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[bookmark: _Toc225937132]Abstract

How the changing climate interfaces with human health is an important topic of inquiry. Human health is dependent on the lived environment (Eckelmen, et al., 2018) and the changing climate is impacting the way in which we live. This includes increases in global temperatures, disruptions to food security and extreme weather events. Those working in health systems, including leaders, face challenges in providing healthcare that requires swift adaptation requiring a competent workforce foundationally.  
The research question guiding this inquiry is: are health leaders educated and trained, do they have capacity and are they competent through self-assessment. A scoping review was conducted that systematically approached the current educational landscape on topics related to health and climate change. Criteria used for inclusion was primary studies that occurred in higher income countries that targeted health professional in climate and health related education from 2015. This review highlights that a gap exists on education and/or training that is specific to health leaders. 
The second phase of this study builds on the scoping review through a survey targeted to self-identified health leaders in Canada and the UK. A quantitative approach was selected to address the research objectives. In total, 67 responses were completed through an electronic survey. The survey used purposive and snowball sampling techniques for distribution. 
This research is rooted in a pragmatic approach and the data collected from the survey is presented in descriptive statistics and a comparative analysis was performed. The findings indicate that health leaders are generally competent, as self reported, in topics on climate change and health, however, generally lack capacity to increase their competency. The research highlights inconsistencies in competencies related to managing extreme weather events and how and where education is received. Practical implications are provided to help guide health organisations in prioritising and creating opportunities for leaders.























[bookmark: _Toc225937133]Chapter I: Introduction
[bookmark: _Toc225937134]Introduction
The changing climate has directly caused detrimental impacts to health on a global scale for decades (Haines and Patz, 2004). Climate change has also influenced extreme weather events that will continue to increase in frequency, severity (Banholzer, Kossin, and Donner, 2014), and further impact higher income countries’ health systems. Climate change will continue to intensify demands on healthcare services (Ford, 2009) and present complex challenges to health professionals and leaders that will have to navigate through uncharted territory. Much like health systems and those that work within it, leaders must adapt to climate change. This leads to the inquiry of what education exists to provide leaders to navigate changes in climate and do leaders have capacity to become more competent to act.  
This Introduction chapter will be presented in five main sections. Initially, background context will be provided through a discussion on modern health professional education and its historical roots. Next the topic of the climate change and health will be discussed and its relevance to public health. Following this section will be an introduction to Climate Change and Health Competencies (CCHC) for health professionals and health leaders. Next, the background section will state the central and secondary research questions, demonstrate the project’s feasibility, and provide rationale for the worthiness of investigation. Definitions will be provided though the introduction with the final section addressing assumptions, limitations, and delimitations. 
Following the Introduction Chapter, the thesis will present results of a scoping review conducted in the second year of part time study. A detailed search description is provided in Appendix A. The scoping review’s intent is to describe the extent of climate change and health education interventions for health professionals and applicability for health leaders- the goal being to build CCHC. Educational interventions include those within categories of health professional’s curriculum, continuing professional development opportunities and occurring within health organisations. The scoping review builds upon the climate and health sustainability competency discussion in the background section, with a synopsis of the current state within higher income countries. In addition, the review provides evidence of a systematic approach to reviewing the literature as a conceptual framework.
Furthermore, the review determined that there is a dearth of evidence specific to health leaders in climate change related competencies and capacity assessment. Based on those findings a quantitative study was initiated to determine the extent of competencies within health leaders in climate change and health topics. In addition, the survey also asked respondents about their capacity to build these competencies. Once the thesis is completed, findings will be published as this is novel data as it focuses on health leaders.
The third section provides an overview of the research design and methods for the main study. This includes a detailed description of a quantitative approach to the central research question and appropriateness of the methods. The quantitative sampling was conducted rigorously through a purposeful approach and included snowball sampling techniques. The survey collected information about the leadership roles specific to climate and health and experiences with climate influenced emergencies. This included using a self-rating instrument to determine leadership competencies. Questions around levels of education on climate change and health and capacity were also asked along with self-rated capacity to undertake action. This section will specify and explain all design elements of the study and related ethical issues. Concluding the methods section is a discussion of challenges and difficulties that arose through the study.
The fourth chapter will consider the analysis performed and provide an interpretation of the findings through an expansive discussion section. This will include practical applications of the findings that are targeted towards health system educators and organizational leaders. While the findings section will highlight practical applications, the fifth chapter will provide rationale. To help translate findings, a series of descriptive tables will be developed that provide a broad picture of the findings and any relationships that exist.
Lastly, the fifth chapter will provide consideration as to what the findings mean for leaders and health professionals in more detail. This will include implications for content, educational delivery and institutions and what it means for those in health leadership positions. This section will also include suggestions for further research and how this study can be built upon. Following a summary and implications I will provide outcomes. One aim of the research is to provide recommended topics for curriculum for leaders on climate change and health. This will highlight the need for greater education around crisis leadership within the context of climate change. While the intent is not to develop and test curriculum the recommendations will be supported through the presentation of data analysis and interpretation. 
Definition of Terms
[bookmark: _Toc225937135]Defining the health professional
[bookmark: _Hlk225706825]While more traditional classifications of health professionals are clinician centric, roles have expanded to meet patient needs. The WHO’s (2013) guidelines for health professionals’ education establishes the categories of medical doctors (with subcategories), nursing and midwifery professionals, dentists, and pharmacists. While this list is limited, reference is made to the expanded International Standard Classification of Occupations (ILO 2008; WHO 2010, as cited in WHO, 2013). The ISCO catalogues additional categories as: “traditional and complementary medicine practitioners, those in paramedicine, individuals trained as dieticians and nutritionist, physiotherapists, and several other therapy related professions (ILO, 2008; WHO, 2010, as cited in WHO, 2013). The Institute of Medicine (2009) broadens this list to include social workers and medical technologists.  
The role of the health professional is essential to connect those needing information with those that create knowledge (Horton, 2010). More specifically as outlined by the WHO (2013), health professionals “advise on or apply preventative and curative measures and promote health… improving population health outcomes”. While each of the positions comprising the ‘health professional’ are distinct, health teams carry out much work together to meet the needs of the patient, regardless of the level of complexity. The overarching category of health professionals is inclusive of the types of health leaders, administrators, and managers, which is further discussed in the literature review chapter.
[bookmark: _Toc225937136]Continuing education and training
Following a formal education, health professionals continue their professional education to maintain their education, credentialing, and gain knowledge towards their practice (Institute of Medicine, 2010). For health professionals, the phase of learning following required education within the profession is commonly known as continuing education. More recently the broader term continuing professional development or CPD has been applied to professionals in health settings. This concept brings attention to development beyond clinical skills and imparts new streams of knowledge and use of different learning modalities (Institute of Medicine, 2010), such as face to face, online, and blended delivery (Pagnucci, et al., 2023). 
[bookmark: _Toc225937137]Competency
Competency, as defined by McClelland (1973, as cited by Garmen and Johnson, 2006), is an observable outcome that is used to measure “knowledge, skill, abilities, traits and/or motives”. Carraccio et al. (2002), define competence as “personal ability”. While knowledge translation provides a conduit to learn, competence is the learning received and then applied or acted upon. Thus, a competency can be increased as a means of achieving competence. Englander, et al. (2013) work draws from these definitions and establishes overarching “domains of competence”. 
Domains of competence, developed through a comparison analysis of accreditation guidance literature, are defined as broad distinguishable areas of competence that in the aggregate constitute a general descriptive framework for a profession (Englander, et al., 2013). Similarly, the MedBiquitous Performance Framework Working Group (as cited in Karthikeyan and Pulimoottil, 2019) defines domains “An organized and structured representation of a set of interrelated and purposeful competencies.” Although this framework was developed from physicians, it is applicable to other types of healthcare professionals. Framework approaches specific to climate change and health competence is the basis of the scoping review in the following chapter and will be further explored.
Definitions Table
	Concept 
	Definition

	Education
	The process of imparting and acquiring of knowledge (IAAH, 2022) aimed at developing competent and skilled professionals (Perini, 2023).

	Training
	A series of activities aimed at acquisition of specific skills (Calman and Downie, 1988).

	Competency 
	The ability to perform tasks or roles to an expected standard or through a recognized approach. Competencies are contextual and negotiated at a micro or macro level by stakeholders (Eraut, 2009).

	Capacity
	Ability to gain competencies through training or education and address existing gaps in knowledge and skills (MHIN, 2019).

	Planetary health
	The interdependent health of both humans and the environment, recognizing that the two are inseparable and that the health of one is intricately linked to the health of the other (Mago, et al., 2024)



