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DISSERTATION ABSTRACT 

Climate change is the greatest global public health challenge of the 21st century. The 

nature and extent of health impacts of climate change will vary widely from region to region and 

will be felt unequally among communities around the country. The local public health workforce 

is at the forefront in understanding, anticipating, and addressing the health effects of climate 

change for their jurisdiction. Global and national calls for action define the public health role and 

encourage action by all public health partners. However, climate adaptation continues to be a 

challenge for this sector and is not perceived as a key public health priority.  

This dissertation seeks to understand the level of engagement and activities undertaken 

by an engaged public health workforce that includes not just public health departments at the 

municipal, county, state, tribal, and territorial levels but also non-profit and private agencies that 

are a part of this sector (Appendix A). By focusing on those members of the workforce that are 

already acting on climate change, this study hopes to evaluate the use, accessibility, and 

relevance of available climate science. This dissertation also aims to understand the individual 

level behaviors, interactions, and collaborations which influence climate work at the local level 

and identify strategies to build the public health capacity for climate change adaptation 

(Appendix B). Finally, this study attempts to illustrate the role of academia in enhancing public 

health capacity for climate adaptation through both education and research (Appendix C). 

Ultimately, this dissertation fills a gap in public health adaptation to climate change and provides 

practical solutions to enhance public health capacity to prepare, manage, and respond to the 

health impacts of a changing climate. 

Methods: Three different methodologies are adopted to address these questions: online 

survey, key informant interviews, and review of graduate course curriculum. An online survey 
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was implemented to assess the current level of engagement with the health impacts of climate 

change among public health entities agencies across the United States. The online survey tool 

consisted of 46 multiple choice and open-ended questions to elicit information on existing 

climate change associated projects and initiatives; sources of information; and usability of 

existing tools. The survey was emailed to public health and climate change networks nationally 

and a total of 140 professionals participated in this online survey component of this study.  

Participants who completed this survey were asked to participate in a 1-hour interview that was 

designed to gain an in-depth understanding on individual facets (e.g., educational background 

and training, motivation) of engagement, access and use of climate science; networks and 

partnerships in-place to inform activities; and recommendations for building public health 

capacity. A total of 25 interviews were conducted with public health professionals for this 

component of the study. Finally, course listings and syllabi reviews were assessed in order to 

determine the degree to which accredited schools and programs of public health integrate climate 

change into existing graduate curriculum, Websites of ASPPH institutions were examined to 

identify graduate public health courses. Inclusion terms included “climate”, “climate change”, 

“global warming”, “environment”, or “environmental change”. Courses were classified as 

focused or integrated climate change and subsequent content analysis was conducted on 

available syllabi to further assess the approach to climate change and health education utilized.  

Results: This dissertation contributes several key findings and strategies relevant to the 

research and scientific community, academia, and government including the following: The 

public health sector engages in a wide range of activities to address the health impacts of climate 

change. Public health action is hampered by a lack of funding, public health relevant research, 

and a significant mismatch in information needed and available for decision-making. These 
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facets accompanied by lack of institutional support, limited expertise and the culture and politics 

of climate change and public health limit the public health system’s ability to engage with 

climate change. There is also a dearth of climate change courses in graduate public health 

education and a need for incentivizing both climate change action and education through 

alignment with existing grant deliverables and accreditation standards and forming a culture of 

climate change preparedness. Key recommendations for building public health capacity include 

increased funding for local level climate action, building knowledge and expertise of current 

future workforce members, an increased focus on public health relevant research, and adoption 

of existing knowledge co-production frameworks to create climate services for public health 

application. Climate change is a threat-multiplier, a persistent and underlying driver of health 

that needs to be a fundamental component of all public health action. This study reaffirms the 

need for mainstreaming climate change into public health operations in order to build climate 

health resilience in communities around the world.  
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CHAPTER 1: Introduction 

Health Impacts of Climate Change 

Human health and wellbeing are sensitive to environmental factors including changes in 

weather and climate patterns (Smith et al., 2014). Fluctuation in precipitation and temperature 

and increased frequency of weather-related disasters such as extreme heat, floods, and hurricanes 

will increase the burden of health and adversely impact populations around the world (Crimmins 

et al., 2016; USGCRP, 2016; Watts et al., 2018). Climate change is anticipated to result in 

myriad health impacts on human health: air pollution and allergens are anticipated to result in 

increased rates of asthma and respiratory diseases in children; extreme heat is projected to result 

in thousands of death in peak summer months by the year 2100; warmer temperatures are 

expected to increase risk of waterborne, foodborne and vector-borne diseases (Ebi et al., 2018; 

Hoegh-Guldberg et al., 2018; U.S. Global Change Research Program, 2016). Climate change has 

already produced documented health impacts in the United States. Increasing intensity and 

frequency of heatwaves, extreme storm events, wildfires, and geographic range expansion of 

disease vectors all contribute to high morbidity and mortality related to climate change. 

Collectively, these are straining public health resources, particularly in areas with repeated 

events.  While direct impacts on health include morbidity and mortality associated with extreme 

weather events such as heatwaves and floods, indirect health impacts include changes in the 

dynamics of vector-borne and water-borne diseases, malnutrition due to decreased food security, 

and population displacement that may arise through alterations in our environmental and social 

systems (Hoegh-Guldberg et al., 2018; Myers & Bernstein, 2011; Watts et al., 2015).  

Environmental factors such as climate interact with human systems to influence the risks 

and extent of impacts felt by individuals and communities. Climate change will not impact 
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populations equally. The nature and extent of health impacts will vary widely from region to 

region and community to community and will be contingent on individual and community level 

factors (Ebi et al., 2018; Gamble et al., 2016). Individual moderators contributing to risk and 

exposure include age, life stage, socio-economic status, occupation and other demographic facets 

that influence an individuals’ overall health and ability to cope with the threats of climate change 

(Gamble et al., 2016; L. Rudolph et al., 2018; Smith et al., 2014). Community level 

characteristics include infrastructure and risk of exposure to climate change threats in relation to 

geographic location such as living in a rural area, along the coast, or in floodplains (Gamble et 

al., 2016; Rudolph et al., 2018). These factors, collectively, influence not only the impacts felt by 

humans but their ability to be resilient and adapt, respond and recover from the threats associated 

with climate change. The social and human systems drivers of health interact with ecosystem 

changes (e.g., disease vector habitats, water quality) to amplify, expand, and moderate the health 

impacts felt by human populations (Smith et al., 2014). The increased risk and impacts to human 

health and wellbeing underscore the relevance of climate change to the public health system at 

all levels of government ranging from local and municipal to national and international.  

Public Health Role and Calls for Action  

At the center of the healthcare response to climate change is the public health sector and 

workforce. Public Health is the field charged with the task of “protecting and improving the 

health of families and communities….”  (Centers for Disease Control and Prevention 

Foundation, 2015). This broad directive is accomplished by what is broadly known as the public 

health system, which includes entities and professions that all influence health, are concerned 

with the factors that impact human health, or are aimed at improving the health of the population 

including “all public, private, and voluntary entities that contribute to the delivery of essential 



15 
 

public health services within a jurisdiction” (Centers for Disease Control and Prevention, 2018b). 

Global calls for action on climate and health advocate and promote engagement by health 

systems and organizations at all levels of government to mobilize resources to protect health in a 

changing climate (Global Climate and Health Forum, 2018; Watts et al., 2015; World Health 

Organization, 2018). 

In the United States, President Obama’s Climate Action Plan recognized climate change 

as an issue of public health relevance and promoted engagement at all levels and sectors on 

identifying solutions to address the health impacts of climate change (The White House, 2013, 

2015). Subsequently, the United States Global Climate Change Research Program’s (USGCRP) 

scientific assessment on “The Impacts of Climate Change on Human Health provided a 

comprehensive overview and evidence-base for health impacts across the nation. Despite the 

changes in the Trump Administration’s stance on climate change, momentum on climate change 

has transitioned from a national to an individual state and local initiative. In the absence of 

federal policy and directive on climate change, the public health imperative has been argued for 

by national organizations such as the American Public Health Association (APHA), the National 

Environmental Health Association (NEHA), and the National Association of City and County 

Health Officials (NACCHO), who have issued policy statements on climate change, highlighting 

both the public health role and outlining strategies to integrate climate change planning and 

intervention into existing program activities (APHA, 2015; NACCHO, 2018; NEHA, 2017). 

Public Health Engagement in Climate Change 

The health department, at state, tribal, territorial, and municipal levels, is the formal 

entity tasked with safeguarding human health and wellbeing. This is paramount because the 
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impacts of climate change, health and otherwise, are local and require a robust public health 

system at the local level to manage, address, and mitigate impacts of climate change.  

The health department’s role in climate change adaptation is informed by several key 

frameworks which highlight the relevance of climate change and provide steps that can be taken 

to understand, address, and manage the adverse impacts (Bell, 2011; Hess et al., 2012; Rudolph 

et al., 2015; Wheeler et al., 2018). Two key frameworks informing public health action on 

climate change are the Ten Essential Services of Public Health (Centers for Disease Control and 

Prevention, 2018b) and the Centers for Disease Control and Prevention’s (CDC) Building 

Resilience Against Climate effects (BRACE) Framework (Centers for Disease Control and 

Prevention, 2018). The Ten Essential Services of Public Health (ESPH) (summarized in Table 1) 

provide specific actions through which health entities can detect disease trends in relation to 

climate change, develop specific preparedness plans (e.g., extreme heat, vector-borne diseases), 

and educate the public and policymakers on the health impacts of climate change (Frumkin et al., 

2008; Wheeler & Watts, 2018).  Similarly, the Centers for Disease Control and Prevention’s 

(CDC) Building Resilience Against Climate effects (BRACE) Framework provides a five-step, 

iterative process with which to “adaptively manage the health impacts of climate change” 

(Marinucci et al., 2014). The BRACE framework is a part of the CDC’s Climate-Ready States 

and Cities Initiative (CRSCI) that provides dedicated funding to 18 cities and states around the 

nation as well as several tribes and territories to engage in health adaptation planning. Both 

frameworks provide a systematic way to approach climate change within the context of a health 

department’s functions and federal directives. While the ESPH describes the direct alignment of 

key public health functional areas to climate change, the CDC BRACE Framework provides an 
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iterative process through which health departments can assess and address the climate change 

impacts on public health. 

Furthermore, public health action on climate change is rooted in existing initiatives and 

activities conducted in health departments across the country, in specific the divisions and units 

associated with public health emergency planning, response, and recovery. Public health entities 

routinely conduct needs assessments, develop vulnerable population registries, and collaborate 

with local and regional community partners to mitigate and respond to disease outbreaks and 

natural disasters. The factors that influence health outcomes and community resilience also 

influence the risks and exposures to climate change: Just as individual, societal, and 

demographic factors influence healthcare access and outcomes among vulnerable and 

marginalized communities, these facets also increase exposure, vulnerability, and consequences 

of climate change (Rudolph et al., 2018). Climate change also shares other similarities to public 

health functions associated with reducing health disparities or inequities. The drivers as well as 

solutions for both issues are cross-sectoral and multi-disciplinary. Solutions aimed at one can 

greatly influence the other. Therefore, there is value for public health engagement and action on 

climate change.  

However, despite these similarities, national calls for action and mitigating health 

consequences of climate change, and development of these frameworks for action, public health 

engagement in climate change has been limited (Roser-Renouf et al., 2016). Factors contributing 

to this limited action or engagement include lack of funding, uncertainties associated with 

climate projections, and lack of evidence-based information on health impacts and interventions 

(Ebi et al., 2009; Frumkin et al., 2008; Huang et al., 2011; Marinucci et al., 2014; Roser-Renouf 

et al., 2016). A plethora of workforce assessments have been conducted to recognize the 
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perceptions of and challenges faced by public health authorities at the national and state levels 

(Association of State and Territorial Health Officals, 2012; Maibach et al., 2008; National 

Association of County and City Health Officials, 2014; National Environmental Health 

Association, 2016; Roser-Renouf et al., 2016). Key findings from these national level 

assessments of health departments across the county underline an increased awareness about 

(Association of State and Territorial Health Officals, 2012; National Environmental Health 

Association, 2016) and lack of perceived expertise in preparing for the health impacts of climate 

change (National Association of County and City Health Officials, 2014).  These surveys also 

indicate limited existence of climate change-relevant adaptation programs and gaps in the public 

health’s capacity to manage and address climate change at all levels of government. State level 

assessments echo these findings and highlight gaps of limited funding and capacity including 

expertise, staff, and resources, of local health officials in mitigating and preparing for the health 

impacts of climate change (Bedsworth, 2009; Carr et al., 2012; Massachusetts Department of 

Public Health, 2008). These assessments, collectively, also identify public health professional’s 

awareness of climate change threats and but a limited capacity including information, funding, 

and resources for adaptation despite the consistent calls for action. 

While these studies highlight the perceptions and gaps in the public health capacity for 

climate change adaptation across health departments across the nation, there is limited 

understanding of the level of engagement of the public health system in climate adaptation 

activities and the translation of climate change knowledge to local level action on climate 

change. This study seeks to understand how the public health sector engages in climate change 

adaptation and identifies the decision support tools and climate services that are needed to build 
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public health capacity on climate change. It also seeks to understand the enabling and disabling 

factors influencing public health practitioners engaged in climate change adaptation.   

Dissertation Aims and Research Questions 

The goal of this study is to contribute to the general body of knowledge relating to the 

public health system’s engagement with climate change adaptation.  This study seeks to identify 

the nature of activities undertaken by public health entities across the U.S. who are engaged in 

climate change adaptation in their jurisdictions. By focusing on this subset of the broader public 

health audience, this dissertation hopes to a) identify enabling and disabling factors associated 

with climate change adaptation in public health; b) evaluate the usefulness, accessibility, and use 

of climate and health science information; c) identify needs and opportunities for integrating 

climate science to decision-making processes and d) propose strategies to build the public health 

capacity for climate change action.  This project seeks to answer the following aims and the 

associated overarching research questions: 

Aim 1: Understanding the extent and limitations of public health engagement on climate 

change adaptation (Appendix A) 

Research Question 1: Which agencies, departments, and public health systems entities are 

engaged in climate preparedness and who are their key public health partners and collaborators? 

Research Question 2: How do the public health system entities engage with climate change 

adaptation and what is its existing capacity?  

Research Question 3: What is the usefulness of existing resources for public health decision-

making? 
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Aim 2:  Increasing public health capacity for climate change action (Appendix B) 

Research Question 1: What are the enabling factors and barriers to climate change adaptation? 

Research Question 2: What are recommended activities for supporting and increasing public 

health action on climate change?   

Aim 3: Proposing a plan for building future public health workforce capacity for climate 

change (Appendix C) 

Research Question 1: What is the current status of climate change education at accredited 

schools of public health in the United States? 

Research Question 2: How can accredited colleges of public health integrate climate and health 

into existing public health curriculum? 

A summary of the methods used to answer the research questions that are the focus of the 

study are provided in Figure 1. The respective appendices provide additional details of the data 

collection and analysis methods relevant to each manuscript. 
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Figure 1: Dissertation Research Methodology 

Research Motivation 

My background is in emergency preparedness and I have worked with state, local, tribal, 

and community preparedness partners in the Southwest for over 10 years. I have also served as a 

workgroup member for the National Association of City and County Health Officials 

(NACCHO) since 2012. Both of these experiences have allowed me to interact with public 

health practitioners from around the country. I have not only learned from them but have also 

had the unique opportunity to collaborate with them on practical issues of building public health 

capacity for a variety of hazards including those driven by climate change. The desire for my 

dissertation project to inform public health practice has been a strong motivation as I pursued my 

doctorate degree. However, the ideas for the research presented in this dissertation did not come 

to me until 2017.  
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My dissertation question and focus evolved from disease risk modeling under climate 

change to the presented research on building public health capacity for climate change action 

when I received support from the National Center for Atmospheric Research (NCAR) to attend 

their Workshop on Weather, Climate and Health.  

During the workshop, I watched presenters from around the country present their 

research on climate change and health. Researchers spoke about projects focusing on integrating 

weather and climate data into vector-borne disease surveillance, developing early warning 

systems, and addressing uncertainties in vector-borne disease research. The presentations were 

highly technical and focused on the climate and disease modeling facets of the broader topic. 

During the three-day meeting, I observed how the application of these climate models and 

valuable information to inform decision-making at the practitioner level were removed altogether 

from the dialogue. The models and studies presented illuminated various aspects of the 

environment-disease and climate change and health outcome relationships, yet I struggled to see 

how this information would be connected and translated to become useful for the practitioner 

community. 

Listening to the conversations, I could detect the urgency in establishing the evidence for 

the climate-health impacts and also an urgency in mitigating adverse health outcomes in 

populations across the globe. However, I consistently felt that the conversations glossed over and 

completely overlooked how the models they worked tirelessly to develop could be used 

practically by public health workers as they grappled with climate change at the local level. My 

field experiences had taught me of the variation in the public health system’s capacity to deal 

with public health emergencies in a consistently underfunded environment which ultimately led 

to individuals wearing multiple hats to maintain essential public health functions within their 
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health department. In my mind, how could this information reach the “boots on the ground”? 

Moreover, I remember asking myself, if this was the type of information they needed and how 

my colleagues at rural and tribal health departments would use this knowledge?   

The discussions reminded me of a course I had just completed in connecting science and 

decision-making. The course had taught me about the existing gaps associated with the use of 

scientific research to support and inform decisions and policies by practitioners. There was a 

blooming body of literature in the context of climate science and its application to water 

resources and fire management (among other areas) but there was a dearth of information for 

public health use of climate sciences. While in the class, I has quickly latched on to key concepts 

of use-inspired research, climate services, and boundary organizations as they resonated with my 

experiences in working with partners in the field. Sitting in the conference room, I realized how 

the research that was presented in this workshop was conducted for a specific purpose, involved 

little to no public health professional (user) engagement, and lacked discussion or foresight for 

integration into mainstream public health programs and policies. 

The overall experience planted the seeds of this current dissertation. Over the course of 

the next year, as I formulated my questions and framed my strategy, I shared my ideas with 

friends and colleagues at NACCHO, my advisors, and select field experts and scientists who 

were interested in the application of their research to the public health workforce. These 

observations and initial conversations informed the research that is presented in this dissertation. 
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CHAPTER 2: The Present Study  

Contributions of the Present Study 

This dissertation sits at the nexus of climate change and health and contributes specifically 

to the climate adaptation and public health practice fields of practice. Within the field of Applied 

Geography, this dissertation contributes to our understanding of the social and political factors 

influencing the public health system’s capacity to respond to climate change.  

My dissertation demonstrates that there is a need for climate services for public health 

through a national assessment of public health sector representatives. I use an online questionnaire 

(Appendix A) and key informant interviews (Appendix B) to explore the individual, institutional, 

and sector specific facets which enable and inhibit climate-health adaptation. Findings in Appendix 

A and B have the potential to inform decision-support tools that can enhance the public health 

system’s capacity to adapt to climate change. Appendix C uses a systematic curriculum review to 

inform public health-climate change pedagogy. I propose a framework in which to build 

knowledge, awareness, and skills for future generations of the public health workforce.  

The research conducted as part of this dissertation is presented in the three papers in 

Appendices A, B, and C. All three articles are to be submitted to peer-reviewed journals, the 

details of which are provided at the beginning of each Appendix. Although the research is 

organized into these three papers, the findings from papers in Appendices A and B inform the 

framework proposed in Appendix C. Collectively, this dissertation informs the body of literature 

associated with climate change adaptation in a public health context. The findings entailed in this 

dissertation are applicable to public health decision makers as well as climate scientists and 

boundary organizations that provide climate services and translate knowledge to support climate 

change adaptation in a public health frame.  
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I am the primary author of these three papers and was responsible for the research from 

inception, design, and data collection to analysis and interpretation. For all three papers I 

collaborated extensively with my respective advisors to interpret the data and summarize the 

findings. My advisors also provided direction in analyzing the data and contributed to the 

revision and editing of all three manuscripts.  

Below are the summaries of the research and key findings presented in all three papers, 

the contents of which are housed in Appendices A, B, and C. 
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Appendix A: Climate Change Action in Public Health: Findings from a National Assessment 

Climate change is recognized as the greatest public health challenge opportunity of the 

21st century. The local public health workforce is at the forefront in understanding, anticipating, 

and addressing the health effects of climate change for their jurisdiction. A diverse array of 

public health professionals and agencies representing all levels of government, academia, non-

profit, and private public health sector are involved in climate adaptation activities.  

A national survey (n=140) is conducted to understand public health engagement on 

climate change, evaluate use and accessibility of climate science information and reports, and 

identify decision support needs of this community. Health departments, environmental services, 

natural resources, sustainability, and water resources management agencies are among the 

agencies that are taking concrete steps to address the health impacts of climate change. Affiliates 

from all governmental public health levels as well as academia, non-profit, and private sectors 

who participated in this study are involved in the development of climate action plans or in the 

adaptation of existing plans to understand and manage the adverse health impacts.  

Lack of funding, institutional support, and capacity are key impediments to further public 

health engagement and a structured public health response.  Strong collaboration with local and 

regional partners is a key characteristic of the public health action on climate change. This study 

highlights the disconnect between the scales at which climate science information is needed in 

comparison to that which is available and illustrates the need for additional training and tools 

including local or regional based case studies and best practices to inform action in a limited 

support and funding environment. Table 1 highlights the key findings of the public health 

professional needs assessment survey. 
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Table 1: Key Findings from Appendix A 

Key Findings from Appendix A 
Finding #1: Public health sector engagement with climate change is prevalent among 
traditional and non-traditional public health entities. 
Finding #2:  There is a significant mismatch in information needed and available to enable 
public health decision-making.   
Finding #3: Public health action on climate change is hampered by a lack of funding for 
resilience and capacity at local public health system entities. 
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Appendix B: Building Capacity for Climate Change- The Case for Public Health Relevant 

Climate Services 

Public health is the body of practice that is responsible for protecting and improving the 

health and wellbeing of communities and the wider population. Public health system 

professionals are familiar with the human health implications of environmental hazards that will 

be exacerbated by climate change. Although there are overlaps between existing public health 

functions and actions with those required by climate change, the public health sector is limited in 

its engagement on this issue. Key informant interviews were conducted with 25 public health 

professionals engaged in climate adaptation. Interview analysis illuminated key enabling and 

limiting factors that influence public health action at the individual and institutional levels. 

Individual level enablers are formal support including funding, awareness of climate change as 

an important issue, knowledge and expertise and personal sense of responsibility to integrate into 

agency level functions. Lack of time, limited knowledge, and skills are among key individual 

level challenges with integrating climate change into public health work. Funding is both an 

enabler and limitation for the overall public health sector with funded representatives citing more 

ability to engage in climate adaptation than those that are not funded. Other limitations include 

political climate and competing priorities. This study establishes the need for incentivizing 

climate change work by including it in public health accreditation criteria and credentialing 

mechanisms; fostering academic-practice collaborations; and directing focus on specific research 

needs of the public health workforce. Table 2 summarizes the key findings from this study. 
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Table 2: Key Findings from Appendix B 

Key Findings from Appendix B 
Key Finding #1: An enabling environment for public health action needs to include 
mechanisms for formal support including funding and adequate knowledge and expertise. 
 
Key Finding #2: An increased focus on public health relevant research is necessary to build 
capacity. 
Key Message #3: Mechanisms and opportunities that increase communication and 
collaboration are necessary to build research-practice partnerships to co-produce public health 
relevant decision support tools.  
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Appendix C: A Framework for Climate-Health Education in Graduate Public Health 

Programs 

Climate change has been identified as both a challenge and an opportunity for public 

health. At the center of these perspectives is the capacity of the public health workforce in 

recognizing, mitigating, addressing, and managing the health impacts of climate change. The 

onus to prepare the next generation of public health practitioners lies heavily on academia; in 

particular, schools and programs of public health. This project evaluated course offerings and 

syllabi listed in online course catalogs from 90 nationally accredited schools of public health 

with the purpose of identifying the extent of climate change education in graduate programs of 

public health.  

Only 44 public health institutions were found to offer a climate change related course at 

the graduate level of education. Of these accredited schools of public health, approximately 50% 

offer a focused graduate course that reviews the health implications of climate change (n =46).  

These courses cover a wide array of topics with an emphasis on conveying the fundamental 

knowledge of climate change. In depth assessment revealed a need for integrating learning 

opportunities that build practical skills useful in a hands-on public health practice environment.  

An educational framework was developed from these findings to propose strategies to 

enhance both knowledge and skills in managing and addressing the health impacts of climate 

change. This framework considers the diversity and distinctiveness of accredited schools of 

public health, their resources, faculty and their student body. The proposed framework, while 

rooted in existing directives (e.g., 10 Essential Public Health Services, GCCHE competencies), 

adopts a tiered approach to integrating climate change into graduate public health curriculum that 
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can be readily applied by institutions training the next generation of public health leaders. Table 

3 summarizes the key findings from the curriculum evaluation conducted in this study. 

Table 3: Key Findings from Appendix C 

Key Findings from Appendix C 
Key Finding #1: There is a dearth of climate change courses in graduate public health 
education around the country. 
Key Finding #2: Only half of the public health schools evaluated offered a graduate course 
focused on climate change. 
Key Finding #3: Evaluated focused courses suffer from a topical bias towards covering the 
basic foundational aspects of climate change in a national or international context. 
Key Finding #4: Current teaching approaches provide limited scope for skill-building for the 
public health workforce. 
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Abstract  

Climate change is recognized as the greatest public health challenge opportunity of the 

21st century. The local public health workforce is at the forefront in understanding, anticipating, 

and addressing the health effects of climate change for their jurisdiction. A diverse array of 

public health professionals and agencies representing all levels of government, academia, non-

profit, and private public health sector are involved in climate adaptation activities.  

A national survey (n=140) is conducted to understand public health engagement on 

climate change, evaluate use and accessibility of climate science information and reports, and 

identify decision support needs of this community. Health departments, environmental services, 

natural resources, sustainability, and water resources management agencies are among the 

agencies that are taking concrete steps to address the health impacts of climate change. Affiliates 

from all governmental public health levels as well as academia, non-profit, and private sectors 

who participated in this study are involved in the development of climate action plans or in the 

adaptation of existing plans to understand and manage the adverse health impacts.  

Lack of funding, institutional support, and capacity are key impediments to further public 

health engagement and a structured public health response.  Strong collaboration with local and 

regional partners is a key characteristic of the public health action on climate change. This study 

highlights the disconnect between the scales at which climate science information is needed in 

comparison to that which is available and illustrates the need for additional training and tools 

including local or regional based case studies and best practices to inform action in a limited 

support and funding environment.  
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Introduction 

Climate and health are inexorably linked globally and in the United States. The impacts 

of climate change are broad, far-reaching, and are most evident locally. Public health is one of 

many sectors engaged in climate change preparedness and is the key player in the healthcare 

response. Little is known about how the public health sector is involved in climate change 

adaptation, where its practitioners get their information, and the usefulness of existing resources 

to support climate and health adaptation efforts. 

