is needed to support capacity
building and long term education?

e What funding can support the strengthening of
data capture?

IMPLEMENTATION
J FRAMEWORK &

7. MONITORING & EVALUATION

e Who will create and conduct monitoring
and evaluations of EWS?

o How will the team identify areas of
improvement and adjustments?

e To whom and how will the team conduct
regular reporting on progress and
impact?

J

and technical capacity?
e What is the plan to scale resources?

and scale the EWS?

¢ How will you train sectors to use and interpret
forecasts and alerts?

L

6. HUMAN RESOURCES & TECHNICAL CAPACITY

e What are the current or anticipated human resources

e What are the financial projections needed to maintain ¢

¢ What education and capacity building are needed? ®

GUIDING
QUESTIONS

CLIMATE SERVICES
FOR THE HEALTH
SECTOR

J

Who will host the models long
term?
What servers will be used?
e Who will be in charge of
maintaining the EWS?

Are there gaps or streamlining issues with data?
What is the long term data collection, streamlining,
and integration plan?

What is the data contingency plan (i.e extreme events,
how may models be impacted by data gaps?)

What are the gaps in social economic data resolution
and integration?

e What graphical outputs are needed by the health
sector to inform decisions?

e How are graphical outputs going to be analyzed & by
whom?

o How will results be disseminated and to whom?

e How will forecasts be presented to the public?

e How will communication and dissemination efforts

be monitored and evaluated?

4. EWS RESPONSE & HEALTH
INTERVENTIONS

e What are the thresholds that trigger an
intervention or response?

e What types of community health
campaigns can be implemented with
advanced lead time?

e How can funds be reallocated with dengue

early warning alerts?

How can physician knowledge and

response to VBDs be increased pre-

outbreak to enhance public health
preparedness?

7
.

Fig 7. Visual representation of implementation framework and guiding questions for climate services for the health sector. See S1 Annex for extended list

format.

https://doi.org/10.1371/journal.pcim.0000282.9007

used to identify patterns and trends in variables relevant to disease transmission, including
temperature, precipitation and humidity. The Barbados Meteorological Services has long-term
records (more than 5 decades) from weather stations on the island (one at the airport and the
other at CIMH). Elements recorded through BMS include wind vectors, temperature, precipi-
tation, humidity, pressure, cloud cover and type, visibility, and present weather. The historical
datasets have been digitized and cleaned. On the other hand, health data refers to information
related to an individual’s or population’s health. Health data can be more complex to obtain as
it involves sensitive information and is subject to privacy laws that vary by country and state.
Examples of health data include disease case data, mortality, hospitalization, and vaccination
coverage. Health data collection can also be difficult to analyze due to unknown influences of
socioeconomic status and environmental factors. Moreover, health data can be challenging to
implement into models because of gaps in data reporting, lack of electronic health information
systems, and differences in data collection formats. For these reasons, it is essential to account
for contingency plans. In Barbados, the health sector noted that hurricanes and floods had
impacted the continued collection of health data. The health sector also reported that COVID-
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19 virtually stopped dengue testing for roughly two years exposing the greater need for data
risk management.

Finally, using socio-economic data can help strengthen model predictions and public health
outcomes [28]. The Barbados Ministry of Health reported that some social and economic data
are collected for inpatient visits. Factors such as income, education level, occupation, and
access to healthcare all have a significant impact on a person’s health status and should not be
overlooked. By collecting and analyzing these data, public health officials can better under-
stand the needs of different populations and tailor interventions accordingly. Funding schemes
must, therefore, prioritize socio-economic data collection and usage. Investing in new technol-
ogies or workflows to make it easier for providers to collect and enter socio-economic data, as
well as offering training on data intake, will help providers address social determinants of
health. Finally, it is important to note that there is a need for critical mass, and staff dedicated
to these roles [Fig 5, section 2].

Addressing data gaps

Barbados has standardized disease surveillance reporting forms and standard operating proce-
dures (SOPs). However, gaps in data reporting could stem from different issues; sometimes
lack of sufficient personnel at frontline/sentinel sites, competing public health priorities, need
for more trained personnel at different levels etc. Recommendations to address data gaps
include building more human resource capacity, from ground level upwards, and shift from
more manual to electronic reporting. This would require more IT infrastructure and govern-
ment investment, which is a common barrier. Thus, new SOPs should be drafted and coupled
with (Monitoring and Evaluation) M&E to assess performance of any newly implemented
systems.

Tool outputs: Graphics and public communication

Creating an interface that is useful and manageable to help analyze model outputs is a crucial
component of a decision-support tool. Understanding what graphical outputs are most useful
and interpretable to decision-makers is essential and those with user-friendly interfaces that
simplify model outputs will encourage use. Developers must work with decision-makers to
understand the thought process behind a health intervention when building interfaces. Tools
created with simple measures in which users can walk through basic steps before performing
more complex analyses will ensure optimal utilization of the service [29].