[bookmark: _Toc225937138]Background of the Problem
[bookmark: _Toc225937139]1. Health Professional Education
[bookmark: _Toc225937140]Historical relevance of health professional education
Before considering education for health professionals in the context of CCHC it is helpful to examine the origins of modern-day education for health professionals. The movement for education of health professionals gained traction early in the 20th century following the Flexner Report published in 1910. The report established the biomedical model as the education standard for physicians (Duffy, 2011), which sought to treat human disease through preventions and therapeutic interventions (National Research Council, 1998). The model contributed to greater human longevity (Frenk, et al., 2010) and remained applicable to illnesses resulting from disease (Wade and Halligan, 2004) through the modern era. 
The classic medical model, from which health professional education was derived, is not without its limitations. As Rocca and Anjum (2020) outline, the model fails to consider sources of the problem at the environmental, social, and psychological levels, only treating parts of the human body. Those that faced health consequences from symptoms without diagnosis were hampered by the system, mental health illness being one example. Climate anxiety, a relatively new concept, links climate change to an emotional response (Clayton, 2020) and highlights the model’s constraints., Over time, these limitations encumbered treatment of patients with symptoms that presented differently. As a result, this has made way for a more holistic medical paradigm to take shape- Engel’s (1977; as cited in Adler, 2009) “biopsychosocial model”. 
The biopsychosocial model posits that not only biological factors need to be considered in making diagnosis, rather psychological and social components are important influences on health (Engel, 1977 as cited in Jaini and Lee, 2015). Although criticisms exist, this model is relevant in current health policy, research (Farre and Rapley, 2017), and public health (Syed, et al., 2020). Further development of the model saw inclusion of spirituality and sexuality (Henningsen, 2015) to account for additional dimensions of health and considering cultural contexts. The relevance of the Flexner report and medical models to the research question is the rigid, reactive, and antiquated approaches to healthcare education that persist in current curriculum. 
To further highlight this challenge in the context of climate change education, the extent of how groups of health professionals are educated has yet to achieve equidistance- such as physicians. In other words, training has not kept pace with the needs of health learners. This is evidenced by Jaini and Lee’s (2015) systematic review that reported limited progress in adoption of the biopsychosocial model within medical schools’ curricula in countries such as the United States. Furthermore, Brass (2009) argues that existing timeframes for medical school (4 years) completion do not allow for additional content without significant changes within the profession itself. Vermette and Doolittle (2022) suggest that medical educators can apply the biopsychosocial model within professional based training to support trainee needs beyond academic requirements. 
This represents a systemic failure of healthcare education institutions and organisations to change. Universities haven’t kept pace and are far too reactive to train health professionals to the current demands that will be placed upon them. Health organisations have not effectively communicated these needs and demands for change has been limited to healthcare professionals and those undergoing training. This is evident in the volume of health professional groups advocating through ‘call to action’ statements that is echoed by student groups highlighting the need to update curriculum. The focus is on day-to-day operational challenges rather than how a paradigm shift within education can benefit the health professionals of today and tomorrow.  
Conversely, opportunities exist for physicians and other health professionals within continuing education. Continuing education has been linked to both positively influencing health practitioner’s behaviour and patient outcomes (Samuel, et al., 2021). Continuing education has also demonstrated benefits beyond better patient outcomes, such as mitigating burnout within groups such as physicians (Griebenow, et al., 2023). Furthermore, education has been linked as a determinant of mental health and decreases likelihood of mental health illness (Kondirolli and Sunder, 2022). Ultimately, achieving continuing education aims are dependent on a variety of factors, which include the congruence of teaching and learning styles, teacher competence, and content and delivery, to name a few. 
[bookmark: _Toc225937141]Theoretical Constructs of Adult Learning
Adult learning theories are very much applicable to educating health professionals, both in formal training and continuing education. Learning theories related to educational psychology provide the basis for planning activities for learners in the classroom and clinical setting (Aliakbari, et al., 2015). The use of theories and reasoning extend beyond education activities and include patient interactions and the management of health care systems (Aliakbari, et al., 2015). As summarized by Mukhalalati and Taylor (2019), pedagogies, or the activities of educating, have a role in the learning continuum for health professionals throughout their career. Adult learning theories have been demonstrated as highly applicable to health professional learning with an immense amount of literature generated on this topic. 
As Dong et al. (2021) summarize, theoretical approaches such as cognitivism, constructivism, experiential learning, reflection, adult learning principles, self directed learning, communities of practice and situated learning, and cognitive apprenticeship are commonly applied in health professional’s educational activities. While this is not an exhaustive list, it demonstrates several perspectives from which educators can draw from in the learning process and combine multiple approaches when educating. While a comparative analysis is beyond the scope (the research design chapter will cover applicable theory) of this submission, it’s important to highlight that much of what we know and understand is largely from a psycho-socio-cultural lens (Otani, 2020). To simplify, this perspective suggests that humans are influenced by the social and cultural context in which they are connected to. By extension, this shapes education and more specifically, the training that health professional receives in each phase of their careers. 
Although more contemporary theories are being utilized in health professional education, institutions have been slow to shift curricular design (Whitehead, et al., 2013). Perhaps this is no surprise considering the influential nature of Flexner’s report on health professional’s education (Mann, 2010) and considering education institution’s resistance to change (Kleinheksel, 2022). This has brought about calls for reform to medical education (Irby et al., 2010), which as Mann (2010) argues must look towards broader theoretical designs in system redesign. Models of situated learning and communities of practice have merit and consider more socio-cultural learning paradigms (Mann, 2010). Communities of practice, for example, have demonstrated some effectiveness in the sharing of knowledge through active participation of learners (Noar, et al., 2023). 
[bookmark: _Toc225937142]Barriers and facilitators of Knowledge Translation
There is considerable value in developing healthcare professionals through the delivery of education interventions (Heydari, et al., 2019). The notion of continuous learning and the application of health-related knowledge is an underpinning of a progressive society. Not surprisingly, the value of CPD is well understood by groups, for example nurses, to improve the standards of care (Mlambo, et al., 2021). CPD also extends to leaders and support workers in health organisations. Healthcare is very much a learning environment in a constant state of change. Complimenting CPD interventions are evaluation methods. The purpose of CPD evaluation is to measure the effectiveness of an educational intervention, which allows for improvements and adjustments of educational interventions (Hosseini, et al., 2023). 
Whilst the frequency and intensity of delivery of CPD is important, the content and facilitator’s knowledge are critical. How knowledge is translated, otherwise known as knowledge translation, into practice can improve standards of care when effective (Barratt, et al., 2017). Thus, CPD is not only about developing professionals, it is also aimed towards improving patient care through connecting generated research to the health professional’s practice. As Dong et al. (2021) contend, the sharing of research and experience compliments the application of learning theory in the clinical setting.
Applying learning theories is only one dimension of teaching. At a more basic level, learning objectives are developed and set before the educational activity. Chatterjee and Corral (2017) define objectives related to learning as the output expected which incorporates the transmission of “knowledge, skills and/or attitudes” that is measurable. Learning strategies can be applied based on a variety of learning theories, which can better suit different learning styles and strengthen the motivation to learn (Aliakbari, et al., 2015). Although commonly thought of as having only clinical applications, KT has non-clinical uses as noted above. This can include training essential to organisational obedience on policies or legislative requirements such as fire safety, handling dangerous goods, or maintaining privacy and patient confidentiality.
Health professional motivations for participating in education has a strong influence on knowledge translation (Legare, et al., 2008), both negatively and positively. Motivators such as aligned belief systems, compensation for attending, intervention session style (Lawrence et al., 2019), previous experience with educators, and perceived quality of research (Kalassian, et al., 2002) can increase participation and overall effectiveness of the knowledge translation. In addition, as reported by Derman and Jaeger (2018), consideration of the audience prior to education interventions can facilitate better knowledge translation. This includes relevant research (Oliver, et al., 2014) and suggesting practical applications to the participants. However, it must be relevant to the work of the health professional, including education targeted to health leaders.
However, there are limitations to knowledge translation within the complex system of healthcare. The task for providing CPD is routinely given to professional practice educators or those with content expertise. Those asked to educate health professionals may be trained themselves in a professional discipline, however, lack formal training in education (Burton, et al., 2013 as cited by Mukhalalati and Taylor, 2019). Before learning theories can be utilized, educators first need to be aware and understand their respective benefits and criticisms. This holds true for new and emerging topics in healthcare, notably educating healthcare professionals in CCHC, which is further discussed below. Emerging threats and patient health needs may also not be well understood, as evident in the Covid-19 pandemic. Furthermore, evidence and guidance may shift in the face of new health threats which limits effective knowledge translation. 
Within health organisations, challenges do persist in translating new evidence to practice. Developing human resources in the health care setting is costly. There also may be requirements for contact hours, and course length may be prohibitive for professionals (Archer, et al., 2020) based on work schedules and balance with personal life. There may also be implicit and explicit biases within health professionals regarding specific topics of research. This can include research on treatment or health equity of marginalized or racialized groups. The bias at the individual level may lead to disregarding the research or choosing not to apply the knowledge within the care environment. Ultimately, as Vela et al. (2022) reiterate, biases are embedded within the health care system and negatively impact the patient experience in health care delivery and must be overcome.
[bookmark: _Toc225937143][bookmark: _heading=h.dhoo8zbmcsxl]Competency Based Approaches Related to Health Professional
[bookmark: _heading=h.woyqeuipxh8e]As discussed above, several theories are applicable to competency-based models. Outcome-based education, from which competency-based approaches are derived, resulted from a shift from instructional process to outcomes decisions that guide curriculum design (Frank, et al., 2010). Competency based training has gained support over the past few decades for being more learner centric and its shift away from “time-based training” (Frank, et al., 2010). Competency-based medical education was identified as a priority initiative “across the spectrum of medical education” in countries such as Canada (Royal College of Physicians of Canada, 2009), and Australia (Australian Medical Association, 2022) and has gained prominence in underdeveloped countries (Kiguli-Malwadde, 2014). When considering competency approaches to health and climate, this shift is notable from a philosophical perspective.
[bookmark: _Toc225937144]Education Impacts of the Covid 19 Pandemic 
During the first few months of 2020, health systems were significantly challenged as the Covid-19 emerged as a global threat to human health. The threat of COVID-19 on public health persisted as global public systems struggled to contain the spread of the virus. Not only did Covid-19 change the way in which health services were prioritized and provided, it sent shockwaves through the educational institutions, effectively disrupting traditional pedagogic approaches, which is contextually relevant when considering the research question. The pandemic disrupted health professional’s education with widespread closures of universities due to public health restrictions. Not surprisingly, the pandemic was deleterious to the learner’s mental health (Dedeilia, et al., 2023). Continuing professional development and university programming shifted to on-line learning modalities to limit in person contact. While online learning has been beneficial, it can dimmish the ability to develop connections among learners as well as building trust with those providing the education. 
Conversely, Covid 19 also accelerated this shift of education initiatives to those that were competency-based, interprofessional and online (Frenk, et al., 2022). Blended learning models were hastily developed and utilized in medical education programs (Rafi, et al., 2022) and gave way to previously developed massive open online courses (Pickering, et al., 2017). This represented a change in the way education was provided, as well as the changing nature of what leaners wanted from their education, and how institutions provide learning. Health professional education programs became more learner centric and began to prioritize mental health. 
[bookmark: _Toc225937145]Training the Health Leader
Competency based education is not only relevant to health professionals. Health leadership requires a suite of skills to navigate organisations effectively (Curry, et al., 2020), including abilities, and attitudes for an ever-changing dynamic system (Tanner, 2001). The global leadership industry is vast and within the US alone exceeds 14 billion (USD) per annum (Boerma, et al., 2017). Health leadership models have moved away from the notion that leaders “are born” to a more dynamic set of personality traits and competencies (Alban-Metcalfe and Alimo-Metcalfe, 2013). Ultimately, leadership skills are not all inherent and need to be imparted through education (Sonnino, 2016) and practiced. As pointed out by Bayer et al. (2017), health leaders understand the importance of training and adapting to changes in areas such as health policy.
Similarly to the modernization of health professional education, graduate level education for health administrators has begun to adapt to being competency informed to better prepare leaders for their roles in the health setting (Parker et al., 2022) Best, et al. contend that “frameworks present a good starting point for articulating leadership role scopes and their associated competencies, many fall short in explaining how leaders navigate complex, dynamic, multi-dimensional, and highly variable healthcare systems (2020, as cited by Spanos, et al., 2024)”. This begs the question of what makes a health leader effective at managing emergent health challenges within a system that is highly complex (Parker, et al., 2022).  
The role of health leaders and their training has recently gained greater attention due to the COVID-19 pandemic. Many academics focused leadership during pandemic response and outlined competencies for effective leadership (Sriharan, et  al., 2022). Covid-19 contextualized crisis leadership and preparedness as a relevant topic for all leaders, not only those responsible for managing risk and emergencies. Leader competencies during a crisis have been categorized as those that are task, people and adaptive orientated (Sriharan et al., 2022). 
In essence, to navigate large scale emergencies, such as pandemics, leaders need to have competence to manage crises, interpersonal relationships and adapt to rapid and complex changes. As one example, Hartney et al., (2021), found that Canadian health leaders were more effective when routinely communicating information within their organisations during Covid-19. While communication is a foundational skill of an effective leader, being an effective communicator during a crisis must be practiced towards a level of competence. This also consists of being prepared and practicing these skills within a scenario or simulation and understanding emergency management systems (Mwangi, et al., 2024). In addition, Keselman, (et al., 2020), describes health leadership’s ethical behaviors having a positive effect on organisational effectiveness and patient outcomes during a crisis. Ethical behaviors such as honesty in a leader’s communications is essential during emergencies (Paixão, et al., 2020) and will become more relevant given the increases in frequency and complexity of climate change extreme events.
[bookmark: _Toc225937146]2. The Climate Crisis and Health
[bookmark: _Toc225937147]Climate Change as a Public Health Issue
[bookmark: _heading=h.lv6yi51jn94s]Climate change is defined as a long-term change in the state of the climate that can be identified by changes in the mean and/or the variability of its properties both globally and regionally (NIEHS, 2022). Climate change is driven by natural and human activities related to the release of greenhouse gases in the atmosphere. The effects of climate change on humans are multi-faceted and gained much attention over the past decades. Scholars have attributed worsening health to climate change due to changes in the environment directly and indirectly (USGCRP, 2016).
[bookmark: _heading=h.96oensygmf2q]Climate change impacts extend beyond those which are more immediate. Public health will be increasingly impacted by climate related issues namely food insecurity, water scarcity, disease transmission, and social disruptions (Crimmins, Balbaus and Gamble, 2016). As noted by Kerslake et al. (2018), one of the central tenets of public health is the sharing of health knowledge for those without for action to be taken or effectively translating knowledge. While the science and health impacts of climate change are becoming more mainstream, public knowledge and awareness has been slow to increase. Given this disparity of public knowledge, public health practitioners have an immense responsibility in the face of the largest threat to human health this century, that is climate change (Parums, 2024).
In the comprehensive IPCC report (2022) it was reported, with very high confidence, that increases to climate-related illnesses, such as heat stress and cardiovascular and respiratory disease, and declines to mental health and well-being have occurred (IPCC, 2022). Drivers of this globally include more extreme heat, poorer air quality, increased flooding, vector-borne, water-related, and food-related disease and declines in mental health and wellbeing due to changes in exposure to climate or weather-related disasters (NIEHS, 2022). Nearly half of the global population reside in areas that are highly vulnerable to the changes in climate (IPCC, 2023). Considering that the global public health mandate is to prevent disease and promote health by providing current and accurate information to the public (Kreslake, et al., 2018), climate change is very much a threat to public health. 
Health impacts are often exacerbated during extreme weather events that are linked to climate change. Members of the public, which include healthcare professionals, are susceptible to the mental health impacts associated with climate change. This occurs not only in the more overt events, such as heat or wildfire events, but can occur within the general population in slower onset events, such as drought (Hayes et al., 2018). Progress has been made by global public health agencies (Fox, et al., 2019) however, this varies and is dependent on health system resourcing and capacity. 