Health Impact of Climate change 

The health impacts of climate change have been highlighted in national and international 

climate assessment reports from the United Stated Global Change Research Program’s Climate 

and Health Assessment Report to the World Health Organization Climate and Health Special 

Report. Most recently in October 2018, the Intergovernmental Panel on Climate Change’s 

(IPCC) Special Report on Global Warming of 1.5°C (SR1.5) reported that limiting global 

warming to 1.5°C in lieu of 2°C above pre-industrial levels could reduce adverse impacts on 

biodiversity and ecosystems, water systems, and economic growth.  The IPCC SR1.5 highlighted 

disproportionate adverse health risks including morbidity and mortality due to heatwaves, vector-

borne diseases, food security, and malnutrition to disadvantaged and vulnerable populations even 

under moderate global temperature increases (Masson-Delmotte et al., 2018). This international 

call for action was preceded by the Lancet Countdown’s 2018 report which stressed the both the 

direct and indirect impacts of climate change on health. The report highlighted the potential for 

disruption of the core public health infrastructure and overwhelming of health (Watts et al., 

2018).  
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The health impacts of climate change have already been documented in the United States. 

Increasing intensity and frequency of heatwaves, extreme storm events, wildfires, and 

geographic range expansion of disease vectors all contribute to high morbidity and mortality 

related to climate change. Collectively, these are straining public health resources, particularly in 

areas with repeated events (The Lancet, 2018).  

Climate change impacts will vary across individuals and communities with vulnerable 

populations such as children and pregnant women, frail and elderly persons with preexisting or 

chronic medical conditions, specific occupational groups, some communities of color, people 

living in poverty and immigrant groups bearing the most burden due to increased exposures and 

sensitivity compounded by limited access to personal and community-level resources (Ebi et al., 

2018; U.S. Global Change Research Program, 2016).  

Public Health Role in Climate Change Adaptation 

Activities in response to climate change and directed at health adaptation are directly 

relevant to the ten essential services of public health (ESPH) (Frumkin et al., 2008). The ESPH 

(Table 4) inform public health action to protect the health and wellbeing of populations and 

involve the identification and investigation of a problem (Steps 1 and 2), informing the 

development and implementation of interventions including policies to address the problem 

(Steps 3-10).  The parallels between the preparedness and response functions of public health 

with climate change are clear. Public health routinely engages with varied stakeholders and 

partners to complete a range of activities from monitoring diseases and adverse health events in 

populations to developing plans and protocols to prepare for all hazards response (e.g., acts of 

terrorism, disease outbreaks, and natural disasters). These routine iterative activities also form 

the basis of climate preparedness actions that require conducting risk assessment, identifying at-
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risk populations, anticipating adverse health impacts, engaging in the development of plans to 

coordinate provision of care and services, and building community resilience against a changing 

climate.  

Table 4: Ten Essential Public Health Services (Centers for Disease Control and Prevention, 
2018b) 

Ten Essential Public Health Services 

1. Monitor health status to identify and solve community health problems 
2. Diagnose and investigate health problems and health hazards in the community 
3. Inform, educate, and empower people about health issues 
4. Mobilize community partnerships and action to identify and solve health problems 
5. Develop policies and plans that support individual and community health efforts 
6. Enforce laws and regulations that protect health and ensure safety 
7. Link people to needed personal health services and assure the provision of health care 

when otherwise unavailable 
8. Assure competent public and personal health care workforce 
9. Evaluate effectiveness, accessibility, and quality of personal and population-based health 

services 
10. Research for new insights and innovative solutions to health problems 

 

Developing climate change readiness and preparedness is facilitated by multiple 

organizations and entities and is not just the responsibility of one central organization. Although 

public health departments provide the infrastructure and have the overarching responsibility to 

carry out these essential functions, collaboration with stakeholders is essential to the functioning 

of the public health system. The CDC defines the United States Public Health System as “all 

public, private, and voluntary entities that contribute to the delivery of essential public health 

services within a jurisdiction” (Centers for Disease Control and Prevention, 2018b). Apart from 

the governmental public health agencies, the system consists of healthcare providers; other 

government agencies (e.g., public safety, education); academia; businesses; media; and non-

governmental agencies (e.g., professional organizations, foundations). While the primary task of 

managing the health and well-being of a community lies in the local health authorities (i.e., city, 



44 
 

county, or state public health department), there is increased collaboration and coordination 

among local, regional, and national partners as well as across other sectors including Emergency 

Services, Water, Energy, and Food and Agriculture. 

Although the foundational concepts of climate preparedness are not novel to public 

health, public health engagement on climate change has been limited (Roser-Renouf et al., 

2016). Factors contributing to this limited action or engagement include lack of funding, 

uncertainties associated with climate projections, and lack of evidence-based information on 

health impacts and interventions (Ebi et al., 2009; Frumkin et al., 2008; Huang et al., 2011; 

Marinucci et al., 2014; Roser-Renouf et al., 2016). A plethora of workforce assessments have 

been conducted to recognize the perceptions of and challenges faced by public health authorities 

at the national and state levels. The National Association of City and County Health Officials 

(NACCHO), National Environmental Health Association (NEHA), and the Association of State 

and Territorial Health Officials (ASTHO) have all conducted surveys and assessments to assess 

climate change perceptions and preparedness among their members (NACCHO, 2014; NEHA, 

2016; Roser-Renouf et al., 2016; ASTHO, 2012).  Key findings from these national level 

assessments of health departments across the county underline an increased awareness about 

(Association of State and Territorial Health Officals, 2012; National Environmental Health 

Association, 2016) and lack of perceived expertise in preparing for the health impacts of climate 

change (National Association of County and City Health Officials, 2014).  Although the 

organizational membership of each of these professional organizations ranged from local to state 

and territorial public health professionals, they identified varied perceptions of climate change as 

a public health threat and common concerns including the limited existence of climate change-
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relevant adaptation programs and gaps in the public health’s capacity to manage and address 

climate change at all levels of government.  

While national organizations have attempted to characterize and better understand the 

needs and perceptions of their membership bodies, several states have also undertaken similar 

initiatives to understand their state’s level of understanding, capacity, and action associated with 

the health impacts of climate change. The surveys conducted by the states of New York, 

Massachusetts, and California are presented in Table 5 as three examples of state assessments.  

Table 5: State level Workforce Assessments 

 New York Massachusetts California 
Target 
Audience 

City and county health 
department officials 

Local health 
departments 

Local public health 
officers 

Aim “assess perceptions, 
preparedness, and 
programming related 
to local climate change 
impacts” 

“assess capacity to 
respond to the public 
health impacts 
associated with 
climate change, and 
develop plans for 
reducing these health 
impacts” 

“Concerns about the 
health impacts of climate 
change…, programs in 
place…, information and 
resource needs” 

Time 
period 

2009 2011-12 2007 

Source (Carr et al., 2012) (Massachusetts 
Department of Public 
Health, 2008) 

(Bedsworth, 2009) 

 

Assessments consistently identified the gap of limited funding and capacity including 

expertise, staff, and resources, of local health officials in mitigating and preparing for the health 

impacts of climate change. However, it is inaccurate to say that in the absence of funding, public 

health systems entities are disengaged from climate preparedness. There is a current dearth of 

information on inter- and intra-entity collaboration on climate-health adaptation and range of 

adaptation activities implemented in the broader public health system that includes state, local, 
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tribal, territorial, non-profit, and private stakeholders. The existing studies provide little to no 

information on the accessibility and usefulness of climate-health information for public health 

decision-making. Finally, there have been global calls for climate and weather services for the 

healthcare community (Bell, 2011; Jancloes et al., 2014) but studies defining the need for climate 

services for the public health sector in the United States have been limited. This study seeks to 

contribute to our knowledge of decision-support needs in public health and inform the 

development of salient and relevant public health decision-support tools.  

Specifically, this study seeks to answer the following overarching questions: 

1. Which agencies, departments, and public health systems entities are engaged in climate 

preparedness and who are their key public health partners and collaborators? 

2. How do the public health system entities engage with climate change adaptation and what 

is its existing capacity?  

3. What is the usefulness of existing resources for public health climate change decision-

making? 

Methodology 

Study Design  

I implemented an online survey to assess the current level of engagement with the health 

impacts of climate change among public health entities across the United States. This research 

was conducted with approval from the University of Arizona Human Subjects Protection 

Program (protocol # 1707612248A001). 

The online survey, created and implemented using the Qualtrics Survey Software tool, 

consisted of 46 multiple choice and open-ended questions. The survey instrument question 
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formats included Likert scales, check-all-that-apply choices, prioritization, and open-ended 

responses. Participants were asked to provide information on existing climate change associated 

projects and initiatives; sources of information; and usability of existing tools. The survey was 

emailed to public health and climate change networks nationally. Appendix A1 provides the 

survey tool used for this study. A total of 140 professionals participated in this study with 40 

partially completed and 100 fully completed responses.  

Survey development and themes 

A 15-20-minute, anonymous, online survey was developed for this study. A series of 46 

questions was developed, revolving broadly around professional role(s), individual experience on 

this issue, and perception of needs and preferences for obtaining climate change and health 

associated information. The questions were categorized into four themes including 

demographics, projects/initiatives, sources of information, and usability of existing tools. The 10 

ESPH informed the response options pertaining to adaptation activities and decision-support 

needs.  

Participants were asked to answer questions on the following topics pertaining to the current 

projects and initiatives at their current organization: 

1. Existing agency level strategic plan or similar document or strategy to specifically 

address the health impacts of climate change 

2. Funding to engage in climate change activities in relation to health mitigation, adaptation, 

or action planning. 

3. Health impacts most likely to affect your community. 

4. Activities that your organization has engaged in and/or is engaged in with respect to 

climate change and health. 
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5. Current level of collaboration 

6. Perceptions on existing knowledge, support, and opportunities 

Survey questions associated with the politics surrounding climate change were deliberately 

excluded from this study. Although the political context is likely a key underlying factor 

influencing climate action, we purposefully did not query study participants on this issue as our 

objective was to understand the other facets that contribute to public health engagement on 

climate change. However, study participants were provided with the opportunity to share their 

perspectives on the above topics via several open-ended questions and any feedback on this 

specific (i.e., political) aspect of climate change work was at the discretion of the respondent. 

Participants and recruitment  

This project specifically recruited participants in climate-health communities of practice 

including public health professional organizations to sufficiently capture the extent of public 

health engagement and activities implemented at tribal, state, and local levels. The target 

audience for this study included any individuals who self-identified as meeting the below 

criteria: 

a) Member of a Federal, state, tribal, municipal or county public health department, other 

government agency OR in a non-profit public health organization work in the field of 

public health at the local, state or tribal level, AND  

b) Interested or engaged in addressing the public health impacts of climate change, AND 

c) Fluent in written and spoken English. 

I reached out to leadership at professional organizations (Table 6) to disseminate the survey. 

Additional participants were identified through snowball sampling and active searching through 
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webinars and abstracts associated with climate change and health.  Table 6 provides a list of 

organizations and networks through which support for survey dissemination was obtained. The 

additional recruitment efforts ensured that the survey was brought to the attention of regional, 

urban/rural, and tribal professionals.  

Table 6:  List of Networks Utilized for Project Recruitment & Survey Dissemination 

Collaborating organizations 
National Association of County and City Health Officials (NACCHO) Workgroups 
Council of State and Territorial Epidemiologists (CSTE) members 
American Public Health Association (APHA) Environment Section & Climate Change   

Committee members  
National Environmental Health Association (NEHA) Climate Change Workgroup members 
Institute for Tribal Environmental Professionals (ITEP) members 
Association of State and Territorial Health Officials (ASTHO) Climate Change Collaborative 
Tribal Epidemiology Centers 
CDC BRACE Grantees 
APHA 2017 Climate Changes Health conference presenters 
Climate Change Webinars  
Local communities of practice 

 

Data Analysis 

Close-ended survey data were downloaded, analyzed, and tabulated using Microsoft 

Excel and R statistical software. Open-ended survey responses were coded and analyzed using a 

combination of Excel and NVivo qualitative data analysis software.  

The following outcomes were examined by level of funding (Appendix A1, Q18) or 

agency affiliation (Appendix A1, Q15): 

a) Development of a climate and health strategic plan 

b) Type of public health activities implemented 

c) Perceived barriers to and existing capacity for action 

d) Perceived collaboration among partners 
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Frequencies and proportions were determined within each stratum. Where appropriate, chi-

squared t-test or Fisher’s exact test were applied to determine differences between respondent 

groups at the 95% confidence level. Finally, we discuss the relevance of these findings with 

those from a companion study (Arora et al., 2019) which presented key barriers to public health 

engagement and opportunities for public health capacity-building. 

Results 

Due to the anonymous nature of this survey and the broad inclusion criteria, it is difficult 

to conduct a non-respondent analysis. However, membership statistics from the national 

networks through which this survey was disseminated indicate the survey was disseminated to an 

estimated 6600 individuals around the country. I reached recruitment saturation as the same 

people were referenced in our snowball sampling multiple times during recruitment.  

Research Question 1: Which agencies, departments, and public health systems entities are 

engaged in climate preparedness and who are their key public health partners and collaborators?? 

Demographic analyses summarized in Table 7 indicate that the survey successfully 

reached all eight regions classified by the United States National Climate Assessment and public 

health stakeholders from all levels of government as well as non-profit and academic sectors. 

Respondent Demographics & Background 

Table 7 summarizes the gender, race, years in profession, level of education for survey 

respondents. Survey respondents were predominantly female (61%) and white (68%). 

Approximately 76% of respondents had at least a Master’s degree. An equal number of 

respondents had public health (48%) and non-public health (46%) degrees. Public health 
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disciplines and degrees were identified using the Council on Education for Public Health 

(CEPH) website listing of degrees and program areas. 

At least 50% of respondents indicated having worked at their current agency or in the 

existing capacity for less than 5 years. 

Table 7: Respondent Demographics 

Respondent Characteristics Count  
(Total 140) 

Percentage  
(Out of 

140) 
Gender   

Male  51 36% 
Female 86 61% 

Other (Trans male, trans female, gender-
queer, prefer not to answer) 

3 2% 

Race/Ethnicity   

White 95 68% 
Hispanic or Latino 8 6% 

Black or African American 3 2% 
Native Hawaiian or Pacific Islander 1 1% 

Asian 10 7% 
American Indian or Alaskan Native 11 8% 

Prefer Not to Answer 3 2% 
More than 1 race 9 6% 

Highest Level of Education   

Less than high school degree   0 0% 
High school graduate  1 1% 

Some college but no degree   4 3% 
Associate degree in college (2-year 1 1% 

Bachelor's degree in college (4-year) 27 19% 
Master's degree   70 50% 
Doctoral degree 27 19% 

Professional degree (JD, MD) 8 6% 
Other  2 1% 

Years at Current Agency   

Less than 2 years 44 31% 
3-5 years 34 24% 

6-10 years 17 12% 
11-20 years 28 20% 
> 20 years 13 9% 
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Blank 4 3% 
Years in Position   

Less than 2 years 55 39% 
3-5 years 38 27% 

6-10 years 19 14% 
11-20 years 19 14% 
> 20 years 5 4% 

Blank 4 3% 
Region   

Northeast 21 15% 
Southeast and Caribbean 16 11% 

Midwest 17 12% 
Great Plains 8 6% 

Northwest 12 9% 
Southwest 64 46% 

Hawai’i and US Pacific Islands 2 1% 
 

Figures 1 and 2 further characterize the diversity in respondents. While Figure 2 

illustrates the varying levels of government represented in this study, Figure 3 highlights the 

differing classification of organizations categorized by the agency and department name 

provided by respondents. 60% of survey respondents represented county, state, or tribal agencies. 

Participants were given the option of providing their agency and department names, which were 

grouped into public health, environmental services, academia and other categories. Of the 107 

respondents that provided this information, approximately 40% represented public health 

agencies followed by 15% participants representing environmental services agencies including 

air quality, natural resources, sustainability, and water resources. 
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Figure 1: Agencies Represented in Study 

 

Figure 2: Respondent Classification Based on Agency and Department Name 

Participants were also asked to select the region they represent and currently work. The 

United States regions identified by the National Climate Assessment were used for this 

geographic categorization. Many participants are in the Southwest because our initial networks 

were in this region. Figure 3 illustrates the geographic representation of respondents. The 
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following regions were combined (indicated by an asterisk) to maintain respondents’ 

confidentiality: Alaska and Northwest, Northern and Southern Great Plains, Southeast & 

Caribbean. 

Figure 3: Regional Affiliation of Survey Respondents 

Research Question 2: How do the public health system entities engage with climate change 

adaptation and what is its existing capacity? 

Strategic Planning and Funding (Figures 4-6 and Table 8): Development of a dedicated 

action plan is a climate change indicator of climate change being an agency level priority and is a 

policy level climate change indicator recommended by CSTE (Council of State and Territorial 

Epidemiologists, n.d.). A climate action plan considers the risks, vulnerabilities, and impacts due 
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to a changing climate and integrates information provided by future projections. This is different 

from other policies & procedures (e.g., emergency response plans) that entities might have in 

place that address natural disasters and other public health issues but may not take into account 

climate change as a driver of these health outcomes. Respondent feedback was used to 

characterize and assess the level and nature of engagement with climate change among agencies 

represented in this survey.  

The first set of questions assessed the presence of a strategic plan or similar document 

that addressed the health impacts of climate change at the agency level (Figure 4) and if their 

agency received any funding to engage in climate and health associated initiatives (Figure 5). 

Only 23% of respondents indicated having a climate change-specific strategic plan at their 

agency while 35% indicated having a similar plan, not specific to climate change, that addressed 

the health impacts. At least 50% of respondents indicated their agency currently does not receive 

any funding to engage in climate change activities in relation to health mitigation, adaptation, or 

action planning. When prompted further, respondents identified federal (e.g., CDC BRACE, U.S. 

Environmental Protection Agency, Bureau of Indian Affairs) local (e.g., state), and foundation 

(e.g., Robert Wood Johnson Foundation, Kresge Foundation) as sources of funding for engaging 

in climate and health initiatives. In addition, 9 (7%) respondents indicated receiving more than 

one source of funding for this work.   
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Figure 4: Climate-Health Strategic Planning 

 
 
Figure 5: Climate Change Funding Status 

Fischer’s exact test was used to determine the relationship between funding and the 

reporting of an agency-level strategic plan being in place. Table 8 illustrates the Fischer’s exact 

results which indicate a statistically significant relationship (p< 0.05) between funding and 

reporting of an agency level strategic plan addressing the health impacts of climate change. 

Table 8: Relationship between Funding and Strategic Plan Development 

Strategic Plan? FUNDING 
Yes No Don’t know P.Fishers P.Chi.Sq 

Yes 17 11 2 0.001999 0.001999 
No but similar 
plan 8 29 9 0.04098 0.04448 

No plans 1 14 0 0.002499 0.001999 
In- development 12 8 0 0.002499 0.005497 
Unsure 3 6 13 0.0004998 0.0004998 

 

Further analysis of strategic planning by region (Figure 6) indicates that 40-50% of 

respondents in the Northeast and Northwest regions reported having strategic climate-health 

plans. Respondents from all regions except Hawai’i and U.S. Pacific Islands indicated having 

either a dedicated strategic climate-health plan or similar plan in-place. Most regions were found 

to have a mixed array of strategic planning with respondents in all regions indicating a strategic 

plan to address the health impacts of climate change was in-development within their respective 

agencies. 
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Figure 6: Climate-Health Strategic Plans in the United States 

Climate Preparedness Activities (Table 9 and Figure 7): In addition to strategic planning, 

participants were asked to select from a list of activities their agency currently engages in to 

understand, address, and manage the health impacts of climate change. This list was largely 

informed by the alignment of the Ten Essential Public Health Services to climate preparedness 

activities as proposed by Frumkin (2008). Table 9 highlights the top and bottom three activities 

indicated by the different agency categories represented in this study. This illustrates the most 

and least frequently reported activities by respondents of different agency affiliations and allows 

for comparison of activities among the different agency types represented in this study. It must 

be noted that although several activities did not fit either category (i.e., most or least frequently 

reported), respondents clearly indicated engaging in a wide range of actions aimed at the health 

impacts of climate change.  Funded respondents indicated participating in somewhat more 

number of activities (Avg. = 5.82) than unfunded (Avg. = 3.85) or unsure (Avg. = 3.29) 
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respondent groups. All respondents indicated high levels of engagement on activities associated 

with informing the public and policy makers about the health impacts of climate change; forming 

public health partnership to craft and implement solutions; developing policies and plans; and 

linking people to needed health services following disasters. Informing the public of the health 

impacts of climate change was a key activity among all agency representatives except city and 

county respondents Training health care providers and developing or using early warning 

systems were among activities of least priority.  

Table 9: Climate Preparedness Activities Reported by Respondents 

 

Public Health Activity Federal Tribal
State/

Territorial
City/

County
University / 
Academia Other 

Legend
Developing policies and plans such as municipal 
heat-wave preparedness plans that support 
individual and community health efforts.  

75% 26% 35% 62% 20% 38%

Linking people to needed health services and 
ensuring the provision of health care following 
disasters. 

25% 42% 48% 57% 15% 31%

Forming public health partnerships with 
industry, other professional groups, faith 
communities or others, to craft and implement 
solutions. 

0% 37% 35% 62% 40% 62%

Conducting program assessments of 
preparedness efforts such as heat-wave plans. 25% 26% 30% 53% 20% 15%

Training health care providers on health impacts 
of climate change. 0% 5% 22% 21% 35% 15%

Informing the public about the health impacts of 
climate change. 75% 53% 65% 47% 55% 62%

Informing policymakers about the health 
impacts of climate change. 50% 53% 48% 36% 50% 62%

Investigating the relationships among weather 
and water, food, or vector-borne outbreaks.  25% 26% 35% 40% 35% 15%

Tracking of diseases and trends related to long-
term climatic changes. 25% 5% 52% 49% 40% 0%

Working with partners to develop or use early 
warning systems for climate sensitive diseases. 50% 11% 4% 34% 10% 15%

Researching health effects of climate change, 
including innovative techniques such as 
modeling, and research on optimal adaptation 
strategies. 

75% 32% 57% 28% 55% 0%

None of the above. 0% 5% 4% 4% 10% 8%

Most frequently reported Least frequently reported
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Further analysis was conducted to understand how respondent reporting of funding 

received to engage in climate and health initiatives influenced the range of activities undertaken 

by agencies. Figure 7 shows a comparison of activities selected by respondents for funding 

status. The least common activities among non-funded participants were working with partners 

to develop or use early warning systems for climate sensitive diseases; researching health effects 

of climate change, including innovative techniques such as modeling, and research on optimal 

adaptation strategies; and training health care providers on health impacts of climate change. 

Figure 7: Climate Preparedness Activities by Funding 

Collaboration (Figure 8): Climate adaptation planning and response cannot be completed 

in isolation and requires dialogue and partnerships among stakeholders. Furthermore, benefits to 

local to regional collaboration for climate preparedness efforts include co-benefits, minimize 

unintended adverse consequences to other regions or sectors, and share knowledge to inform 

practical solutions. Respondents were asked to characterize the current level of collaboration 

between their agency and other internal and external entities with respect to climate change and 
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health to understand both the breadth of their network and the perceived nature of the 

relationship. Figure 8 depicts the percentage of all respondents who selected a specified level of 

collaboration (e.g., strong collaboration) for a partnering agency (e.g., academia) and illustrates 

who our respondents indicate as being partners and how much they collaborate with this partner. 

As illustrated in Figure 8, over 50% of respondents cited strong or some collaboration with state 

and federal agencies; other county/tribal/territorial departments; other health departments, 

academia, and other internal health department program areas. At least 25% of respondents cited 

no current collaborations with private organizations and water utility services and very little 

collaboration with other health departments or non-profit organizations. In general, more 

respondents indicated strong or some collaboration with state and federal level entities than with 

local level stakeholders such as healthcare system partners, non-profit, water utility companies, 

and private businesses. 

 

Figure 8: Level of Collaboration Reported with Select Entities 
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A Fisher's Exact test was conducted to examine the relationship between the presence or 

reporting of a collaborative relationship (indicated by respondent selection of strong or some 

collaboration for the respective entities listed) and funding status (e.g., the number of agencies 

that indicated receiving funding). As illustrated in Table 10, there was a statistically significant 

association between agency and level of funding for two agencies at p = 0.001, four agencies at p 

= 0.01, and four agencies at p = 0.05. There are significant associations between levels of 

funding and having a strong or some collaboration with most entities, particularly 

university/academia and federal agencies. This may be the case because funded agencies have 

grant informed directives that require projecting health impacts for which external support (i.e., 

academic partnerships are sought). There was no significant difference across levels of funding 

in collaborating with the local/regional/national weather service (p = 0.094). 

 

Entities 
Level of Funding 

Statistical Test 
Values 

Yes  
(n=20) 

No  
(n=63) 

Unsure  
(n=38) 

Fisher's 
Exact p 

Other internal health department 
program areas 3.7 (1.2) 3.4 (1.1) 2.8 (1.5) 20.8 0.005** 

University or academia 4.2 (1.0) 3.2 (1.1) 3.2 (1.5) 38.7 0.000*** 
Other health departments 3.6 (1.0) 3.2 (1.1) 2.8 (1.4) 19.2 0.009** 

Other county/tribal/territorial 
departments 4.1 (0.9) 3.4 (1.1) 2.6 (1.5) 22.2 0.003** 

Federal agencies 4.1 (0.9) 3.3 (1.2) 2.7 (1.4) 28.8 0.000*** 
State agencies 4.0 (0.9) 3.5 (1.1) 3.0 (1.3) 16.7 0.023* 

Local/regional national  
weather service 3.3 (1.2) 2.8 (1.2) 2.5 (1.4) 13.1 0.094 

Water utility services 3.2 (1.4) 2.9 (1.2) 2.2 (1.3) 17.3 0.021* 
Healthcare sector 3.5 (1.3) 3.2 (1.2) 2.7 (1.5) 15.7 0.038* 

Non-profit organizations 3.5 (1.2) 3.2 (1.2) 2.3 (1.2) 19.4 0.009** 
Private organizations 2.7 (1.2) 2.8 (1.2) 2.0 (1.1) 15.5 0.036* 

Statistical significance levels: *(four agencies at p = 0.05), **(four agencies at p = 0.01), and ***(two agencies at p 
= 0.001) 
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Existing Capacity for Climate and Health related Work (Figure 9): Respondents 

indicated being knowledgeable about the potential health impacts of climate change (55%) but 

indicated having limited capacity to use existing resources to assess and make informed 

decisions to address the potential public health impacts of climate change. Only 19% of survey 

participants indicated having adequate support within their organization to address the health 

impacts of climate change. 

 

Figure 9: Climate Change Adaptation Capacity 

Research Question 3: What is the usefulness of existing resources for public health decision-

making? 

In order to understand the usefulness of existing resources for decision-making, 

respondents were asked to indicate their preference for varied spatial and temporal scales at 

which climate information is provided. In addition, survey participants were also asked to assess 

the usefulness of at least one of two existing visual map products that are used to convey health 

information in the context of a changing climate. Participants were asked to evaluate the utility 
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of either a cooling center or mosquito risk map to better understand both the usefulness of the 

information to making decisions and to obtain preferences for enhancing usability of such visual 

decision-support tools.  See Appendix A1 for the images of the maps utilized for this study. This 

section presents the findings from the survey for these questions. 

Sources of information (Figure 10): Respondents indicated using a variety of resources to 

obtain information on the health impacts of climate change. We conducted a chi-square to 

determine the association between source of information and funding level. Follow-up ANOVAs 

were then conducted to further figure out which groups were statistically significant. Funded 

respondents selected more sources of information (Avg. = 9.4) than unfunded (Avg. = 6.8) or 

unsure (Avg. = 5.65) respondent groups.  