Communication and dissemination of climate information and resources are critical for
ensuring that decision-makers and practitioners have the information they need to respond to
the impacts of climate change on health. It is essential to develop materials and strategies that
are appropriate for the population to be reached, for example, climate bulletins, brochures,
and fact sheets using a diverse set of imagery and text, social media, radio, or other materials
[27]. Different strategies may be needed to communicate with decision-makers versus practi-
tioners or to communicate with different sectors of the health system. Strategies may also need
to consider cultural and linguistic differences [30]. Working with a design team to relay alerts
is crucial to ensure the population is informed and understands what health intervention may
take place or may be implemented. Working with communities to explain how the EWS
works and gain their trust will ensure that communities can be a part of the intervention at
hand, therefore, increasing intervention efficacy.

Using qualitative methods such as targeted surveys and feedback collection from the stake-
holders; along with focus groups and interviews with representatives from each group would
provide deeper insights into the effectiveness of communication strategies and help identify
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any areas needing improvement. Based on the evaluation findings, platforms could be adapted
and refined for better communication strategies. This iterative process would ensure commu-
nication remains effective and responsive to the needs and preferences of decision makers
[Fig 7, section 3].

Health interventions

An EWS provides forecasts of disease risk to the health sector to prevent public health crises
and limit overall health risks. A crucial step in developing forecasts is understanding what pub-
lic health interventions will occur when an alert meets a specific threshold. It is also essential
to understand how and why an intervention is suggested. This means examining the underly-
ing rationale and evidence supporting the proposed intervention, as well as considering its
potential impact and effectiveness in addressing the issue at hand. Additionally, it is important
to evaluate the feasibility of implementing the intervention, considering the resources, time
and support required for successful execution. An EWS can trigger several types of interven-
tions, including, but not limited to, community health campaigns, increased medicine and
supply chains to hospitals and clinics, increased capacity training for health professionals,
increased vector control such as fogging and tracing the vector source and identifying other
cases in the vicinity, as well as re-allocation of human resources funding to high-risk regions.
When developing an EWS, it is also essential to know which agency is activated in the response
plan, what defines the threshold, what committee is responsible for enacting an intervention,
and the branching logic for emergency dissemination. Finally, it is key to establish a thorough
monitoring and evaluation plan for each health intervention implemented [Fig 5, section 4].

Servers, storage, and management

The maintenance and management of an EWS is a critical task that requires specialized knowl-
edge and expertise. It is essential to identify who will oversee maintaining the EWS to ensure it
functions properly. This includes managing the servers and storage systems that are needed to

collect and store observed and modeled data (e.g., forecasts), as well as overseeing other techni-
cal aspects of the system to ensure smooth operation.

Regional partnerships can be instrumental in hosting servers and providing technical assis-
tance to smaller countries. For example, small island states can benefit from a similar setup to
that of a Regional Climate Centre, which can provide them with access to climate forecasts and
other critical data. By partnering with larger, more established institutions, smaller countries
can leverage their expertise and human resources. This can help to ensure that the EWS will be
managed effectively and that it is providing accurate and valuable information to decision-
makers in the health sector [Fig 7, section 5].

Human resources and technical capacity

Technical capacity refers to the knowledge, skills, and infrastructure necessary to operate and
maintain climate tools (i.e., EWS), such as computing systems, software, and data manage-
ment. Many low-income countries lack the financial resources to hire or create new positions
that are essential to running, maintaining, and operating an EWS. The more automated the
processes, the better, as human resources do not have to add to an already extended workload.
Automated processes can help alleviate the strain on human resources and improve the sus-
tainability of the EWS. It can reduce the need for manual data entry and oversight, freeing up
staff time for other tasks. However, it is important to note that even an automated system
needs someone responsible for maintenance to perform updates as data systems change. The
Barbados Meteorological Services advocated that one way to ensure a more sustainable
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implementation of the EWS was to ensure the automatic feeding of climate data into the mod-
els, with limited need for human oversight. Stakeholders emphasized that in countries with
limited resources, automating, and streamlining inputs and outputs as much as possible will
help ensure the usage of tools. Stakeholders further indicated that, due to the large volume of
national projects, human resources are limited. To make the EWS tool viable and sustainable,
maintenance of the system should be conducted by those who have the technical capacity,
time, and funding to best support the project. Continued training is particularly vital for main-
taining and enhancing technical capacity, as it ensures that employees stay up to date with rap-
idly evolving systems and can effectively adapt to emerging challenges in the field [Fig 5,
section 6].

It is also essential that health sector professionals have the training and capacity to under-
stand and respond to climate impacts. One way to address training and capacity building is
through the development of tailored programs starting with a needs assessment to identify
skill gaps and areas of improvement. Another aspect of capacity building is fostering a culture
of continuous learning and professional development. Encouraging employees to participate
in workshops, conferences and online courses can help staff to keep up with best practices
[31-33]. One example of this is the Global Consortium for Climate and Health Education
(GCCHE) open access course Pan American Climate Resilience Health Systems, with its goal to
equip the health sector with the knowledge and tools needed to address climate change [34].