[bookmark: _Toc225937148]Impacts of Climate Change on Health Professionals and Leaders
Health care professionals are uniquely positioned as it relates to climate change. They are far more than casual observers and can contribute to the climate change and health discourse from the international to local level. Kreslake et al. (2018), take it a step further and argue that health professionals can bring attention to adaptation and mitigation policies, both within and on the periphery of the health care system. One of the ways to empower healthcare workers is to promote concepts such as personal preparedness, which has the added benefit of improving mental health (James, et al. 2019). Health professionals are aware of climate change and its impacts on health, as evidenced by the volume of calls to action across the health professional spectrum. Much like the public, health professionals are impacted by climate change in their day to day lives. 
The way in which services are rendered will continue to change and impact health professionals. Climate change is already impacting populations in countries such as the UK, particularly those which are vulnerable and leading to increased admissions during extreme temperatures (Rizmie, et al., 2022). Hospital capacity will continue to be an issue during extreme weather and temperatures. Extreme heat alone led to 3000 excess deaths during the unprecedented heatwaves in the UK (Office for National Statistics, 2022). Health professionals will also need to adapt to how business is conducting, with a recent example being increase in virtual health and telemedicine. Community health will also become more important and outreach to vulnerable populations, considering under housed populations.
Health organisations will face immediate and longer-term budgetary pressures and the unknown as losses and damages of climate change are difficult to quantify (The Lancet Countdown on Health and Climate Change, 2021). Rising costs of labour and skilled worker shortages demand creative solutions. In line with financial considerations, leaders will need to consider the human health consequences, both direct and indirect, while projecting future expenditures due climate change including extreme events. 
This requires political astuteness and understanding of health and climate policy from national and local government and related impacts to funding models for health in countries such as the UK and Canada. Health leaders also must consider their organisation’s carbon footprint and the overall contribution of the health care system to climate change, which is estimated to hover around 5% of global greenhouse gas emissions (Tennison, et al., 2021). This responsibility of the health system to mitigate and prevent environmental impacts cannot be overstated. Changing the way health business is conducted, where and how equipment and supplies are produced, transportation, facility design and resiliency are all factors and will demand the system, and those within it, adapt. 
How leaders prepare their organisations for climate change is required, considering the climate change threat. Climate adaptation and resourcing new teams to manage risk, respond to, and recover from emergencies will lead to more resilient systems and these investments of resources will assist with ensuring sustainable systems. Health leaders are also uniquely positioned to advocate for additional climate change funding streams and to position climate change as a health conversation. Health organisations are also challenged by health and social inequities (Paavola, 2017) that are intensified by climate change. These community level challenges exemplify the importance of health organisations in community resilience as they have a role in providing care regardless of the community emergency.
[bookmark: _heading=h.yfwau1fp6kag]Conventional emergency management techniques have fallen short of novel global emergencies, such as the Covid-19 pandemic. As it relates to health, adaptation are actions or processes that reduce impacts associated with climate change that allow the system to meet high standards of care (UKHSA and NHS, 2021). Preparedness is the capacity to respond to the health needs of the affected population and the ability to stay operational under critical conditions when demand for care and the availability of time and resources are scarce (Verheul & Dückers, 2020). Meanwhile resilience is the ability to “learn how to do better through adversity” (Wildavsky, 1988, p. 2) involving the reorganisation of resources and activities in a way that enables health systems to function despite disruptions (Quick and Feldman, 2014). Based on climate change projections, having health organisations that are prepared and resilient is crucial.
[bookmark: _Toc225937149]Prevalence of climate emergencies
Emergencies including drought (Yusa, et al, 2015), heat (Kegel, et al, 2021), and wildfires (Parisien, et al., 2023) are increasing globally. These extreme weather events, which are influenced by climate change (Ebi, et al., 2021), have a myriad of consequences on human health (Schnitter and Berry, 2019) and health related services (Paterson, et al., 2014). For instance, flooding is linked to worsening of Canadian’s mental health conditions such as anxiety (Agyapong, et al., 2021), depression and post-traumatic stress disorder (Glenn and Myre, 2022). In addition, wildfire evacuee numbers are on a sharp incline (Canadian Forest Service, 2021). Human displacement and health impacts are further compounded by increased exposure to extreme weather events in population habitation trends (i.e.. building homes in high-risk wildfire areas) and more vulnerable infrastructure due to the expansion of roadways and power grids (Modaresi Rad et al., 2023). Ultimately, these increased events are disruptive to health organisations and demand better emergency management strategies and more aware leaders.
Climate-change influenced extreme weather events will continue to increase in frequency, severity, and further impact global health. This will intensify demands on healthcare services, as previously noted, across countries and stress financial systems to which health is dependent on. The ability to respond effectively to these events is more critical and health leaders will have to adapt to more dynamic and complex events. Designing and delivering health care that meets today’s health and the health care needs of individuals and populations without compromising the ability of future generations to meet their own health and health care needs (Aronsson et al., 2020) is essential. This will require the provision of health care that recognizes and respects the dependence of our health on the earth's ecosystems, without resulting in unfair or disproportional impacts within society. This demonstrates an acute need for both health professionals and leaders to be competent in climate change and health topics.
[bookmark: _Toc225937150]Climate change as a unique threat
[bookmark: _heading=h.7uafzdajnpty]Climate change has increased the likelihood of disasters (Arnell, 2022) and a rise in humanitarian crises (Ghazali, et al., 2018). One challenge is current hazard and risk assessments, which is a routine risk management activity to help prepare for potential events, which do not explore potential health risks of climate change (Ebi, et al., 2018). These assessment tools are also deficient in determining how health facilities are exposed to climate change hazards. Many healthcare facilities were designed without consideration of how the climate may change. This leads to vulnerabilities in countries such as Canada and the UK. In addition, extreme heat (ie. lack air conditioning or ventilation systems) or health facilities that are in areas that have increased      likelihood of flooding or wildfires impacts, are at higher risk of disruption in providing services. Simply put, risk assessment tools are requiring a rapid redesign and do not necessarily consider the changing climate. 
[bookmark: _heading=h.hw64fbg134lw]Climate change has also caused more severe hazards and exposed layers of vulnerabilities at the health system and local level. From a system perspective climate change has led to population displacement (IOM, 2026), while impacting socio-economic stability (World Bank, 2021). Food systems and water supplies have been disrupted, leading to food insecurity and water scarcity and contamination (UN, 2023). This highlights health inequities and structural inequalities in policy, practice, and funding (Smith, et al., 2022). At a local level, health services may not be prepared for staffing disruptions or aging infrastructure. This may limit overall community resilience and the ability for the community to support health services, and vice versa. To emphasize this, Eakin, et al (2018) points out that healthcare systems are exposed to threats that are relatively unknown in their consequences. 
[bookmark: _heading=h.otrz2ggus2x0]Community-led initiatives at the local level have seen expansion of ‘traditional’ peer communities of emergency management (Funtowicz, 2020) which include health. An example of this is in the UK where progress has been made within the local resiliency forums. Robust response capacity and adaptation depends on risk identification (Costello, et al., 2009), response system readiness (Wuebbles, et al., 2017) and health professional competence. Not only is there a need to expand these traditional communities, but a requirement to be more inclusive of health partners. This is evidenced through enhanced surveillance and monitoring before and during heat events with public health professionals and the coordination of community cooling stations (Richmond and Hill, 2023). 
Cascading hazards or chain events will become more common in the changing climate (Aghakouchak, et al., 2018). Not only linear emergencies, but simultaneous hazards. This can include wildfire evacuations during poor air quality and extreme heat to communities with lack of housing, as one example. The notion of “poly crisis” has risen in prominence and traditional emergency management cycles are no longer applicable. Rather than shifting from one phase of a hazard to another, preparedness, response and recovery overlap and simultaneous activities. Events will be longer in duration and require higher levels of resources and demand greater capacity. This is evident in complexities of health recovery from events such as COVID-19.
[bookmark: _Toc225937151]Statement of the Problem
[bookmark: _heading=h.bmrqszcc0blv]There has been a movement towards more holistic approaches to medicine, however limited application to education of healthcare professionals. When considering the health impacts of climate change and the role of the environment on well-being, the rapidity of this shift is critical. Educators of healthcare professionals commonly apply adult learning theory to undergraduate, graduate and continuing education; however, inconsistencies exist (Mukhalati and Taylor, 2019). This holds true within climate change and health education, which can be attributed to lack of educator competence of these topics. Despite barriers to continuing professional education, significant enablers exist for health professionals. Continuing education is a critical investment to sustain health care systems globally. Moreover, there is recognition and resources accessible within higher income countries.  
[bookmark: _heading=h.2yijw12eaxxh]As Alsio et al. (2022) highlights, a paucity exists in the research on how health leaders promote CPD in organisations. As to be expected, knowledge to the extent of climate and health sustainability related CPD opportunities within health organisations is also quite limited. Leaders set the strategic direction for health organisations, and understanding their education, capacity and competence on climate and health is critical to better understand leadership gaps. To further explore the extent of climate and sustainable health competencies in both health professional and leader training in formal education and continuing education opportunities, a scoping review was undertaken. The scoping review will be covered in the next section.  
Exacerbating this is the lack of governance and legislative oversight of emergency management programs within the health sector. These programs are often further down in the organisational hierarchy, or are added to incongruent portfolios (Hertelendy, et al., 2021). When the health organisation is mobilized to respond to an emergency, outside of day-to-day business, attention is shifted to response. It is the role of the emergency management program to prepare the organisation for these events, including leaders. 
Central to this research, health leadership climate change competence and the extent of leadership participation in educational interventions has not been covered in academic literature. This is further discussed in the scoping review in the second chapter. Medical education curriculum is already overloaded in countries such as Canada (Slavin and D’Eon, 2021; D’Eon, 2023) and inconsistencies exist in core curriculum on topics such as global health systems in the UK (Matthews et al, 2020). There is also growing concern of allied health professionals’ mental health given heavy training rigours (Lewis, et al., 2019). 
In the context of climate change there is a growing need for health system preparedness, resiliency, and capacity to adapt to health system disruptions. However, despite this need there is a lack of climate change education for health professionals (Jagals and Ebi, 2021) and a dearth of leadership and climate education opportunities in countries such as the US. It is not only health professional groups that require education and training in climate change and sustainability, but executive education programs are also required (Shaman and Knowlton, 2018).
Underpinning this study is a systems leadership framework. This helps to better understand what it will take to truly navigate health organisations from the dynamic problems brought about through the changing climate. This framework differs from previous leadership concepts in that it utilizes leading beyond rigid professional and organisational parameters (Bigland, et al., 2020). Furthermore, Cairney and Toomey (2025), argue that system leaders in healthcare are those aware of requirements to perform and achieve, attributes to nurture, mindsets to encourage and skills to learn. 
As climate change further burdens global health care systems in the years to come, the threat will shift to a crisis. Every healthcare professional has a responsibility to acquire skills and knowledge, or become more competent, in climate and health sustainability. Coincidentally, health professionals are largely interested in health and climate topics. Perhaps more consequential is lack of support within the health professionals’ organisational culture. Leaders share this responsibility and must gain competence through educational opportunities to better understand the threat of climate change. Leaders must understand health system resiliency while maintaining an awareness of how to actively engage in the resiliency of the community, a system leadership champions. 
[bookmark: _Toc225937152]Purpose of the Study
The first aim of this research project is to conduct a review of the literature to learn the extent and saturation of education and training initiatives targeted to health professionals within the topics of climate change and health. 
Scoping Review Objectives: 
1) to understand the extent and type of evidence in relation to climate change training and education interventions targeted at health professionals and leaders in primary studies. 
2) to determine if climate and health competencies have been integrated into these interventions. 
The second aim is to provide a research design and methods that reflect and investigate the primary and secondary research questions. This includes the objective of providing a detailed description of the use of qualitative methods in the approach to the central research question and appropriateness of the methods. The second objective is to explain all design elements of the study and related ethical issues. The third objective is to describe potential challenges and difficulties that arose through the study.
The overarching aim of this research is to provide guidance and insights to leaders of health systems on how to effectively lead organisations through climate change and extreme weather events. By determining what competencies lead to effective leaders we can address the question of what gaps need to be filled in a leader’s training and how emergency management programs can enhance their experience. As Emigh et al. (2022), point out by leadership training and education needs to consider current and future disasters. 
[bookmark: _heading=h.x7d01fykhovp]Recently, the concept of competency-based education has been utilized in health professions, such as nursing, in different capacities (Zumstein-Shaha and Grace, 2023) and pharmacy (Katoue & Schwinghammer, 2018). The American Association of Colleges of Nursing AACN has added the impact of climate change on environmental and population health in its core competency framework for professional nursing education. Similarly, the UK's General Medical Council has added this into medical curriculum competency requirements for medical graduates (2026). However, there is a need for further development of health leader competencies (Hertelendy et al., 2021). In addition, as pointed out by Silverman (2019) CCHC education within Public Health professional education programs are sorely lacking curricular efforts, which is also the case within Public Health schools in Canada (Castleden, et al., 2020). 
Healthcare workers positively view organisational initiatives that are linked to climate change (Quinlan, 2014), which minimizes risk. These employees often feel a responsibility to address the health impacts of climate change (Polivka, et al., 2012). Increasing health worker competence is vital for the continuity of health services during more extreme and disastrous changes in climate (Jagals and Ebi, 2021). Training health professionals for competency in practice is an established concept. However, this leads to the question of how pervasive competency-based education in climate and sustainable health topics for health professionals and leaders is.  
[bookmark: _Toc225937153]Research Questions
The research question guiding the PhD study is: do health leaders have the education, do they have capacity and are they competent through self assessments.? The question is to what extent is climate change education and training available for health professionals and is the training applicable to health leaders. Conversely, is general health professional training applicable to leaders, or are bespoke initiatives required?
[bookmark: _Toc225937154]Significance of the Study
The World Health Organisation Civil Society Working Group to Advance Action on Climate Change and Health urged that the health consequences of climate change be comprehensively integrated into curricula across all levels of health care education (Global Climate & Health Alliance, 2022). This was provided by way of an open letter to universities and stakeholders in the field of education. If clinicians and other healthcare and public health professionals can teach their patients about best practices in disaster preparedness, individuals and communities can begin to mitigate the adverse health effects of future disasters (Keim, 2008; as cited in Katzman, 2022).
[bookmark: _Toc225937155]Chapter Summary 
In this chapter definitions were provided and a background discussing health professional education was presented. In addition, the statement of the problem provided context into this research endeavour, and the purpose and significance drew attention to the worthiness of this inquiry. The research questions identified in this introduction will be further explored through this thesis paper. The next section will present a review of literature that will compliment the definitions and themes provided above. 









[bookmark: _Toc225937156]Chapter II: Review of the Literature
[bookmark: _Toc225937157]Introduction
[bookmark: _Toc225937158]Climate change and health education

Climate change consequences are evident at the health system and local level and is highly impactful globally. Health professionals and leaders require competence in these topics, not simply understanding climate change, but by acquiring new skills and knowing what actions to take. By extension, is the education received adequate, not only in content but how it is being taught. To reiterate the problem statement, are those teaching adequately trained to be effective in educating health professionals.
As health organisations are burdened by
shrinking budgets (Center for Global Development, 2025) and higher patient care costs, training must be effective and take into consideration emerging health threats. As Horton (2010) adeptly points out, education for health professionals must be adapted to current realities sufficiently resourced. However, this is deeply problematic, as health systems tend to lack resources and expertise to develop and provide training for health professionals within their organisations (Hampshire, et al., 2022).
Over the past decade much global discussion and international agreement has taken place on
the importance of climate action (United Nations Development Programme, 2015). Calls to action on climate change and education have been made by doctors, and other health professional groups, echoing within the academic community for the past decade. These calls are underscored by the need of health systems to rapidly adapt health professional training, such as medical school curricula (Goshua, et al., 2020) to address hazards arising from climate change.
Health professional education programs from academic institutions and continuing education
contribute to this gap, however there is a larger need. Health systems are required, largely
through accreditation programs or government mandates, to build climate and sustainability
programs and inform their health professionals of initiatives. For example, the UK’s policy
imperative for their National Health System (NHS) is to achieve a net zero operation by 2040 (NHS England, 2022).
However, hesitancy and a lack of awareness of such initiatives have plagued health systems.
This is illustrated by only 10% of American anesthesiologist being aware of a sustainability
program existing within their health system (Ard, et al., 2016). Although efforts have been slow (Watts, et al., 2018) there has been resources developed to further educate and train of health professionals on Climate Change and Health Competencies. The International Federation of Medical Students’ Association (2016) has strongly advocated for greater attention in curriculum to climate change and health topics. Communities of practice such as the Nurses Climate Challenge (Demorest, et al., 2024) have also gained traction. While integration has progressed, it has not been embedded within curriculum for aspiring health professionals in programs such as nursing (Lopez-Medina, et al., 2019).
Guiding this review of literature is a pragmatic theoretical framework with emphasis on the applicability of systems leadership approaches. This framework is applicable to healthcare education and provides relevance to how healthcare is provided by professionals (Holtrop and Glasgow, 2020). Pragmatic approaches to climate and health education have emerged in recent years and has sparked changes to health professional curriculum, as evidence by changes to nursing curriculum in Canada (Vandenberg, et al., 2025). This approach allows for identifying real world themes and highlighting gaps in the current body of practice (Allemang, Sitter, and Dimitropoulos, 2022) while tying in the paradigm of systems leadership.