Figure 10 illustrates the use of different sources of information. Asterisks indicate 

positive ANOVA results highlighting a significant difference between funded-non-funded or 

funded-unsure respondent groups. The least-used sources of information among survey 

participants included listservs, CSTE state environmental health indicators, individual 

researchers, and newspapers and magazines (Figure 10). 



64 
 

 

Figure 10: Relationship between Funding Status & Sources of Information Utilized 

Information Used for informing decisions and developing plans (Figure 11): 

Approximately 50% of respondents utilize national, regional, and local climate and health risk 

assessments to inform decisions and develop plans. Similarly, 49% of respondents expressed an 

intent to use information on intervention effectiveness to inform their decisions. A small 

proportion of respondents were either unaware of or intend to use local climate and health risk 

assessments.  
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Figure 11: Use of Existing Reports & Assessments 

Spatial and Temporal Scales of Information (Table 11): Approximately three-fourths of 

respondents indicated a preference for local scale future climate projections, followed by 

regional and national scale assessments for use in making plans and programmatic decisions 

related to the health impacts of climate change. Participants also indicated the utility of short-

term climate projections at the scale of 1-3 years, followed by 5-10 years and weeks-months 

projections. At least 20% of respondents felt 100-year future climate projections to be of limited 

to no use in informing plans and programmatic decisions. 
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Table 10: Usefulness of Future Climate Information at Varying Temporal & Spatial Scales 

  
Extremely 

Useful  
Moderately 

Useful  
Somewhat 

Useful  
Not at all 

useful  
Temporal Scales       

1-3 year  59% 19% 13% 9% 
5-10 year 57% 28% 11% 4% 

50 year  28% 35% 26% 11% 
100 year 18% 28% 30% 25% 

Weeks-Months  56% 22% 16% 6% 
Spatial Scales      

National scale  25% 38% 29% 8% 
Regional scale  49% 33% 14% 4% 

Local scale 71% 12% 14% 3% 
 

Respondents were also asked to describe any other qualities that make the best sources 

most useful. 68 participants described a range of factors that they found valuable; Key 

characteristics of value included: 

i) Reliability of information indicated by information is scientific-based, peer-reviewed, 

informed by data and models 

ii) Ease of communication indicated by information being presented at a level that is 

easy to understand by the public, is timely, and brief and incorporates graphics, 

photos and visuals to explain connections. 

iii) Relevant indicated by the need for information (such as case studies and best 

practices) to be at local scales, useful for smaller rural and tribal jurisdictions 

iv) East to use and actionable indicated by the need for information to be provided on 

shorter time spans. 
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Relevance of information and its usefulness for making decisions was also a recurring theme in 

the respondent evaluation of the two maps integrated in the survey. Table 12 summarizes the 

broad category of information participants felt was needed for each map. 

Overall respondents found both maps to be very useful as presented. Concerns regarding 

the use of the cooling center map included the exclusion of transportation networks as well as 

accessibility and ease of understanding for community members (e.g., vulnerable populations) 

that needed the information. Participants also expressed the need for this map to provide clarity 

in the information presented. For example, the map identified community centers and libraries 

(official cooling centers) vs. malls (which are not formal cooling centers but are places where 

people can get cool). The general feedback for this map centered on enhancing its use by the 

public to take action during a heat wave. 

In contrast, respondents who evaluated the mosquito risk map evaluated it for its 

usefulness for the public health authorities and felt it could be used to inform decisions on where 

to implement interventions and conduct education and health promotion campaigns. Major 

concerns associated with this map included its coarse spatial scale and lack of information at the 

neighborhood, city and sub county level data. 

Respondents who evaluated either map (n=39) also identified factors that influence their 

agency’s current capacity to create, utilize, interpret, and/or modify the maps. Lack of GIS 

training (n=12), staff (n=12), and funding (n=10) were the top barriers identified by survey 

participants (n=39). Participants (n=5) also indicated the need for better data and information on 

vectors (n=5) and information technology (n=5) as areas of need to build agency capacity.  
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Table 11: Respondent Evaluation of Climate-Health Maps (Appendix A1) 

 COOLING CENTER MAP AEDES ALBOCPICTUS 
MAP 

Map description 

Provides the location of cooling centers 
against a backdrop of model simulations of 
summer high temperatures 

Provides information on the 
environmental suitability of the 
Aedes albopictus mosquito at 
the county level 
 

# of comments 
provided 

86 68 

Information needed to increase usability (obtained from respondent qualitative feedback) 

Interactivity 

N= 26 
Allow for address search for cooling centers 
in proximity 
Information for each cooling center (e.g., 
hours, physical address, services provided, 
accessible to pets) 
 

N=2 
Allow to zoom in on specific 
areas and prioritize 
interventions for the habitat and 
risks 

Map details 

N=6 
Temporal and spatial scale 
Physical features (e.g., rivers, ponds, lakes) 
Road names 
 

N=4 
Temporal and spatial scale  

Additional layers of 
information 

N=15 
Demographics 
Population density 
Vulnerable populations 
Locations of hospitals, schools, etc. 
Transportation routes 
NWS data (e.g., temperature) 

N=8 
Demographics 
Population density 
County level programs 
Mosquito abatement districts 
Mosquito habitats 
NWS data (e.g., precipitation) 
Air conditioning vs. swamp 
cooler usage 
Households with window 
screens 
 

Context specific 
information 

Heat illness surveillance data 
(morbidity & mortality) 
Past and future temperature trends 

Surveillance, reportable disease 
and vector data 
Show disease spread over time 
Future projections over spatial 
and temporal scales 
Historical context of risk 
Data for surrounding 
geographic regions 

Areas of 
improvement 

Too hard to read and interpret for the public. 
Use different icons and symbols 
Too much information at the scale shown 
Balancing public use by public health use 
(e.g., block level scale is not used by 
emergency management or social services 
delivery)  

Defining the temporal scale of 
the map and during what 
seasons it will be available 
 
Include information from 
bordering states and 
jurisdictions 
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Barriers (Figure 12): The limitations cited by respondents in their evaluation of the 

contextual maps was reflected in their perceptions of barriers associated with climate change 

adaptation. Respondents were asked to select from a list of possible barriers to identifying and 

addressing the health impacts of climate change in their jurisdiction. Funded respondents 

selected reduced number of barriers (Avg. = 8.94) than unfunded (Avg. = 9.89) or unsure (Avg. 

= 10.73) respondent groups. Lack of funding, staff, and institutional support were identified as 

the most common extreme barriers facing agencies. Other barriers cited by respondents included 

political climate, competing priorities, lack of training, lack of understanding of impacts to local-

level decisions, and lack of public support. Approximately 45% of survey respondents also 

identified lack of required long-term health outcome data and limited training and expertise to 

work with data as barriers to climate action.  Finally, respondents also highlighted the need for 

information including projections, best practices, and case studies at actionable finer spatial and 

short-term temporal scales. 

These findings were also validated during the key informant interviews (Arora et al., 

2019) where interviewees highlighted the need for training and education for both the current 

and future workforce to build the public health community’s knowledge and understanding of 

the climate and health relationship. Interviewees further provided key topic areas for which they 

felt evidence-based research was lacking. These research gaps included a better understanding of 

the economic impacts of climate change, impacts on the healthcare delivery system, and the 

effectiveness of different adaptation measures on mitigating health consequences. Interviewees 

also described the need for local level case studies and exemplary practices to help inform 

actions in smaller, rural and tribal communities. A comprehensive list and discussion of these 

research gaps can be found in Appendix B. 
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Figure 12: Barriers to Understanding & Addressing Health Impacts of Climate Change 

Discussion 

This study examined the level of engagement and work done by the broader public health 

sector organizations in understanding, mitigating, and responding to the health impacts of 

climate change. Our findings identify the unmet needs of public health system professionals on 

climate-health adaptation including a lack of funding and relevant information at spatial and 

temporal scales of projections. This study offers the following key facets of public health 

engagement on climate change preparedness: 

Key Finding #1: Traditional and non-traditional public health sector entities are engaging 

collectively, in a wide array of climate change actions.  

Approximately 60% of survey respondents indicated working in organizations other than 

government health departments such as departments of environmental services, air quality, 

natural resources, sustainability, and water resources. Figure 1 illustrates the distribution of 
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respondents in academic and non-profits sectors including non-traditional public health sectors 

indicating the variation in stakeholder agencies that perceive their role to be relevant to the 

health impacts of climate change. These individuals had equally varying educational 

backgrounds including degrees in natural sciences, planning, biology, and anthropology. The 

representation of multiple sectors and levels of organization in our study underscores the innate 

nature of public health as a multidisciplinary field and the importance of tapping into the 

expertise, knowledge-base, and capacity of these partners to advance efforts against the health 

impacts of climate change.  

Furthermore, the public health sector entities represented in this study indicated 

involvement in a mixed range of climate preparedness activities: while federal and university 

affiliates reported increased levels of participation in research, all agencies indicated being 

involved in activities associated with informing the public about the health impacts of climate 

change. Non-profit and private agency representatives also reported high levels of activities 

around forming public health partnership and informing policymakers about the health impacts 

of climate change. These widely distributed and reported engagement activities highlight the 

inconsistent nature of efforts that are being implemented at levels of the public health structure 

and indicate possible capacities of these entities to perform different functions. For example, 

there was minimal engagement, among all agencies, on training health care providers and 

developing early warning systems among stakeholders. Both of these activities require a robust 

understanding of climate science, resources, and partnerships for implementation.  

Findings from the current study are further supported by Arora et al. (2019) who 

highlight the varying approaches adopted by public health professionals to work on climate 

change issues within their respective organizations. One main approach cited by interviewees 
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who participated in that study involved directing activities towards specific health impacts of 

climate change (e.g., extreme heat) or engaging in specific tasks (e.g., assessing existing strategic 

plans). Lack of expertise and science and practice partnerships were among the barriers 

identified by key informants. While our survey indicated the need for identification of best 

practices and collaborative models on how to use climate science (Figure 12), key informant 

interviewees also highlighted the dearth of best practices through which individual agencies can 

learn and develop their respective networks and programs.  

Survey findings also provide insight on the level of perceived collaboration on climate 

actions undertaken by individuals at their respective agencies (Figure 8). Collaboration is 

instrumental in pursuing funding opportunities and is also required to meet grant deliverables. 

Nevertheless, partnership building requires a great deal of time and commitment for both entities 

involved. Our study sample indicated high levels of collaboration internally within their own 

organization, other health departments, and other government.  There was also an overall 

reduced level of collaboration with water utility companies, private, and non-profit entities in our 

study sample. Funding was identified as a contributing factor to collaboration among all 

identified partners except local and regional national weather service. One reason for this may be 

that funded agencies may have grant informed directives aimed at projecting health impacts and 

informing research for which an academic collaboration is sought. This facet is also corroborated 

by the key informant interviews provided in Appendix B. Key informant interviewees described 

lack of staff to dedicate to research endeavors, lack of common interests or goals, and lack of 

academic institutions or center in close proximity as factors that impeded relationship building 

and expansion of existing networks (Arora et al., 2019).  
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Multidisciplinary collaboration is dep rooted in many facets of the public health field and 

in particular, the area of public health emergency preparedness.  Climate change is an equally 

complex problem that requires response at multiple levels by a diverse array of entities.  Our 

findings indicate that public health entities are forming partnerships with local and regional 

agencies to address climate change. However, in the absence of funding, the underlying 

reasoning or rationale with which partnerships are sought is missing. If a strong program, 

initiative, or directive is not in place to foster such relationships, there is less likelihood that 

collaboration will occur.  

In addition to funding, a key element to network building is the recognition of an entity 

as a partner. At an institutional level, the absence of a formal incentive to seek out partnerships 

where they may be lacking or limited is a key barrier but at an individual level, these findings 

may indicate a need to identify, promote and support non-traditional public health partnerships. 

The facets presented above characterize the nature of public health sector’s engagement in 

climate change and illuminate the facets influencing climate action.  

Key Finding #2: There is a significant mismatch in information needed and available to enable 

public health decision-making.   

There are significant barriers to information sharing, use, and relevance for the public 

health sector. Figure 10 illustrates the variety of resources respondents utilize to learn about and 

stay connected on the issue of climate change and health. Overall, participants from entities 

receiving funding selected more sources of information (Avg. = 9.4) than their unfunded 

counterparts (Avg. = 6.8).  Although participants in all funding categories indicated individual 

researchers as reliable sources of information, it seems underutilized in comparison to other 

research oriented avenues such as academic practice research centers and meetings and 
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conferences. Academia is often the central body that has traditionally informed the foundational 

basis of the climate and health relationship, yet the interaction and resourcefulness of these 

subject matter experts seems to be underutilized as 40% of agencies reported little to no 

collaboration with this potential partner. This can be attributed to a variety of reasons, primary 

among them (as noted earlier) the lack of impetus or reasoning to engage and collaborate with 

individual academic partners.  

In contrast, there was more reliance on academic research practice centers as sources of 

information. This may be attributed to the nature of various research centers to develop reports 

and guidelines and share knowledge via webinars and guest speakers that allow for information 

dissemination to a wide audience (including public health). A comparison of funding status with 

most relied-upon sources of information indicated significant differences in use of state agencies, 

non-profits, individual researchers, meetings and conferences, and workgroups and communities 

of practice.  

In assessing the use of existing reports and assessments, respondents indicated either 

using or intending to use a mix national, regional and local climate and health risk assessments, 

peer-reviewed research, and weather information provided by the NWS to make plans and 

programmatic decisions related to the health impacts of climate change. Other potentially useful 

information identified by participants included easily accessible model practices, community 

input, state or city mitigation plans and needs assessments as well as federal and international 

guidance documents. Strikingly, only 23% of respondents indicated using information on 

effectiveness of interventions to inform their decisions. Although it is unclear why this may be 

the case, one contributing factor may be the limited information that is available on intervention 
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evaluation and effectiveness. Our findings highlight the potential usefulness of intervention 

research for public-health decision-making.  

Respondents were also asked to identify the usefulness of different temporal and spatial 

scales of information for decision-making. Table 11 clearly indicates the preference among 

public health system entities for local scale information at short time periods ranging from 

weeks-months (i.e., early warning systems) and 1-3 year to 5-10-year time periods. This 

sentiment is also reflected in the barriers classification outlined in Figure 12. Respondents 

indicated the irrelevance of the spatial and temporal scales to be moderate or key barriers to 

understanding and addressing the health impacts of climate change. This is an important facet 

because there is a clear mismatch between the information that public health requires for 

decision-making and that which is available. The predominant guidelines used by practitioners 

are national and regional assessments provided by federal agencies. Although these have been 

indicated to be helpful, respondents overwhelmingly indicated preferences for local and regional 

scales of assessments.  

This notion was also evident in respondent evaluation of the extreme heat-cooling center 

and mosquito risk maps. In general, respondents expressed preference for such maps to include 

finer spatial and temporal scale information. Our survey sample indicated the need for such maps 

to bring in not only climate and health data but also various social and ecological information to 

help inform interventions and communicate to at risk populations. Equally relevant was the need 

for incorporating historical disease and climate trends as well as season projections into maps to 

provide decision-makers with a complete picture. 

On a temporal scale, respondents preferred assessments and projections at shorter time 

frames (e.g., less than 10 years) over 100-year future climate projections. This is likely due to the 
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nature of public health funding and priorities which fluctuate over the course of a few years. 

Therefore, the operational environment in which public health functions is time and resource-

bound making it difficult to conduct long-range planning beyond a few years. In order to inform 

public health decision-making and ensure that research outputs regardless of if they are 

projections or increased understanding of processes and relationships, they must address the 

needs of practitioners and inform the development and implementation of programs and 

interventions at all levels of the public health system. However, health and climate data 

availability, data sharing regulations, and processing capabilities are among the few impediments 

that limit the ability of scientists to generate fine-scale projections. Our findings indicate an 

immediate need for both dialogue and scientific momentum to address the information use gap 

associated with the scale of information needed and available to public health entities.  

Key Finding #3: Public health action on climate change is hampered by a lack of funding for 

resilience and capacity at local public health system entities.  

Over 50% of respondents, across all entities, indicated having received no funding to 

engage in climate change and health related activities. This is in alignment with a 2009 

assessment of funding allocation at the federal level for addressing the health impacts of climate 

change which indicated the allocation of <$3 million for climate and health research alone (Ebi 

et al., 2009). Predominant sources of funding identified by respondents included the CDC 

Climate-Ready States & Cities Initiative (CRSCI), EPA, and other local or federal government 

programs. In our study sample, 63% of city or county affiliates indicated receiving no funding. 

This indicates not only limited funding opportunities for local entities but a possible advantage to 

larger agencies that have the capacity and infrastructure to pursue funding and manage programs. 

This notion is supported by the allocation of the CDC CRSSCI funding mechanism which funds 
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16 states and two cities to understand and address the health impacts of climate change within 

their jurisdiction. Although it is at the discretion of each grantee to further allocate funds to other 

public health system players (e.g., city or county health departments, academia), the central body 

receiving funding and program implementation support are mainly states and large cities. These 

entities not only need to have the resources to implement such a program but also institutional 

support for climate-health adaptation.  

In the absence of solid, consistent, and reliable funding it is not surprising that many 

respondents who cited having received no funding also did not have a targeted climate and health 

strategic plan. Approximately 35% of individuals indicated having a similar plan in place. Public 

health entities routinely plan for emergencies including weather-related disasters such as 

wildfires, floods, and extreme heat.  Although these hazard specific plans do not address climate 

change directly, they encompass many of the prevention and response functions associated with 

the public health directive. This may provide insight to why only 11% of agencies indicated 

having no agency level plans that addressed climate and health impacts.  

In the context of the political barriers (e.g., lack of political will, distrust, politicization of 

climate change) and the absence of funding cited by interviewees (Arora et al., 2019), the survey 

data indicates that the public health sector organizations seem to be developing or revising 

existing plans that address the impacts of climate change through weather events and other 

localized hazards (e.g., hurricanes and floods) than the development of a plan specific to climate 

and health. Another aspect of planning that may inhibit the development of a climate and health 

adaption plan is the often-extensive approval process required for a plan to be in effect. Several 

survey respondents further specified the political climate as a real barrier to acting on climate 

change; the lack of a climate and health adaptation plan may indicate that public health agencies 
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prefer an alternate approach to planning to bypass the time and political processes involved for a 

plan to be in effect. 

In the public health context, in particular, funding influences priorities for programs, 

resources, and personnel. A similar trend is evident in the analysis of public health activities 

undertaken by respondents and their respective agencies. This study indicates that entities are 

engaging in a wide array of activities to understand, assess, and address the health impacts of 

climate change. As Figure 7 illustrates, although funded agencies indicate increased level of 

engagement on education, policy development, and research non-funded agencies also indicate 

implementation of all twelve activities. One possible explanation for this may stem from the 

need for these organizations to deliver on the public health mandate of prevent and protect from 

harms and adverse impacts on health. There is considerable overlap between existing activities 

such as developing hazard-specific plans, outreach and education for vulnerable populations, and 

disease investigation. Therefore, it is important to note that in comparing tribal, state/territorial, 

and city/county representatives, the activities that are not high priority for action are training 

healthcare providers on health impacts of climate change, research, and working with partners to 

develop or use early warning systems. Both research and EWS development require a robust 

understanding of local climate-health impacts and relationships as well as funding to support 

these activities. Academia is the only agency category that registers an increased effort to train 

future healthcare providers. This is a key gap within the public health response that can be 

attributed to our limited understanding of local health impacts and disease outcomes and 

economic impacts of a changing climate, which is of most relevance to the healthcare 

community.  
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In addition, it is important to note the reduced level of engagement reported by tribal 

affiliates on many of the activities identified in Table 9. Tribal entities are sovereign nations that 

may collaborate with multiple states, counties, and federal entities to develop plans and 

coordinate activities. These efforts can be hampered by lack of infrastructure required to conduct 

public health functions. Each tribe can have a unique healthcare and public health infrastructure 

that is managed through a formal health department, local clinics, or supported by the Indian 

Health Services. This does not influence capability for climate-health adaptation planning but 

introduces an additional layer of complexity. However, it would be erroneous to say that tribal 

partners are not engaged. On the contrary, tribal representatives indicated high levels of 

engagement and education with the public and policy makers.  

A broader recommendation that arises from these findings is the need for increased 

funding of local (i.e., county/territorial) public health system entities for climate-health 

adaptation. This is important because the health impacts of climate change will be most apparent 

at the local level and there is a need to build capacity at this level to understand and manage 

these risks. In addition, funding should be directed to projects and programs that build local 

capacity by encouraging cross-sectoral partnerships, informing local level plans and policies, and 

educating professionals, community members, and policymakers.  

Strengths & Limitations 

A key limitation of this study is the uneven response across regions. This may be a result 

of both the length of the survey (46 questions, 15-20 minutes for completion) and our limited 

capacity to recruit survey participants directly. We were fortunate to have had the opportunity to 

recruit among various national networks and professional organizations. However, this limited 

our capacity to directly disseminate reminders and recruit among the wide national audience. 
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Lastly, the current political climate cannot be ignored. The aversion to climate change language 

and work in the current political climate was brought up by subject matter experts during the 

survey development and pilot testing phase and could affect participant response. Despite these 

limitations, our study provides a wide-scoping assessment of understanding the level of 

engagement among public health sector partners across the nation. Furthermore, to our 

knowledge, this study is unique in that it includes input from all levels of public health including 

tribal jurisdictions to understand the facets influencing climate health adaptation.  

Conclusion 

This study clearly illustrates the diverse array of traditional and non-traditional public 

health partners engaged in climate preparedness and the range of activities and partnerships 

associated with climate change. The disconnect between the spatial and temporal scales at which 

guidelines and assessment reports are developed and the scales at which public health is 

accustomed to making decisions is found to be a key impediment for public health action on 

climate change.  

Climate change is often touted as a threat-multiplier due to the myriad mechanisms 

through which climate drivers can directly and indirectly influence human health and wellbeing. 

An equally robust, multi-pronged, and multi-disciplinary response is required to mitigate and 

adapt to climate change. This study establishes the need for improving the usability of climate 

science to a public health context. Our findings describe the range of organizations, entities, and 

professions that are stakeholders in the climate change dialogue and provide rationale for 

continued engagement, collaboration, and funding to bring together climate scientists, funding 

organizations, Federal government bodies that inform national guidelines and reports, and the 

local and regional public health players to identify sector-specific solutions.  
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Our study highlights the varied backgrounds of a diverse workforce that engages on 

climate change issues at all levels.  Furthermore, academicians and researchers will improve the 

usability and relevance of research outputs including tools and models by considering and 

integrating user specific needs such as the spatial and temporal scales most useful for the public 

health sector outlined in this study.  

Finally, limited funding for climate resilience is a key impediment for the public health 

sector. Engagement, partnerships, and structured action for climate change is influenced by the 

presence of a funding mechanism. Allocated funding for climate and health action among all 

public health system wide stakeholders can provide this sector with the resources, personnel, and 

structure with which to engage in climate actions. However, funding alone is insufficient to build 

the public health system’s capacity to engage on this front; future efforts at capacity building 

should focus on building inter and intra-sectoral, non-traditional partnerships, training 

opportunities, and engagement on intervention effectiveness research to provide the evidence-

base required for public health decision-making.  
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Appendix A1: Online Survey Tool 

Directions: Please answer the questions in this survey to the best of your ability. You may start 
and stop this survey as needed and come back to it at any time for completion using the same 
advice.  
 
SECTION 1: DEMOGRAPHICS 
 
1- Which best describes your gender identify? 
 Male / Man 
 Female / Woman 
 Trans male/Trans man 
 Trans female/Trans woman 
 Genderqueer/Gender non-conforming 
 Not listed here: Please specify ____________________ 
 Prefer Not to Answer 
 
2- How would you classify your race and ethnicity (Check all that apply)? 
 White 
 Hispanic or Latino 
 Black or African American 
 Native Hawaiian or Pacific Islander 
 Asian 
 American Indian or Alaskan Native 
 Other: Please specify ____________________ 
 Prefer Not to Answer 
 
3- What is the highest level of school you have completed or the highest degree you have 
received?  
 Less than high school degree 
 High school graduate (high school diploma or equivalent including GED) 
 Some college but no degree 
 Associate degree in college (2-year) 
 Bachelor's degree in college (4-year) 
 Master's degree 
 Doctoral degree 
 Professional degree (JD, MD) 
 Other (please specify): ____________________ 
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4- Please specify all highest degree(s) you have attained and the associated primary 
major/concentration for this degree. (e.g., Masters of Public Health in Epidemiology) 
 
5- Please describe your current job:(Please do not use abbreviations in your response.) 

Agency or Organization Name: 
Department: 

 
6- Which of the following best describes your role within the organization? 
 Front line staff/entry level OR Non-supervisory Staff 
 Program management/supervisory Level 
 Senior management/executive level 
 Other (please specify): ____________________ 
 
7- Time in Current Position (slide bars) 
______ In Years 
 
8- Time in Current Organization 
______ In Years 
 
Section II. Projects, Initiatives, and Efforts in Climate Change & Health This section 
contains questions to develop a simple sketch of your organization to better understand the 
nature of activities that are implemented by organizations. 
 
9- Please select the best description of the agency or organization at which you current work:  
 Federal government 
 Tribal government 
 State government 
 County government 
 Tribal health department 
 State health department 
 County health department 
 City health department 
 University / Academia 
 Non-profit (please specify) ____________________ 
 Private (please specify) ____________________ 
 Other (please specify) ____________________ 
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10- Which of the following populations does your agency serve? (Check all that apply) 
 Urban 
 Rural 
 Suburban 
 Tribal 
 Other (please specify) ____________________ 
 
11- Does your agency currently have a strategic plan to specifically address the health impacts of 
climate change? 

o Yes, we have a plan specific to climate change and health 
o No, but we have a plan related to weather events and health (i.e. extreme heat, storm 

surge, etc.) 
o No, we have no plans related to weather, climate or climate change 
o Plan is in-development 
o Don’t know/Unsure 

 
12- Does your agency currently receive any funding to engage in climate change activities in 
relation to health mitigation, adaption or action planning? 
 Yes 
 No 
 Don't know / Unsure 
 
Display This Question: 

Does your agency currently receive any funding to engage in climate change activities in 
relation to health mitigation, adaption or action planning? Yes Is Selected 
 
 
12a- If YES, please briefly describe the source(s) of funding used to initiate and engage in 
climate change initiative? (Please specify the name of the grant and agency which has providing 
this funding.) 
 