Moreover, developing formal high school and university curricula focused on climate
change and variability and/or climate services would help to produce professionals in-coun-
try and eliminate or reduce the need to outsource professionals residing in the Global
North. This could help ensure that experts on the ground could develop and manage early
warning information system components such as research, monitoring and prediction
tools, or awareness, education and outreach, reducing the economic burden on countries to
outsource work and improving on sustainable climate services operations. Creating pipeline
pathways for postgraduate students to enter the workforce would also increase the demand
for creation of climate and health curriculum in universities. Ongoing training and capacity
building can also help strengthen professional development on the job. An excellent exam-
ple of this is the Pan American Health Organization (PAHO) Climate and Health Fellow-
ship program, which first launched in 2021 and created a cohort of inter-sectorial,
multidisciplinary leaders with the necessary skills to sustainably turn plans and policy into
action [35] [Fig 7, section 6].

Monitoring and evaluation

Effective monitoring and evaluation of the use of climate tools and resources is critical to
ensure that decision-makers and practitioners in the health sector have the information they
need to respond to the impacts of climate on health. Ongoing monitoring and evaluation,
including the identification of areas for improvement and adjustments, and regular reporting
on progress and impact, are key steps in this process. Reporting the evaluation updates helps
to keep relevant stakeholders informed and engaged and promotes positive health outcomes
[36].

Monitoring and evaluation of communication and dissemination efforts can help to ensure
that resources are reaching the intended audiences and that they are being used successfully.
There are a variety of methods that can be used including surveys, interviews, and focus groups
to gather feedback from practitioners and decision-makers, as well as quantitative metrics
such as website traffic, the number of downloads of specific resources, or social media engage-
ment statistics [37] [Fig 5, section 7].
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Funding and resource mobilization

Funding and continuous resource mobilization is needed for implementation initiatives that
are broad and far-reaching. One key area that requires funding is long-term data capture and
storage. This includes developing the infrastructure needed to collect, store, and analyze data
related to climate, climate(-related) hazards and their impact on public health. Without these
data, it is difficult to identify patterns and trends, impossible to model them, and a missed
opportunity to develop evidence-based interventions to protect public health. Another impor-
tant area that requires funding is capacity building of the current workforce as well as the
development of formal university curricula for climate and health specialties for future genera-
tions. This is critical to building a workforce that is capacitated to become competent in devel-
oping, coordinating and implementing appropriate mitigation and adaptation plans and
strategies that are informed by the risk information. Additionally, funding is needed for the
integration of electronic health information systems into climate-health informatics, to include
hiring software developers for user interface creation, as well as social scientists and communi-
cation specialists to co-design and co-evaluate associated health intervention effectiveness. All
of these are crucial professional roles in developing and implementing climate services for the
health sector, thus, without adequate sustained funding, progress in this area may be limited.
There are plans to join forces with DHIS2 to develop a CARPHA level platform that will inte-
grate national level systems funded by 11th EDF EU/CARIFORUM Project, “Strengthening
Climate Resilient Health Systems in the Caribbean". DHIS2 is an open source, web-based plat-
form used as a health management information system (HMIS) used in more than 100 coun-
tries. DHIS2 software development is a global collaboration managed by the HISP Centre at
the University of Oslo (UiO). HISP is a global network of 17 in-country and regional organiza-
tions, providing support to ministries and local implementers of DHIS2 [38].

The system is being designed in collaboration with Barbados Government and other
national agencies. It is being built taking into account current national resources infrastructure
and future expected input from these bodies to support long-term in-country sustainability
[Fig 7, section 8].

Discussion/Conclusion

The integration of climate information into health sector planning and decision-making is
essential to ensure the continued health and well-being of populations [23,25]. Developing
guidelines and protocols, as well as testing, monitoring, and evaluation, are critical steps in this
process [6]. The implementation questions proposed here (S1 Annex) can guide readers on
how to access, use, and interpret climate data and models in a way that supports real-time deci-
sion-making in the health sector.

Creating and implementing climate services for health is challenging [6], as for many sec-
tors (i.e. Goddard et al 2020 and references therein). In the beginning stages of the EWS devel-
opment, we faced the challenge of aligning the diverse interests and priorities of various
stakeholders, including health and environment professionals. In these projects, stakeholders
include a range of roles from implementing partners to recipient decision-makers, to scientific
partners, to the funders and agency personnel directing projects. Traditionally, stakeholders
tend to be the recipients of information (i.e. department of health, department of conservation,
special interest groups, etc.), whereas true co-development and co-production methods think
about equity, hierarchy and power dynamics. Input and decisions from various stakeholders
on co-design or deliverable formats and co-development engagements are not static, and often
rotate and remain dynamic. However, we facilitated open discussions and provided key infor-
mation and technical expertise to all parties involved. One key strategy we employed,
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developed through prior projects, was using an interview guide for in-person inquiry and data
auditing during the early stages of the work [39]. This established a relationship with key stake-
holders in the data collection and recording realms, while allowing for investigation of the
structure and distribution of those key data pipelines amongst the project partners and sup-
porting ministries, sectors, and agencies. The development and implementation of the current
framework was tailored for the Caribbean, and potential challenges of adapting this EWS
framework more broadly span many of the limitations outlined in earlier sections, such as
establishing partnerships, and discrepancies in minimum technical capacity and human
resources requirements. Publishing this tool for users to adapt to future projects and discus-
sions is crucial. It serves as a central part of the overall process, acting as a catalyst for interac-
tions and discussions, rather than just being a technical tool in the larger toolkit’.