[bookmark: _Toc225937159]Health Professionals education and training needs

As noted in the previous chapter, traditional classifications of health professionals are clinician centric, roles have expanded to meet patient needs. To define the ‘health professional 
 the expanded International Standard Classification of Occupations (WHO, 2008) was used (ILO 2008; WHO 2010, as cited in WHO, 2013.  This scoping review uses the term ‘health professional’, which is meant to be inclusive of ‘health worker’, ‘health practitioner’, ‘health personnel’, and supporting positions, although these terms may have slightly different definitions. In addition, health professionals are those that work in a ‘healthcare’ environment, in a variety of settings, including traditional facilities and community services. For the purposes of continuity of terminology, ‘health’ is used synonymously to the term ‘healthcare’.
Climate change is generally acknowledged by health professionals and there is recognition of the importance of addressing challenges in a professional capacity. However, barriers such as time constraints exist (Kotcher, et al., 2021) that impact health professional’s capacity. Similarly, Chi et al. (2024), found time constraints and lack of knowledge led to only 19% of Australian physiotherapists feeling very knowledgeable on climate change and health topics. Varied success has been achieved in terms of integrating CHCC into existing curriculum at medical schools (Maxwell and Blashki, 2016; Visser, et al., 2024), Doctor of Nursing programs (Quinn Griffin, et al., 2022) and pharmacy schools (Chen, et al., 2023).
Lack of knowledge has been found to be a significant barrier to communicating climate change health impacts within health professional groups (Kotcher, et al., 2021). Despite there being a historical dearth of CCHC training and education, health professionals are motivated to learn (Cugini, et al., 2023). Demand for further education has been well documented in recent years by health professional groups such a rehabilitation professional (Alexander, et al., 2019) and nurses (Iira, et al., 2020). Empowerment of health professionals in environmentally sustainable practices has economic, social, health and environmental benefits (Schwerdtle, et al., 2019).
High income countries such as Canada currently lack a national climate and health competency-based training framework. One of the barriers is the provincial oversight of the health system and regional variations to health service delivery within each province (Richmond, et al., 2021). However, programs are beginning to emerge through non-government agencies and postsecondary institutions. In contrast, the United States has several post-secondary continuing education opportunities that exist which focus on the health consequences of climate change, as described by Evans, et al. (2023). In addition, Australia has identified a need for health professionals to increase capacity and understanding to communicate and advocate knowledge (Bragge, et al., 2021). As suggested by Wu et al. (2025), there is a critical need to ‘upskill’ the health workforce to better assess and plan for climate change health risks.
The NHS in the UK has created an Environmentally Sustainable Healthcare Program (NHS England, 2025) along with several climate and health offerings that are publicly accessible. For example, “All our health: Climate Change” is an orientation to help clinicians prevent illness and protect health in the context of the changing climate (All Our Health, 2025). While this orientation is useful, it lacks details on many of the climate change and health topics and is not designed to be competency based. The literature was searched for similar scoping reviews without any specific to education and training initiatives that build competencies in health professionals being retrieved. 
It's also important to note that third sector organisations have filled in training and education gaps. One example of this is the Center for Sustainable healthcare, which was set up by passionate health professionals and advocates of sustainability. In addition, Medical Schools Council in the UK has also designed a comprehensive framework to assist integration of sustainable healthcare into medical education. Other third sector organizations, specific to professional health bodies, have acted and are setting up interest groups that advocate for sustainable approaches to healthcare, which include the Faculty of Public Health and College of General Practitioners. 
In addition, many studies have been published assessing the international climate and health curriculum at educational institutions which train health professionals (ie. Nursing and medical schools). Shea et al. (2020), found in a survey of 84 health profession institutions that 63% offered education on climate health and that it was mostly well received by students. In a Swiss exploratory study, the authors (Dupraz and Burnhard, 2021) found only two studies had reported an intervention and most articles were perspective based, commentaries or other special articles. An international mapping survey of 32 medical schools and 15 public health programs (Grojsman, et al., 2020), across 108 countries, indicated that 50% of medical schools and 13% of public health programs had yet to include climate change topics into curriculum. Furthermore, that of those requiring education over 60% of education initiatives were less than 15 contact hours. These finding points to the lack of primary studies reporting on climate and health education interventions, which demonstrates a need for further attention to this area.
In a UK context, Bevan et al. (2023), reported on a national audit of CHHC education at 14 UK medical schools. The authors found disparities within the topics covered and a lack of standard learning outcomes. In a descriptive review of climate and health organisations researchers (Issa, et al., 2021) found that formal education programmes were accessible to health professionals. In a UK survey gauging professional and regulatory health organisations (Cooke, et al., 2022), findings indicated variations in the education and training domain. Only one of 11 organisations they studied had embedded planetary health into their curriculum and 8 had provided conference and webinar content on climate change to their professionals. Again, the specifics on the content curriculum content were not addressed, nor whether a competency framework was used.
Overall, there is a porous nature of academic studies on CCHC topics that track outcomes and link to evidence the competency was achieved. This is exacerbated by a further lack of a collection of this evidence and how it interfaces with climate goals within health professions and overarching health system goals. For example, in a scoping review protocol paper led by Diallo et al. (2022), the authors look at curriculum and other training methods on CCHC, however, focus on the health professional group of nursing and did not include climate change and health competency within their data extraction form. These studies, as described, did not look at specific interventions aligned to CCHC within health professionals. Lopez-Medina et al. (2019), completed a systematic review of published papers that reported on climate change and sustainability topics. These topics were specific to nurses and considered skills, competencies and pedagogical approaches needed to support the nursing professions response to climate change.
[bookmark: _Toc225937160]The emerging evidence gap
A preliminary search of OVID MEDLINE, Embase and CINAHL was conducted and no current or underway systematic reviews or scoping reviews on the integration of climate and health competencies for health professionals were identified as of April 2024. Given the lack of focus on the integration of CCHC and health professionals following a systematic search of literature, this scoping review was undertaken. To gain competence in health and climate topics, health professionals’ education must incorporate competencies as outlined in Sorensen et al. (2025) and Jagals and Ebi (2021). If health and climate education do not increase competency in these topics, health professionals and Leaders will be unable to successfully navigate their health systems through the climate change crisis.
[bookmark: _Toc225937161]Methods
[bookmark: _Toc225937162]Inclusion Criteria
The question guiding this scoping review is: Have CCHC been integrated into health professionals’ training in high income countries and to what extent are leaders participating in education interventions? Studies or reports including all types of health professional were included in this scoping review. Criteria included: 
· Midwives, surgeons, radiographers, paramedics, health support and auxiliary staff, health consultants, all physicians and nursing groups. 
· Administration staff included those managing and/or leading health organisations. 
· Those working in any health environment (hospital or community service) and any context (urban, suburban, rural, and remote).
The overall categorization of roles was formed using the International Standard Classification of Occupations (WHO, 2019) and categories within the Institute of Medicine’s definition (2011). This group was inclusive of Health professions supporting nonhuman health were not included.
[bookmark: _Toc225937163]Concept of Interventions
The changing climate and health education interventions aimed at health professionals were included in this review, which includes those health leader positions.  More specifically, any intervention leading to an organized attempt to transfer knowledge. Interventions included sustainable health practices in the context of climate change, as several studies fused sustainability and climate change topics. The interventions deployed were then assessed whether they included competencies within selected CCHC frameworks. These frameworks include the Global Consortium on Climate and Health Education core concepts (Sorensen, et al., 2025) and Jagals and Ebi’s (2021) core competencies for health workers to deal with climate and environmental change. The frameworks provide competency domains, (GCCHE- 5; Jagals and Ebi- 6) that are further broken down into competencies. While other frameworks have been developed, by groups such as the Canadian Association of Nurses for the Environment (2024), the Canadian Federation of Medical Students (2023), The Association of Schools of Public Health in the European region (2025), they were either not specific to CCHC competencies or applicable to general health professionals. Climate and health domains were scanned within the curriculum outlines, supplementary materials or assessing curriculum available on university or organisation websites. This approach allowed to identify if the competency was included in the material, however, did not consider if the competency was achieved.
[bookmark: _Toc225937164]Context
Included in this study were high income countries that have similar levels of resourcing to advance climate and health topics within health professional groups. Interventions that occurred in health professional education setting (undergraduate, graduate, continuing education, training), workplace, association, or conference also included. Information on initiatives and interventions at the health organisational level were difficult to retrieve as organisations either did not have records of the intervention or were unwilling to disclose.
[bookmark: _Toc225937165]Types of sources
This scoping review considered primary research articles related to CCHC interventions. This included those occurring within Health Professional academic courses, government programs targeted at health professionals, association meetings or conferences and health organisations. Qualitative studies were also considered that focused on qualitative data including, but not limited to, qualitative description, cohort studies, and educational intervention studies. Any type of review presented in the literature was not included in this scoping review.
[bookmark: _Toc225937166]Search strategy
The scoping review was conducted in accordance with the JBI methodology for scoping reviews (Peters, et al., 2020). Prior to the undertaking of the search for the scoping review a search was conducted for applicable frameworks that were specific to competencies relevant to all health professionals and CHS. In total five frameworks were reviewed for relevance, with two meeting the above criteria. Frameworks provided in Sorensen et al. (2025), and Jagals and Ebi (2021) were then truncated into high level CCHC domains, from which articles were assessed against.
As cautioned by Peters et al. (2020), many scoping reviews are conducted without demonstrating the use of methodological guidance, which was taken into consideration. Subsequently, the Preferred Reporting Items for Systematic Reviews and Meta-Analysis’ Extension for Scoping Reviews was utilized (Tricco, et al., 2018). As described by Tricco et al. (2016), in essence this scoping review informs future research and the gaps in knowledge.
The search strategy aimed to locate both published, unpublished studies and grey literature, including reports and conference proceedings. A three-step search strategy was utilized in this review. First an initial limited search of MEDLINE (PubMed) was undertaken to identify scoping articles and systematic reviews on the topic. Keywords contained in the titles and abstracts of relevant articles were noted, and the index terms used to describe the articles were used to develop a full search strategy for Ovid Medline, including exploding terms for similar phrases and further search reach (see Appendix #1). Secondly, the search strategy, including all identified keywords and index terms, was then adapted for Embase (Ovid) and CINAHL.
Search terms were also adapted in a google scholar search for reports on health organisation CCHC interventions or program reports from universities and government programs. Extensive searches were also conducted on health leader (administrator, manager, executive), with no results retrieved that met inclusion criteria. Several university continuing education programs were identified and reviewed, however did not meet the inclusion criteria as they were not primary studies. Health services reports were not located on CCHC interventions, excluding studies that were conducted within health organisations in the initial search. Healthcare emergency management practitioners across Canada, were contacted by e-mail as part of the search strategy requesting grey literature on CCHC interventions. This however yielded no results. This may be due to the novel nature of CCHC interventions. Thirdly, the references list of all included sources of evidence was screened for additional studies. Finally, search strategy was peer reviewed by two information specialists at the University of Sheffield. Expert outreach to university curriculum designers was also completed along with citation mining and reference review.
Studies published in the English language were included, given time limitations of the scoping review. A quality assessment of the literature was conducted in accordance with best practices in conducting scoping reviews (Khalil, et al., 2021). Searches were also screened for primary studies occurring in middle to low-income countries, as they did not meet the high-income country criteria. To assist with categorizing country status the World Bank’s classification system (2023), which is a common system used to distinguish economic status was used. This system is based upon the Atlas methodology, or gross national income per capita. Studies were included in the scoping review from the beginning of 2015 to April 18th, 2024.
Studies published since 2015 were included following the Paris agreement, which spurred a “Call to Action on Climate and Health” in 2018 by the Global Climate and Health Alliance (Maibach, 2021). While studies predate 2015, published articles on climate change and environmental sustainability themes have increased substantially over the past decade (Brennan and Madden, 2023). Considering as well that many health professional bodies have called for climate action since 2015, a decision was made to include articles post 2014. In addition, three of the more prominent toolkits for hospitals and healthcare facilities were developed post 2014. Balbus et al. (2016) provide a useful comparison of the toolkits which includes: The Canadian Coalition for Green Health Care, 2016, National Oceanic and Atmospheric Administration, 2016, and Pan American Health Organisation (as cited in Balbus, 2023). The toolkits were developed to provide health leaders and health professionals with guidance on how to design initiatives related to sustain and climate resilient health care at the facility level.
[bookmark: _Toc225937167]Study/Source of evidence selection
Following the search, all identified citations were collated and uploaded into Microsoft Excel. Duplicates were then visually identified and removed (n=243). Following a pilot test, titles and abstracts were then screened by two independent reviewers for assessment against the inclusion criteria for the review. Sources that met all the screening criteria based on the title and abstract were then marked as a “1”. Potentially relevant sources were identified using a category “2” marker. The full text of selected citations was then assessed in detail against the inclusion criteria by two or more independent reviewers. Reasons for exclusion of sources of evidence at full text that do not meet the inclusion criteria were recorded and reported in the scoping review (see Prisma flow chart). Any disagreements that arose between the reviewers at each stage of the selection process were resolved through discussion. Once “1” and “2” s had been screened, reviewer one retrieved the articles in full text and completed a review for inclusion. In total 30 results met all inclusion criteria. The results of the search and the study inclusion process are reported in full and presented in a PRISMA flow diagram below.
[bookmark: _Toc225937168]Table 1: PRISMA Flow Diagram
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Data was extracted from papers by one reviewer. Given the nature of the scoping review this approach allowed for great consistency. The extraction tool (built in MS Excel) was also developed by the primary reviewer prior to the secondary screening phase. The data extracted form included specific details about the participants, concept, context, study methods and key findings relevant to the review question. Literature reviewer software, such as Covidence, was not utilized based on the reviewer’s lack of familiarity.
A draft extraction form is provided (see Appendix 2) and was used to capture fields required for the scoping review. The draft data extraction tool was modified and revised as necessary during the process of extracting data from each included evidence source. Whether materials were provided (website links) was added in the notes section of the form. In addition, duration of the intervention was added to allow for a temporal aspect of the scoping review. Missing data was noted as in the form following an extensive review of each source. It was decided not to contact authors of papers directly to request missing or additional data, given time constraints.
[bookmark: _Toc225937169]Figure 1: Distribution of studies by number and country
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Across higher income countries (N=30), 16 studies were conducted in the United States (53%). Four studies or 16% occurred in the United Kingdom, 3 in Spain (10%), 2 in Canada (7%), 2 in Germany (7%), 1 (3%) in Norway, and 1 in the Netherlands (3%). The majority of CCHC interventions occurred with academic institutions (n=25), this includes conference proceedings within an academic institution. One study reported a professional conference intervention, with one occurring in each a government program, health organisation, professional group and community of practice. 9 studies (30%) fell into the category of grey literature, however as described no reports from health organisations were identified.
Participants included in CCHC interventions ranged from 37,000 to 8. Twenty-one studies provided participants numbers in total with 9 not providing data. Interventions targeted nursing students in
12 studies and medical students (including medical residents) in 9 studies. Six studies looked at health professionals (including students) more broadly, with advanced practice nurses (including students; n=2), and psychiatrists being included in one of the studies. With exception of ‘health professional’ group studies focused on one target group within health professionals (category of physicians or nursing professionals).
Outcome measures, such as evaluations of the CCHC intervention were reported in 23 studies, with one study indicating that an evaluation had not yet been completed and 6 studies did not provide whether an evaluation was used. Of the evaluations conducted, 12 were post intervention quantitative evaluations (based on learner experience), 8 included pre and post evaluations, 2 used an inductive content analysis method one used administrative data and qualitative interviews to determine outcomes. The Sustainability Attitudes in Nursing Students (SANS_2) developed by Richardson, et al (2016), was used within the outcome measures in 4 of the studies and has been validated as a reliable instrument (Chung, et al., 2022).
[bookmark: _Toc225937171]Table 2: Frequency count by year of intervention 
	Year of
intervention start
	Frequency