12b- Use the diagram below to select three health impacts of climate change that are likely to 
affect your community. (Hot Spot Question) 
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13- Please select the activities that your organization has engaged in and/ or engages in with 
respect to climate change and health: 
 Tracking of diseases and trends related to long-term climatic changes 
 Investigating the relationships among weather and water, food, vector-borne outbreaks 
 Informing the public and policymakers about the health impacts of climate change 
 Forming public health partnerships with industry, other professional groups, faith 

communities and others, to craft and implement solutions. 
 Developing policies and plans such as municipal heat-wave preparedness plans that support 

individual and community health efforts. 
 Linking people to needed health services and ensuring the provision of health care following 

disasters 
 Training health care providers on health aspects of climate change 
 Conducting program assessments of preparedness efforts such as heat-wave plans. 
 Researching health effects of climate change, including innovative techniques such as 

modeling, and research on optimal adaptation strategies. 
 Working with partners to develop or use early warning systems for climate sensitive diseases 
 
14- Which of the following best characterizes the current level of collaboration between your 
agency and the following entities with respect to climate change and health?:  
 
 Strong Some Very Little No current 

collaboration 
Other internal 
health department 
program areas 
 

        

University or 
academia 
 

        

Other health 
departments 
 

        

Federal agencies 
(e.g., CDC, 
NOAA, EPA) 
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State agencies 
(e.g., Dept. of 
Emergency 
Management, 
Aging, 
Environmental 
Quality, 
Transportation)  
 

        

Local/regional 
National Weather 
Services office 
 

        

Water utility 
services 
 

        

Healthcare sector 
(e.g. Hospitals & 
healthcare 
providers) 
 

        

Non-profit 
organizations 
 

        

Private 
organizations 
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15- Please rate how much you agree or disagree with the following statements. 

 Strongly 
Disagree 

Somewhat 
Disagree 

Somewhat 
Agree Strongly Agree 

I am 
knowledgeable 

about the 
potential public 

health impacts of 
climate change. 

        

I am currently 
engaged in 
activities or 

projects 
associated with 
addressing the 

health 
implication of 
climate change 

within my 
agency. 

        

There are 
sufficient 

opportunities for 
me to enhance 

my 
understanding of 

the health 
impacts of 

climate change. 
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16- Please rate how much you agree or disagree with the following statements CONTINUED 

 Strongly 
Disagree 

Somewhat 
Disagree 

Somewhat 
Agree Strongly Agree 

There are sufficient 
opportunities for 

me to enhance my 
skills in identifying 
the health impacts 
of climate change 
on the community 
my organization 

serves. 

        

There is adequate 
support within my 

organization for me 
to address the 

health impacts of 
climate change. 

        

I have the capacity 
to use existing 
resources to 

effectively assess 
the potential public 
health impacts of 
climate change. 

        

I have the capacity 
to use existing 

resources to make 
informed decisions 

to address the 
potential public 

health impacts of 
climate change. 
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Section III: Sources of Information The next set of questions are intended to identify the 
sources of information that public health professionals use to understand, identify, and 
address the public health implications of climate change. 
 
17-What are your current sources of information on the health impacts of climate change? 
(Please select all that apply) 
 Listservs 
 Online professional communities 
 Peer-reviewed journals and publications 
 Federal agencies 
 State agencies 
 Science-based non-profits 
 Individual Researchers 
 Local and regional experts 
 Academic research or practice centers 
 Meetings and conferences 
 Internet 
 Newspapers and magazines 
 Others (Please specify) ____________________ 
 I currently do not receive any information on the health impacts of climate change. 
 
18- What information do you need to make plans and programmatic decisions related to the 
health implications of climate change? 
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 Extremely 
Useful 

Moderately 
Useful 

Somewhat 
Useful 

Not at all 
Useful 

Future climate 
projections - 

national 
        

Future climate 
projections - 

regional 
        

Future climate 
projections – local         

Regional climate 
and health risk 

assessments 
        

National climate 
and health risk 

assessments 
        

Peer-reviewed 
scientific 

information on the 
relationships 

between climate 
and disease 

        

Weather 
information 

disseminated by 
the National 

Weather Service 
 

        

Other, please 
specify         

 
 
19- In a few words, please identify the qualities that makes the best sources most useful to you?  
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20- How significant a barrier are the following to using current climate and climate change 
information to identifying the health impacts of climate change in your jurisdiction?  

 Not a Barrier Somewhat of a 
Barrier 

Moderate 
Barrier Extreme Barrier 

Temporal scale 
is too long          

Spatial scale is 
too coarse         

Projections are 
too uncertain         

The current 
projections are 

difficult to 
understand. 

        

There are not 
enough examples 

or models of 
how to use this 
data at the local 

level 

        

Limited training 
and expertise to 

work with 
climate data 

        

Lack of technical 
capacity (e.g., 
GIS software, 

technology, etc.) 
to handle the 

data 

        

Lack of required 
long term health 
outcome data. 

        

Timeliness of 
receiving 

information 
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21- Are there any other barriers to using current climate and climate change information to make 
plans and decisions regarding climate sensitive health outcomes? 
 Yes 
 No 
 
22- Please describe these barriers. 
 
 
Section IV. Assessing the Usability of Existing Climate Change Impacts Maps  The next set 
of questions will require you to assess the usefulness of an existing tool.   
 
23- In order to continue, please select one of the following health impacts of climate change: 
 
 Extreme heat event 
 Vector-borne disease 
 
Display This Question: 

If Section IV. Assessing the Usability of Existing Climate Change Impacts Maps The next 
set of quest... Extreme heat event Is Selected 
 
The below image is that of a sample map that can be generate to illustrate the location of cooling 
centers against a backdrop of model simulations of summer high temperatures.          
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24- Please rate the following characteristics of this map in terms of its usefulness for making 
decisions.  

 Extremely 
useful Very useful Moderately 

useful 
Slightly 
useful 

Not at all 
useful 

Spatial Scale           
Temporal 

Scale           

Level of 
uncertainty 
associated 

with this map 

          

Variables 
provided / 

visualized on 
map 

          

 
  



95 
 

25-  Please rate the usefulness of this map for making the following decisions. 

 Extremely 
useful Very useful Moderately 

useful 
Slightly 
useful 

Not at all 
useful 

Prioritize 
resources           

Develop or 
modify 

existing plans 
or procedures 

          

Develop 
interventions           

Implement 
existing 

programs 
          

Develop public 
education 
materials 

          

Employ risk 
communication 

strategies to 
notify at risk 
populations 

          

 
26- What other information is needed to increase the usability of the map? 
 
27- If you could receive this map as a moving projection, when would you prefer to receive this 
information: 
 Seasonal: 1 map at the beginning of the summer season. 
 Monthly: 1 map for each month of the summer season. 
 Weekly: map for each week of the summer season. 
 Static: shows in a geographical sense where risk may be. 
 Not sure 
 
28- Does your agency / organization have the current capacity to create, utilize, interpret, and/or 
modify the above map? 
 Yes 
 No 
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Display This Question: 
If  Does your agency / organization have the current capacity to create, utilize, interpret, 

and/or modify the above map? No Is Selected 
 
28b- If NOT, what support do you need to enable this capacity within your agency / 
organization? 
 
29- Please rate the overall usefulness of this map. 
 Extremely good 
 Moderately good 
 Slightly good 
 Neither good nor bad 
 Slightly bad 
 Moderately bad 
 Extremely bad 
 
If User selects Extreme heat as the health impact to Q23 then question below will show 
 
30- When planning for an extreme heat event, please select the importance of the below 
information. 
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 Very Important Somewhat Important Not at all Important 
Historical public 

health data on heat 
related morbidity and 

mortality 

      

Historical data on 
extreme heat events       

Current weather       
1-7 day forecasts of 

the likelihood of 
extreme heat events 

      

8-14 day outlooks of 
the likelihood of 

extreme heat events 
      

Monthly / seasonal 
outlooks of the 

likelihood of extreme 
heat events 

      

Annual / longer term 
outlooks of the 

likelihood of extreme 
heat events 

      

 
31- Would you be interested in assessing the usefulness of an additional tool? 
 Yes 
 No 
 
 
Display This Question: 

If Section IV. Assessing the Usability of Existing Climate Change Impacts Maps The next 
set of quest... Vector-borne disease Is Selected 
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The below image is that of a sample map that can be generated to provide information on the 
environmental suitability of the Aedes albopictus mosquito at the county level.            
 

 
 
32- Please rate the following characteristics of this map in terms of its usefulness for making 
decisions.  

 Extremely 
useful Very useful Moderately 

useful 
Slightly 
useful 

Not at all 
useful 

Spatial Scale           
Temporal 

Scale           

Level of 
uncertainty 
associated 

with this map 

          

Variables 
provided / 

visualized on 
map 
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33-  Please rate the usefulness of this map for making the following decisions. 

 Extremely 
useful Very useful Moderately 

useful 
Slightly 
useful 

Not at all 
useful 

Prioritize 
resources           

Develop or 
modify 

existing plans 
or procedures 

          

Develop 
interventions           

Implement 
existing 

programs 
          

Develop public 
education 
materials 

          

Employ risk 
communication 

strategies to 
notify at risk 
populations 

          

 
34- What other information is needed to increase the usability of the map? 
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35- If you could receive this map as a moving projection, when would you prefer to receive this 
information: 
 Seasonal: 1 map at the beginning of the summer season. 
 Monthly: 1 map for each month of the summer season. 
 Weekly: map for each week of the summer season. 
 Static: shows in a geographical sense where risk may be. 
 Not sure 
 
36- Does your agency / organization have the current capacity to create, utilize, interpret, and/or 
modify the above map? 
 Yes 
 No 
 
Display This Question: 

If  Does your agency / organization have the current capacity to create, utilize, interpret, 
and/or modify the above map? No Is Selected 
 
36b- If NOT, what support do you need to enable this capacity within your agency / 
organization? 
 
37- Please rate the overall usefulness of this map. 
 Extremely good 
 Moderately good 
 Slightly good 
 Neither good nor bad 
 Slightly bad 
 Moderately bad 
 Extremely bad 
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Section V. This is the last section of the survey. 
 
 
32- You are almost complete with the survey. Would you be interested in participating in a 1-
hour follow-up interview to discuss this topic further? 
 Yes 
 No 

 
If YES, then:  
 
32b- Thank you for your willingness to participate in a follow-up interview. Please provide your 
name and contact information so that the Principal Investigator may contact you to schedule an 
interview. 
Name: 
Email address: 
 
33- Are you interested in receiving the findings from this study? 
 Yes 
 No 
 
If YES, then: 
33a- Please provide your email address so that we can email you study findings at the conclusion 
of the project: 
 
Email address: 
 
Thank you for your time in completing this survey!    
 
 
To help us ensure this survey is distributed to the right individuals, please forward the Principal 
Investigator’s contact information along with the email and survey link that you received to any 
colleagues who you think should participate or would be interested in participating in this 
survey. 
 

Thank You! Your participation and responses are greatly appreciated. 
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Abstract  

Public health is the body of practice that is responsible for protecting and improving the 

health and wellbeing of communities and the wider population. Public health system 

professionals are familiar with the human health implications of environmental hazards that will 

be exacerbated by climate change. Although there are overlaps between existing public health 

functions and actions with those required by climate change, the public health sector is limited in 

its engagement on this issue. Key informant interviews were conducted with 25 public health 

professionals engaged in climate adaptation. Interview analysis illuminated key enabling and 

limiting factors that influence public health action at the individual and institutional levels. 

Individual level enablers are formal support including funding, awareness of climate change as 

an important issue, knowledge and expertise and personal sense of responsibility to integrate into 

agency level functions. Lack of time, limited knowledge, and skills are among key individual 

level challenges with integrating climate change into public health work. Funding is both an 

enabler and limitation for the overall public health sector with funded representatives citing more 

ability to engage in climate adaptation than those that are not funded. Other limitations include 

political climate and competing priorities. This study establishes the need for incentivizing 

climate change work by including it in public health accreditation criteria and credentialing 

mechanisms; fostering academic-practice collaborations; and directing focus on specific research 

needs of the public health workforce. 
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Introduction & Background 

Climate change is an emerging threat to human health, and public health entities need to 

engage and take action to address the implications. Yet health impacts of climate change are 

complex, and the depth and scale of impacts are often hard to predict making public health 

programming more challenging. For example, while we can directly link climate change to 

increased morbidity and mortality associated with disasters, our understanding of the indirect 

impacts to mental health is limited. Still, what is known is that these threats are credible, 

probable, and will have adverse effects on the health and wellbeing of individuals and 

communities across the country and world (Ebi et al., 2018). Developing an understanding of the 

current needs of the public health community to address the challenges that will arise with 

climate change is critical.   

Public health already handles multiple health hazards that are predicted to be exacerbated 

by climate change. Emergency preparedness managers plan for shelters and identify vulnerable 

populations that may need to be evacuated in the event of extreme weather events (e.g., floods, 

hurricanes, wildfires), epidemiolgists track and investigate vector and water borne disease 

outbreaks, and health promotion staff initiate communication campaigns to caution against 

disease threats and promote healthy behaviors. There are many parallels between activities that 

public health entities around the nation perfom day to day and what they need to do in response 

to climate change.  

In recognition of this growing threat, several national professional agencies, including the 

American Public Health Association (APHA), the National Environmental Health Association 

(NEHA), and the National Association of City and County Health Officials (NACCHO), have 

issued policy statements on climate change. These highlight the role of public health and outline 



105 
 

ways to integrate climate change into existing plans and program activities (American Public 

Health Association, 2015; National Association of County and City Health Officials, 2018; 

National Environmental Health Association, 2017). For example, these calls for action encourage 

public health entities to identify vulnerable populations, key climate change impacts and develop 

strategies to enhance the resilience of communities against emerging health threats. These calls 

for action justify climate change as an issue of public health relevance.  

A key framework that supports and promotes the public health purview to work on 

climate change are the Ten Essential Services of Public Health (ESPH). Grouped into 3 core 

function areas including assessment, policy development, and assurance, the 10 ESPH describe 

specific actions public, private, and non-profit public health system entities should undertake to 

protect their community’s health and wellbeing. The ESPH resonate with the public health 

professional because they form the foundation of activities across public health agencies around 

the nation and are the basis upon which health departments may voluntarily receive national 

accreditation. Although not all public health agencies (e.g., rural and small county health 

department can delegate functions to state health departments) provide each of the ten essential 

services, the public health system, is established around this directive and has the expertise to 

deliver the essential services. Actions to integrate climate change can be directly aligned to and 

integrated into the ESPH. For example, public health agencies can detect disease trends in 

relation to climate change, develop specific preparedness plans (e.g., extreme heat, vector-borne 

diseases), and educate the public and policymakers on the health impacts of climate change 

(Frumkin et al., 2008; Watts et al., 2018). 

Several frameworks have been developed to both illustrate parallels between climate 

change and public health and to enhance action on this issue (Ebi et al., 2008; Hess et al., 2014). 
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Another widely accepted framework is the Centers for Disease Control and Prevention’s (CDC) 

Building Resilience Against Climate effects (BRACE) Framework, which provides a five-step, 

iterative process with which to “adaptively mange the health impacts of climate change” 

(Marinucci et al., 2014). The BRACE framework is a part of the CDC’s Climate-Ready States 

and Cities Initiative (CRSCI) that provides dedicated funding to 18 cities and states around the 

nation as well as several tribes and terrirtories to engage in health adaptation planning. 

However, despite increasing knowledge about the likely health impacts of climate 

change, the public health system is limited in its engagement on climate change (Maibach et al., 

2008; Roser-Renouf et al., 2016). A brief analysis of several workforce studies indicate 

multifactorial impediments including the lack of funding and limited resources from local, state, 

and federal government, and perceived lack of expertise to address climate change (Bedsworth, 

2009; Carr et al., 2012; Gould et al., 2015; Roser-Renouf et al., 2016). These challenges are not 

unique to public health. Parallel studies in drought (Briske et al., 2015; Yung et al., 2015), 

natural resources (Lonsdale et al., 2017), and water management (Rayner & Al, 2005; Vogel et 

al., 2007) indicate similar challenges. Assessments of US water managers’ awareness, 

perceptions , and information use revealed that most water managers were unaware of many 

sources of forecast information, and its usage was contingent upon expertise and training, lack of 

understanding,the absence of incentives for integration, as well as spatial and temporal scale of 

climate information (Rayner & Al, 2005; Vogel et al., 2007). Lack of applied information 

(Burnett et al., 2014) and locally relevant decision support tools (Tobin et al., 2017) were among 

key barriers to engagement in climate change programs as identified by cooperative extension 

personnel in their outreach and education work with agricultural and natural resources’ 

audiences. Perceived risk and trust in sources of information (Lonsdale et al., 2017) and access to 
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climate information (Haigh et al., 2015) have been identified as factors impeding climate 

adaptation among natural resource managers (including decision makers and practitioners) and 

agriculture advisors respectively.  

Although several surveys and assessments have been conducted on the broader 

perceptions and challenges faced by public health professionals working at state and local 

departments of health, there is less understanding of how public health entities engage in climate 

change adaptation despite these barriers. We also have a limited knowledge of public health use 

of climate science information and needs associated with public health decision-making. The 

studies cited above have established public health’s limited expertise and capacity for climate 

change action but do not identify how these gaps can be addressed. In particular, we seek to 

answer what climate services are needed to support public health decisions on climate change 

adaptation at the local level. Climate services have been developed for several other sectors 

including agriculture and water resource planning, yet the same initatives have been largely 

lacking for public health (Jancloes et al., 2014). We utilize in depth interviews with individuals 

working at the nexus of climate change and health to identify how acadmic-practice partnerships 

can be leveraged to build public health capacity and address these gaps.  

Specifically, this study seeks to answer the following overarching questions: 

1. What are the enabling factors and barriers to climate change adaptation? 

2. What are recommended activities and services for supporting and increasing public 

health action on climate change?   
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Methodology 

Study Design & Recruitment  

Key informant interview data were collected as an integral part of a larger project that 

assessed engagement of the public health sector with climate change (Appendix A). The 

complementary study included an online survey that was disseminated widely to climate-health 

communities of practice, including public health professional organizations, to capture the extent 

of public health engagement and activities implemented at tribal, state, and local levels (Table 

13). This research was conducted with approval from the University of Arizona Human Subjects 

Protection Program (project 1707612248A001). We purposefully reached out to professionals 

who are engaged in climate change work at their organizations to adequately understand their 

experiences and approaches to climate action within their organizations.   

Table 12: List of Networks Utilized for Project Recruitment & Survey Dissemination 

Public Health Networks 

National Association of County and City Health Officials (NACCHO) Workgroups 
Council of State and Territorial Epidemiologists (CSTE) members 
American Public Health Association (APHA) Environment Section & Climate Change   

Committee members  
National Environmental Health Association (NEHA) Climate Change Workgroup members 
Institute for Tribal Environmental Professionals (ITEP) members 
Association of State and Territorial Health Officials (ASTHO) Climate Change Collaborative 
Tribal Epidemiology Centers 
CDC BRACE Grantees 
APHA 2017 Climate Changes Health conference presenters 
Climate Change Webinars  
Local communities of practice 

 

Study Population 

We utilized purposive sampling (Patton, 2002) to recruit professionals who are engaged 

and/or interested in the health impacts of climate change and snowball sampling via participants 

to further disseminate the survey to colleagues and networks that aligned with the study criteria. 
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The target audience for both parts of the study included any individuals who self-identified as 

meeting the following criteria: 

d) Employee of a Federal, state, tribal, municipal or county public health department, other 

government agency OR of a non-profit public health organization working in the field of 

public health at the local, state or tribal level, AND  

e) Interested or engaged in addressing the public health impacts of climate change, AND 

f) Fluent in written and spoken English. 

Participants who completed the online survey were also asked if they would agree to participate 

in an optional one-hour, semi-structured key informant interview (KII) with the study principal 

investigator. The KII questionnaire (Appendix B1) was designed with specific themes and area 

of focus to understand the approach to climate adaptation work undertaken by individuals within 

their organizations. The overarching goal of the KIIs was to gain an in-depth understanding on 

individual facets (e.g., educational background and training, motivation) of engagement, access 

and use of climate science; networks and partnerships in-place to inform activities; and 

recommendations for building public health capacity. 

Since online survey questionnaires are not the best modality to gain this type of input, we 

used semi-structured interviews to understand the practical challenges, research, and support 

needs of practitioners.  

Survey respondents who expressed an interest for a follow-up interview were contacted 

via email between November 2017 and July 2018. Individuals who agreed to be interviewed 

were emailed a copy of the University of Arizona approved Consent to Participant in Research 
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Disclosure Form and notified of the intent to audio-record the interview. Verbal consent was 

obtained prior to initiation of the interview.  

Of the 25 interviews, 23 allowed the interview to be recorded and two declined. For 

interviews that were not recorded the PI documented the responses during the interview. This 

paper presents the findings from the key informant interviews conducted in this study. 

Interview Development and Analysis 

We developed and implemented a semi-structured interview guide to obtain information 

on 1) Training, Experience, and Current work in Climate Change and Health; 2) Gaps and 

Barriers in public health relevant information; and 3) Decision-Support tools for Climate and 

Health. The interview guide was piloted with two public health workforce members who 

respectively represented a national and local organization and had varied experiences and 

training associated with climate change adaptation. Feedback was collected after both interviews 

and integrated into the final interview protocol. The pilot interviews largely helped in reframing 

interview question and in streamlining question order for clarity. 

Informant responses were captured during the interview and an interview ‘brief’ was 

developed for each interview immediately after the conversation. The latter included a list of 

topics  indicated by each informant, new and emergent themes, and informant characteristics 

including type of agency (e.g., state, local, federal, tribal), level of funding for climate change 

work (e.g., funded, not funded), and agency type (e.g., government, non-profit, profit).  

Interview audio recordings were transcribed and prepared for analysis using Temi 

transcription software. Quality control was maintained at each step throughout the entire analysis 

process as follows: each generated transcript was validated against the interview audio and 
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cleaned to ensure accuracy and adequate capture of the conversation. During this initial review 

of the audio file, key themes were identified and highlighted using a visual diagram or “map” of 

informant responses was created. The final transcript was then compared with the written notes 

that were taken during the initial interview. This provided a sequential check and verification of 

information as provided by the study participants. Any discrepancies or unclear aspects were 

resolved by listening to the relevant sections of the audio recording.  

An inductive research approach (Patton, 2002) was adopted to systematically analyze the 

interviews using NVivo software version 12 for Windows. The visual ‘maps’ and interview notes 

were used to identify overarching conceptual themes and topic ‘codes’ to be entered into NVivo 

for categorizing question responses. Once in NVivo, each interview transcription was aligned to 

these code categories which were split into further sub-themes that further characterized and 

refined the relationships, issues, and topics indicated by informants. 

Results 

32 individuals initially indicated an interest in being interviewed for this study, however, 

7 individuals were lost to follow-up and we was unable to schedule an interview with these 

participants. A total of 25 interviews (78% response rate) ranging from 45-70 minutes were 

conducted with individuals who met the study criteria. Table 14 provides a demographic profile 

of all interview participants.  
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Table 13: Interviewee demographic profile 

Gender 
 
 

 
  Male: 11 
  Female: 13 
  Prefer not to answer: 1 

Region 
 
 

 
  Northeast: 5 
  Southeast and Caribbean: 2 
  Midwest: 4 
  Great Plains: 2 
  Northwest: 2 
  Southwest: 10 
  Hawai’i and US Pacific Islands: 0 

Role within Organization 
 

 
  Frontline staff: 3 
  Program management/supervisory level: 11 
  Senior management/executive level: 5 
  Other: 6 
 

Average years in the organization   
  11.52 

Average years in position  
  8.76 

Primary agency or organization 
 
 

   
  Federal: 1 
  Tribal: 6 
  State or Territorial government/health: 3 
  City/County government/health: 11 
  Non-profit:2 
  Other: 2 

Population Served  
(Select all that apply) 

 

 
  Urban: 13 
  Rural: 15 
  Suburban: 10 
  Tribal: 5 
  Other: 4 

Strategic plan 
 
 

 
  Yes: 7 
  No, but related plans exist: 10 
  No, no plans exist at all: 1 
  In-development: 6 
  Don’t know/unsure: 1 

Funding 
 
 

 
  Yes: 10 
  No: 14 
  Don’t know/unsure: 1 



113 
 

Profile of Interviewees 

The workforce professionals that were interviewed for this study are working in sectors 

outside of public health departments and have a broad range of skills and education. Participants 

had a wide range of job titles ranging from epidemiologists and environmental health specialists 

to natural resources program managers and environment program directors. Job duties and 

functions of interviewees included grant management, data collection and analysis, strategic 

planning, community education and outreach, emergency response and recovery, and policy 

development (Table 15). These professionals sit in an equally diverse array of departments and 

agencies including natural resources, water resources, and health services at different levels of 

government.  

The representation of the agencies interviewed is illustrative of a diverse public health 

system and includes individuals who see themselves as working to understand, address, and 

manage the health impacts of climate. These agency representatives are affiliated with 

city/county/state/tribal governments, private and non-profit organizations and are potential 

partners as well as users of climate change data, information, and tools developed by researchers 

and scientists.  
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Table 14: Professional profile and background of Interviewees 

 

Participants were asked to describe their current job duties in relation to climate change. 

Although their direct job titles and duties did not indicate or imply climate change adaptation as 

a primary job function, all individuals indicated working on climate change related issues in 

some capacity including informing the development of strategic plans, education and outreach to 

communities and policy makers, understanding and quantifying the health impacts of climate 

change on their respective jurisdictions (in particular vulnerable populations), and informing 

strategies to mitigate impacts from specific climate impacts such as extreme heat and vector-

borne diseases. The scale and approach for these activities, however, seemed to differ between 

funded and unfunded agencies. Funded participants expressed rooting their activities in the CDC 

BRACE Framework and described more comprehensive and systematic implementation of 

actions at their agencies. Unfunded agency representatives indicated engagement efforts that 

Job duties Professional Background & Education 
Training development 
Understand and mitigate health impacts of 

extreme heat 
Advocating for vulnerable populations 
Policy planning- Inform jurisdictional or 

agency level strategic plans including 
disaster and climate action plans 

Collaborate with partners to understand and 
advocate for vulnerable populations 

Emergency response & recovery 
Data analysis, manipulation 
Grant management 
Program management and supervision 
Community outreach and education 
Communication to leadership, policy makers 
Natural resources management 
Research 
Epidemiology: disease investigation and 

analysis 

EMS/Nursing 
Physics 
Environmental Sciences 
Medical Technologist 
Military 
Anthropology 
Public Health- Epidemiology 
Public Health- Health promotion 
Veterinary sciences 
Business Administration 
Psychology 
Urban Planning 
Government 
Business Administration 
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were focused on either specific health impacts (e.g., extreme heat, vector-borne diseases) or tasks 

(e.g., educating the public, assessing strategic plans, and pursuing funding opportunities). 

Interviewees indicated the relevance of climate to all aspects of the work they do and 

their attempts to consider climate change as a driver for multiple stressors on their populations.  

“we do a lot of things that I guess would fall under that type [climate change] of work. Um, 
let me see. Support in our part of the emergency preparedness program that handle any kind 
of like natural disasters, like flooding, tornadoes, that's the biggest thing. Um, that, you 
know, I believe come up in [redacted for confidentiality] area, uh, uh, ice storms. So we also, 
uh, in the summertime with the epidemiologists are looking at heat surveillance. So we are 
looking at hypothermia cases, heat exposure cases and making recommendations for other 
program staff members, um, that deal with homeless populations or heating and cooling 
shelters. Um, warnings to, yeah, that sort of thing. So, um, I think that would be primarily 
like the biggest, uh, climate health related issues are, our vector control program as well. We 
use a lot of climate data like weather, rain, that sort of thing. Look at temperatures, look at 
that when we are doing some of our reporting in reports just to try to predict, um, how the 
mosquito season is going to be here in [redacted for confidentiality] or just trends over 
time.” 