Keeping stakeholders continuously engaged and motivated throughout the project is also
challenging. Therefore, we implement regular feedback mechanisms and progress updates and
acknowledge the contributions of stakeholders to keep them actively involved and invested in
the project’s success. Progress readouts, online and in-person stakeholder engagement meet-
ings on specific components (e.g. syntheses of interview themes, database development, dis-
cussions of alert system styles across sectors), provide ongoing, yet dynamic opportunities for
co-development and co-design. Future efforts could also include periodic reviews of original
goals, and collaborative mapping of shifts or redesign of pathways might provide a reflection
tool, particularly in the inevitable scenario of protracted timelines due to externalities (e.g.
global pandemics, bureaucratic changes, political unrest). While implementation of climate-
health tools, by its very nature, does not have an endpoint, there will be endpoints in the pro-
cess, and similarly, novel starting points may arise during the undertaking. Another future
consideration is to celebrate and appreciate a rotating organogram of stakeholders and roles,
e.g. when personnel from different sectors change their role in the implementation, in their
organization, or encounter shifting responsibilities. For specific implementations of climate-
health services, there may indeed be a fundamental minimum network of roles, or size of net-
work of personnel, needed to promote success of the overall implementation. This remains to
be seen, as we are still in nascent stages of full implementations, globally.

The Caribbean has set regional cooperation on health and climate change as a top priority
[40,41]. Having the political will and mandate ensures this pressing issue remains at the top of
the agenda for key government sectors. Within the larger Caribbean context, Barbados has
taken on a leading role on climate and health initiatives, pioneering these approaches within
the region. Barbados is providing a template and a roadmap for additional partners and some
major takeaways from this work in Barbados includes the following: 1) equity must be at the
heart of every climate adaptation strategy—academic institutions must support research and
development in the region and encourage long term sustainability through education and
funding opportunities; 2) partnerships need to be developed and built on trust—and this pro-
cess cannot be rushed as it involves shifting mindsets away from historic colonial approaches;
3) in order to advance in climate tool development, it is critical to invest in basic infrastructure
including new weather stations, servers, data capture, storage and electronic health informa-
tion systems; 4) there is still a need to sensitize the general public to climate variability and
change, as well as to empower communities to take action now; 5) decision-makers need sim-
ple user interfaces that can help them to understand the risks at hand and communicate them
effectively to the general public; and 6) climate services need to be as automated as possible to
reduce the workload in human resource limited areas.

Implementing climate services for the health sector is a critical step in protecting public
health in the face of climate change [42-44]. Further research must be conducted on the return
on investment of climate-driven disease early warning systems to showcase their impact.
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Defining what the return on investment may look like is important and may differ between
countries and projects, i.e. number of lives saved, illness prevented, or monetary cost saved.
Moreover, future work for climate-and-health EWS development and research may include
demand-driven forecasting to predict monetary resources needed in prevention, control, and
outbreak scenarios which would help low- and middle-income countries (LMICs) to allocate
public health funds accordingly. Moving forward, promoting funding initiatives and support-
ing the professional development of stakeholders in the Global South will bolster capacity
building and address critical skill gaps that may limit EWS implementation in the Caribbean
and beyond. Finally, the authors of this paper recommend that these guidelines could be used
to implement the climate-driven dengue EWS sustainably into the Barbados health sector and
guide future implementation work across the LAC region.

Supporting information

S1 Checklist. Inclusivity in global research.
(PDF)

S1 Annex. Implementation framework and guiding questions.
(PDF)

S1 Data. Strengthening climate resilient health systems in the Caribbean.
(PDF)

Author Contributions

Conceptualization: Avriel R. Diaz, Laura-Lee G. Boodram, Sabu Best, Willy Dunbar, Anna M.
Stewart-Ibarra, Rachel Lowe.

Data curation: Avriel R. Diaz.

Formal analysis: Avriel R. Diaz.

Funding acquisition: Anna M. Stewart-Ibarra, Rachel Lowe.

Investigation: Avriel R. Diaz, Laura-Lee G. Boodram, Willy Dunbar, Rachel Lowe.
Methodology: Avriel R. Diaz, Sabu Best, Willy Dunbar, Anna M. Stewart-Ibarra, Rachel Lowe.

Project administration: Avriel R. Diaz, Leslie Rollock, Laura-Lee G. Boodram, Anna M. Stew-
art-Ibarra.

Resources: Laura-Lee G. Boodram.

Supervision: Avriel R. Diaz, Leslie Rollock, Laura-Lee G. Boodram, Anna M. Stewart-Ibarra,
Rachel Lowe.

Visualization: Avriel R. Diaz.
Writing - original draft: Avriel R. Diaz.

Writing - review & editing: Avriel R. Diaz, Leslie Rollock, Laura-Lee G. Boodram, Roché
Mahon, Sabu Best, Adrian Trotman, Cédric J. Van Meerbeeck, Chloe Fletcher, Willy Dun-
bar, Catherine A. Lippi, Daniela Lithrsen, Cecilia Sorensen, Angel G. Mufioz, Sadie J. Ryan,
Anna M. Stewart-Ibarra, Rachel Lowe.