	Prior to
2015*
	4

	2015
	

	2016
	2

	2017
	1

	2018
	

	2019
	1

	2020
	6

	2021
	4

	2022
	1

	2023
	1



In total, 20 studies provided the year the intervention began. Four interventions began prior to 2015; however, their data were not published until 2015 or later. In the five-year period from 2015-2019, four study interventions took place. Interestingly, over the next four years, 12 studies indicated intervention starts dates had occurred. This may be explained by an increase in university programs developed since 2019 or increased interest in the field of study from researchers. Duration of interventions (Table 3) ranged from one session to activities throughout a degree. In total, the duration of 27 interventions was provided, with two not provided, and one study included more that 400 activities. Single session interventions (within one day) occurred seven times, with weekly sessions (n=7) occurring over a 2-, 3-, 4-, 8-, 10-, and 14-week basis. Interventions occurred over the course of a semester in four interventions, over the course of a continuing education program (> 2 years) three times and throughout a HP degree programme four times. Academic conferences were indicated as having occurred over one day and one intervention occurred over multiple days. 
[bookmark: _Toc225937172]Table 3: Duration of interventions (N=27)
	Number of times reported
	Duration of intervention

	7
	Single session (occurring within one day)

	7
	Weekly sessions (over the course of 2- 14 weeks)

	4
	Over the course of an academic semester

	4
	Throughout a degree programme

	3
	Over the course of a continuing education program (> 2 years)

	1
	Academic conference session (multiple sessions)

	1
	Academic conference session (single session)



All 30 studies reported on the type of intervention used and several studies indicated multiple
approaches were taken, or more than one type of teaching method. Most frequent (Table 4) were simulation and scenario-based activities that were used in 33% of the studies (n=10) Following scenario based and simulation activities were lectures, were used in 9 studies, team-based activities (n=8), and module-based approaches (n=6). Less frequent were case studies (n=2), networking events (n=1), utilizing a blog (n=1), and field work opportunities (n=1). Various types of activities without specific details were indicated in two studies.

[bookmark: _Toc225937173]Table 4: Frequency of Intervention Types

	Type of intervention
	Total Count (n=30)

	Simulation and scenario-based activities
	10

	Lectures
	9

	Team based activities
	8

	Module based approaches
	6

	Case studies
	2

	Networking events
	1

	Utilizing a blog
	1

	Undetermined
	2



2

[bookmark: _Toc225937174]Table 5: Included competencies, type of intervention and findings

	Authors
	Knowledge
	Demonstrate
	Policy
	Public Health Practice
	Clinical Skills
	Knowledge
	Upstream Drivers
	Evaluate
	Risk management
	Action
	Collective Strategies
	Type/Summary

	Aasheim et al., 2023
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[image: ]
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	Lecture and Team Based/Value of multi-disciplinary approach to
course delivery

	Katzman et al., 2023
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	Lecture Based/Voluntary educational network increased knowledge

	Cadet, 2022
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	Team based and case study/Included leadership and nurse practitioner competencies

	Sullivan et al.,
2022
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	Various/CCHS education can be integrated into existing curriculum

	Muller et al., 2023
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[image: ]
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[image: ]
	
	Team based and simulation/High satisfaction of course; selection bias may be present- elective courses

	Lemke et al., 2023
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	Team based and case study/Need for CCH topics in Curriculum; changes to knowledge post course

	Rudolph et al., 2020
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	Team based and networking/CCH can be integrated into existing health programs for professionals

	Aronsson et al., 2020
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[image: ]
	
	Simulation and scenario based/Barriers to unstainable practices identified; Exposure to sim allow for action in HCP

	Alvarez-Nieto et al., 2018
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	Various/Use of case studies or
problem solving identified to improve materials

	Grose and Richardson, 2016
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	Simulation and scenario based/Health organization processes conflict with sustainability initiatives; highly relevant

	Dunne et al., 2022
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	Module based/Significant improvement in knowledge in CCHS post intervention

	Nguyen et al., 2021
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	Lecture and team based/Course relevant to profession and
personal life; guest speakers view positively

	Bell and Potempa,
2016
	
	
	
	
	
	
	
	
	
	
	
	Lecture based/Value of training faculty on CCHS and providing materials

	Mankbadi et al., 2017
	
	
	
	
	
	
	
	
	
	
	
	Simulation and scenario based/Simulations low budget and effective

	Haerr and Larkins-Pettigrew,2017
	
	
	
	
	
	
	
	
	
	
	
	Lecture and field work based/Usefulness of field work in resource limited settings

	McKim et al., 2020
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	Simulation based/Increased confidence and abilities to respond to climate change
emergencies

	Wortzel and Feder, 2023
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	Simulation based/Value of providing efficacy and advocacy CCHS to clinicians

	Linton et al., 2021
	
	
	
	
	
	
	
	
	
	
	
	Utilization of blogs/Intervention changed attitudes and use of blogs was favorable to
participants

	Miracle et al., 2023
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	Lecture and team based/Following intervention participants felt more concerned for patients on Climate Change

	McElroy et al., 2020
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	Online learning based/Clinicians able to use training and apply to
working environment

	Tremblay and Hawkins, 2024
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[image: ]
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	Module based/Greater awareness of CCHS more likely to advocate and confidence to communicate

	Sjim-Eeken et al., 2023
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	Module based/Interdisciplinary HP training can accelerate change through knowledge sharing

	Alvarez-Nieto et al., 2022
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	Scenario based/Link between CCHS education and shift in attitude

	Simmonds et al., 2022
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	Learning session/CCHS highly integrated into existing curriculum faculty and participant growth

	Richardson et al., 2017
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	Simulation and scenario based/Scenario based education and use of social learning theory-advantage to CCHS

	Affleck et al., 2021
	
	
	
	
	
	
	
	
	
	
	
	Lecture and problem based/Student led initiatives, concerns of the lack of medical education curriculum

	Lopez-Medina et al., 2022
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	Scenario based/Demand for low environmental impact healthcare followed intervention

	Jersby and Ridley, 2023
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	Module based/Aligning quality improvement with sustainability initiatives was useful

	CASCADES, 2023
	
[image: ]
	
[image: ]
	
[image: ]
	
[image: ]
	
	
[image: ]
	
[image: ]
	
[image: ]
	
[image: ]
	
[image: ]
	
	Lecture based/Significant improvement in knowledge in CCHS post intervention

	Demorest et al., 2024
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	Lecture and simulation based/Significant development of educators delivering CCHS
sessions

	Totals
	18
	9
	14
	13
	15
	18
	11
	11
	9
	20
	4
	

	Authors
	Knowledge
	Demonstrate
	Policy
	Public Health Practice
	Clinical Skills
	Knowledge
	Upstream Drivers
	Evaluate
	Risk management
	Action
	Collective Strategies
	Type/Summary

	
	
	Denotes curriculum was not provided
	




Of the 30 studies provided in the scoping review only two comprehensively covered climate and health topics outlined within the two frameworks (Table 5). Five studies did not indicate whether any topics were covered, which may have not occurred, or were not reported on. Given the overlap between the frameworks the ‘knowledge’ domain scored 18 for both frameworks with the most frequent domain reported as ‘action’. 15 out of 30 studies reported including the clinical skills domain. This is not surprising given most studies include clinicians in participant type. The ‘policy’ domain was covered in 14 of the studies followed by ‘public health practice’ (n=13), upstream drivers’ (n=11) and ‘evaluate’ (n=11). ‘Demonstrate’ and ‘risk assessment’ each occurred in 9 studies, and the least frequently reported competency was ‘collective strategies’ (n=4).
[bookmark: _Toc225937175]Discussion and Review of Research
As noted, most articles were focused on interventions occurring at academic institutions (n=25). This may be the result of the volume of opportunities to develop or integrate CCHC within health profession education with academic programs. Also, the demand amongst groups such as medical students is apparent in the literature, which likely has driven change. Politically, there is also pressure for universities to move to more sustainable practices by government, much like healthcare organisations (NHS England, 2025).  In addition, health organisations or government programs do not necessarily publish data on CCHC interventions. This may be due to a lack of interventions occurring or that organisations are not required to report this information and may not see the value. This lack of sharing presents a potential opportunity to develop a national database within the UK and Canada for CCHC training reports.
Within the studies meeting the inclusion criteria, climate change and health domains and related competencies covered within the interventions were quite varied. This may be due to the broad nature of subject matter, differing learning objectives of the intervention and the diverse participant groups within healthcare professionals. However, this uncovers a lack of consistency between interventions in higher income countries. Moreover, without a common approach nor standard to building competencies for healthcare professionals applying knowledge to action within the work environment is quite challenging.
 It is important to factor the availability of evaluations, which were not designed to account for whether competency was achieved, in most cases. Evaluations generally were favourable for learners and indicated an increase in knowledge on CCHC following the intervention. This may be attributable to health professional students being more aware of climate change and health consequences (Ccami-Bernal, et al., 2024) and their interest in the subject. In some interventions, participation was voluntary. For example, healthcare professionals choosing to take an elective course on CCHC or participating in a sustainability intervention that was not a job requirement.
There was a general absence of evaluation frameworks provided within the studies. Studies noted approaches to evaluation that occurred pre and post intervention. The approaches were predominantly self reported and measured leaner attitudes, awareness, confidence and competence. When considering Kirkpatrick’s Evaluation Framework (Kirkpatrick, 2010; as cited in Rouse, 2011) only Aronsson, et al. (2020), Grouse and Richardson (2016), and Lopez-Medina et al (2022) indicated a level of behaviour or change within a practice (level 3). The remaining studies’ evaluations evidenced reaction or learning (level 1-2), while no studies indicated evaluations achieving results (level 4). 
Several interventions utilized on-line modules as thy occurred during COVID-19. As discussed, in the previous section, there has been a gradual shift to online learning platforms, especially in the academic setting. Online learning platforms can increase the ability for health professionals to enrol. This accounts for the lack of organisational opportunities and those offered through continuing education. Coincidentally, this also minimizes travel and offsets healthcare’s carbon emissions.
To gain traction in health professional competence there are two approaches that need to work in conjunction with one another. The first is having CCHC built into programs that train healthcare professionals. This approach has been advocated by students, and many academic disciplines have begun to integrate this content into established curriculum. However, there is little consistency in the topics covered. How well health professionals are educated and trained in CCHC is dependent on where their training is conducted. Secondly, competencies can be offered through continuing education initiatives. Continuing education is vital, much like in any career (Institute of Medicine, 2003), to enhancing healthcare professional knowledge and skills. This is dependent on the ability for health professionals to attend CCHC training, organisational support, and perceived value of the training.
Results from this scoping review indicate a need for further research on the extent of organisational CCHC initiatives and those specific to leaders. This is evidenced by CCHC content specific to leadership that was vaguely addressed in the literature. While literature has conveyed the importance of health professionals in the community (Meagan, et al., 2023) relating to climate change, health leaders within organisations are largely ignored. This is further evidence of a gap and lack of integration of a systems leadership approach to initiatives. Another opportunity for further inquiry is more attention being paid to leadership skills within framework domains. Emphasizing this is the absence of training that provides leadership skills required for competence to managing climate change within health organisations. This includes strategic guidance for health leaders in readying organisations for climate change (preparedness, mitigation, and adaption) and clearer direction on managing climate emergencies. This presents an opportunity for further study and highlights a current gap. There is a clear need for further inquiry into this phenomenon.
[bookmark: _Toc225937176]Chapter Summary
Research efforts to date on the state of health professional climate change and health
curriculum and continuing education, are prevalent, however limited attention has been paid to
mapping competency frameworks within training interventions. To remedy this, a scoping review was designed with two objectives: 1) to understand the extent and type of evidence in relation to climate change training and education interventions targeted at health professionals and leaders in primary studies; 2) to determine if climate and health competencies have been integrated into these interventions. In line with the greater research inquiry, this scoping review looked at health
professionals in high income countries who were exposed to training and education interventions in primary research since 2015. A search of the electronic databases was undertaken including Ovid Medline (including Medline-in-process), Embase and CINAHL. In addition, reference searching and citation mining, grey literature searching and contacting experts in the field strategies were utilized. Searching occurred from March to June 2024 and was limited to studies published in the English language.
The scoping review search commenced in April with the write up and other aspects of the review of literature taking place over 2024. An additional literature review was conducted in early 2025 that focused primarily on scoping and systematic reviews to identify similar studies. In total 8936 articles were screened from academic databases and of those 30 titles were
relevant and included in the review. 83% occurred in an academic institution and 23% were
limited to a one-day session. Outcome measures were reported in 23 studies. In total only 7% of
studies were comprehensive and met the competencies provided in the applicable climate
change and health frameworks in higher income countries. Climate change and health
education varies across continuing professional development and university curriculum for health professionals. The next chapter will consider this review of research in the context of the study’s methodological approach. 





