We asked interviewees several questions (Appendix B1) to understand the enabling factors and 

barriers associated with climate change adaptation (Aim 2, Research Question 1). Facilitators 

or enabling factors for climate change action cited by study participants included formal 

support, funding, personal interest and overall concern. Interviewees also identified several 

factors, presented below, that acted as barriers to action including isolation; lack of expertise; 

science and practice partnerships; lack of decision-support tools; and funding, politics, and 

institutional culture. Interviewees subsequently offered a range of activities that can address the 

identified gaps and support public health action on climate change (Aim 2, Research Question 

2). Below is a presentation of these themes and recommendations as highlighted by 

interviewees. 
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Facilitators for climate change action 

Formal support, personal interest, and responsibility and concern for the environment and 

human health were cited by participants as motivating factors for engaging in climate adaptation 

work in their respective agencies. Both funded and non-funded participants indicated the 

presence of a formal support structuring including a dedicated initiative or program for climate 

change; grants and other funding allocation, as well as encouragement by supervisors and agency 

leaders as key enablers for personal level engagement. Grants and established directives that 

delineated climate change action as a priority area provided interviewees with the time and 

resources needed to understand and address the health impacts.  

In the absence of funding, interviewees felt, recognition and support from leadership 

provided motivation to seek training, collaborate, and integrate climate change into existing 

agency activities and programs. Supervisor support was also deemed important by these 

participants as it allowed individuals to attend trainings and conferences and provide necessary 

backing for collaboration with partners and integration of climate change into existing program 

areas and agency functions.  

Several unfunded individuals indicated that their agencies do not have a formal initiative 

or program associated with climate change. These interviewees often described themselves as 

being the sole person working on this issue within their organizations. A key motivation for 

engagement with climate change among these interviewees, in particular, was a deep interest in 

the work stemming from their prior understanding of the relationship between climate and health 

or personal responsibility to engage in the topic. 

“Um, you know, I uh, have a commitment to the outdoors and have an interest in the 
outdoors and in the health of my environment and so forth. And so this, um, the issue of 
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climate change, uh, concerns me, you know, at a more personal level because of my, um, you 
know, as, as so many of us that are as for love of the outside and um, in nature and so on and 
so forth. So, yeah, it, I, uh, climate change affects me both from a professional perspective 
and a personal perspective.” 

Although most interviewees did not have a formal background knowledge in climate and health, 

individuals indicated being aware of the climate drivers of health through trainings and adopting 

a climate change lens to agency-level plans and programmatic decisions. 

Two interviewees also shared personal experiences with family and friends as drivers for 

continuing to engage in climate change activities despite the lack of funding. For those without a 

dedicated funding stream or established program to work on climate change, a key driver was 

awareness and concern for the health impacts of climate change as an important issue and a 

personal responsibility to consider all factors that can impact the well-being of the community 

they serve.  

Barriers to climate change action 

Isolation Climate change work was described by participants as a “solo” initiative where 

unlike their colleagues working in other divisions within their organization, they did not have a 

dedicated staff or any other individual within their agency to validate findings, discuss ideas, and 

implement interventions. Participants indicated feeling overwhelmed with no or minimal 

background with which to understand the health impacts of climate change.  

“I think the biggest challenge is that I don't have funding to do this work for myself. So, I just 
volunteer. So, uh, that's one thing and um, so it's not a dedicated task. It’s something that's 
add on. Uh, uh, I don't have staff to help me with it. You know.” 

“My background is environmental science, not public health---if there was not anyone like 
me there would be no work on it.” 

 “well I can only speak for my health department. I'm probably one of very few if not the only 
one who thinks about climate and health, who has enough knowledge to have a 
conversation.” 
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This struggle expanded to the understanding of climate science, as professionals often felt 

they needed to have a good grasp of uncertainty, relationships, evidence-base, etc. to inform 

interventions, communicate with superiors, policy makers or community members. In some 

cases, participants indicated a sense of isolation owing to the lack of a supportive network of 

individuals and counterparts within their own state or region with whom they could discuss their 

work and brainstorm strategies for similar problems.  

Lack of expertise Current professionals engaged in issues of climate change and health 

have received minimal to no training on climate science and the fundamentals of climate and 

health. Most (n = 23, 92%) interviewees indicated receiving no formal training (i.e., coursework 

during their formal, degree-seeking educational program) on climate change and health. 

Moreover, the two individuals that indicated receiving some formal coursework indicated the 

focus of that coursework was on climate science and not health. In general, participants indicated 

they learned about the climate and health impacts specific to their region (and overall) on the job 

through a variety of resources. 

And then, um, after that, I just, for probably the first three and half, four months, um, 
probably until after, right after the new year. Um, I read so many scientific articles, I 
watched so many webinars. I just kind of tried to absorb as much information as I could. In 
hindsight, I think I missed a lot of it and I didn't understand, I was like so worried about 
trying to understand it all that I don't think I grasped it as well as I would've if I was in a 
formal training or to talk to other people about it is ah very solitary.” 

The professionals interviewed for this study compensated lack of formal education and training 

in climate and health with many different mechanisms. Participants indicated relying on formal 

reports, guidelines, governmental and non-governmental websites (including the Centers for 

Disease Control & Prevention and National Oceanic and Atmospheric Association), internet and 

google searches, and various resources (e.g., webinars, conferences, and meetings) hosted by 

national organizations such as National Association of City and County Health Officials 
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(NACCHO), American Public Health Association (APHA), Council of State & Territorial 

Epidemiologists (CSTE), and Eco-America.  

“So I guess a lot of it was reaching out to partners, but I knew, um, that we're working on 
climate in the state. And so kind of understanding, um, how they've developed their programs 
are, where they are, the process of developing their program, kind of reaching out to them as 
far as what resources are, what the most relevant for what I was looking to do.” 

“surrounding myself with smart people who are dedicated to the mission of the department 
and being able to recognize that talent.” 

“And then I've also developed some really fruitful partnerships with local agencies and 
universities.” 

“so generally the first thing I do, well if I have a specific question, there's so many people 
that I know now who have knowledge. I would probably just shoot one of the emails and say, 
hey, can you answer this question, or I pick up the phone.” 

Academic institutions with climate focused initiatives (e.g., Climate Science Centers) and 

contractors were mentioned by funded agencies as facilitators for climate and health work within 

their agency. Professional working groups and communities of practice (e.g., NACCHO, CSTE) 

were identified as key resources participant turned to learn about the current science, to seek 

guidance, or to identify specific resources. Participants indicated using not just the same reliable 

networks but depended on their colleagues in their region or across the nation to help them 

identify guidelines and exemplary practices to apply to their own jurisdictions. In the absence of 

evidence-based information at local and regional levels, a strong collaborative network provided 

the individual level support needed to identify and tailor strategies and inform actions. This is a 

potential area where academia and academic research partnerships can be formed due to the 

widespread network of researchers that work on climate related issues across the country.  

“So informally it's been more about networking and finding the right people who do have the 
expertise to be able to contribute to our projects.” 

Although this network of connections contradicts the siloed perception of some participants, it 

highlights significant gaps in both the access to relevant climate and health information and 
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limited time and capacity to do research within their jurisdictions to understand local impacts of 

climate change. 

Public health professionals’ heavy reliance on networks indicates a strong sense of trust 

and credibility in national professional organizations and practice communities highlighting their 

role in both access to and dissemination of information to this audience. Participants equally 

valued the personal interaction, dialogue, and problem-solving with other members of these 

workgroups and national coalitions. While these agencies provide a supportive environment to 

those professionals who were involved, representatives of local and tribal organizations 

perceived a disconnect and feeling of isolation in their work on climate change due to the limited 

number of professionals locally and regionally with whom they could collaborate to inform 

decisions and address geographically relevant problems. The agency-level isolation seems to be 

the primary driver for seeking communities of practice which provide much needed guidance but 

do not replace the underlying seclusion associated with the climate change work at individual 

agencies and organizations.  

Participants were further asked to identify the nature of training they felt both current and 

future workforce members needed and whom they perceived should be providing this training. 

Table 16 illustrates the range of competencies interviewees felt they needed to successfully 

address the health impacts of climate change.  

Suggested workforce trainings consistently centered around climate science, direct and 

indirect health impacts, and actionable information. Many interviewees (n=13) felt they had 

received the basic information about climate change through online webinars and research they 

conducted on their own. They felt they had enough knowledge to understand the basic concepts 

and apply that knowledge to understand implications for their communities. However, the lack of 
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concrete information on what they could expect for their region or jurisdiction hampered their 

ability to convince others to modify plans or integrate climate change into decisions associated 

with vector-borne diseases or extreme heat planning.  Interviewees affiliated with health 

departments especially stressed the need for evidence-based, actionable information that could 

allow them to make decisions.  

On the other hand, data manipulation and analysis skills including GIS were key areas 

that participants felt should be taught by academia to prepare future workforce members. 

Interestingly, climate data analysis skills and GIS were not identified as a high priority for 

current workforce members. Interviewees from unfunded organizations indicated they did not 

have the technology capability and staff to dedicate to this while individuals from funded 

organizations felt they had strong educational background and training (e.g., epidemiologists, 

environmental health specialists) to work on these data themselves or could tap into resources in 

other (i.e., City or County Information Technology) departments. Regardless of background and 

capacity, all respondents indicated relying on local National Weather Service (NWS) contacts 

and existing tools to help them get baseline climate and weather information. Participants, 

overall, felt the need for more training on the availability, use, and interpretation of climate data 

relevant for their region. Participants expressed the importance of being able to look at historical 

trends and future projections to understand the overall climate trends so they could both 

contextualize the information and better communicate the urgency to their constituents. 

“I think from climate scientists what we've needed the most from is to understand historical 
data for their region or for the area they're looking, at a future model.”  

In terms of knowledge, most individuals felt that the current academic training should prepare 

students for systems thinking so that they are able to interconnect different disciplines, sciences, 

and sectors in the field. This was stated by several interviewees, who also indicated the need for 
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students to learn hands-on before going into the field. Interviewees stressed the need for students 

to be familiar with real life problems in working with data, making decisions, developing 

policies, and communicating to a diverse audience. For the latter, most interviewees felt that it 

was important for current students to learn how to be better communicators and have inter-

personal skills that allowed them to engage with different partners and stakeholders and advocate 

for public health. 

Finally, one recurring theme associated with training and education was that of providing 

incentives to increase awareness and knowledge. Several interviewees felt that the integration of 

accreditation into academic programs and providing Continuing Education Units (CEUs) to 

professionals will increase engagement on this topic. Including climate change in academic 

accreditation criteria would allow more schools and academic centers to integrate climate change 

into existing coursework, thereby providing students with some form of exposure to climate and 

health fundamentals before they enter the field. CEUs, on the other hand, would address the 

knowledge gap among current workforce members and provide the broader workforce with a 

baseline level of awareness. CEUs are often granted by professional organizations for specific 

job areas and likely have the potential to reach more professionals who are working in the field 

but may not have a public health background. For example, as one of the interviewees illustrated, 

not all individuals working in urban planning have planning degrees. The similar argument 

applies to public health. There are other sectors, organizations and capacities in which public 

health professionals work, but they also may not have a formal public health training or degree. 

Therefore, requiring credentialing at the professional level will have the potential to increase 

awareness among a broader audience. Academic accreditation, on the other hand, will influence 
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the future workforce capacity but would need to be implemented in various professional 

programs of study going beyond public health.  

Table 15: Training Needs of Current & Future Workforce members 

SUGGESTED TOPICAL AREAS FOR TRAINING OF CURRENT AND FUTURE PUBLIC 
HEALTH WORKFORCE 

K= KNOWLEDGE, S= SKILLS 
*** DENOTES A HIGH PRIORITY TOPIC INDICATED BY 7+ PARTICIPANTS 

** DENOTES A PRIORITY TOPIC INDICATED BY 3-4 PARTICIPANTS 

Training Topic Current Future Context 
Systems thinking 

 
K Understand the interconnectedness of issues 

Communication*** KS KS Advocacy, written and oral communication 
to inform policies, to distill and translate 
information for the public and policy makers, 
establish partnerships 

Data & Analysis*** S S GIS, understanding of how climate and 
weather data is collected, accessing and 
using weather data, health data; 
epidemiology, surveillance 

Intelligence gathering-
resourcefulness 

 
S Capacity to use resources and know where to 

go to collect information 
Climate Science*** K K fundamentals of weather and climate; 

pathways; familiarity with key national and 
international projections scenarios, models 
and pathways; weather patterns; impacts on 
natural disasters, wildfires, etc. 

Health impacts of climate 
change*** 

K K Familiarity with key national and 
international reports and guidelines; Direct 
and indirect impacts to health; vulnerable 
populations; disease ecology and 
epidemiology 

Skills in the social sciences 
 

K Includes critical thinking, problem solving 
CDC BRACE 
Implementation 

K 
 

Understand the 5-step climate resiliency 
process and how to implement it 

Program planning & 
development** 

 
S Understanding how to build programs; 

integrate climate change into existing 
programs 

Health equity** K K Understand the impact on vulnerable 
populations and how climate change is a 
health equity issue; recognize how social 
determinants of health will interplay with 
climate change 
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Research & Practice Partnerships Academic scientists and researchers are highly trusted 

among respondents. However, interviewees felt partnerships and collaboration with academia, 

scientists and researchers are needed for sharing of information, exchanging ideas, and informing 

decisions.  

Participants indicated a mix of sentiments and relationships with academia including 

researchers and scientists. In general, interviewees indicated having a great deal of trust in 

academia accompanied by a high degree of expectation. Interviewees expressed a great deal of 

respect and value for the work that is done by academia and indicated holding academia as a 

trusted subject matter expert particularly in the absence of government action. Participants 

generally spoke of using universities and academic centers within their states as resources of 

information. 

“I think in [my state], we're in a position that we're getting, we're lucky in that, um, if we 
need to talk to someone on about climate, if need to talk to someone about weather, you 
know, weather changes, we're apparently [redacted for confidentiality] miles from [redacted 
for confidentiality]…there's just tons of resources that we have that I think the outside of [my 
state] you're probably not going to get.” 

“Academia is doing fine on research, they put the research out there; and it is for others to 
do [what they want] with it; I would like for them, to see them doing much with the health 
research—they are doing the research on climate change impacts---where we are stymied by 
politics science is not; if they can put out what we are not science—they can step in where 
government and science is being squelched.  If there is limited money, quit giving it to the 
states and give it to the state university and let them do it.” 

 
While several interviewees specified having a strong relationship with academia, most 

participants provided two cross-cutting recommendations including better science 

communication and increased collaboration, access, and dialogue with the academic research 

community. 
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a) Better science communication 

At a fundamental level, many interviewees felt the need for the scientific research body to better 

communicate their findings, so it is understandable to practitioners and individuals who intend to 

use that knowledge. These participants stressed the need for the scientific body to understand 

their target audience and tailor the information, so it is both relevant and understandable. For 

example, at least two participants indicated a need for better translation of climate science 

information in state and federal reports that were targeted to a broader public health audience.  

“The reports seemed to be created by epis (epidemiologists) for epis. As a program manager, 
I didn’t have a strong epi or biostatistics background so synthesizing the information was 
more challenging.”  

“Communicate in a way that you don’t lose your audience: p-values, statistics are jargon, 
not everyone even at a public health department can understand heavy scientific jargon.” 

Participants indicated that the language in these reports should consider the lack of familiarity of 

many professionals who are working on this issue but do not share the same level of skillset or 

technical knowledge. Scientific language is “too jargon-laden” even when used by public health 

professionals and researchers alike. Communication was also identified as a pressing need 

among professionals who served in capacities where they were tasked with communicating the 

relevance of climate change to policy makers and other public health sector partners. These 

individuals felt ill-prepared to both understand the information and translate into messages that 

were salient and relevant to different audiences.  

“Translating that down means doing something that is making the information, um, 
accessible. Um, not just culturally or in language, but accessible to ordinary folks doing 
ordinary things in the community.” 

“And so that, that, that's the kind of dialogue, but we needed coming formally. And then so 
we can translate into informal means and what, what we we've done and we've started doing 
with climate change issues is also train your non-traditional your promotoras, your health 
educators, that are in the community to help decipher, help explain what climate change 
was.”  
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This sentiment was echoed by several participants as a broader need for better communication 

and engagement stemming from scientists and researchers. Participants felt webinars and speaker 

sessions provided access to current research and science, but often felt isolated from the 

academic community. Recommendations provided by participants to bridge this gap included: 

“sometimes we don’t know what type of research a scientist is doing…so, they [scientists] 
should reach out to health departments and local/state level organizations to participate in 
seminars or conferences to share their work and findings” 

Several individuals stressed the need for academic partnerships to build workforce capacity and 

knowledge on the application of research findings to the practical environment. 

“I would like there to be more of a role of academia in reaching people who aren't 
necessarily going to be degree holding people. There's a lot of people who are on the front 
lines in these communities and they don't have the time to go, you'll say beyond a 
bachelor's degree or even to get a college degree to begin with. So for academia, yeah, we 
still need to keep producing the knowledge for other academics, but we got to find a way to 
bring it out of universities and make it accessible to people on the ground.” 

“Academia has a role in teaching the softer sciences and preparing the workforce; people 
know and/or can learn the science of climate change but need to know how to communicate 
with politicians and the public and how to convince people to change behavior” 

“bringing in people [researchers] to understand, modeling, understand climate change, to 
really help us how you can take that existing data, that existing baseline and understand 
and predict -Where's it going to go?” 

b) Increased collaboration, access, and dialogue with the academic research community.  

In general, interviewees felt there was often no mechanism for them to interact with 

researchers to learn about the research being done, understand and become familiar with data 

being collected; and its application to their work or inform future projects. One interviewee 

summarized the nature of the problem as follows: 

“I've noticed in the past couple of years that folks in our region have been pretty, uh, pretty 
proactive about reaching out and including public health agencies in sort of say, for 
example, our, our region’s climate or the pre meeting for the national climate assessment for 
the regional chapter. Um, and a lot of times that's about getting input from the public health 
community and I think there's not really a clear, uh, forum or platform or, you know, venue 
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for exchange, like a real knowledge exchange or a real data exchanges, especially, especially 
with health outcomes data. And I think, you know, we've had, I've heard climate scientist 
expressed interest in like, well yeah, send me the number of ahh heat related illness 
hospitalization at all. You know, and that's so much harder to do. It's so much harder to 
share health data than it is to share climate data, right? But even if, even if we're not trying 
to share health data, if we're just trying to sort of exchange knowledge, I also don't think 
there's a sort of an established venue for public health and say, hey, climate scientists, this is 
the epidemiology of climate change in our place, you know, in our region or whatever. Um, 
uh, you know, especially now that we're really seeing impacts, um, but can at least see 
partially attributable to some of the broader trends, broader climate trends in our region. I 
think it's worthwhile to say this is registering on our, our health radar or these are the trends 
that we're seeing. These are the things that we're watching.” 

When asked about possible solutions to the public health practice-academic research knowledge 

exchange, individuals cited various platforms such as local and regional conferences held by 

state departments of public health as ideal venues for researchers to come and share their data. 

Interviewees generally expressed a keen interest in partnering with academic institutions. One 

participant recognized the data and knowledge sharing gap as one going both ways and proposed 

an exemplary solution to facilitate dialogue and collaboration: 

“Um, and you know, part of that is the climate scientist being published and routine 
reports and some of those are called for, you know, either by like administrative rule or a 
statute even. Um, but we're getting like a state of the climate report from, from our state 
climatologist. Um, and I think we, we can meet that, um, with the, with a similar product 
from public health. Um, and then I could envision, you know, like a plenary presentation of 
this is, this is what we're seeing. You know, we had a spike in a respiratory visit during a 
wildfire season or whatever it is.” 

Another interviewee provided an example of a policy intensive workshop through which local 

researchers can work closely with local public health entities to create a desired product or 

inform a specific local policy. This was exemplary of several participants’ desire for scientists to 

bring in their expertise to solve tangible data needs or policy problems at the local level.  

Others felt any form of convening that brought together public health partners, 

researchers and other stakeholders like the local/state National Weather Service, utility service 

providers, planners and other stakeholders would be ideal. The purpose of this platform ranged 
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from sharing of research and data to discussing direct and indirect implications for the region and 

prioritization of mitigation and adaptation actions. Yet other recommendations indicated the need 

for researchers to identify possible stakeholders and users of their research projects and to 

actively engage with those individually both locally and at professional conferences. 

“for collaboration or education, you know, uh, forums where you can bring your natural 
scientists, you're, you know, the pure scientists first, the, uh, health science, uh, bring them 
together somehow to look at [ways] that, you know, things that happen on a ecological side, 
things that happen on, uh, you know, uh, again that more natural science side versus health, 
how they impact and, um, it's not in their frame of reference in their expertise to think about 
health and the potential impacts.” 

Still others who felt they had strong relationships with academic partners felt this was a 

relationship that needed to be maintained. One participant indicated what was referred to as an 

out of sight/out of mind issue: 

“there's always an issue of dissemination of information. And even when we're collaborating 
with partners as far as knowing what things have been published, knowing what 
presentations are going on, um, from the projects that we weren't even in collaboration with. 
So I think that's always an issue for us is how do we get the information back on the projects 
that we're in? How do we set up a relationship, um, with things like climate science center so 
that we know when a new papers come out, even if they don't involve us, you know, that 
might impact how we look at an issue that we're having. Um, how do we get them to send this 
funding announcements, uh, you know, things like that because we're kind of separated. Um, 
so that's, that's always an issue.” 

Decision-Support Tools All participants highlighted an overarching gap in the research, 

data, and tools they are needed for better understanding and decision-making at all levels of 

government. Table 17 provides a list of these knowledge and information gaps and the best 

mechanism to meet these needs as identified by interviewees. There are clear missed 

opportunities for researchers to engage in and pursue research projects that are useful for 

decision-making at the local level.  



129 
 

Table 16: Topic Areas Indicated for Research and Decision-Support Tools 

Research Topics Indicated by Interviewees 
*** denotes a high priority topic indicated by 4+ participants,  

** denotes a priority topic indicated by 2-3 participants 

Research Topics Workforce 
Development Research Data Tools 

Mental health impacts of climate change** X X 
  

Communication with policy makers*** X 
   

Communication with the public*** X 
   

Health behavior and behavioral change ** 
  

X 
 

Robust national vector surveillance registries X 
 

X 
 

Surveillance and tracking of health outcomes of 
disasters  

 
X 

 
X 

Impacts on vulnerable populations such as children, 
occupational risk 

X X X 
 

Economic impacts of climate change*** X X 
  

Human health impacts in rural areas*** X X X 
 

Effectiveness of different adaptation measures (e.g., 
cooling centers, planting trees, drought 
measures)*** 

X X X X 

Linking health outcomes (i.e., morbidity and 
mortality) to extreme heat events** 

 
X X 

 

Inter-sectoral impacts and health (e.g., economics, 
food security, and nutrition) 

 
X X 

 

Health impacts information in relation to hospitals 
and healthcare system** 

X X X 
 

Relationships between agriculture, domestic 
animals, vector control 

 
X X 

 

Wildfires, air pollution: measures of exposure 
 

X X X 
CC and its impact on sub-disciplines of public 
health** 

X X 
  

Interaction between traditional ecological 
knowledge and western science 

X X 
  

Ecosystem and environmental perspectives and 
approaches relating to human health 

X 
   

Impacts on aquatic species, fisheries, and wildlife 
and its impacts on human systems 

X 
   

Accessing, using, and interpreting climate data (e.g., 
understanding impacts on vector control)*** 

X 
   

Weather data for rural areas 
  

X 
 

Data on air quality at local spatial scales 
 

X X 
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Using satellite data to understand trends and convey 
information 

X 
  

X 

Most effective measures for given health outcomes 
associated with health*** 

X X X X 

Impacts of air quality on asthma rates 
 

X X 
 

Basics of climate science, projections X 
   

 

Interviewees felt that the information provided in federal and international climate and 

health assessments provided pertinent fundamental information. However, they felt the 

information was insufficient for decision-making at the local level. Participants expressed a 

desire for more city or local level information on health impacts that they could use to 

communicate urgency for action among the public, supervisors within their own agencies, other 

sectors, and policy makers. Often, being the only person interested in climate change within their 

agency, individuals indicated feeling the need to remain up to speed on current topics that are 

relevant to their region. Resources that focused on tangible, effective actions that can be 

implemented at local levels can help these agencies in prioritizing their efforts.  

In identifying research needs, individuals also tended to acknowledge that this gap in 

current research lies in the government allocation of funding for climate and health research. In 

addition to the above, several recurring themes associated with research information were 

identified by many rural and tribal interviewees. These participants felt the need for more local 

and regional focused research that “observed health impacts of climate change to communicate 

to leaders what is going on.” Another interviewee indicated this notion further: 

“I guess as much evidence as we can find to show that link, to be able to take that to, um, 
you know, tribal administration and tribal governments to say, you know, look, uh, you 
know, shown beyond the shadow of a doubt that, you know, these, uh, you know, the 
encroachment of these new pathogens or, uh, you know, these, uh, uh, these issues are 
leading to a direct impact on the health of our people.” 
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Although the need for downscaled information with absolute certainty is understandable, the 

complexities of the climate-health relationship do not allow for science to guarantee surety of 

impacts in projections. This is a possible indication of the mismatch between public health 

practice users and the limited nature of what the science can tell us that may be facilitated 

through increased engagement and dialogue. 

Similar information was also identified as a need for communicating and collaborating 

with clinical (hospital) administrators: 

“to convince them to modify protocols and procedures and plan for additional cases of 
disease that are now resulting from climate change there needs to be more education 
targeted at the hospital and healthcare provider setting to both help connect the health 
impacts to climate change but also to provide strategies. The [clinical] healthcare sector 
speaks a different language than the public health.” 

As indicated in the discussion on lack of training and expertise above, interviewees felt the need 

for more sector-specific information on climate impacts that could help public health 

professionals communicate the need for action and relevance of climate change among partners. 

For example, one interviewee indicated the need for concise, tailored information for specific 

audiences to communicate the urgency of climate change.  

“What they [hospital administrators] care about is how's this [climate change] going to 
impact disease? How much money is this going to cost the Department of Health? Does 
Medicare/Medicaid cover the diseases that you're talking about?...that's what the 
administration is going to be looking at versus, you know, the scientific side where they're 
much more interested in, you know, showing, proving that these, uh, you know, diseases 
that are out there and try to get publications and, you know, there are different drivers in 
each side and there are different motivators.” 

Participants who were affiliated with non-governmental agencies or were in emergency response, 

health promotion and other public health function areas perceived both science and lack of 

information-sharing among stakeholders to be a barrier. They mentioned additional training, 
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knowledge, and research on the “soft sciences” including communication, health behavior 

research, and mental health impacts of climate change as priority areas.  

Participants who indicated having a collaborative relationship with local universities and 

regional climate science centers expressed frustration in the lack of interest among these partners 

to work on understanding and informing adaptation actions associated with the health impacts of 

climate change. 

“I've seen a lot of projects recently that looked at climate change. I mean, look at climate 
change, but very rarely do I see a project that combined to climate change with health. So, 
um, and some of that I think is tied more to funding and you know, from the U.S.  government 
rather than necessarily the scientists or, or academia.” 

“I mentioned [our academic partner], they're open to more, general science rather than 
health sciences, they're looking at changes in hydrology…, water issues… agriculture…trees 
and wildlife changes. Sometimes I can kind of get in there with…wildlife when we're looking 
at vector borne diseases but sometimes it's hard to get. In my opinion we need to get the 
ecological science people, scientists to think about health. All of those things are very 
important, but very seldom do they do that [link that to human health].” 