PLOS Climate | https://doi.org/10.1371/journal.pcim.0000282 October 2, 2024 19/22


http://journals.plos.org/climate/article/asset?unique&id=info:doi/10.1371/journal.pclm.0000282.s001
http://journals.plos.org/climate/article/asset?unique&id=info:doi/10.1371/journal.pclm.0000282.s002
http://journals.plos.org/climate/article/asset?unique&id=info:doi/10.1371/journal.pclm.0000282.s003
https://doi.org/10.1371/journal.pclm.0000282

PLOS CLIMATE

Advancing climate services for health: A demand-driven implementation framework

References

1.

10.

1.

12

13.

14.

15.

16.

17.

18.

19.

WHO-Fast-facts-on-climate-and-health.pdf [Internet]. [cited 2023 Mar 6]. Available from: https://cdn.
who.int/media/docs/default-source/climate-change/fast-facts-on-climate-and-health.pdf?sfvrsn=
157ecd81_5.

Thomson MC, Mufioz AG, Cousin R, Shumake-Guillemot J. Climate drivers of vector-borne diseases in
Africa and their relevance to control programmes. Infect Dis Poverty. 2018 Aug 10; 7(1):81. https://doi.
org/10.1186/s40249-018-0460-1 PMID: 30092816

Patz JA, Thomson MC. Climate change and health: Moving from theory to practice. PLOS Medicine.
2018 Jul 31; 15(7):€1002628. https://doi.org/10.1371/journal.pmed.1002628 PMID: 30063707

Sorensen CJ, Borbor-Cordova MJ, Calvello-Hynes E, Diaz A, Lemery J, Stewart-lbarra AM. Climate
Variability, Vulnerability, and Natural Disasters: A Case Study of Zika Virus in Manabi, Ecuador Follow-
ing the 2016 Earthquake. Geohealth. 2017 Oct; 1(8):298-304. https://doi.org/10.1002/2017GH000104
PMID: 32158994

Romanello M, McGushin A, Di Napoli C, Drummond P, Hughes N, Jamart L, et al. The 2021 report of
the Lancet Countdown on health and climate change: code red for a healthy future. The Lancet. 2021
Oct; 398(10311):1619-62.

Neta G, Pan W, Ebi K, Buss DF, Castranio T, Lowe R, et al. Advancing climate change health adapta-
tion through implementation science. The Lancet Planetary Health. 2022 Nov 1; 6(11):€909-18. https://
doi.org/10.1016/S2542-5196(22)00199-1 PMID: 36370729

Stewart-Ibarra AM, Romero M, Hinds AQJ, Lowe R, Mahon R, Meerbeeck CJV, et al. Co-developing cli-
mate services for public health: Stakeholder needs and perceptions for the prevention and control of
Aedes-transmitted diseases in the Caribbean. PLOS Neglected Tropical Diseases. 2019 Oct 28; 13
(10):e0007772. https://doi.org/10.1371/journal.pntd.0007772 PMID: 31658267

Stewart-Ibarra AM, Rollock L, Best S, Brown T, Diaz AR, Dunbar W, et al. Co-learning during the co-cre-
ation of a dengue early warning system for the health sector in Barbados. BMJ Glob Health. 2022 Jan; 7
(1):e007842. https://doi.org/10.1136/bmjgh-2021-007842 PMID: 34992079

Lowe R, Gasparrini A, Meerbeeck CJV, Lippi CA, Mahon R, Trotman AR, et al. Nonlinear and delayed
impacts of climate on dengue risk in Barbados: A modelling study. PLOS Medicine. 2018 Jul 17; 15(7):
e€1002613. https://doi.org/10.1371/journal.pmed.1002613 PMID: 30016319

Lowe R, Ryan SJ, Mahon R, Meerbeeck CJV, Trotman AR, Boodram LLG, et al. Building resilience to
mosquito-borne diseases in the Caribbean. PLOS Biology. 2020 Nov 24; 18(11):€3000791. hitps://doi.
org/10.1371/journal.pbio.3000791 PMID: 33232312

Lippi CA, Stewart-Ibarra AM, Romero M, Lowe R, Mahon R, Van Meerbeeck CJ, et al. Spatiotemporal
Tools for Emerging and Endemic Disease Hotspots in Small Areas: An Analysis of Dengue and Chikun-
gunya in Barbados, 2013-2016. Am J Trop Med Hyg. 2020 Jul; 103(1):149-56. https://doi.org/10.4269/
ajtmh.19-0919 PMID: 32342853

Covert HH, Soares LF, Wahid FA, Allen T, Guido Z, Johnson D, et al. Priorities for Bolstering Public
Health Resilience in the Context of Climate Change in Dominica and Puerto Rico. Ann Glob Health. 88
(1):63. https://doi.org/10.5334/a0gh.3876 PMID: 35974983

Diaz A, Stewart-lbarra AM. Zika virus infections and psychological distress following natural disasters.
Future Virology. 2018 Jun; 13(6):379-83.