[bookmark: _Toc225937177]CHAPTER III: RESEARCH METHODOLOGY
[bookmark: _Toc225937178]Introduction
The first phase of this study included a scoping review of published academic
 literature and relevant grey literature. The scoping review was important to both review the available 
literature base 
and to 
determine the nature 
and coverage 
of content in relation to 

leadership competencies in
 
climate change and health. This was reflective of one of the objectives in the 
scoping review, which was to determine current evidence prior to initiating the study design.
 The second phase of the study considered various 
research techniques and landed on using a quantitative method

 to address 
 the research objectives, which include determining the extent of climate change and health competency and capacity amongst leaders. The method chosen was a survey questionnaire for data collection. The questionnaire was designed and included competencies from frameworks previously developed and assessed in the review of literature for suitability. Prior to data collection, ethical approval through the University of Sheffield was sought and received
 
(Reference Number 066874)
. 
 The survey was distributed electronically via email and targeted health leaders  in the UK and Canada. Health leaders are defined as those through levels of seniority within health organisations. This included levels such as below managerial, managerial, director or program administrator, and executive, organisational or trust administrator. The survey used a purposive sampling strategy that as Palinkas et al. (2016) suggest, were designed to illuminate both similarities and differences within the sample size. An additional technique, snowball sampling, was utilized for further penetration of the survey within the target population. It is estimated that the survey was distributed to over one thousand health leaders, however based on snowball sampling and social media campaigns an exact number is not known.
This research methodology draws from a nested research design model (Kagioglou, et al., 2020 as cited in Gamage, 2025), which embeds research techniques in the research approach that itself is informed by a research philosophy of pragmatism including the mono method quantitative approach. Nested in the quantitative approach is a survey method to collected data and perform analysis. The research philosophy is pragmatic that guides this research. Furthermore, the research attempts to address the practical implications of climate change and health leadership education. As Allemeng et al. (2022) point out the research aligns with providing actionable findings that are applicable to health care organizations in the  “real world setting”.
[bookmark: _Toc225937179]Research Design
[bookmark: _Toc225937180]Philosophical underpinning
Providing a paradigm of research is important for the researcher and those receiving the knowledge. In the context of research, a paradigm has been defined to design research based on a set of beliefs and principles- or worldview (Riazi and Candlin, 2014). As explained by Shannon-Baker (2023), research becomes more ‘credible, transparent, and trustworthy’ when philosophical underpinnings are clear. Considering the phenomenon of study and methods being utilized, the philosophical underpinning guiding the research is from the pragmatic tradition. This will allow for the experiential aspects of the health leader’s experience to be shared and allows for micro and macro level discourse (Kaushik and Walsh, 2019).
Pragmatism, however, is not without its detractors. Criticism has been made about its lack of clarity for both conducting and evaluating research (Hampson and McKinley, 2023). While this is a valid position, the MPhil study and research are rooted in health education and leadership. Moreover, this study asks leaders to indicate their levels of competence, including      their perceived capacity, time and ability to achieve competence, on topics within climate change and health. Therein lies why this philosophical approach is valid. Much like leadership to emerging health threats, the research design itself is practical, contextually responsive, and consequential (Datta 1997, as cited by Greene and Caracelli, 2003). To put in other words, the design mirrors the dynamic nature of health leadership and builds in action-oriented research to assist leaders with practical implications. 
This stance is a likely outcome of the practical nature of managing climate change and how health systems are designed to ‘manage chaos’. 

Thinking reflexively, in the researcher’s experience as a health emergency manager, health leaders are practical, and rational beings however need to see the value when asking for their time. This informs the design of the research but also, its outcomes (ie. knowledge translation and dissemination events. This prompted the use of a reflexive method, for the researcher to be aware of pre-conceived notions and biases related to work conducted professionally (Alvesson & Skoldberg, 2018). Therein lies a difficulty for the researcher working within the field of climate change, notably the disaster management aspect. Employing a method such as a survey questionnaire allowed the researcher to maintain distance from the respondents, in comparison to an interview approach. A reflexive approach was considered extensively to how questions were asked and the question selection. 
The research considered questions in the context of why the study was being done and its importance. Embedded in this consideration was a respect for the time of the respondents. The researcher gave attention to the importance of this research and how it situates the perspective of the health leader and highlights the need for further education. The reflexive approach also brings attention to how to frame the methods for use within a professional context. The professional experience of the researcher adds value to this research; however, attention was paid to biases and bringing an inquisitive approach to the research.   

[bookmark: _Toc225937181]Defining Quantitative Methods
Quantitative methods are those that pertain to the collection and analysis using numerical data (Gay, Mills, & Airasain, 2009). These methods provide a vehicle to test objective theories through measurements of how variables are related (Creswell & Creswell, 2018). Quantitative research is conducted under a belief that there is a single reality, or one objective truth, and the world can be explained factually (Fraenkel, Wallen, & Hyun, 2012). Once numbered data is collected through quantitative methods it then can be analysed through procedures that are statistical (Creswell & Creswell, 2018). Simply put, quantitative research can be explained through the interpretation of numbers and how they relate.
Quantitative approaches, used in this study, differs from qualitative methods and mixed method approaches. Qualitative research explores the world through data typically derived from participant’s setting and interpreting the data through inductively analysing data (Creswell and Creswell, 2018). Several words have been used to express the meaning of mixed methods, which include: ‘integrating’, ‘synthesis’, ‘qualitative and quantitative methods’, and ‘multimethod’, to name a few (Creswell & Crewell, 2018). While terms for this approach are multitudinous, it is commonly termed as ‘mixed methods’ (Tashakkori & Teddlie, 2010). 
Foundationally, mixed methods are taken by researchers that wish to collect and analyze qualitative and quantitative research (Creswell and Plano Clark, 2011, as cited in Creswell and Cresewell, 2018). Shorten and Smith (2017), add to this and explain that the two approaches are integrated, not independently examined qualitatively nor quantitatively, in each of the collection, analysis, and interpretation phases of research. This is completed at the appropriate stage of the process (Ivankova, 2006), depending on the type of mixed method design (Creswell and Creswell, 2018). The phases of research are performed rigorously for both data types to ensure an evaluation of quality (Harrison, et al., 2020). Integral to this is the research question that determines whether to use a mixed methods approach, which ultimately a strictly quantitative method was utilized. 
Researchers have much to consider when deciding on a research approach. As described by Lim (2024) there are four aspects to the motivations of quantitative research which include necessity, importance, relevance and urgency. Based on the research questions, timescale and motivations for conducting this research, it was felt that quantitative methods were the most appropriate approach based on the nested model (Gamage, 2025). 
[bookmark: _Toc225937182]Alternate designs
Explanatory sequential design was reviewed comprehensively prior to taking a quantitative approach as part of the original PhD study inquiry, prior to a downgrade. However, as the timescale of studies for the research shifted to meet the requirements of a MPhil, it was decided to focus on one phase of the mixed methods. The key feature of the explanatory sequential design was to integrate the data for a more in-depth interpretation. Interviews were planned, as part of the mixed methods design, and would have followed the survey. 
[bookmark: _Toc225937183]Figure 2: Alternative Mixed Methods Approach (Explanatory Sequential Design)
[image: A diagram of a job interview
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This version of the study would have mapped out the main constructs between the data sets which are covered in the following table. While additional constructs would have been explored, this provides several connecting constructs within the mixed methods design that would have been considered in the integration of the data. This integration would have been considered in the interview design, which would have followed analysis of results from the survey.
[bookmark: _Toc225937184]Table 6 Quantitative and Qualitative Constructs
	Quantitative Construct
	Qualitative Construct 

	Education levels in CCHC
	Relevancy and value of education opportunities for leaders

	Competencies
	Are these required for leaders, which are of more value

	Capacity 
	What are limiting factors in ability to participate/ what have organizations done to enable education for health professionals