“…with the water, the hydrologists, are working on water issues, I don't think they think of 
health when they're thinking of water use and uh, you know, potential impacts.” 

Participants were also asked to define and provide an example of a decision-support tool (DST); 

identify characteristics of a DST that you find useful and indicate organizations who can help 

address the DST gap for public health use. DSTs were broadly defined by interviewees as data 

visualization tools, evidence, and any support that could help them locate, organize and display 

data in new ways or explore impacts of alternative decisions and make informed decisions. Table 

18 provides a range of decision support tools and the characteristics that render them useful for 

public health decision making. 
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Table 17: Decision-Support Needs & Valued Characteristics 

VALUED CHARACTERISTICS 

TYPE OF 
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DATA X     X X X  
PLANS- 
REPORTS X  X X  X    

TEMPLATES X    X X X  X 
CHECKLIST-
ALGORITHMS x   X X X X X X 

MAPS X X X   X X X X 
CASE 
STUDIES X     X    

 

In addition, interviewees identified several decision support development and implementation 

considerations that they felt influenced the usefulness of a tool. Unlike issues of scale, limitations 

due to uncertainties associated with climate projections, were largely missing from our 

interviews and were not identified as high priority theme.  

a) Decisions based on quantifiable evidence vs. personal perspective Hazard and vulnerability 
assessments are often conducted in a subjective manner. If people are not vested in the topic, 
then the assessment is not very accurate. A decision-support tool that incorporates data and 
quantifiable evidence can give the user and decision-makers more confidence in the decisions 
that are made. 

b) Consistency not cookie-cutter Matrices and algorithms are two types of DSTs interviewees 
relied on to make decisions. Several individuals felt the need for these DSTs to balance too 
many options with just the right amount of options to ensure consistency in application. 
Participants mentioned the importance of having a tool that can be used by anyone in 
leadership to come to the same conclusion, increasing reliability of both the tool but also trust 
and reliability among agency leaders in allowing “our partners to have consistent 
expectations.”  

c) Simple Individuals preferred tools that were simple and allowed them to come to clear 
decisions that they would then have to propose to agency leadership. Complex tools that had 



134 
 

too many choices or required too many data inputs (some of which local governments may 
not have access to) made it difficult to “sell” and communicate the decision.  

d) Science-based and interdisciplinary All interviewees felt validity and scientific basis were 
inherent characteristics of a DST but felt that tools that integrated socio-demographic 
information with climate science and health data were more valuable in illustrating a 
complete picture of the situation. 

e) User-friendly Several interviewees indicated the need to share DSTs with community 
stakeholders, agency leadership, and advocacy organizations. Therefore, a simple, easy-to-
understand and manipulate tool was preferred over a complex, multiple tiered instrument that 
required subject matter knowledge. 

Funding, Politics, and Institutional Culture Interviewees identified funding, a lack of 

regulations and incentives and politics as key barriers to action. Funding was mentioned by all 

participants as a limiting factor to engagement. While unfunded interviewees indicated 

frustration in the lack of funding to initiate sustained action on climate change, funded 

representatives acknowledged the challenges faced by their ‘peers’ in other jurisdictions and 

expressed the need for more allocation of funds to support a wider public health audience to 

engage. 

“100% funding. Okay. Okay. Um, there's definitely people who work on issues that are 
relatable to climate and health, but again, they are also restricted by, funding and can't 
necessarily take on added work. You know, they can't affiliate with integrating the climate 
aspect, but it's absolutely a funding issue.” 

Participants felt that funding needed to be expanded across the country and particularly to local 

jurisdictions who need to be acting to mitigate health impacts on their communities. Funding was 

associated with the lack of trained personnel dedicated to work on climate and health: 

“[Funding] it's a answer, but there’s also clearly the fact that don't have enough funds to 
hire people who are solely focused on that research, at least at a more local level or smaller 
level. So you have people who probably aren't the most qualified doing their best. I'm not all 
their other tasks to address the issue. I think we had the funds, we could hire someone who 
has real qualifications, not just self-taught and will be able to address it much more 
effectively, but because of limitations on funding and support and things like that, we, we 
make do with what we have.” 
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In addition, participants increasingly indicated the lack of a defined public health authority for 

action on climate change to be a key barrier which impeded them from moving beyond just 

talking about it to acting.  

One participant whose organization received funding expressed the need to expand 

funding streams to create stronger communities of practice at regional levels, to build additional 

expertise and collaborative networks consisting of groups of people who may face similar issues 

and impacts of climate change. Not having neighboring states or counties working on climate 

change was isolating for participants. 

“I think anything that happens on climate to, uh, uh, create more resiliency and adaptation 
has to happen at the local level and hardly anybody's spending any advocacy money at the 
local level. …So I think that, um, there's a, there's a disparity and thinking then the disparity 
and awareness of that, um, that day to day folks and their ordinary concerns somehow don't 
rise to the very top of the heap.” 

Funding was also expressed as a mechanism to secure partnerships where if you have funding 

between an academic and non-academic partner, the collaboration over long-term projects 

strengthens and formalizes the partnership more so than ad-hoc cooperation. 

Several participants also expressed frustration with the funding mechanisms and the lack 

of dedicated avenues of funding climate and health impacts research. This stems from the 

awareness that natural sciences projects and health sciences research are funded by different 

federal agencies ranging from the National Science Foundation (NSF), Bureau of Indian Affairs 

(BIA), and Environmental Protection Agency (EPA) to the National Institute of Health (NIH), 

Centers for Disease Control and Prevention (CDC), and the Food and Drug Administration 

(FDA) leading to a very limited scope or interest in funding environmental health sciences 

research pertaining to the health impacts of climate change. There is a perception of competition 

and a gap between the types of projects funded by both set of entities. 
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“…um, you know, usually there's a definite demarcation between the, the natural sciences 
versus the health sciences. And I know there's issues on the natural science where they see 
NIH with, you know, much more funding than the natural sciences get. So they, you know, 
there's just, I think that either a sense of resentment …I would think they would be like, how 
do I get into the health realm so that, you know, we might have access to the NIH funding….. 
We've written multiple, uh, proposals over the years, but never actually had one funded. So I 
think again, you know, you sent it to health, the health care funding agencies and they say, 
well, this isn't for us, this should be going to, you know, EPA or, um, or someone else and 
he's send it to National Science Foundation. They say, no, this isn't us, this is healthy, it's 
NIH. So, you know, we run into that issue a lot.” 

However, several participants found ways to continue work on climate change despite 

this funding gap. Participants from agencies that had received smaller grants that allowed climate 

change work for one to two years scaled back on programs and modified the scope of projects to 

more practical levels. Other interviewees from small and local jurisdictions indicated pooling 

resources with other organizations that have similar goals to ensure key action items such as 

developing a strategic plan or developing a workforce training were accomplished. Another 

approach highlighted by participants involved using their awareness of the issue to align existing 

public health activities and initiatives to climate change.  

Participants that represented non-public agencies but were working on or trying to bring 

in the health frame into projects, relied on networking and partnerships to help bring that 

expertise to the table. Participant conversations indicated that many of them are concerned about 

climate change and are finding ways to learn about it and integrate it into their current jobs in the 

absence of funding. They perceived that climate change is an underlying factor in their work as 

they do disease investigations, look at water issues, and other public health issues especially 

among vulnerable communities. 

 “It has been the best way, but it's also been illuminating in that I'm able to find the people I 
need as subject matter experts on certain things. And so I don't necessarily feel the need to 
become an expert myself. Instead I can hook up with the people who have the information I 
need and let them explain it.” 
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Apart from funding, political will, institutional culture and mindset shift were identified as other 

challenges impeding public health engagement on climate change. Participants directly or 

indirectly referenced the current the politicization of climate change; political climate and its 

impact on funding streams; access to information; and prevalent negative atmosphere as key 

barriers to engagement. 

“Um, it's fact that it's not fiction, you know, I think that's a big problem right now too as a, 
you've got so many. That government organizations out there, and I was saying, well, you 
know, this climate science isn't real, but its. It's really hard when you've got people that are 
supposed to be in authority telling you that something that even I think probably a monkey 
could understand that it's real telling you this, not, you know, it's, they need to understand 
that, that the science exists, that it is science. It's scientific fact that it's not, you know, it's not 
just random.” 

The institutional culture of public health was a key barrier highlighted by interviewees who felt 

the lack of formal directives or authority for action impeded their agencies and colleagues to 

become further engaged on climate adaptation.  

“I think the biggest challenge is actually the culture of government agencies. Most health 
departments are funded through grants and as such, the drivers are the grant deliverables. 
I'm not entirely convinced that without some sort of built-in funding dedicated to this, we're 
going to be able to address it. As an academic challenge, I would devote time** fix to this; as 
a cog in the wheel of preparedness, I have to produce work that satisfy the grant agency. 
Participants felt that mandates associated with public health accreditation and climate 
adaptation deliverables tied to funding streams could provide the impetus necessary to 
engage the health departments at all levels of government.” 

“Um, one of the issues that we have in our department is that a funding and public health 
ends up being extremely siloed. And I'm sure this isn't just true of my, I know it's not, it's, it's 
across the board and our funding streams, uh, because they're still siloed. They don't allow 
for, um, interoperative engagement very well. And climate change is, uh, by the nature of it 
can and should be more interoperable, um, among all of those different types of areas of 
health department. And somehow there needs to be a way that we could, um, and sure that 
you bring everybody together, um, within the department at give them the understanding that 
there were also impacted by climate change. And am I being clear about what the issue is 
and what the potential solution could be?” 

The nature, allocation, and source of federal funding influence the projects and key priority areas 

that public health departments engage in daily and thereby influences how public health 
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departments function. Health departments are mandated to provide certain services such as 

disease surveillance, outbreak investigation, and emergency preparedness activities. Activities 

associated with climate change adaptation are not directly linked with any mandates unless 

initiated by state and local governments or dedicated funding streams. It comes as no surprise 

then, in the absence of dedicated support and mandates, the initiative to engage in climate 

adaptation has largely been an individual role where those who are interested and knowledgeable 

are more apt to seek training and integrate it informally into current initiatives. 

All interviewees expressed some degree of frustration in the dis-engaged mindset and the 

prevalent perception of climate change not being a priority in the face of competing priorities. 

The impetus to act is woefully lacking and partially stems from the fact that people don’t 

understand the climate change connection.  

“I also think too, internally, I think there are internally, there are sectors or organizations or 
even just different staff that don't necessarily see that connection between what they do and 
climate change.” 

“having other people see it as a priority or having time to work on it. You know, competing 
priorities. That's honestly, when we're looking at cancer or we're looking at diabetes, it's 
hard to get, uh, get somebody to listen to you about, uh, some climate change.” 

These interviewees also indicated the difficulty peers in other program areas of public health 

(e.g., tobacco control, health promotion) have in resonating with climate change. The lack of 

information on how climate change influences other arenas of public health is perceived to 

alienate workers in these areas. Case studies, best practices, and research that establish the 

connection and relevance of climate change to a wider audience and public health issues may 

succeed in building awareness among the public health workforce that are not necessarily 

epidemiologists and environmental health specialists. 
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Despite these barriers, several interviewees indicated their ability and the need to work on 

climate change through reframing it as a built environment or health equity issue.  

“often times talking about health in the built environment—connection with climate change, 
resiliency---change in vocabulary is effective is here as well—improving property values, 
climate adaptation outcomes as well---not too detailed on climate change.” 

Reframing climate change allowed individuals to approach the problem as part of an issue that 

public health directly confronts daily. For example, social determinants of health are underlying 

factors in risk of disease as well as access to healthcare and safe drinking water. Reframing 

afforded interviewees with the opportunity to look at existing programs and issues through a 

climate lens.  

When asked about who and how these barriers can be addressed, interviewees proposed a 

range of actions for the academia, government, and non-profit and private sectors (Table 19). 

While there were several crosscutting themes, participants generally felt that the other sectors 

had to compensate for the lack of momentum at all levels of government. Interviewees indicated 

the need for private companies to promote the climate change and climate-health agenda by 

adopting suitable measures and thinking beyond the bottom line. Interviewees also looked to 

non-profit organizations to fund more action-oriented research projects aimed at local level 

solutions and to develop trainings and workshops to help professionals understands climate 

impacts and vulnerabilities. As discussed earlier, interviewees overwhelmingly indicated strong 

roles for academia especially in relation to the knowledge and research gap prevalent in the field. 
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Table 18: Proposed Sector-level Actions to Address Public Health Engagement Barriers  

Academia Government Non-profit Private 
Share research with 
professionals 
 
Engage in actionable 
research 
 
Education on climate 
change 
 
Workforce training 
 
Research  
 
Partner with 
stakeholders 
 
Decision support tools 

Allocate more (and 
equitable) funding  
 
Provide regulatory 
authority 
 
Enhance infrastructure 
for collecting and 
accessing 
environmental health 
data 
 

Provide funding 
support at local and 
regional levels for 
actionable research 
 
Advocate 
 
Build partnerships 
 
Bridge funding gap 
 
Develop decision 
support tools 
 
Research and 
training 

Research  
Workforce training 
 
Decision-support 
tools 
 
Data platforms 
 
Reduce carbon 
footprints 
 
Lead by example 
 
Prioritize climate 
change initiatives 
 
Bridge funding 
gap 

 

Limitations/Considerations 

While this study enhances our understanding of the broader public health sector’s 

approach to climate change, any application of the findings should take into account the 

following considerations. Although the purposive and snowball sampling approach adopted for 

this study enabled us to speak with representatives from jurisdictions varying in size, 

demographics, funding, and engagement, the resulting findings cannot be used to directly 

compare climate change adaptation activities among agency cohorts such as state vs. 

county/local vs. tribal. Doing so would compromise the identity of participants due to the small 

study sample size. Nonetheless, the findings allow for a deeper understanding of the wide range 

of professions at all level of government, private, and non-profit sectors that are engaged in 

climate and health adaptation. 
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The interviews were conducted in 2018 during a time when the U.S. political system had 

undergone transition to an administration with differing views on climate change that also 

resulted in the cancellation of a national climate change conference (Dennis, 2017), removal of 

websites that had climate change referencing (Davenport, 2018), and executive national level 

decision for the country to pull out of the Paris agreement (U.S. White House, 2017). As a result, 

the interviewees had an underlying tone of concern and urgency pertaining to the momentum and 

future action at all levels of engagement on climate change nationwide. Although the timing of 

the study was not meant to coincide with the scoping changes in climate change work in the 

U.S., the findings provide an opportunity for reflection on the intricate role and the resulting 

ripple effects of federal politics and policies on both research and practice.  

Discussion & Conclusion 

Given the widespread and adverse health consequences of climate change, an engaged 

and enabled public health sector is imperative for mitigation and adaptation. This study 

illustrates the diversity of the public health sector and underscore the need to adapt existing 

climate change knowledge to meet the needs of this professional audience. Below are key 

findings that delineate key elements of public health capacity building for climate change 

adaptation. 

Key Finding #1: An enabling environment for public health action needs to include mechanisms 

for formal support including funding and adequate knowledge and expertise.  

A formal support structure in the form of funding, dedicated climate and health programs 

and initiatives, and knowledge and awareness of the relevance of climate change as a public 

health issue are primary motivating factors that influence engagement among the representatives 

that were interviewed for this study. Interviewees described the grant deliverable nature of the 



142 
 

public health operations and the culture of government agencies that prevent individuals and 

agencies from engaging in issues that are not associated with existing funding mechanisms, grant 

deliverables, or accreditation standards. As a result, climate change is often not perceived as a 

priority among many public health agencies. Recommendations to address this barrier include 

aligning climate change activities to existing funding mechanisms and deliverables and allocate 

funding for climate change action for agencies at all levels of the public health structure. 

Professional communities of practice and national professional organizations can be instrumental 

in developing reframing strategies, alignment matrices, and hands-on trainings to build 

organizational capacity to adopt a climate lens to public health adaptation. 

Other barriers to engagement include lack of expertise, research and practice 

collaboration, relevant decision-support tools, funding, and the culture and politics of climate 

change and public health. Interviewees also described the politicized nature of climate change 

and the ongoing distrust of climate science as factors that make it difficult to have conversations 

with not only community members but also colleagues within their respective agencies. The 

prevalent mistrust was described as frustrating because individuals also felt limited in their 

knowledge and capacity to adequately communicate the importance of climate change to these 

individuals. Additional knowledge and training on climate science, health impacts, and 

communication for both current and workforce members are among the primary areas of training 

highlighted by our study participants.   

Key Finding #2: An increased focus on public health relevant research is necessary to build 

capacity. 

The results also provide a research agenda based on participant experiences of the areas 

within the climate-health paradigm that need further investigation and study. There is a call for 
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more evidence-based information that can be used to make credible decisions.  Study participants 

identified several specific activities and actions to build public health capacity for climate change 

action including increased current and future workforce development; incentivizing action and 

research on climate change; and enhancing academic-practice partnerships and collaborations. 

All of these broad recommendations require that scientists, researchers, and professionals 

involved in creating, synthesizing, and translating climate change knowledge for public health 

utilization from all sectors including government, academia, private, and non-profit understand 

the following:  

a) The public health sector is diverse. Although the primary, federal authority to safeguard 

the health and well-being of the population lies within the scope of local, state, tribal, and 

territorial departments of health, other jurisdictions and entities play a key role in 

educating, planning for, understanding, and mobilizing assets at the practical level of 

climate change adaptation. Any attempts to build public health capacity need to recognize 

this diversity and the associated differences in mandates and scopes entailed. 

Professionals from different public health sector partners will have different viewpoints 

and decision-making capabilities but will influence the local and national action on 

climate change. 

b) Not all public health professionals are the same. The public health professional may be 

an epidemiologist, health promotions director, public health nurse, emergency planner, or 

community outreach manager (to name a few). As such this professional has a diverse 

skillset and an equally diverse level of experience, background training that inform the 

approach and understanding of the climate sciences. It is, therefore, imperative for the 

scientific and research community to understand and take this into account as they 
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develop reports, create tools, and disseminate their science associated with health. The 

communication, whether it is written or oral, needs to be tailored to the respective 

audience, their level of expertise, and the intra-public health context from which they are 

approaching the scientific information. The data and tools coming from think tanks and 

research initiatives should be available at spatial and temporal scales conducive to 

decision-making. 

Key Finding #3: Mechanisms and opportunities that increase communication and collaboration 

are necessary to build research-practice partnerships to co-produce public health relevant 

decision support tools. 

The findings of this study highlight the need for a cross-sectoral, collaborative, and 

interdisciplinary approach to inform strategies and feasible interventions at all levels of the 

public health sector. The challenge for this broad sector in climate adaptation includes its 

professional diversity, lack of funding, explicit directive in the face of competing public health 

priorities such as the opioid crisis, and its institutional structure (that often differs from state to 

state). This has led to its marginalization and alienation in the overarching climate change 

adaptation dialogue (Shimamoto et al., 2017) and in the development of decision support and 

climate services for health. As indicated by the results of this study dearth of communication, 

collaboration, and engagement are characteristics are primary areas of concern.  

 The body of research associated with climate services offers knowledge co-production 

frameworks that can be adapted to bridge the gap between science and practice and enhance the 

usability of climate science for decision-makers. Decision support involves the “organized 

efforts to produce, disseminate, and facilitate the use of data and information” to improve 

decision-making (Moss et al., 2014). In alignment with the climate services research cited 
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earlier, our findings indicate the need for sustained and concerted mechanisms that promote the 

co-production of knowledge to enable effective public health decision-making. In the public 

health sector, the drive and desire to work collaboratively with the science and research 

community seems to be present but the avenues and opportunities to do so seem to be lacking.  

Knowledge co-production is of relevance here as it moves beyond traditional knowledge 

creation methods such as siloed, top-down or one way paradigms largely centered on the 

development of new, scientific information to a structured, deliberate aim at creating knowledge 

that is useful to inform decisions and policies (Djenontin et al., 2018; Vincent et al., 2018). This 

body of literature in the context of climate services highlights a number of principles necessary 

for the implementing and achieving knowledge co-production including building partnerships 

and engaging with stakeholders at all levels of the research cycle from inception and framing to 

analysis and interpretation; implementing processes to maintain shared visions and common 

operating picture; exhibiting shared responsibilities; open communication; and fostering a culture 

of flexibility and inclusion (Djenontin et al., 2018; Lemos et al., 2005; Vincent et al., 2018). 

These concepts can provide direction in ‘how’ opportunities for bringing together these two 

distinct user and developer communities can be designed and implemented. In the context of 

public health, health information alone is insufficient in identifying, planning for, and responding 

to risks associated with the impacts of climate change whether they are extreme weather events 

or gradual changes in temperature and precipitation. For example, the knowledge co-production 

framework has been successfully adopted to inform the development of early warning systems 

for extreme heat events (Brainerd, 2018; Wilhelmi & Hayden, 2016). A co-production 

framework to develop public health relevant tools, information, and products (i.e., climate 

services) can allow public health practitioners to determine level of exposure within a 
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community, identify at-risk populations, pre-position resources, and provide the evidence-base 

necessary for implementing interventions.  

This notion is further supported by the World Health Organization (WHO) and World 

Meteorological Organization (WMO) Global Framework for Climate Services which builds upon 

the above principles to include facets of decision-making unique to public health. The 

WHO/WMO Framework defines climate services as “mission-oriented processes driven by 

societal needs, which result in the production and delivery of relevant, authoritative, timely and 

usable information about weather, climate, climate change, climate variability, trends, and 

impacts to improve decision-making in climate sensitive sectors” (Shumake-Guillemot et al., 

2016). Important sector-specific considerations include the context of the problem and decision-

making; development of an enabling environment for the creation and exchange of information 

between health and climate sciences partners. Climate services for health can help the public 

health community in better understanding the effects of climate change on health, inform the 

creation, adoption, and implementation of targeted interventions for risk reduction; and manage 

the risks associated with climate change.  In addition, climate services have also proven effective 

in not only encouraging interdisciplinary problem-solving but also identifying practical solutions 

to address issues of uncertainty for modeling vector borne disease risk in the context of a 

changing climate (Lowe et al., 2017).  

Additional steps to enhance public health system’s response to a changing climate should 

be focused on building a culture of climate change preparedness. This will involve incentivizing 

climate adaptation action through integrating a climate change focus in grant deliverables, health 

department accreditation standards as well as in educational accreditation requirements. It also 

necessitates aligning climate change action to existing national public health frameworks and 
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policy models such as Public Health 3.0, which calls for “partnering across multiple sectors and 

leveraging data and resources to address social, environmental, and economic conditions that 

affect health and health equity” (DeSalvo et al., 2017).  Climate change is a threat-multiplier, a 

persistent and underlying driver of health that needs to be a fundamental component of all public 

health actions.  

Climate actions have numerous health co-benefits and build on activities (e.g., education, 

building partnerships, planning) that the public health system already conducts for other 

disasters. Capacity building for climate change adaptation can begin with a reflection and 

application of lessons learned from disasters and specifically adopt the whole community 

approach to building community resiliency. The whole community approach is incorporated into 

all national preparedness deliverables and is a framework by which “residents, emergency 

management practitioners, organizational and community leaders, and government officials can 

collectively understand and assess the needs of their respective communities and determine the 

best ways to organize and strengthen their assets, capacities, and interests” (Federal Emergency 

Management Agency, 2011). Public health communities of practice can be instrumental in 

identifying and translating the existing practices and lessons learned from disaster response (and 

other public health functional areas) for application to climate change action.  

Contrary to the often-thought notion that climate adaption work in public health needs 

finer temporal and spatial scale information for every climate impact, this study indicates a 

pragmatic acceptance of the scientific limitations and a willingness to understand and engage for 

problem-solving. This paper supports the adoption of a climate change lens to all actions, 

initiatives, and activities influencing health and well-being. The findings provide concrete 

actions and a roadmap to better informing and enabling the public health response. Future 
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initiatives will benefit from integrating these considerations as they inform approaches to health 

adaptation.  
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Appendix B1: Key informant Interview Questions 

Section 1: Training, Experience, and Current work in Climate Change and Health 

1) Can you describe for me your current position? (where, for how long) you have 
worked here, etc.) 

2) Can you describe your work in association with climate and health? 
3) Did you receive any formal or informal training that prepared you for this role? 

Section 2: Gaps and Barriers in public health relevant information 

1) What kinds of information do you think public health professionals need from climate 
scientists to make informed public health program decisions?  

Prompts: 

a) Can you tell me about a time when you had a need for information on climate 
science? 

b) Did you get the information that you needed? How did you obtain it? 
c) If not, how did you navigate the situation and move forward with your 

project? 
2) What would make it easier for you to obtain the climate information you need? 
3) What people, agencies, and organizations do you think are best suited to meet these 

informational needs? 
Prompts: 
a) How well do you think these agencies currently address the needs of public 

health professionals? 
4) What are the most effective ways to share climate science information (relevant to 

public health) with public health professionals in your field? 
Prompts: 
a) Can you provide an example in which you felt that public health relevant 

information was shared? 
b) Why was this approach most effective? (i.e., what characteristics made this 

approach more effective) 
5) How well do you perceive the climate and health research community currently 

addresses the informational needs of the public health community?   
Prompts: 
a) What is the role of the public health community and the climate science 

communities in addressing this issue? 
6) What mechanisms (both formal and informal) do you feel are in place to facilitate 

knowledge exchange between public health professionals and climate scientists?  
a) Tell me about a time when you felt there was an ideal exchange of 

information between public health and climate scientists? 
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Section 3: Decision-Support tools for Climate and Health 

1) What is your understanding of decision-support tools?  How would you define a 
decision-support tool? 

2) Can you tell me about the decision support tools that you have used in the past or 
currently are using? What did you like about it? How could it be improved? 

3) What kinds of decision support tools would be useful in assisting public health 
decision making about a climate-related health problem? 

4) What are some characteristics of an ideal decision-support tool that you feel are 
useful to addressing one of your selected climate and health problems? 

5) What other tools do you know of that your colleagues use to make decisions about 
public health programming for climate change?  

Section 4: Closing Questions 

1) What do you think is the biggest challenge for you as a public health professional 
trying to address the health implications of climate change? 

2) What knowledge and/or skills do you recommend individuals entering public health 
need to have? 

3) What is the role of academia, government, private, and non-profit sectors in preparing 
/training public health professionals (current and incoming) for working on issues of 
climate and health? 

4) What can the climate science community do to assist in resolving this challenge? 
5) Is there anything else that you would like to add in regard to any of the topics that we 

have discussed today?  
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Abstract  

Climate change has been identified as both a challenge and an opportunity for public 

health. At the center of these perspectives is the capacity of the public health workforce in 

recognizing, mitigating, addressing, and managing the health impacts of climate change. The 

onus to prepare the next generation of public health practitioners lies heavily on academia; in 

particular, schools and programs of public health. This project evaluated course offerings and 

syllabi listed in online course catalogs from 90 nationally accredited schools of public health 

with the purpose of identifying the extent of climate change education in graduate programs of 

public health.  

Only 44 public health institutions were found to offer a climate change related course at 

the graduate level of education. Of these accredited schools of public health, approximately 50% 

offer a focused graduate course that reviews the health implications of climate change (n =46).  

These courses cover a wide array of topics with an emphasis on conveying the fundamental 

knowledge of climate change. In depth assessment revealed a need for integrating learning 

opportunities that build practical skills useful in a hands-on public health practice environment.  