Reinhold JM, Lazzari CR, Lahondeére C. Effects of the Environmental Temperature on Aedes aegypti
and Aedes albopictus Mosquitoes: A Review. Insects. 2018 Nov 6; 9(4):158. https://doi.org/10.3390/
insects9040158 PMID: 30404142

Romanello M, Napoli CD, Drummond P, Green C, Kennard H, Lampard P, et al. The 2022 report of the
Lancet Countdown on health and climate change: health at the mercy of fossil fuels. The Lancet. 2022
Nov 5; 400(10363):1619-54. https://doi.org/10.1016/S0140-6736(22)01540-9 PMID: 36306815

Shaftel H. Climate Change: Vital Signs of the Planet. 2023 [cited 2023 Mar 6]. Overview: Weather,
Global Warming and Climate Change. Available from: https://climate.nasa.gov/global-warming-vs-
climate-change.

Hussain-Alkhateeb L, Ramirez TR, Kroeger A, Gozzer E, Runge-Ranzinger S. Early warning systems
(EWSs) for chikungunya, dengue, malaria, yellow fever, and Zika outbreaks: What is the evidence? A
scoping review. PLOS Neglected Tropical Diseases. 2021 Sep 16; 15(9):e0009686. https://doi.org/10.
1371/journal.pntd.0009686 PMID: 34529649

Lowe R, Bailey TC, Stephenson DB, Jupp TE, Graham RJ, Barcellos C, et al. The development of an
early warning system for climate-sensitive disease risk with a focus on dengue epidemics in Southeast
Brazil. Statistics in Medicine. 2013; 32(5):864—83. https://doi.org/10.1002/sim.5549 PMID: 22927252

Lowe R, Stewart-Ibarra AM, Petrova D, Garcia-Diez M, Borbor-Cordova MJ, Mejia R, et al. Climate ser-
vices for health: predicting the evolution of the 2016 dengue season in Machala, Ecuador. The Lancet

PLOS Climate | https://doi.org/10.1371/journal.pcim.0000282 October 2, 2024 20/22


https://cdn.who.int/media/docs/default-source/climate-change/fast-facts-on-climate-and-health.pdf?sfvrsn=157ecd81_5
https://cdn.who.int/media/docs/default-source/climate-change/fast-facts-on-climate-and-health.pdf?sfvrsn=157ecd81_5
https://cdn.who.int/media/docs/default-source/climate-change/fast-facts-on-climate-and-health.pdf?sfvrsn=157ecd81_5
https://doi.org/10.1186/s40249-018-0460-1
https://doi.org/10.1186/s40249-018-0460-1
http://www.ncbi.nlm.nih.gov/pubmed/30092816
https://doi.org/10.1371/journal.pmed.1002628
http://www.ncbi.nlm.nih.gov/pubmed/30063707
https://doi.org/10.1002/2017GH000104
http://www.ncbi.nlm.nih.gov/pubmed/32158994
https://doi.org/10.1016/S2542-5196%2822%2900199-1
https://doi.org/10.1016/S2542-5196%2822%2900199-1
http://www.ncbi.nlm.nih.gov/pubmed/36370729
https://doi.org/10.1371/journal.pntd.0007772
http://www.ncbi.nlm.nih.gov/pubmed/31658267
https://doi.org/10.1136/bmjgh-2021-007842
http://www.ncbi.nlm.nih.gov/pubmed/34992079
https://doi.org/10.1371/journal.pmed.1002613
http://www.ncbi.nlm.nih.gov/pubmed/30016319
https://doi.org/10.1371/journal.pbio.3000791
https://doi.org/10.1371/journal.pbio.3000791
http://www.ncbi.nlm.nih.gov/pubmed/33232312
https://doi.org/10.4269/ajtmh.19-0919
https://doi.org/10.4269/ajtmh.19-0919
http://www.ncbi.nlm.nih.gov/pubmed/32342853
https://doi.org/10.5334/aogh.3876
http://www.ncbi.nlm.nih.gov/pubmed/35974983
https://doi.org/10.3390/insects9040158
https://doi.org/10.3390/insects9040158
http://www.ncbi.nlm.nih.gov/pubmed/30404142
https://doi.org/10.1016/S0140-6736%2822%2901540-9
http://www.ncbi.nlm.nih.gov/pubmed/36306815
https://climate.nasa.gov/global-warming-vs-climate-change
https://climate.nasa.gov/global-warming-vs-climate-change
https://doi.org/10.1371/journal.pntd.0009686
https://doi.org/10.1371/journal.pntd.0009686
http://www.ncbi.nlm.nih.gov/pubmed/34529649
https://doi.org/10.1002/sim.5549
http://www.ncbi.nlm.nih.gov/pubmed/22927252
https://doi.org/10.1371/journal.pclm.0000282

PLOS CLIMATE

Advancing climate services for health: A demand-driven implementation framework

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.
39.

Planetary Health. 2017 Jul 1; 1(4):e142-51. https://doi.org/10.1016/S2542-5196(17)30064-5 PMID:
29851600

Vasquez P, Loria A, Sanchez F, Barboza LA. Climate-driven statistical models as effective predictors of
local dengue incidence in Costa Rica: a generalized additive model and random forest approach.
RMTA. 2019 Dec 17; 27(1):1-21.