[bookmark: _Toc225937185]Research Questions
As noted in the first chapter the research question guiding the MPhil study is: are health leaders educated and trained, do they have capacity and are they competent through self-assessment.? The primary question is designed to reveal the current state of these phenomena through the lens of the health leader. From this question the research then asks to what extent climate change and health education and training are available for health professionals. Furthermore, if it is indeed available is the training unique to health leaders or is it general in nature to those functioning as health professionals.
[bookmark: _Toc225937186]Study design
This study includes 2 main phases to meet the requirements of a Master of Philosophy degree at the University of Sheffield. The first is a phase included a review of literature that is provided in chapter 2. The second phase are the components of the study which includes the methods, survey data collection and data analysis. As discussed in the introductory chapter the translation of research and knowledge dissemination is a key objective of the study. Sharing the findings to those in a practical setting constitutes the final objective of this study. Considering the work of Gamage (2025), the research technique used within quantitative methods is a survey. 
[bookmark: _Toc225937187]Phase 1: Scoping review of literature
During the immediate phase of the research a scoping literature was conducted on 3 databases with a search protocol developed. Search terms included subject headings and free-text terms such as climate change/ climate change mitigation and competencies/abilities/qualities and categories of health professional/ leader plus synonyms combined with like search terms. The search was limited to high income countries with publicly funded health organisations for relevance. Results were considered over the past 9 years, which includes sources looking at leadership to COVID-19. Studies published since 2015 allowed to focus on those that were released post Paris agreement that led to a “call to action on climate and health” (Maibach, 2021), as outlined in the previous chapter. Grey literature was also identified through the scoping review including relevant documents (policy, framework, training courses, etc.) in Canadian and UK health organisations. In addition, conference proceedings, interviews, were searched and government documents reviewed via google and google scholar.
One of the pitfalls common when conducting systematic literature reviews is the allocation of time. A project management approach was used to complete this exercise with defined objectives, milestones and timescales. In addition, feedback was obtained on the search protocol from research design experts at the University of Sheffield. Another challenge was retrieving grey literature, which can be difficult to locate as health organisations do not often share publicly. One strategy used to mitigate this challenge was to leverage professional network for documents and provide a letter for organisational approach with the intent of the grey literature review and to provide a secure data management plan. Unfortunately, limited literature was received, which was discussed in the above chapter.
[bookmark: _Toc225937188]Phase 2 Health Leader Survey
[bookmark: _Toc225937189]Setting
[bookmark: _Hlk225600577]The research targeted a variety of settings within the health system where health leaders’ function. Due to the blended settings and complexities within multiple countries’, Canada, and the United Kingdom (UK), health systems, those who identified as leaders in a health organisation were targeted. To account for the reality that not all health leaders identify as belonging to a health organisation, terminology in the survey was used such as ‘employer’ that carries out a function within the health system. In total, 67 surveys were completed, however Qualtrics identified one response as likely generated from a bot and was removed. N=3 respondents indicated that their employer was not based in Canada nor the UK or that their employer did not have a function within the health system and were excluded from the study. For the purposes of this research project the setting was defined as those working in corporate or administrative, hospital or acute, or community-based settings.
One potential challenge was identified prior to the launch of the survey and included the current organisational and workforce changes resulting in layoffs to administrative levels in the health sector, both in Canada and the UK. Public announcements over 2025 noted rapid shifts in workforce priorities. This meant that administrative type jobs and structures were under review. In the Canadian province of British Columbia (BC) alone, hundreds of ‘manager and above’ jobs within the health sector were eliminated. A similar reality unfolded in the UK with the abolition of The National Health Service England and merger of functions into the Department of Health and Social Care. This reform also led to aspects of the NHS functions moving to more regional bodies, which contrasted with BC where reform efforts focused on consolidation of departments and services. This led to concern about the timing of the survey. After reflection it was decided to proceed. The thought process was that the survey allowed those in their position an opportunity to share their perspective. Although it was an uncertain time, the material was unrelated to the health system reviews within both countries. 
[bookmark: _Toc225937190]Timeframe
The first phase of the study began in March of 2024 with the drafting of a scoping review protocol. The protocol was reviewed by the supervisory team and information specialist at the University of Sheffield. The project plan was revised following a successful confirmation review in November of 2024. Ethical approval of the project was provided in April of 2025.
 The survey was built over October and November of 2025 through multiple rounds of review by the researcher and supervisor team. Once the survey was completed a participant information sheet was updated along with the consent form. The survey was then manually entered into Qualtrics and testing of the tool followed. Once the survey was ready for launch the communications plan was reviewed with the supervisory team. As noted above, one of the challenges with the survey launch was that it occurred through the holiday season, where many health leaders are on vacation for periods of time from December 21st to January the 4th and may not be reading emails. The approach was adjusted to include a second communications campaign after monitoring responses over the last half of the month in December 2025. The survey was closed in late January 2026, and data was then reviewed. The data was then analysed over the month of February 2026. 
[bookmark: _Toc225937191]Characteristics of population
The survey was designed to include self identified health leaders. This included those with administrative duties at the organisational or system level. Types of positions were identified as those with titles such as directors, administrators, vice presidents, and senior leaders at a strategic level. In the demographic section of the survey, those that identified as not having any type of leadership function were omitted from continuing through the survey. The rationale was to target those in leadership roles, specifically at the strategic level and responsible for direction of the organisation or system. 
[bookmark: _Toc225937192]Selection of subjects
Data was obtained electronically and through the online platform Qualtrics. No data collection was conducted in person and there was no risk to personal safety. Once the survey was finalized, an expression of interest email was sent to those within the distribution networks. In addition, the survey was shared via social media through the professional network site LinkedIn. The survey screened participants to determine whether selection criteria was met (i.e. those with appropriate experience and roles in healthcare).
[bookmark: _Toc225937193]Ethics statement
This research was conducted with a focus on ethical vigilance, or in other words the methods considered worthiness of the topic of inquiry. Furthermore, it was considered if the subject was of value to respondents and valued the time dedicated by the participants. As pointed out by Foster (2022) pragmatism asks the research to reflect upon whether the methods are suitable      for the respondents and researchers collective time and effort while considering the utility of the research. Climate change has a dramatic impact on human health and thus on the health system. Those working across the health system are asked to manage related impacts, and those in leadership positions have the added burden to lead organisations through the multi-faceted impacts. As this research provides practical implications that strategies can be developed it was determined that the topic of inquiry and methods chosen were worthy of the time and effort to contribute.
The University of Sheffield's consent form template was adapted and used in this study. The information sheet and consent form provided information on what the study was about, what participants were asked to do and how the information will be used, including forthcoming publications. Consent was obtained for the survey phases of the project (Illing, 2013) through a sign off statement embedded in the questionnaire. However, as survey submissions were anonymous once they were received, they were unable to be retracted, should the participant have requested their survey be omitted. It is important to point out that during the data collection phase, no participant requested their response be omitted. A statement was noted in the survey opening disclaimer and submission acceptance was required to complete the survey. Anonymity was maintained during the quantitative phase of the project; no personnel identifiers were collected as noted in the Data Management Plan. The online survey designed to factor in the time spent on a computer or on a device (less than thirty minutes) out of respect for participants time. Working on a computer is a common activity for those in leadership roles within the healthcare system that are targeted for participation.
Participants were asked to provide demographic information from the organisation they were representing, but no specifics requested.  A data capture form was used that was separate from the questionnaire to maintain anonymity. If participants did not provide consent they could not progress through the survey, and the entry was deleted from the data set. In some cases, the respondent was not suitable for the survey by indicating that they did not meet the inclusion criteria or were located in a country other than the UK or Canada and were asked to leave the survey.  
Ethical approval for the project was gained through the University of Sheffield on April 28th, 2025, through the School of Medicine and Population Health. The registration number is 220197601 and the participant information sheet and consent form were included in the approval. The study primarily took place from Canada with data being gathered and stored on the University of Sheffield’s secure servers within google drive. The researcher potentially will travel to the UK for NHS Trust knowledge dissemination events in the future, but travel was not conducted through the course of the research phase.
While the topic of climate change is still sensitive in some areas of the world, within healthcare it is a common topic and climate change policy is openly discussed in the UK and Canada. Questions around climate change policy or views of the scientific basis of climate change were not addressed within the survey, as they were unrelated to the study. Given that participants were not considered vulnerable persons and the topics are not overly sensitive, the participants’ exposure to risk was deemed as minimal. The researcher did not have any position of power over the respondents and was unaware of respondents that had completed the survey. The researcher did share the survey with colleagues in the British Columbian health system; however, made it clear through correspondence that any participation was not a requirement or condition of employment.
The Researcher’s Position
While the quantitative element of this research is less subjective, bias is still intertwined within the process (Olmos-Vega, 2022). Drawing further from Olmos-Vega’s (2022) definition, reflexivity is a continuous practice of considering how a researcher’s subjectivity relates to the research process. Attention was paid to the researcher’s experiences in the healthcare sector as a health leader in crisis management and the personal impacts of climate change influenced emergencies and other types of emergencies the professional capacity. It was also considered how connections with health leaders and experience of working within the health system have created personal biases. These include the researcher’s paradigm that leaders in healthcare are reactive, short sighted and focused on maintaining day to day operations. This of course is not always the case. There are many types of leaders in the health system, and many the researcher has not been exposed to. 
This is important to capture along the research process and was critical in designing surveys, through data analysis and when making inferences on the data itself. It was important to have an awareness of this bias and understand ethical implications of asking questions that may be slanted based on bias. Assisting with this was the creation of a narrative autobiography (Ellis, 2004; as cited in Olmos-Vega, 2022) where biases were considered in each phase of the research. The researcher is also passionate about climate change and health, having seen firsthand the effects of wildfires, floods, and poor air quality on communities. It was important to temper this and bring more of an observational lens, as opposed to providing solutions in the immediate term with attention being paid to tangible practices (Olmos-Vega, 2022).
[bookmark: _Toc225937194]Data Collection 
The survey was opened on December 12th, 2025, by way of a communications campaign. The survey was shared via professional networks, a Canadian university and government collaborative (CASCADES), and through the UK Health Security Agency colleagues. Those that had received the survey were asked to share within their networks. Response rates remained low (n=27) over the holiday period in late December 2025. Additionally, networks including the Disaster Risk Research Network (University of British Columbia), Greener NHS (UK), and the Canadian Association of Public Health Professionals were approached to further share the survey. 
It was assumed that the holiday period would be challenging. This led to the decision to start a second communications reach out. Keeping the survey open for a longer duration and repeated messages helped with initial lower response rates. In total the survey was shared on two separate occasions on the LinkedIn social media site through a post made by the researcher. The Greener NHS network sent a bulletin to members across Northeast and the Yorkshire region during the second campaign. Several colleagues on the LinkedIn platform then shared the post within their professional networks. The survey was closed on January 27th, 2026, after a 6-week timeframe with 67 completed responses. The limited sample size was then considered and altered the approach from the perspective of data analysis- more complex statistical testing was not conducted.
Within this 6-week period the Canadian College of Health Leaders (CCHL) was approached and asked to share the survey with approximately 4000 members through a newsletter and email. This promotion of the survey however was noted as having a cost that the researcher was unable to cover. Response rates however from the UK were not expected, given the varying approach to survey dissemination (snowball sampling and email distribution lists including leaders). This simply meant that the population size was unknown for both the UK and Canadian contingents of the survey, and it would be difficult to report response rates.
The survey was electronically available through an embedded link in emails and LinkedIn posts. Once the link was accessed respondents gained immediate entry into the survey via Qualtrics. Data was held securely on the University of Sheffield server and stored and accessed through the University’s Virtual Private Network with multi-factor authentication. More specifically, on the University ‘X-Drive’ as outlined in the Data Management Plan. The data collected from healthcare representatives would not have privacy nor legal implications as they will be anonymous.
[bookmark: _Toc225937195]Data Analysis
Once the survey was closed, data analysis began through the University of Sheffield’s Qualtrics account. Qualtrics was accessed through the researcher’s personal computer on the windows platform. Data was cleaned and unfinished results were removed from the data set. It was noted that there was a level of variation in the number of responses to the segments of the survey. For example, questions in the demographic segment ranged from 62-66 responses. In the climate change education and health segment of the survey responses dropped to 60 across the segment questions. The competency scoring segment of the survey had 53 total responses and the final section had between 47-51 total responses to the topics in the self rated scale.
[bookmark: _Toc225937196]Quantitative
A descriptive statistics approach was used which includes measures of central tendency and measures of dispersion (George and Mallery, 2024). More specifically, measures of central tendency included mean and median, and measures of dispersion included standard deviation and range. This approach was applied to demographic, climate change and health education, and self rated scales for competency and capacity. This approach considered the limitations of the sample size for more complex analysis. Had the sample size been larger a correlation analysis using Pearson’s and Spearman’s correlation tests (Schober et al., 2018) would have been completed. In addition, tests of differences (Pocock, 2006) including Chi-square, t-test and analysis of variance (ANOVA) were considered for this study. 
Cross tabulations were then used to describe the mean scores between groups. This subgroup analysis was carried out by first identifying unique groups within the data set. The first group was those in the UK and in Canada. Any respondent indicating ‘other’ category was excluded from this data set. Comparative analysis was divided into demographics, climate change and health education and competency and capacity scores. A similar approach was then taken for level of seniority. To study the potential effect of level of seniority, the dataset was stratified into two groups - senior leaders and leaders, and a second group of managers, administrators and lower level of staff groups. Having 2 strata was justified on the basis that the small number of respondents precluded greater stratification. Those at a frontline and manager level were grouped together into a ‘manager and below’ category. Respondents in a director, administrative, executive or governing position were combined into a ‘director and above’ category. Role setting was then selected as the categories and cross tabulated with the four survey segments. 
[bookmark: _Toc225937197]Chapter Summary
The research project included 2 phases, a review of literature and a survey drawing from quantitative methods. Philosophical underpinnings were considered, and the pragmatic tradition of research serves as the foundation of this research.  It was determined, based on the project’s timescale, research question and practical nature of the study that quantitative methods were most suitable as a research approach. This was largely based on the notion that this research is very much designed to provide insights to health organisations on the value of leader education and strategies on how this can be accomplished. Alternative designs for the research including explanatory and exploratory sequential designs were considered, however based on timescale were not pursued. Ethical approval was provided by the University of Sheffield. 
Purposive and snowball sampling methods were used, and the survey was open for approximately 6 weeks. Primary strategies for distribution of the survey included through direct email to health leaders, through newsletters and bulletins and the social media platform LinkedIn. The quantitative analysis for this study included descriptive statistics through measures of central tendency and measures of dispersion, which are further explored in the next chapter. Limitations of the data analysis were encountered due to lower-than-expected response rates. The   research outcomes will be shared knowledge with health leadership in the UK and Canada, as the final objective. The next chapter will present the findings of the research, drawing from methods outlined above.


[bookmark: _Toc225937198]CHAPTER IV: PRESENTATION OF RESEARCH
[bookmark: _Toc225937199]Introduction
Following the methods section, the presentation of research provides the findings of the survey that was distributed to health leaders in the UK and Canada. The findings are first presented as general descriptive statistics tables across the four segments of the survey. Segment 1, respondents were asked demographic based questions. Segment 2, statements were posed related to the respondent’s organisation and climate change and health education. Segment 3 included a self-reported scale designed to measure competence to topics within health and climate change. Segment 4 included a capacity scale which measured the ability of respondents to gain competence over the same set of topics. 
Secondly, a comparative analysis follows with a brief discussion using mean scores through cross tabulation. Analysis by country of employment of respondents is first presented. This includes a comparative analysis by organisation type, climate and health education questions, and self-report     ed competency and capacity scores. This section also included subgroup analysis by seniority-level of respondents, grouped  as ‘manager and below’ and ‘director and above’. Finally, the data is analysed by respondents’ role setting (community, hospital or corporate/administrative).
During the analysis, this study draws on a pragmatic philosophical approach. This allows to focus findings into practical solutions for healthcare organisation (Ramanadha, et al., 2021) and specifically to provide guidance to health leaders as expanded upon in Chapter V. A limitation of this analysis is the use of descriptive statistics from self reported surveys. Furthermore, the findings are subjective and are framed to be observational, as opposed to statistically significant. This is largely due to the feasibility challenges encountered during this study (ie. Shortened time scale and single methodological approach). A discussion of future research in the next chapter explores alternative methods, which would allow for more rigorous analysis. 

[bookmark: _Toc225937200]Findings


Following the data collection period, 67 participants had attempted the survey; however, one was excluded as it was flagged in Qualtrics as a potential bot and was deemed incomplete. Of the 66 respondents 3 surveys were incomplete as the respondents did not meet the inclusion criteria. More specifically, 
one respondent indicated that their employer was not based in Canada nor the UK. In addition, 2 respondents indicated that their employer did not have a function within the health system and were excluded from the study. Survey responses fluctuate across sections of the survey. 
Sixty-three respondents indicated their employer location with 20 responses being collected from those in Canada (31.7%) while 43 surveys were completed by those indicating their employer provided services in the UK (68.3%). Respondents were then asked in which setting their primary duties are carried out (Table 7). When asked to describe their employer (Table 8) the majority (69.2%) were those providing health services directly in a variety of settings.  Of the 62 responses provided, 59.7% (n=37) of respondents work in a corporate or administrative setting, 27.4% (17) in a hospital setting, and 12.9% (8) in a community setting. When asked to describe their employer (Table 8) the majority (69.2%) reported that their employer  provided health services directly in a variety of settings. The remaining respondents indicated their employer commissioned or administered health services 10.8% (7), 7.7% (5) said their employer was affiliated or supported health services or the health system (ie. United Kingdom Health Security Agency, British Columbia Centre for Disease Control, etc.), 6.2% (4) funded the health care system or components within health services, and 1 respondent noted their employer was a local government or authority health program. 3 respondents (4.6%) answered that their employer did not reflect the description categories provided.
	Table 7: Setting primary duties are carried out
	N=62
	%

	My role is within a hospital setting
	17
	27.40%

	My role is within a community setting
	8
	12.90%

	My role is within a corporate/administrative setting
	37
	59.70%



	[bookmark: _Toc225937202]Table 8: Employer description
	N=65
	%
	Confidence Interval (Percent of Data)

	My employer provides health services (ie. Community, hospital or point of care setting)
	45
	69.20%
	57.2% to 79.1%

	My employer commissions/administers health services
	7
	10.80%
	5.3% to 20.6%

	My employer funds the health care system or components within health services
	4
	6.20%
	2.4% to 14.8%

	My employer is affiliated or supports health services or the health system (ie. UKSA; BCCDC)
	5
	7.70%
	3.3% to 16.8%

	Local government/authority health program
	1
	1.50%
	0.3% to 8.2%

	My employer does not reflect the above
	3
	4.60%
	1.6% to 12.7%



When asked about the highest level of education that they had attained (Table 9), the majority of the 66 respondents had achieved master’s degrees (56.10%), with 15 completing a bachelor’s degree, 9 a doctoral or professional degree, 4 an associate degree or college level diploma, and 1 having a high school diploma or equivalent. The level of seniority varied across 66 responses (Table 10). Over half (56.1%) were working at a managerial level and 19.7% at a director or program administrator level. Ten (15.2%) respondents were below a managerial level, 2 (3.0%) indicated they were at the executive, organizational or trust administrator level and 4 (6.1%) responded to the ‘other’ category. 
	[bookmark: _Toc225937203]Table 9: Highest completed level of education
	N=66
	%
	Confidence Interval (Percent of Data)

	High school diploma or equivalent
	1
	1.50%
	0.3% to 8.1%

	Associate degree or college level diploma
	4
	6.10%
	2.4% to 14.6%

	Bachelor’s degree
	15
	22.70%
	14.3% to 34.2%

	Master’s degree
	37
	56.10%
	44.1% to 67.4%

	Doctoral or professional degree
	9
	13.60%
	7.3% to 23.9%

	


	
	
	

	[bookmark: _Toc225937204]Table 10: Level of seniority
	N=66
	%
	Confidence Interval (Percent of Data)

	Below managerial level
	10
	15.20%
	8.4% to 25.7%

	Managerial level
	37
	56.10%
	44.1% to 67.4%

	Director or program administrator level
	13
	19.70%
	11.9% to 30.8%

	Executive, organizational or trust administrator level
	2
	3.00%
	0.8% to 10.4%

	Other
	4
	6.10%
	2.4% to 14.6%



Responses to the survey question on primary role/responsibilities was also quite varied amongst respondents (n=66). This question allowed multiple selections to be made. The category ‘other type of responsibility’ was the most frequently selected (30; 45.5%) with ‘program or service leadership of direct patient care resources’ at 26 (39.4%) responses. Sixteen (24.2%)  respondents indicated having responsibility at an administrative level for the health care system, while 6 (9.1%) selected they managed those working directly with patients. Direct patient care responsibilities were selected 4 (6.1%) times and having executive level responsibilities for health services was selected twice (3.0%).
	[bookmark: _Toc225937205]Table 11: Primary role/responsibilities (multiple selection)
	N=66
	%
	Confidence Interval (Percent of Data)

	Other type of responsibilities
	30
	45.50%
	34.0% to 57.4%

	My core responsibilities are leading a program or service and may include multiple services or programs involved in patient care or supporting patient care
	26
	39.40%
	28.5% to 51.5%

	I am responsible at an administrative level for governing or administering the health care system
	16
	24.20%
	15.5% to 35.8%

	My core responsibilities are managing those directly at a patient care level and may include multiple departments with this mission
	6
	9.10%
	4.2% to 18.4%

	My core responsibilities are providing direct patient care
	4
	6.10%
	2.4% to 14.6%



In summary the majority of respondents’ employer provided services in the UK. Most had a role within a corporate or administrative setting and employers were described as providing health services. This finding is useful and indicates the right target group was reached within the survey distribution. In addition, the largest group had a Masters level of education and were positioned at a managerial level or above within their organisation. This finding is also relevant when considering the target group for this survey. Primary roles and responsibilities reflected a diverse group of leaders within the health system. 