An educational framework was developed from these findings to propose strategies to 

enhance both knowledge and skills in managing and addressing the health impacts of climate 

change. This framework considers the diversity and distinctiveness of accredited schools of 

public health, their resources, faculty and their student body. The proposed framework, while 

rooted in existing directives (e.g., 10 Essential Public Health Services, GCCHE competencies), 

adopts a tiered approach to integrating climate change into graduate public health curriculum that 

can be readily applied by institutions training the next generation of public health leaders.  
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Introduction 

Climate change is projected to significantly impact public health (U.S. Global Change 

Research Program, 2018).  As such, there is a critical need for a knowledgeable and trained 

public health workforce. Institutions of higher education play a vital role in building future 

public health professionals’ capacity to understand, manage, and address the health impacts of 

climate change (Shaman et al., 2018).  Despite its importance as a driver of public health, there is 

currently no clear guidance on targeted skills, content, and method of delivery for incorporating 

climate change content into current public health education.  

Climate change presents both challenges and opportunities for public health (Lancet, 

2009). The human health impacts of climate change are expected to be diverse and experienced 

globally across populations and geographies. Projected impacts include higher incidence of 

asthma and respiratory disease related to air pollution and allergens; thousands of increased 

deaths due to extreme heat by the year 2100; and, increased risk of waterborne, foodborne, and 

vector borne disease as a result of warmer temperatures (USGCRP Climate and Health 

Assessment, 2016). The far reaching and diverse impacts on both environmental and human 

systems introduce challenges associated with identifying, mitigating, and managing the myriad 

direct and indirect consequences to health and wellbeing. The opportunity, however, lies in the 

ability to frame climate change as a public health issue, bringing together sectors and disciplines 

to adopt a human health centric, holistic approach to enhancing resilience to climate change.  

The ultimate responsibility to manage and respond to the health effects of climate change 

will fall on governmental and non-governmental organizations including public health agencies 

at local/municipal, province/district and national levels. Although this paper largely focuses on 

the existing need to build public health capacity to address climate change in the United States, it 
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must be noted that the principles and recommendations described in this paper are equally 

applicable to address this need at an international level, in other countries and jurisdictions. 

Public health professionals, around the globe, need to understand the potential impacts of climate 

change on human health and wellbeing and be prepared to mitigate, manage and respond to these 

impacts within their respective communities and jurisdictions.  

Facing an absence of formal training, reduced funding, and limited resources, the public 

health community is currently ill-equipped to take on this issue. Several national and regional 

assessments and surveys highlight workforce training needs to prepare public health 

professionals for understanding and managing the health implications of climate change 

(Bedsworth, 2009; Carr et al., 2012; National Association of County & City Health Officials 

(NACCHO), 2014; Roser-Renouf et al., 2016). Table 20 highlights key training needs required 

to expand the public health sector’s capability to address climate change in the United States.  
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Table 19: Training Needs Identified by Existing Climate Change Needs Assessments 

Needs Assessment Education & Training Needs Identified 
2012 NACCHO Are We Ready 
Needs Assessment 

Expertise to assess the potential impacts 
Expertise to create effective plans to protect residents from 
the health impacts of CC 
Expertise to create effective climate change plans 

2012 ASTHO Climate Health 
Needs Assessment 

Basic climate change information including a review of the 
scientific literature 
educational presentations on climate change and public health 
conducting health impact assessments 
awareness and knowledge of relevant climate change issues 

Bedsworth, 2009 (California 
Survey) 

Scientific information on climate impacts 
Educational programs for agency staff 

Carr et al., 2012 (New York) Staff training 
Roser-Renouf et al., 2016 
(NACCHO); 
2008 and 2012 NACCHO 

Continuing education for PHP to facilitate risk assessments 
Health effects of climate change in general and at the 
community level 
Skills in projecting disease burden and quantitative modeling 
of disease incidence 

 

These assessments and surveys describe the current capacity of the public health 

workforce and indicate a pressing need for education and training that builds the knowledge and 

awareness of climate science as well as climate-health relationships and illustrates relevance of 

public health essential functions and principles with climate change impacts (Bureau of 

Environmental Health, 2008; National Association of County & City Health Officials, 2014). 

Adlong & Dietsch ( 2015) further indicate the need for additional training for health professions 

to increase collaboration and engagement on addressing climate change impacts. This call for 

building capacity within the existing public health workforce has been answered by professional, 

non-profit and governmental organizations in the form of webinars, focused trainings, and 

through the integration of climate-health relevant topics in conference agendas and themes. The 

plethora of resources available on national public health websites as well as the inclusion of 

climate and health topics on conference agendas (e.g., the 2017 National APHA Conference 
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theme was Climate and Health) indicate climate change is being elevated as a priority in 

mainstream public health.  Massive Open Online Courses (MOOCs) on climate change and 

health have been developed to provide broad audiences around the world an opportunity to 

understand the health impacts of climate change and the potential mitigating actions (Azeiteiro et 

al., 2017; Barteit et al., 2018).  

Another dimension of building the capacity for the public health workforce to respond to 

climate change is the preparation of future public health professionals. Higher education 

institutions (HEI) are central players in training future public health professionals and providing 

knowledge and skills to meet the challenges of climate change is directly in their purview.  HEIs 

are also suitable for this role because of their ability to engage students from varied disciplines 

and programs (both public health and non-public health) fostering values in collaboration and 

systems thinking that cannot be replicated in a workforce environment.  It is important for HEIs 

to leverage their resources, expertise, and leadership to expose and prepare future public health 

professionals to meet the challenges of climate change.  

In 2016 alone, over 88% of public health degrees were awarded by Association of 

Schools and Programs of Public Health (ASPPH) institutions across the United States. 

Accredited graduate schools of public health serve as the hubs where future public health 

professionals gain the knowledge needed to understand challenges in the field and develop the 

tools to understand, mitigate, and address these challenges. While undergraduate degrees in 

public health provide “introductory foundations”, graduate degree programs prepare students for 

direct employment in the public health field (ASPPH, 2018). Of all public health degrees 

awarded in 2015, 65% were Master’s and Doctoral degrees across over thirteen different areas of 

study (ASPPH Annual Data Report, 2016).  
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There is currently no direct reference to climate change in the CEPH accreditation 

competencies, however there is clear alignment with multiple core competencies at the 

undergraduate and graduate levels (Association of Schools & Programs of Public Health, 2018; 

Council on Education for Public Health, 2016). On the other hand, public health professions 

organizations and academic institutions have also begun to emphasize the need and opportunity 

to enhance the future public health workforce’s understanding and capacity to respond to the 

climate change challenge. Recent initiatives including the formalization of the Global 

Consortium on Climate and Health Education (GCCHE) and their development of the Core 

Climate & Health Competencies for Health Professionals have elevated the need for active 

involvement and intensive action to enhance the “foundational climate and health understanding 

and skills across five areas of practice” (GCCHE, 2018). The competencies are geared towards  

educating all health professions about climate and health relationships  (Shaman & Knowlton, 

2018). Similarly, the Association for Prevention Teaching and Research (APTR) has issued a 

policy statement highlighting the need for academia to take “responsibility for teaching about the 

human-environment interaction and the impact of climate change on public and population 

health from a scientific and evidence-based perspective” (APTR, 2017)). Table 21 provides a 

summary of the competencies, content areas, and skills outlined in the GCCHE competencies 

and APTR policy statement. Many of these align with current MPH core competencies as 

indicated.  
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Table 20: Climate and Health Competencies, Content Areas, and Skills Identified by the 
GCCHE and APTR 

Alignment to CEPH 
Graduate Core 
Competencies 

Global Consortium on Climate and Health 
Education 

APTR 

Competency Content Areas Elements to incorporate 
into the curriculum 

Identify the core 
functions of public 
health and the 10 
Essential Services 
 

Explain the role of 
quantitative and 
qualitative methods 
and sciences in 
describing and 
assessing a 
population’s health  
 

List major causes and 
trends of morbidity 
and mortality in the 
US or other 
community relevant to 
the school or program 

 

Explain the critical 
importance of 
evidence in advancing 
public health 
knowledge Factors 
Related to Human 
Health  
 

Explain effects of 
environmental factors 
on a population’s 
health 

 

Explain the social, 
political and 
economic 
determinants of health 
and how they 
contribute to 

- Applies 
fundamental 
knowledge of 
ecology, biology, 
and complex 
systems in 
environmental 
science. 

- Applies 
knowledge of 
climate drivers, 
weather, climate 
change, and 
climate variability. 

- Applies 
knowledge of the 
health impacts of 
climate change 
relevant to 
adapting health 
services. 

- Applies 
knowledge of 
climate mitigation 
and adaptation, 
and health co-
benefits of actions. 

- Applies 
knowledge of 
health security, 
vulnerability, and 
resilience. 

- Knows how to 
access and 
interpret the 
relevance of local, 
national, and 
international 
information about 
climate change 
effects on health to 
specific regions. 

- Fundamental 
knowledge of 
ecology, biology, 
and complex systems 
in environment 
science (e.g., 
feedbacks, loopings, 
and cascades of 
phenomena) climate 
drivers 

- Health Impacts of 
CC & social 
dimensions of 
climate drivers (e.g., 
population & 
economic growth) 

- Variability in health 
effects 

- Climate mitigation & 
adaptation (incl. co-
benefits) 

- Health security, 
vulnerability & 
resilience (e.g., 
associated with 
exposures, 
infrastructure) 

- Resources & Health 
Services 

- Ethical, professional, 
& legal obligations 

- Climate & Health 
Application for 
Public 
Health/Clinical 
Practice 

- Emergency planning 
& response 

- Healthcare delivery 
- Politics, governance, 

activism 
- Communication 

(e.g., information 

- Social determinants 
of health equity and 
its relationship to 
climate impact on 
health.  

- Public health roles 
and skills in 
responding to 
climate change 
including research, 
surveillance, and 
generation of new 
knowledge. 

- Incorporate the 
relationship of 
environmental 
health, chronic 
disease, emergency 
management, and 
climate change in 
health research that 
uses geospatial 
(GIS) locations as 
indicators. 

- Unique stressors on 
all populations 
experienced during 
times of natural 
disasters and 
extreme weather 
events. 

- Systems thinking, 
policy and program 
development, 
planning, and 
evaluation for 
climate change 
related issues. 

- Psychological and 
mental health needs 
that arise during 
natural disasters and 
the repercussions of 
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population health and 
health inequities  
 

Explain how 
globalization affects 
global burdens of 
disease  
 

Explain behavioral 
and psychological 
factors that affect a 
population’s health 

 

Explain an ecological 
perspective on the 
connections among 
human health, animal 
health and ecosystem 
health (e.g., One 
Health) 

- Applies 
knowledge of the 
ethical, 
professional, and 
legal obligations 
relevant to climate 
and health. 

sharing, 
collaboration, 
strategies and tools, 
challenges, methods 
and approaches, 
uncertainty) 

 

post‐traumatic 
stress syndrome 
related to extreme 
weather events. 

- Faculty should 
ensure that the 
future population 
health workforce is 
prepared, through 
education and 
training, to 
effectively address 
the consequences of 
human‐
environmental 
interaction and the 
health impacts of 
climate change. 

 

While several studies highlight the need for climate and health education for the health 

professions (including public health) (Gould et al., 2015; Kreslake et al., 2018; Shaman et al., 

2018), little is known about the current extent of climate change education in graduate programs 

of public health. This paper reviews climate change and health education offered at CEPH 

accredited colleges of public health in the United States at the graduate level (Master’s and 

Doctoral degrees) through a broad scoping analysis; reviews current course content and 

offerings; and introduces a framework for integrating climate and health, rooted in current 

competencies, into existing public health curriculum. The proposed framework is equally 

relevant to and can be tailored to meet the needs of undergraduate public health degree programs 

as well as other courses and programs offered at other (i.e., non-accredited) higher educational 

institutions which train students for careers in the health professions.  
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Methodology 

This study assessed the degree to which accredited schools and programs of public health 

integrate climate change into existing graduate curriculum. Level of exposure was classified as 

focused a) offering of a dedicated course on climate change to students and/or integrated b) 

including climate change as a list of topic areas covered in existing graduate level courses.  

Inclusion criteria: A list of accredited institutions awarding any form of graduate degree 

in public health (e.g., MPH, MHA, MS, MHS, PhD, ScD, and DrPH) were obtained from 

ASPPH to inform this assessment. Each institution’s website, course catalog, and schedule of 

classes was assessed to identify any course offerings that used a range of terms including 

“climate”, “climate change”, “global warming”, “environment”, or “environmental change” in 

the course title and/or description. Results referring to climate in the non-environmental context 

(e.g., economic, work or cultural climate) were excluded from analysis.  

Data collection and analysis  

All data were collected between May and July 2018 and maintained in an Excel 

spreadsheet. Primary syllabus analyses were conducted using NVivo Pro. Course information 

including title, description, objectives, and delivery (online, hybrid, or face to face), was 

obtained for each course that was identified. Table 22 summarizes the range of information that 

was collected for each course listing that met these primary criteria. Two levels of analysis were 

conducted to characterize the degree to which graduate public health education covers climate 

change in existing courses and curricula. Level 1 analysis focused on identifying the extent to 

which the climate and health topic was addressed in coursework offered at these institutions. 

Level 2 analysis assessed the approach (i.e., learning objectives, content areas) adopted by 

courses identified as being dedicated to the climate and health topic.   
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For each successful course listing, a further search was conducted to identify the course 

description and accompanying syllabus. Course descriptions were used to determine if climate 

change, global warming, or environmental change topics were discussed in the course content. 

This allowed researchers to evaluate the likelihood of class lectures purposefully addressing any 

of these topic areas throughout the duration of the course. Each course was assigned into one of 

two categories: Focused, if climate change was deemed to be the focus of the course or 

Integrated, if climate change was included as one of the topics in the course. Designation into the 

above categories was determined by a review of the course title and description. If the terms 

“climate”, “climate change”, “environmental change” or “global warming” were listed in both 

the title and description then the course was listed under the “Focused” category. If these terms 

were listed under the course description but not course title, then the course was designated as 

“Integrated” referring to the integration of the topic into the course. Level 1 analysis was 

subsequently conducted to identify the availability of courses covering climate and health at 

existing schools and programs in public health. 
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Table 21: Search parameters and descriptive information collected for analysis 

 

Assessment Frameworks 

Course syllabi were downloaded for any courses that were openly available on the school 

or program’s website. Primary search efforts were focused on current course catalogs and 

listings; however, any available past course listings were also assessed for this study.  Wiggins & 

McTighe's (2005) recommendations on the three steps of backwards course design (learning 

objectives, assessment, and content and activities) informed the evaluation of the course syllabi. 

In Level 2 of the analysis, course syllabi were evaluated using the following frameworks: 

Bloom’s revised taxonomy (Anderson & Krathwohl, 2001): Course objectives were 

evaluated using Bloom’s taxonomy as an indicator for the degrees of complexity and 

cognition required in the course. Bloom’s revised taxonomy provides a structure through 

which instructors can engage students in differing levels of learning. As a universal 

Search Parameters Descriptive Variables 
Terms  
 Climate 

Climate change 
Environment 
Environment [al] change 
Global 
Global warming 

Timeframe  
 Current and available course catalogs 
Level & Delivery  
 Primary focus on graduate courses but any identified undergraduate/ 

graduate co-taught courses included in results 
Online/In-person 

Description  
 Readily available course descriptions also reviewed to determine if 

any of the original search terms were integrated. 
Course listing  
 Required or elective 
Syllabus  
 All relevant course syllabi posted on institutional websites obtained. 



163 
 

standard utilized for developing course objectives and goals, the taxonomy provides an 

ideal evaluation tool through which to assess the level of learning and engagement 

integrated into existing courses on climate and health. Learning objectives, if provided in 

the syllabi, were aligned to one of the six taxonomy categories to assess the level at 

which the climate-health relationship was covered. The verbs used to structure a learning 

objective were classified into each category to determine the level of learning expected in 

these courses collectively. Verbs falling under the remember, understand and apply 

categories were indicative of less complex learning expectations such as defining, 

classifying, and developing.  Verbs associated with analyzing, evaluating, and creating 

categories were classified as more complex, higher order learning. 

Columbia University Mailman School of Public Health, Global Consortium on Climate 

and Health Education (GCCHE) Core Climate & Health Competencies for Health 

Professionals (Global Consortium on Climate and Health Education, 2018): Released in 

early 2018, the GCCHE Core Climate & Health Competencies for Health Professionals 

“identifies climate and health core competencies for health professional students”. 

Categorized into five broad areas of practice, these competencies outline foundational 

knowledge and skills that should be conveyed to students in the health professions 

including public health. Therefore, these criteria become a benchmark to which current 

curricula may be aligned. Unlike Bloom’s taxonomy which informs the design of 

learning activities and serves as a guide to instructors in learner centered teaching, the 

GCCHE competencies provide a list of topics and content areas that should be included 

in health professions curricula.  
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We conclude by comparing relevant findings with recommendations made in a workforce 

training needs assessment conducted by the authors, details of which are provided in a separate 

manuscript (Arora et al., 2019). 25 key informant interviews were conducted with public health 

professionals who are currently engaged in climate health adaptation. Interviewers were 

specifically asked to identify knowledge and training recommendations that are important for 

future members of the public health workforce. Table 23 provides a list of topic areas and skills 

highlighted by participants of that study. 
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Table 22: Recommended Knowledge and Skillsets for Future Members of the Public Health 
Workforce 

SUGGESTED AREAS FOR TRAINING OF FUTURE PUBLIC HEALTH WORKFORCE 
K= KNOWLEDGE, S= SKILLS 

*** DENOTES A HIGH PRIORITY TOPIC INDICATED BY 7+ PARTICIPANTS 
** DENOTES A PRIORITY TOPIC INDICATED BY 3-4 PARTICIPANTS 

Training Topic Future Context 
Systems thinking K Understand the interconnectedness of issues 
Communication*** KS Advocacy, written and oral communication to 

inform policies, to distill and translate information 
for the public and policy makers, establish 
partnerships 

Data & Analysis*** S GIS, understanding of how climate and weather 
data is collected, accessing and using weather data, 
health data; epidemiology, surveillance 

Intelligence gathering-
resourcefulness 

S Capacity to use resources and know where to go to 
collect information 

Climate Science*** K fundamentals of weather and climate; pathways; 
familiarity with key national and international 
projections scenarios, models and pathways; 
weather patterns; impacts on natural disasters, 
wildfires, etc. 

Health impacts of climate 
change*** 

K Familiarity with key national and international 
reports and guidelines; Direct and indirect impacts 
to health; vulnerable populations; disease ecology 
and epidemiology 

Practical hands-on experience** S Learning though field based practical internships, 
case studies and application of data skills using 
real data 

Skills in the social sciences K Includes critical thinking, problem solving 
Program planning & 
development** 

S Understanding how to build programs; integrate 
climate change into existing programs 

Health equity** K Understand the impact on vulnerable populations 
and how climate change is a health equity issue; 
recognize how social determinants of health will 
interplay with climate change 

 

Results 

Level 1 analysis provided insight into the degree to which accredited schools and 

programs in public health offer courses associated with climate change and health to graduate 
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students. 103 courses were identified at 44 ASPPH accredited institutions around the country. Of 

these 103 courses that met the study criteria, 46 courses were identified as being focused on 

climate and health, while the remaining 57 courses integrate this topic among other focus areas. 

Figure 13 illustrates the breakdown of ASPPH institutions and courses identified in this study.

 

Figure 13: Results of ASPPH Member Institution Course Search 

The courses identified were all offered by the public health school or program either currently or 

within the past 4 years, included graduate only and graduate and joint undergraduate/graduate, 

undergraduate, and both online and in-person forms of delivery. 23% of ASPPH schools offered 

more than 1 course that either focused on or integrated climate change and health.  

As each course was identified, further research was conducted to locate and download the 

course syllabi for Level 2 analysis. Syllabi of 46 courses (22 focused, 24 integrated) were readily 

available for download and review. All graduate course syllabi were selected for further analysis, 

resulting in the exclusion of six courses that were either undergraduate courses or climate change 
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associated courses that had incomplete syllabi (4 focused, 2 integrated). Figure 14 illustrates the 

breakdown of courses and syllabi found during the research process. 

 

Figure 14: Numbers of Climate and Health Relevant Courses and Syllabi at ASPPH Member 
Institutions 

Integrated Courses: Courses were categorized as integrated if “climate change” environmental 

change”, “global warming”, “environment” or “environmental change” was identified as a 

course sub-topic or described in a learning objective. The 24 integrated syllabi were reviewed to 

determine the extent to which climate change, global warming, and/or environmental change 

were covered in the syllabi. Course-specific topics and objectives listed in the syllabi were 

assessed to determine if the climate-health relationship was covered. While some syllabi 

provided more context for the discussions, activities, and lectures in their course descriptions, 

others provided a skeleton framework through which a general assessment on knowledge (based 

57

24

46

22

0 20 40 60 80 100 120

Courses

Syllabi

Climate-Health Relevant Courses & Syllabi Identified at 
ASPPH Member Institutions

Climate Change Integrated Climate Change Focused



168 
 

on course topic listings) and skills (based on learning objectives aligned to Bloom’s taxonomy) 

could be made. The integration of the climate-health relationship fell into two distinct categories:  

1- Designated lecture: In several courses, the climate-health topic area was addressed in the 

form of a designated lecture, seemingly to provide a brief introduction to the issue.   

2- Sub-topic: Among other syllabi, climate change was used as one of several themes to 

propel study on a broader public health issue such as global health, policy and advocacy, 

water and sanitation, and health economics.  

Although all courses integrated a discussion of climate change as a public health issue, they 

differed in the scope and context within which the topic was discussed. Fifteen courses were 

found to describe or list climate change as one of many topics in relation to human health. 

Several courses (n = 2) covered a specific aspect of climate change such as global climate change 

models and mechanisms of climate change. Other courses (n=7) discussed it in the context of a 

broader topic such as the built environment, deforestation, advocacy and environmental justice, 

and frameworks to address global challenges. In other courses, the exact nature on how climate 

change was discussed was unclear due to the lack of details beyond the name of a lecture that 

may be dedicated to this topic (e.g., lecture titled “Climate Change” in an Environmental Health 

Science course).  

Among all evaluated courses in this category, only 10 courses included a learning 

objective in relation to climate change and health. Table 24 aligns each learning objective by the 

relevant Bloom’s Taxonomy Level.  

Table 23: Climate Change Associated Learning Objectives in Integrated Courses 

Climate Change Associated Learning Objectives in Integrated Courses 
Bloom’s Taxonomy Level: Create 
• Articulate the importance of integrating environmental sustainability into existing global health 
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initiatives. 
• Develop strategies for communicating the environmental drivers of infectious disease to global 

health funders, agencies, and populations in the field. 
 

Bloom’s Taxonomy Level: Evaluate 
• Students will be able to describe contemporary issues related to environmental health and identify, 

utilize, and critically evaluate relevant literature as it relates to issues such as:  diseases impacted 
by climate change and diseases impacted by public health infrastructures. 
 

Bloom’s Taxonomy Level: Analyze 
• NONE 

 
Bloom’s Taxonomy Level: Apply 
• Demonstrate knowledge of the role of environmental phenomena in limiting, maintaining and 

facilitating infectious disease spread. 
• Use Systems Thinking to explain the relationships between the built environment, climate change, 

equity, and public health 
• Students will be able to describe contemporary issues related to environmental health and identify, 

utilize, and critically evaluate relevant literature as it relates to issues such as:  diseases impacted 
by climate change and diseases impacted by public health infrastructures. 
 

Bloom’s Taxonomy Level: Understand 
• Understand the ways in which the effects of environmental phenomena, such as climate change, on 

infectious disease differ in the developing world. 
• Use Systems Thinking to explain the relationships between the built environment, climate change, 

equity, and public health 
• To identify and classify major physical, chemical, and biological agents in the environment that 

pose significant hazards to public health, and to be able to identify major sources of exposure to 
these agents , especially in air pollution, occupational health/ industrial hygiene, radiation 
protection, vector-borne disease, food-borne illness, water quality, and solid and hazardous waste, 
and climate change 

• Describe the most pressing health problems associated with climate change faced by [region 
redacted for confidentiality]; provide examples of how resiliency towards these effects might be 
built. 

 
Bloom’s Taxonomy Level: Remember 
• Define how the "drivers" in land use, energy use, food production and distribution, water use, and 

population growth above cause climate change, ecosystem degradation, species losses, biodiversity 
losses, and other resource depletions. 

 

Focused courses: Sixteen syllabi for courses specifically focused on “climate change” or 

“environmental change” and health were analyzed to contextualize how climate change was 

addressed in the curriculum. Majority of the courses (n=14) in this category were housed in the 
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Environmental Health Science Department of the public health program. Figure 15 provides the 

breakdown of learning objectives across Bloom’s taxonomy.  

 

Figure 15: Learning Objectives Categorized by Revised Bloom's Taxonomy 

In addition, the course topics were collected and analyzed to determine the range of climate 

change related issues that were incorporated into the curricula (Table 25).  The latter was 

instrumental in developing a snapshot of sub-topics current climate-health courses are covering 

in graduate public health curriculum. In addition to these themes, existing courses also discussed 

a range of relevant issues such as communication, food and water security, and energy and 

sustainability. A review of the readings list (when available) and course description also 

indicated the use of both international (i.e., International Panel on Climate Change Report on 

Global Warming) and national (i.e., United Stated Global Change Research Program National 

Climate Assessment) reports to inform students of the current state of knowledge.  
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Table 24: List of Commonly Taught Topics 

Most Commonly Taught Topics Discussed in Existing  
Climate Change & Health Courses 

Health Impacts of Climate Change (n=12) 
Science & Policy (n=9) 
Scientific Basis of Climate Change (n=8) 
Public Health Strategies & Solutions (e.g., Adaptation and/or Mitigation, Vulnerability & Risk 
Assessments) (n=6) 
 

 

The second step in course design is the formation of assessments that provide evidence to 

the instructor on what the students have learned in the course (Wiggins & McTighe, 2005). A 

review of the evaluation criteria and forms of student assessment (Figure 16) indicated a heavy 

reliance on term papers, in-class (individual or group) presentations, homework, and exams. The 

evaluated syllabi identified minimal use of case studies and performance on problem-solving, 

scenario-based activities as assessment formats in these courses. This was validated by in-depth 

review of the course deliverables and evaluation sections of the syllabi. Although many syllabi 

did not provide specific guidelines, several courses provided specific directions for completing 

assignments and course deliverables. For example, homework assignments asked students to 

critique a news article, provide a reflection on the course, discuss a specific issue, or respond to 

topic-specific questions. On the other hand, most of the syllabi reviewed required students to 

present and/or write a paper on a mutually agreed upon topic of interest. Instructors seemed to 

rely heavily on these flexible assessments to provide students with the opportunity to delve into 

more focused topics of interest. 
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Figure 16: Methods of Course Assessment Utilized by Instructors 

This aspect of the assessment resulted in the following broad level findings that seem prevalent 

among climate change and health courses taught at the graduate level: 

Key Finding #1: There is a dearth of climate change courses in graduate public health education 

around the country.  

Less than half of public health institutions evaluated in this study were found to offer a 

climate change-related course. As illustrated in Figure 13, the 103 climate change relevant 

courses (both integrated and focused) were taught in 44 institutions. These findings highlight a 

significant gap in the knowledge and skills provided to the entering public health workforce 

members, in particular, their awareness and ability to inform public health action and 

management of climate change impacts.  
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Key Finding #2: Only half of the public health schools evaluated offered a graduate course 

focused on climate change.  