DiSera L, Sjodin H, Rocklév J, Tozan Y, Sudre B, Zeller H, et al. The Mosquito, the Virus, the Climate:
An Unforeseen Réunion in 2018. GeoHealth. 2020; 4(8):2020GH000253.

Ibarra AMS, Ryan SJ, Beltran E, Mejia R, Silva M, Mufioz A. Dengue Vector Dynamics (Aedes aegypti)
Influenced by Climate and Social Factors in Ecuador: Implications for Targeted Control. PLOS ONE.
2013 Nov 12; 8(11):e78263. https://doi.org/10.1371/journal.pone.0078263 PMID: 24324542

Ryan SJ, Lippi CA, Caplan T, Diaz A, Dunbar W, Grover S, et al. The current landscape of software
tools for the climate-sensitive infectious disease modelling community. Lancet Planetary Health. 2023
Jun; 7(6):e527-36. https://doi.org/10.1016/S2542-5196(23)00056-6 PMID: 37286249

Murioz AG, Chourio X, Riviére-Cinnamond A, Diuk-Wasser MA, Kache PA, Mordecai EA, et al. AeDES:
a next-generation monitoring and forecasting system for environmental suitability of Aedes-borne dis-
ease transmission. Sci Rep. 2020 Jul 28; 10(1):12640. hitps://doi.org/10.1038/s41598-020-69625-4
PMID: 32724218

Ryan SJ, Lowe R, Lippi CA, Diaz A, Dunbar W, Johnson S, et al. Landscape mapping of software tools
for climate- sensitive infectious disease modelling. Technical Report [Internet]. 2020; Available from:
https://cms.wellcome.org/sites/default/files/2022-01/landscape-mapping-software-tools-CSID-
modelling.pdf.

IRI-International Research Institute for Climate and Society | Climate Variability [Internet]. [cited 2023
Mar 5]. Available from: https://iri.columbia.edu/our-expertise/climate/climate-variability/.

Strengthening Climate Services for the Health Sector in the Caribbean [Internet]. 2018 [cited 2023 Feb
1]. Available from: https://public.wmo.int/en/resources/bulletin/strengthening-climate-services-health-
sector-caribbean.

Hawkins RB, Charles EJ, Mehaffey JH. Socio-economic status and COVID-19-related cases and fatali-
ties. Public Health. 2020 Dec 1; 189:129-34. https://doi.org/10.1016/j.puhe.2020.09.016 PMID:
33227595

Alonso WJ, McCormick BJ. EPIPOI: A user-friendly analytical tool for the extraction and visualization of
temporal parameters from epidemiological time series. BMC Public Health. 2012 Nov 15; 12(1):982.
https://doi.org/10.1186/1471-2458-12-982 PMID: 23153033

Marten R, Yangchen S, Campbell-Lendrum D, Prats EV, Neira MP, Ghaffar A. Climate change: an
urgent priority for health policy and systems research. Health Policy and Planning. 2021 Mar 1; 36
(2):218-20. https://doi.org/10.1093/heapol/czaal65 PMID: 33347561

Partners | Columbia Public Health [Internet]. [cited 2023 Feb 5]. Available from: https://www.
publichealth.columbia.edu/research/global-consortium-climate-and-health-education/partners.

|IAl—Inter-American Institute for Global Change Research [Internet]. 2023 [cited 2023 Feb 5]. Available
from: https://www.iai.int/en/post/detail/Webinar-on-Climate-and-Health.

IRI-International Research Institute for Climate and Society | Public Health [Internet]. [cited 2023 Feb
5]. Available from: https://iri.columbia.edu/our-expertise/public-health/.

Columbia University Mailman School of Public Health [Internet]. 2023 [cited 2023 May 18]. Pan Ameri-
can Climate Resilient Health Systems. Available from: https://www.publichealth.columbia.edu/
research/centers/global-consortium-climate-health-education/courses/past-courses/pan-american-
climate-resilient-health-systems.

Climate Change and Health Leaders Fellowship—PAHO/WHO | Pan American Health Organization
[Internet]. [cited 2023 Feb 5]. Available from: https://www.paho.org/en/events/climate-change-and-
health-leaders-fellowship.

Farid M, Keen M, Papaioannou MG, Parry IWH, Pattillo CA, Ter-Martirosyan A. After Paris: Fiscal, Mac-
roeconomic and Financial Implications of Global Climate Change. Staff Discussion Notes [Internet].
2016 Jan 11 [cited 2023 Feb 1];2016(001). Available from: https://www.elibrary.imf.org/view/journals/
006/2016/001/article-A001-en.xml.

Roy J, Tschakert P, Waisman H, Halim S, Antwi-Agyei P, Dasgupta P, et al. Sustainable development,
poverty eradication and reducing inequalities. In: Global warming of 1.5°C. An IPCC Special Report. In
2018.

DHIS2 [Internet]. [cited 2023 Dec 20]. About DHIS2. Available from: https://dhis2.org/about/.

Ryan S.J., Stewart-Ibarra A., Dunbar W., Diaz A., Lowe R., Thomas S.J. Climate health audit tool:
regional health audit of climate and vector borne diseases data, Haiti, St. Lucia, Jamaica. University of
the West Indies, Mona.; 2020. (Pilot Programme for Climate Resilience (PPCR)).