All focused courses were electives offered by departments and units responsible for the 

Environmental Health focus area of public health. We recognize that a certain level of expertise 

resides within this sub-discipline, but this is done at the cost of overlooking other aspects of the 

issue (e.g., policy management, health promotion) that may not be as well incorporated into the 

existing curriculum. This assessment corroborates findings from public health professional 

interviewees that stressed the need to communicate and engage with counterparts in different 

branches of public health to incorporate the climate change dialogue and inform decisions that 

have climate and health co-benefits (Arora et al., 2019).  

Key Finding #3: Evaluated focused courses suffer from a topical bias towards covering the basic 

foundational aspects of climate change in a national or international context.  

Current offering of climate change courses are focused on fundamental climate and 

health relationships and do not provide field relevant topics. Courses cover a wide array of sub-

topics referenced in the GCCHE competencies (Table 20), ranging from climate dynamics and 

environmental drivers of health to human health impacts and public health actions including 

adaptation, policies, and risk assessments. However, there seems to be ample opportunity for the 

integration of field relevant content areas such as public health practice and policy aspects of the 

issue (e.g., health equity, systems thinking, program development, and planning) identified in 

Table 23.  Similarly, our results indicate the absence of skill-oriented elements outlined in the 

APTR policy statement summarized in Table 20.  

Existing courses also provide an adequate balance of exposure to both national and 

international aspects of Climate Change. This is important in providing students with a diverse 
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view of the perspectives and approaches to addressing climate change at different levels. 

However, this also suggests that courses may be missing opportunities to increase relevance by 

making it local through the integration of local level plans and reports and discussion of 

challenges and strategies faced by states, tribes, counties, or municipalities around the country.  

Key Finding #4: Current teaching approaches provide limited scope for skill-building for the 

public health workforce.  

As Figure 15 illustrates, most of the learning objectives for courses focused on climate 

change and health generally fall under the lower cognitive domain of Bloom’s taxonomy 

including remember, understand and apply. Learning objectives associated with higher order 

Bloom’s taxonomy domains including analyze, evaluate, and create comprise less than 30% of 

course objectives and are mainly reflected in class assignments and projects ranging from 

evaluation of news articles and research papers to individual or group presentations focused on a 

student identified issue, policy, or methodology. On the other hand, the main educational 

approach evident in the reviewed syllabi relies on student motivation and interest to delve deeper 

into a subtopic of interest through papers and presentations. The reliance on summative 

assessments indicate the need for students to illustrate a high level of understanding and critical 

thinking through synthesis of a wide range of content and interaction with course material (Bok 

Center, 2018). These findings illustrate the wide breadth of approaches adopted to build a sound 

platform for students to understand the underlying science of climate change and the associated 

pathways through which health is impacted. However, the challenge to use climate change 

knowledge and evidence to evaluate existing programs and formulate solutions and ultimately 

build field appropriate skills remains. 
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The systematic review of the course syllabi implies a tendency to focus on transmitting 

knowledge of key issues that form the basis of our understanding of climate change and health 

(i.e., scientific basis, health impacts, and possible solutions). While the course content focuses on 

knowledge, course assessments focus on critical thinking and understanding key concepts as 

evidenced by research papers and in-depth topic investigations. These findings indicate areas for 

improvement to optimize the learning opportunities that facilitate practical skill-building and 

translate knowledge to skills useful in an environment of public health practice. Both the APTR 

and GCCHE guidelines provide a set of standards to achieve in a climate and health course for 

graduate public health students. Central to both guidelines is the notion of collaborating, 

communication, and the underlying goal of preparing health workforce (including public health 

and other health professions) to address the health impacts of climate change. 

Proposed Framework 

Drawing on the analysis and findings above, we propose the below framework for 

accredited schools of public health to increase knowledge and awareness as well as skills in 

managing and addressing the health impacts of climate change. The framework recognizes the 

challenges (e.g., expertise, timeframe, etc.) faced by institutions and programs of study to create 

and launch fully functional courses on the topic. Therefore, the proposed framework adopts a 

tiered approach through which to increase awareness of climate change as a public health 

stressor no different than socio-economic factors and to bring climate change into mainstream 

public health education. The framework is designed with the following innate challenges (e.g., 

staffing, budget) of academia in mind and proposes that climate and health curriculum should: 

1- Be rooted in pedagogy that utilizes backwards design methodologies that are skills, 

learner-centered course design, and integrates active learning approaches. 
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2- Acknowledge the complexities of graduate in-person (i.e., face to face) teaching 

including a diverse student body. 

3- Provide opportunities for peer-to-peer as well as instructor-led learning. 

4- Illustrate the importance of the interdisciplinary nature of the issue and the approaches 

required to both understand and address it. 

Robust, fundamental and workforce driven climate and health educational opportunities 

for public health graduates can be achieved using multiple strategies and mechanisms. We 

encourage higher education institutions and in particular, schools and programs of public health 

to provide students with multiple, consistent opportunities through which to understand the 

challenges associated with climate change. In the absence of national curriculum directives and 

implementation guides, individual institutions should collaborate with experts and existing 

communities of practice to develop and share curriculum best practices for adaptation in their 

respective public health programs. 

At the minimum, we propose that institutions dedicate resources and efforts to integrate a 

climate change lens into the core public health courses and disciplines (Level 2) including 

biostatistics, environmental health sciences, epidemiology, health policy and management and 

social and behavioral sciences. This will ensure that students in all public health focus areas not 

only receive the required fundamental concepts but understand the relevance of this issue to their 

specific discipline.  We acknowledge the time and resource constraints required to undertake the 

implementation of this goal and promote the implementation of Level 1 activities through 

collaboration with academic and field experts to organize guest lectures and forums. In the long-

term, public health institutions should strive to complement Level 1 and 2 educational activities 

with the development of a course specific to public health and climate change (Level 3). 
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Dedicated courses can be co-created with academic (both health and non-health) disciplines to 

provide insight to provide a comprehensive, cross-sectoral, and multidisciplinary understanding 

of the health aspects of the climate change problem. Similarly, once the a fundamental basic 

climate and health course has been established, it is recommended that public health schools and 

programs consider implementing any special topics courses (Level 4) for studying specific 

aspects of this broad topic. The main components of this framework are summarized in Table 26 

and presented below in further detail.  
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Table 25: Proposed Climate and Health Educational Framework 

TIER LEVEL OBJECTIVE MODALITY EXAMPLES 

LEVEL 1: BUILDING 
AWARENESS 

Provide students with 
exposure to climate 
change and health 
relevant issues 

Single-point lectures 
and activities to 
introduce the topic area 

Forums  
Brownbag series 
Seminars 
Colloquiums 

LEVEL 2: BUILDING 
KNOWLEDGE 

Ensure that students 
understand the 
importance of climate 
change and its 
relevance to all 
public health topic 
areas 

Climate change lens 
and case studies 
integrated into public 
health core courses 

Module on evaluating 
existing healthcare 
policies on how 
climate and health co-
benefits can be 
achieved.  

LEVEL 3: ENHANCE 
KNOWLEDGE, 

PROBLEM-
SOLVING, AND 

CRITICAL 
THINKING 

 

Prepare students for 
assessing and 
addressing the health 
impacts of climate 
change. 
 

Interdisciplinary 
education opportunities 
that provide 
fundamental 
knowledge and 
opportunities for 
application of material 
to address practical 
field challenges.  

Dedicated course on 
public health aspects 
of climate change 
 
Inter-professional 
education courses 

LEVEL 4: TAILORED 
SKILL BUILDING 

 

Provide graduate 
students with the 
platform to delve into 
a focused area of 
study in relation to 
climate and health.  
 

Specialized course with 
a topical focus 

Climate modeling 
methods course 
Special topics course 
on climate change 
communication  

Level 1: Building awareness 

Objective: provide students with exposure to climate change and health relevant issues. 

Brown bag series, seminars, and colloquia are often used by post-graduate institutions to 

expose students to relevant topics. These single-point lectures are suitable modalities to invite 

researchers, faculty members, or professionals to speak on a topic associated with climate and 

health. Integrating climate and health topics into these modalities also has the benefit of reaching 

a wider audience as many students, faculty, and staff from both within and outside of the 
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program or college may attend out of interest. Although, seminar series and brown bag sessions 

are limited in how much information they can review or provide to the audience, they are most 

suitable to introduce students to foundational concepts and increase interest in the topic. 

Graduate schools and programs, therefore, may find it more appropriate to identify local or 

national, and academic or non-academic subject matters experts to provide students with varying 

perspectives of this issue.  

Level 2: Building knowledge  

Objective: to ensure that students understand the importance of climate change and its relevance 

to all public health topic areas. 

The current educational paradigm isolates the learning of fundamental public health 

concepts into the core public courses (e.g., Epidemiology, Biostatistics, Environmental Health, 

Health Promotion, Policy and Management, etc.). However, there are sufficient examples 

illustrating crossover of several public health topics that are used to drive the fundamental 

concepts across most if not all these courses. Climate change is a pervasive issue that is a driver 

of human health. Just as factors like socio-economic status influence population health outcomes, 

climate change is an underlying component that interacts with social determinants of health to 

elicit similar (if not more exacerbated) outcomes that are displayed disproportionately among 

communities and populations (Linda Rudolph & Gould, 2015).  As an example, consider the 

relevance and integration of tobacco use and control as a platform to translate fundamental 

public health concepts: in epidemiology to illustrate cause and trends of disease; in Biostatistics 

to illustrate methods to establish relationships; and in, health promotion, to inform smoking 

prevention and cessation programs and intervention.  
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Similarly, a climate change lens or dialogue can be integrated into existing core courses 

to present the dynamics of climate change, provide scientific basis for the climate and health 

relationship, illustrate the intersection between policy and health outcomes to name a few. This 

has the potential to build students’ understanding of the complexities of the issue while 

introducing concepts of systems thinking and interdisciplinary approaches to problem-solving, 

understanding and addressing the health impacts of climate change. Table 27 illustrates the 

linkages between climate change and select sub-disciplines of public health that can drive 

student learning. 

Table 26: Relevance of Climate Change to Sub-disciplines of Public Health 

Public health sub-
discipline 

Climate change link 

Maternal & Child 
Health 

Women and children are among the most vulnerable to climate 
change and are most likely to benefit from climate adaptation 
initiatives that improve access to healthy food, transportation, and 
urban planning. 

Epidemiology Increases in morbidities and mortalities associated with the direct and 
indirect impacts of climate change are anticipated. Existing 
knowledge and information on distribution of disease, risk factors 
(e.g., environmental, personal, behavioral), and at-risk populations 
will inform understanding of local impacts and development of 
tailored interventions and plans. 

Health Promotion & 
Education 

Community engagement and education are increasingly relevant to 
building the public’s understanding of health risks and preventative 
behaviors. There is an increasing need to understand and 
communicate co-benefits of existing public health and non-public 
health programs.  Professionals with background in this area can help 
build partnerships with local businesses and partners to promote 
healthy practices and integrate climate change messaging into 
existing programs  

Health Policy 
Development 

Local level policies (e.g., funding, affordable housing, transportation) 
can have wide ranging consequences for human health and well-
being. A climate change lens should be adopted to all policies to 
reduce disparities in access to public health and healthcare services 
and resources, promote healthy behaviors, and encourage 
engagement on initiatives that mitigate climate change (i.e., reduce 
carbon emissions) 
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Healthcare 
Administration 

Climate change will increase the need for healthcare services 
(particularly post extreme weather events) and disrupt not only 
access to services but also supply chain management. Trained 
healthcare sector professionals can build climate resilience, inform 
plans and policies to mitigate the impacts on hospitals and clinics’ 
ability to provide care. 

 

Level 3: Enhance knowledge, problem-solving, and critical thinking 

Objective: to prepare students for assessing and addressing the health impacts of climate change. 

As Table 23 indicates, a dedicated course on climate and health has the potential to 

provide ample opportunity to present the wide range of issues relevant to a thorough study of the 

topic. This modality of learning has the capacity to address the breadth of issues spanning this 

topic including: an overview of mechanisms of climate change, climate and health implications, 

and adaptation and mitigation planning. However, this topic list should expand beyond the 

fundamentals outlined in Table 21 to include content areas outlined by the GCCPHE and APTR 

(Table 22).  

To ensure that students develop a high order learning experience the course needs to 

provide opportunity for both application and integration of relevant materials. This can be 

achieved by aligning learning objectives to competencies and directives (e.g., GCCPHE) and 

using the former to inform student assessments and course content and activities (Wiggins & 

McTighe, 2005). Below are three mechanisms that can facilitate a practical, applied, and relevant 

learning experience.  

Case studies: One way to provide students with hands-on and applied learning in a real-

world context is through integration of case studies which facilitate understanding of the 

complex dimensions of climate change. Case studies promote active learning by requiring 
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students to allowing students to apply the knowledge learned to a case. The act of application 

and critical thinking is meaningful as it enables the student to make connections between various 

aspects of an issue and to understand it from differing perspectives. Case studies are also ideal 

mechanisms for interdisciplinary engagement and discussion. CEPH accreditation already 

requires students to have competency in performing effectively in interdisciplinary teams that 

involves “engagement with professionals (either students in other professions or practicing 

professionals) outside of public health (e.g., architects, nurses). Many public health institutions 

may already be familiar with interprofessional exercises associated with the national 

Interdisciplinary Professional Education Collaborative (IPEC) that brings together varied health 

and allied health professions to improve health care delivery and health outcomes. This approach 

can be adopted and expanded to bring together a wide range of non-public health disciplines and 

areas of study (e.g., urban planning and design; marketing and communication; and agriculture 

and life sciences) to educate and encourage interdisciplinary collaboration. 

Partnerships & Collaborations: Another mechanism to promote practical learning is 

through collaborating with local and regional health agencies and stakeholders who have a 

vested interest in managing and addressing the health impacts of climate change. Academic 

health programs often already have existing collaborations between universities and health 

departments. For example, higher education institutions may have established research and 

training centers which can serve as ideal partners for training and information dissemination. 

Similarly partnerships with CDC BRACE grantees as well as climate services centers such as the 

NOAA RISAs are ideal partners to engage in climate change related issues.  This partnership can 

be instrumental in providing students practical experience and increasing the relevance of 

climate change by providing insight into the challenges and issues encountered in the field. 



183 
 

Learning about these experiences cannot be replicated by researchers and instructors in the 

academic environment.  

Similarly, intra-university partnerships are another key mechanism that can be enhanced. 

The within academia partnerships are not only necessary to enhance fundamental science and 

problem-solving at climate change associated intersections; Cross departmental and institution-

wide collaborations through existing campus-based interdisciplinary research centers or 

individual connections with parallel disciplinary programs (e.g. earth sciences, social and 

behavioral sciences) can illustrate the intricate nature of problem-solving for highly complex 

climate and health problems. These cross collaborations can provide equally meaningful research 

opportunities and learning experiences (see above discussion on interprofessional exercises) that 

transcend beyond the classroom into thesis and dissertation projects relevant to the student.  

Partnerships such as those mentioned above act to illustrate the interdisciplinary nature of 

the issue and the approaches required to address it. Apart from collaboration with local health 

departments, instructors can foster relationships with national professional organizations such as 

the National Association for City and County Health Officials (NACCHO), American Lung 

Association (ALA), and National Environmental Health Association (NEHA) to provide varying 

perspectives, identify suitable projects (both in-class and for student internships) and learning 

opportunities through existing initiatives. This not only provides the student with an opportunity 

apply the knowledge learned in class through a relevant project, but also provides insight into an 

issue that may otherwise be missed in class. These relationships also have an overall positive 

impact on the academic-practice relationship by providing practitioners much needed support 

and access to researchers and students and faculty with avenues to inform as well as share their 

research.  
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Practice-oriented and skills-based assessments: If the goal of the course is to prepare the 

student to address the consequences of climate change, then inclusion of higher order Bloom’s 

taxonomy learning objectives that require students to analyze, evaluate, and create information is 

necessary. As illustrated in Figure 5, existing courses already utilize a mix of high order 

activities to assess student learning. This is particularly evident among courses that are nested in 

programs that offer a focus area on climate change and health. We recognize that integration of 

higher-level learning activities and assessment may not be a feasible option for all public health 

programs, and it is unreasonable to expect each institution to adopt such an approach. However, 

we feel that this should be an important consideration in course design and delivery. To ensure 

skill-building, course assessments need to require application-oriented, problem-solving based 

activities that go beyond the traditional in-depth exploration and formal presentation. High order 

tasks to consider integrating into curriculum could focus on activities such as analyzing data, 

comparing relationships, evaluating programs, recommending policies, and developing 

strategies. Table 28 provides two succinct examples of assessments that are tied to higher order 

learning objectives that are both practical and skills based.  

Beyond the topic area, it is necessary for course related activities to push the boundaries 

of online discussions and group- led presentation to assignments that require students to evaluate 

existing interventions or programs, adopt the systems approach to problem solving, and to 

recognize the interconnectedness of different public health fields. 
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Table 27: Learning Objective-Assessment Strategy-Instructional Strategy Matrix 

Learning Objective Assessment Strategy 
Course Learning 

Experience & Instructional 
Strategy 

Adapt effective 
communication strategies and 
tools, learned in class, to 
practice disseminating 
climate and health 
information to stakeholders 

Group project: Role-play 
experts in health 
communications to convey 
the role of climate change in 
the health of local 
populations to invited 
stakeholders in a 5-minute 
presentation 

Guest lecture by stakeholders 
& subject matter experts 
Flipped classroom* 
Problem solving 

Apply knowledge of health 
co-benefits to evaluate 
existing public health 
program or policy.  

Debate or panel discussion 
making the case for health co-
benefits.  

Guided lecture 
Flipped classroom* 
 

* denotes a learning model where the student reviews information prior to class. As a result, the class session is dedicated to 
application of information through interactive exercises, case studies, etc.  

 

Level 4: Tailored skill building 

Objective: Through a specific course, provide graduate students with the platform to delve into a 

focused area of study in relation to climate and health.  

A higher level of skill building centered on developing analytical, investigative, and/or 

evaluation skills can be achieved through focused, advanced courses on a specific facet of 

climate and health. Courses with a narrow focus have the unique ability to draw attention to a 

specific aspect of the issue and provide more opportunity to both build skills and change 

perception and attitude of the student. This can take many forms ranging from a methods course 

that explores the statistical methods, tools, and models used to establish the links between 

climate change and human health to a program evaluation course that reviews various strategies 

and approaches to assess existing public health interventions, programs and policies from a 

climate change context. Furthermore, this type of course lends itself to the use of hands-on 

projects that allow students to manipulate data, design programs, formulate hypothesis, and 
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recognize the utility and limitations of datasets and methods. For example, a plausible project 

that provides opportunity to illustrate understanding, critical-analysis, and application (all 

evidence of high order thinking) for such a course would be to design a study for establishing or 

understanding the relationship between a specific health outcome and climate change or to create 

a framework for integrating climate change into all health department programs and initiatives. 

Another example would be a focused study on health co-benefits or implications of climate 

change policies which would provide an in-depth discussion of the various municipal or national 

climate change policies and the relationship to health outcomes. In addition, this type of course 

can easily integrate projects and activities that requiring review and evaluation of existing 

policies and designing programs and interventions for a local or regional climate and health 

issue.  

Discussion   

Public health practitioners are at the forefront of responding to health outcomes that 

result from climate change. However, the existing workforce’s reduced capacity to manage and 

address these concerns due to a lack of resources, leadership, funding, and expertise has resulted 

in limited engagement on this issue (Linda Rudolph & Gould, 2015). Furthermore, practitioners 

are increasingly asked to advocate for and bring to the forefront the health aspects of climate 

change during local initiatives aimed at urban planning, transportation, and agricultural 

development. Whether willing or not, public health is being called upon to take action to prevent, 

manage, and address the health impacts of climate change (Watts et al., 2018). 

Training the next generation of public health leaders is an initiative that can be addressed 

by schools and programs in public health. Approximately 50% of ASPPH institutions assessed in 

this study did not list a course that clearly included climate change content on their program 
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website or course catalog, indicating a need for the development of further structured 

opportunities in climate and health in graduate public health education. Graduate public health 

education needs to prepare students for working effectively in the field. In dealing with the 

challenge of climate change, graduate public health education should be applied, build a strong 

foundation in the human-environment dimensions of health, promote interdisciplinary problem-

solving and critical thinking, and provide graduates with a set of tools in their toolbox with 

which to approach problems in the field.  

Public health is a diverse field that spans  multiple disciplines and professions. The 

diverse challenges of climate change necessitate multi-pronged, cross disciplinary, and 

collaborative strategies that span across different fields of study, sectors, and professions.  The 

future public health workforce needs to be able to apply existing toolsets as well as understand 

the role of both health and non-health policies and initiatives on human health. Understanding 

the role of and being capable of intersecting with transportation, urban planning, and agriculture 

is critical to holistically influence the health and wellbeing of the public. Graduate public health 

institutions are at the forefront of providing knowledge and skills to potential future members of 

the workforce and have a pressing need to meet the expectations and demands of employers, 

many of whom experience the health impacts of climate change firsthand. These are the 

individuals who will find themselves communicating the relevance of a changing climate to their 

communities, expanding their collaborative networks to include city and county divisions of 

transportation and urban planning to heighten awareness of the health implications of local 

decisions; and conducting research to inform the developing of tailored, community-based 

interventions. The proposed framework allows schools and programs to assess their expertise to 

adopt any combination of the tiers proposed to provide multiple opportunities for building 
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knowledge and skills among their student body. It is recommended that all institutions, 

particularly smaller programs with limited expertise strive to attain Level 2 and 3 of this 

framework to foster awareness and knowledge regarding the health aspects of climate change.  

Existing competency frameworks such as the GCCPHE provide recommendations on 

how to achieve foundational knowledge on climate change and health in graduate public health 

education. Although, these guidelines primarily align to the lower order domains of Bloom’s 

taxonomy, they provide knowledge and skill level criteria to ensure consistency in teaching the 

graduate student.  These competencies do not require the students to engage at a deeper 

application and critical thinking level that is required by professionals who are applying the Ten 

Essential Public Health Services (ESPHS) at a local or state health department or the Center for 

Disease Control and Prevention’s Building Resilience Against Climate Effects (BRACE) 

framework for health officials preparing for the health effects of climate change (Marinucci et 

al., 2014). Rather, these competencies are designed to provide students with a strong foundation 

in the dynamics, relationship, and implications important for the higher order application.  

We also encourage individual institutions as well as broad national professional 

organizations such as GCCPHE to collaborate across sectors and inform the development of case 

studies that may be used by academia to expose and train students to the complexities and 

challenges associated with climate change.  

Limitations 

A key limitation in this study was the availability of course information and syllabi on 

institutional websites. Many institutions did not provide access to the course catalogs on their 

school or program webpage, potentially resulting in the exclusion of any courses that may have 

been offered in prior years or are offered in a cyclical manner (i.e., every other year). 
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Furthermore, when course listings were provided, course syllabi were often unavailable. Schools 

and programs regularly offer topic specific seminars to graduate students as a way of providing 

opportunities to delve deeper into a specific topic, direct attention to specific methodology or 

focus area of study. Some institutions seem to list these seminars under broad course categories 

and titles (e.g., ENH ###: Graduate Seminar) while others provide specific, descriptive listings 

that indicate the focus area of the seminar clearly (e.g., ENH 654: Climate Change, Policy, and 

Health). Topic specific seminars offered by schools and programs but not listed with the course 

specific details were likely missed during the course search process.  

Another limitation of this study is that courses outside of the schools of public health 

were not considered in the analysis unless they were explicitly identified as a required or elective 

course. Courses may be offered by other departments within the academic institution such as 

Geography, Environmental Sciences, Natural Resources, or Communications. However, they 

were not included in this study.  

For this study, delivery of knowledge and skills was assumed to occur in a structured 

classroom environment regardless of the mode of delivery (i.e., hybrid, face to face, or online). 

The rationale for focusing on courses is that they are a structured format with dedicated 

objectives and evaluation outcomes that students need to complete. Therefore, this study does 

not consider inconsistent and perhaps less structured learning opportunities such as school-

sponsored symposia, brown bag sessions, or invited topical lectures in other courses. However, 

as discussed in the Results section, the value of these educational opportunities should not be 

overlooked as they expose the public health student to relevant narratives and topics through 

focused, finite modes of learning within a graduate study environment. These opportunities are 
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single point of time exposures that provide a brief insight into a topic area rather than an in-depth 

study, ultimately heightening the student’s awareness of a topic.  

Conclusion 

The field of public health is as diverse as the approaches it adopts, the tools it utilizes, 

and the professionals it involves. Public health is interdisciplinary and unlike other professions 

cannot be bound to a specific job title, function, or agency. This diversity and interdisciplinarity 

in public health forms the cornerstone that enables the public health professional suitable to 

address the health impacts of climate change. Our proposed framework integrates this notion and 

proposes mechanisms to enable graduate public health institutions to integrate climate and health 

education into the existing curriculum. A review of existing syllabi indicates the need for courses 

that provide students with meaningful, relevant, and high order learning on this complex issue. 

Existing guidelines developed by national organizations such as the APTR and the GCCHE 

should inform curriculum design. In the absence of climate change in national public health 

accreditation criteria, these guidelines and calls for action should inform the approach to 

exposing the public health student to the significance of climate change on public health.   

This framework can be adapted and tailored for integration of climate change into not 

only undergraduate programs in public health but also undergraduate programs as well. The 

undergraduate public health student body is an equally important population within which to 

build capacity as small local health departments are less likely to employ highly trained public 

health professionals such as epidemiologists and statisticians that have graduate degrees 

(National Association of County and City Health Officials, 2016). Therefore building local 

public health capacity will require training of students at both undergraduate and graduate levels 

of on the complexities associated with climate change. Similarly, we advocate for the adoption of 
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this framework to train students regardless of degree (e.g., undergraduate or graduate) or field 

(e.g., public health, medicine, nursing) as well as for continuing workforce education. We also 

encourage professional healthcare and public health organizations to convene subject matter 

experts to develop best practices guidelines for leaders and members on reframing climate 

change and communicating its relevance to the diverse workforce. Finally, we encourage the 

integration of climate action and climate change into existing accreditation criteria and 

credentialing mechanisms. 

Our findings indicate a visible presence of formal educational methods (e.g., courses) 

including the climate change dialogue beyond a mere mention. There are multiple opportunities 

to enhance exposure to this critical topic through expanding the number of institutions that offer 

such courses but also through expansion of the content and learning activities that are imbedded 

in curricula. To accomplish this, course providers and instructors are reminded of the need to 

follow current pedagogical frameworks such as backwards design (Wiggins et al., 2005). When 

one aspect of the course aligns to another, the result is not only a more comprehensive course but 

also a more meaningful learning experience for the student.  

The proposed framework is a tiered approach to ensure that all schools of public health 

provide students with varying degrees of opportunity to build the knowledge and skills needed to 

meet the climate change challenge regardless of career (e.g., research, policymaking, or public 

health practice) or agency (e.g., government, health department, healthcare, or non-profit). 

Exposure and awareness of the relationships and impacts of climate change and health are 

essential to training the next generation of the public health workforce. This educational 

framework provides graduate public health institutions with the opportunity to inform how this 

challenge is met and how a culture of climate in health policies can be fostered. 
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