PLOS Climate | https://doi.org/10.1371/journal.pcim.0000282 October 2, 2024 21/22


https://doi.org/10.1016/S2542-5196%2817%2930064-5
http://www.ncbi.nlm.nih.gov/pubmed/29851600
https://doi.org/10.1371/journal.pone.0078263
http://www.ncbi.nlm.nih.gov/pubmed/24324542
https://doi.org/10.1016/S2542-5196%2823%2900056-6
http://www.ncbi.nlm.nih.gov/pubmed/37286249
https://doi.org/10.1038/s41598-020-69625-4
http://www.ncbi.nlm.nih.gov/pubmed/32724218
https://cms.wellcome.org/sites/default/files/2022-01/landscape-mapping-software-tools-CSID-modelling.pdf
https://cms.wellcome.org/sites/default/files/2022-01/landscape-mapping-software-tools-CSID-modelling.pdf
https://iri.columbia.edu/our-expertise/climate/climate-variability/
https://public.wmo.int/en/resources/bulletin/strengthening-climate-services-health-sector-caribbean
https://public.wmo.int/en/resources/bulletin/strengthening-climate-services-health-sector-caribbean
https://doi.org/10.1016/j.puhe.2020.09.016
http://www.ncbi.nlm.nih.gov/pubmed/33227595
https://doi.org/10.1186/1471-2458-12-982
http://www.ncbi.nlm.nih.gov/pubmed/23153033
https://doi.org/10.1093/heapol/czaa165
http://www.ncbi.nlm.nih.gov/pubmed/33347561
https://www.publichealth.columbia.edu/research/global-consortium-climate-and-health-education/partners
https://www.publichealth.columbia.edu/research/global-consortium-climate-and-health-education/partners
https://www.iai.int/en/post/detail/Webinar-on-Climate-and-Health
https://iri.columbia.edu/our-expertise/public-health/
https://www.publichealth.columbia.edu/research/centers/global-consortium-climate-health-education/courses/past-courses/pan-american-climate-resilient-health-systems
https://www.publichealth.columbia.edu/research/centers/global-consortium-climate-health-education/courses/past-courses/pan-american-climate-resilient-health-systems
https://www.publichealth.columbia.edu/research/centers/global-consortium-climate-health-education/courses/past-courses/pan-american-climate-resilient-health-systems
https://www.paho.org/en/events/climate-change-and-health-leaders-fellowship
https://www.paho.org/en/events/climate-change-and-health-leaders-fellowship
https://www.elibrary.imf.org/view/journals/006/2016/001/article-A001-en.xml
https://www.elibrary.imf.org/view/journals/006/2016/001/article-A001-en.xml
https://dhis2.org/about/
https://doi.org/10.1371/journal.pclm.0000282

PLOS CLIMATE

Advancing climate services for health: A demand-driven implementation framework

40.

41.

42,

43.

44.

Pan American Health Organization. Caribbean Action Plan on Health and Climate Change. 2019.
Washington DC.

CARICOM. Caribbean Cooperation in Health Phase IV (CCH IV): Summary of the Regional Health
Framework 2016—-2025. [Internet]. 2018. Available from: Available from: https://caricom.org/
documents/16429-cch-ivpublication_rev-7_health_sector_development.pdf.

Global Heat Health Information Network [Internet]. [cited 2023 Dec 20]. Final Report: From the G7
Health Communiqué to Action: Health and Climate—Heat Preparedness through Early Warning Sys-
tems. Available from: https://ghhin.org/resources/final-report-from-the-g7-health-communique-to-
action-health-and-climate-heat-preparedness-through-early-warning-systems/.

Organization (WMO) WM. 2023 State of Climate Services: Health [Internet]. [cited 2023 Dec 20]. Avail-
able from: https:/library.wmo.int/records/item/68500-2023-state-of-climate-services-health.

Organization WMOH. Climate Services for Health: Improving public health decision-making in a new cli-
mate [Internet]. [cited 2023 Dec 20]. Available from: https://library.wmao.int/records/item/41941-climate-
services-for-health-improving-public-health-decision-making-in-a-new-climate#.Yr7iM-xBwvo.

PLOS Climate | https://doi.org/10.1371/journal.pcim.0000282 October 2, 2024 22/22


https://caricom.org/documents/16429-cch-ivpublication_rev-7_health_sector_development.pdf
https://caricom.org/documents/16429-cch-ivpublication_rev-7_health_sector_development.pdf
https://ghhin.org/resources/final-report-from-the-g7-health-communique-to-action-health-and-climate-heat-preparedness-through-early-warning-systems/
https://ghhin.org/resources/final-report-from-the-g7-health-communique-to-action-health-and-climate-heat-preparedness-through-early-warning-systems/
https://library.wmo.int/records/item/68500-2023-state-of-climate-services-health
https://library.wmo.int/records/item/41941-climate-services-for-health-improving-public-health-decision-making-in-a-new-climate#.Yr7iM-xBwvo
https://library.wmo.int/records/item/41941-climate-services-for-health-improving-public-health-decision-making-in-a-new-climate#.Yr7iM-xBwvo
https://doi.org/10.1371/journal.pclm.0000282