In this section of the survey respondents were asked to rate, using a 5-point Likert Scale, agreement to statements concerning their organisation and climate change education (Table 12). The Likert Scale included 5 options, ‘strongly disagree’ reflected a ‘1’ score, a ‘2’ ‘somewhat disagree’, ‘3’ ‘neither agree nor disagree’, ‘4’ ‘somewhat agree’ and ‘5’ ‘strongly agree’. In total thirteen questions were asked with 60 participants responding to this section. The drop in responses is likely due to respondents being asked to discontinue the survey if they did not work in the UK or Canada, or if their employer was not in the health sector. Within the scale, a selection of 1 designated strong agreement, 2 agreement, 3 a neutral position to the statement, 4 disagreement and 5 strong disagreements. Generally, respondents showed agreement to the statements provided with a median score of 1-2 for all responses. Mean scores ranged from 1.6 to 2.7, under the neutral position of 3. Statements on applicability of climate change and education and/or training to levels of leadership varied, however across each level there was agreement (below managerial 1.8, managerial 1.7, director or program administrator 1.6, and executive or trust administrator 1.6). 
Agreement was shown for whether the respondent’s organization was impacted by climate influenced disasters in the past 2 years (mean score 1.9) and for having awareness of climate influenced hazards within their geographical jurisdiction of duties.  Comparatively, lesser agreement was specified for the statement on setting direction within respondent organisation for climate change education and training (mean score of 2.2). Similarly, mean scores for the organisation having a dedicated person or team (2.4), having developed health and climate education (2.6) and promoting external health and training education (2.7) also showed less agreement. Statements specific to climate health topics also pointed to lesser agreement. This included management of climate influenced emergencies or disasters (e.g. extreme weather events) with a mean score of 2.4 and business continuity planning for climate influenced emergencies or disasters (2.6). 
Figure 12: Organisation, Climate change and Education
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Image generated by Microsoft365 Co-Pilot, GPT‑5 chat model, June 28th, 2026 with the prompt “turn descriptive frequency data into heat map”.

Questions asked around organisational support to climate and health education indicated some agreement, however, respondents had less agreement to whether their organisations promoted external educational opportunities. The overall support for this education is not indicative of being an organisational priority or at least viewed in that way by health leaders. Interestingly, when asked about applicable of this education to leaders across levels of seniority more agreement was shown. Based on this health leaders see applicability that is not necessarily reflected in organisational priorities. In addition, there is fair agreement to whether respondents’ organisations have experienced climate influenced hazards, yet this and business continuity are not common topics within education on climate and health.
Additional questions in Table 12 (above) then determined whether respondents generally had received climate change and health education and training and where it was conducted. Out of 60 responses, 47 (78.3%) were affirmative to the statement education was received and 43.3% indicated that education was received within the organisation of employment. In contrast, 13 (21.7%) respondents had not received education or training generally and 33 (55%) respondents indicated no training nor education on climate and health topics was received from their organisation of employment. When asked where (Table 13), if not within the organisation of employment, education and training was received most respondents selected ‘self learning’ (37; 72.50%). This question allowed multiple selections, as education and/or training may have been received from multiple sources. Following self learning, 47.1% (n=24) respondents specified education, or training was received from an accredited university or college, 45.1% (n=23) from a government or non-government organisation program, 31.4% (n-16) from an international source and 23.5% (n=12) from a university collaborative[footnoteRef:1].  [1:  University Collaborative: A joint offering that may include participation from third sector parties, government establishments, or multiple universities.] 

	[bookmark: _Toc225937208]Table 13: If you received climate change education and/or training from sources other than your organisation (multiple responses)
	N=51
	%

	
	
	

	Self learning
	37
	72.50%

	From an accredited university or college
	24
	47.10%

	From a government or NGO program
	23
	45.10%

	From an international source
	16
	31.40%

	From a university collaborative
	12
	23.50%



Often, respondents indicated that education was received, however less than half had received education from their organisation. This supports the notion that climate education and/or training is not an organisational priority or, if it does exist, is not mandatory for leaders. Further evidence of this gap is that most respondents selected self learning as the platform in which they had received education. This highlights a gap, as described by leaders, of climate change education within health organisations in the UK and Canada. 


As described in Chapter 3, a list of competencies was included in the survey. Respondents were asked to rate their level of competence (See Table 14) on a 5-point scale. High competence scoring, such as a 4 or 5, indicated the ability to act on knowledge held through observable behaviours. Scoring a 3 was described as competent, or in other words respondents knew what the competency was, what to do with it, and how to do it. Scoring a 1 or 2 indicated that the respondent had factual knowledge and was competent in knowing the facts and a self rated score of zero denoted that the concepts were new to the respondent. 
All competencies scored (n=53) ranged between 0 to 5, except for ‘the effects of climate change on human health’ and ‘share lessons learned from emergency responses…’ which the minimum score was 1. This indicates that there was a level of competency across the majority of respondents. Maximum scoring for all categories was 5 and distribution of 0-5 scoring ranged across competencies with mean scores from 2.6 to 3.8. The highest mean score categories where ‘drivers and pressures of climate change’ (3.8), ‘the effects of climate change on human health’ (3.7), ‘health system climate change vulnerabilities and hazards’ (3.7), and ‘health system mitigation and adaptation strategies- emissions and waste reduction’ (3.7). The lowest mean score was from the competency ‘manage extreme weather and climate emergencies’ (2.6) and ‘public health improvements and implementation strategies to increase resiliency…’ (2.7). While leaders appeared knowledgeable about scientific aspects of climate change and health, they described having less competency to manage the effects of climate change. This perhaps isn’t a surprise given the degree to which they are educated on managing climate change that was highlighted in the previous section.  



Figure 14: Summary Statistics Stacked Likert Chart
[image: A screenshot of a graph]
Image generated by Microsoft365 Co-Pilot, GPT‑5 chat model, August 1st, 2026 with the prompt “turn descriptive frequency data into stacked likert chart”.

[bookmark: _Toc225937210]Segment 4 Climate Change and Health Capacities

Following competencies respondents were asked to self rate their capacity considering time available to train and learn to further develop the competency (Table 15). The capacity scale uses the same topics as those provided in the competency scale, with one modification. A scale of 0-2 was used, with a score of ‘0’ denoting the respondent did not have time to become competent, ‘1’ limited time to become competent, and ‘2’ indicated time was available for the respondent to become competent. The scale varied in terms of total responses, ranging from 47 to 51. This variation was due to responses being excluded as they were rated with a value different from 0,1, or 2 and removed from the data set.
All topics rated ranged from a ‘0’ minimum score to a maximum score of ‘2’. The median for all but one topic was ‘1’ with ‘health system climate change vulnerabilities and hazards’ having a median of 1.5. Standard deviation ranged from 0.54 to 0.77 and the mean across topics ranged from 0.9 (n=2) to 1.5 (n=1). Similarly to the competency scoring the distribution of 0-2 scores across topics was varied.



Figure 15: Descriptive statistics on study variables stacked likert chart
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For a complete list of capacity categories see Figure 14. 
Image generated by Microsoft365 Co-Pilot, GPT‑5 chat model, August 1st, 2026 with the prompt “turn descriptive frequency data into stacked likert chart.


[bookmark: _Toc225937211]Country of employment
Comparative analysis using cross-tabulation in Qualtrics was utilized, drawing from country of employment as the independent variable. The ‘other’ category was removed, given the study’s focus on respondents from the UK and Canada (n=63). Mean scores were drawn from a Likert scale (1=strongly agree, 2=somewhat agree, 3= neither agree nor disagree, 4= somewhat disagree, 5=strongly disagree). When asked whether their ‘organization has been impacted by climate-influenced emergencies in the last 2 years’ respondents in Canada (1.5) had a higher mean score than respondents in the UK (2.0). Nearly all respondents in Canada (n=19) strongly agreed (n=16) with this statement while those in the UK (n=41) had a more skewed distribution towards ‘somewhat agree’ (n=22). This observation may reflect lived experiences, particularly the prevalence of wildfire events across Canada recently and related impacts on provincial health systems.
Mean scores differed between the two countries when asked about applicability of health and climate education within levels of seniority at health organisations. UK respondents scored a mean score of 1.7 to applicability of those below a managerial level, while Canadian respondents scored 2.1. Similarly, UK respondents had a mean score of 1.6, to the Canadian mean score of 1.9, when asked about those at a managerial level within their organization. At the director or program administrator level, those in the UK had a mean score of 1.4, and Canadian respondents averaged 1.8. Interestingly the mean score was closer in range when asked about applicability of health leaders at an executive, organisational or trust administrator level (1.7, 1.5). This finding may indicate that those in the UK show more general agreement to the applicability of climate change education to levels of seniority across their organisations.  
When prompted about specific education on the management of climate-influenced emergencies or disasters (e.g. extreme weather events such as heat, floods, smoke, etc.) respondents in Canada indicated a mean score of 1.9, whereas those in the UK had 2.6. Based on the scoring on the Likert scale (1=strongly agree; 5= strongly disagree) those in Canada displayed higher levels of agreement. Likewise, when asked about awareness of climate-influenced hazards where duties are carried out, Canadian respondents also had higher agreement (1.5) than those in the UK (1.8). When asked whether their organisation had provided climate change education, 25% of Canadian respondents answered ‘yes’ while 48.8% of those in the UK responded affirmatively. This may identify a gap in Canadian health leader education on climate change. Unsurprisingly, when considering the Canadian context, respondents in Canada had higher scores in competency towards management of emergencies and awareness of hazards. Generally, the data indicates an opportunity to provide education to those in the UK on management of climate-influenced emergencies, which could include hazards where duties are carried out. 
When asked about competence in climate and health topics similar mean scores were indicated in most segment responses, with a few exceptions. On average those in Canada indicated higher levels of competence (3.7) to ‘population and individual climate change exposure and health outcomes’ specific to their jurisdictional boundaries than those in the UK (3.1). In addition, ‘climate change vulnerabilities and hazards’ in their jurisdictional boundaries differed with UK respondents having an average of 3.3 and Canadians 4.1. Mean average scores were also higher for those in Canada (3.1) on the ‘managing extreme weather and climate emergencies’ competency (UK-2.4) and sharing lessons learned (Canada 3.5, UK 2.8). Conversely, those in the UK (3.9) had a higher mean score on ‘health system mitigation and adaptation strategies (emissions and waste reduction)’ with those in Canada having an average of 3.3.



Some variation occurred within the mean scores when comparing the UK to Canada in terms of capacity. On a scale of 0-2 mean scores ranged from 0.9 to 1.6, which indicated that both those in Canada and those in the UK had capacity to build competencies in health and climate topics. Amongst Canadian respondents the highest rated capacity topic was ‘climate change vulnerabilities and hazards’ in their specific jurisdiction (1.6) with the lowest score occurring in ‘conduct, synthesize and action evidence and research’ (0.9). Within the UK sample, respondents felt they had the most capacity on average in ‘effects of climate change on human health’ (1.5) and ‘health system climate change vulnerabilities and hazards’ (1.5). Similar to the Canadian respondents, the lowest mean average score for UK respondents was 0.9 in the ‘conduct, synthesize and action evidence and research’, ‘public health improvements and implementation strategies…’ and ‘manage extreme weather and climate emergencies’ topics.




 To gain additional insights, the data was examined by level of seniority of respondents, however the dataset was limited, as previously noted. Respondents were grouped by level of seniority using the recoding function in Qualtrics. Respondents who were ‘below managerial level’ and ‘managerial level’ were grouped and recoded into a ‘manager and below’ category. Respondents who were ‘director or program administrator level’ and ‘executive, organisational, or trust administrator’ were likewise grouped into a ‘director and above’ segment with ‘other’ being excluded. Counts for the recoded categories included 43 (75.4%) responses for ‘manager and below’ and 14 (24.6%) for the ‘director and above’ segment.
Discrepancies between the two categories were minimal with the maximum mean score range differing by 0.3 when comparing Organisation and Climate Change Education related questions on a 5-point Likert Scale. Often mean scores between the two segments were identical. Mean scores were then compared using the two categories across levels of competency self rated scores. Unlike questions organisation and climate change education, mean scores indicated higher levels of variance between the two categories. The widest range reported was 0.7 with ‘directors and above’ reporting a mean score of 3.1 and ‘managers and below’ reporting a mean score of 2.4. The next highest margin of 0.5 between mean scores, occurred in the ‘effects of climate change on human health’, ‘climate change policy, frameworks, legislation…’, ‘conduct, synthesize and action evidence and research…’, and ‘resilient health systems and practices’. These variances showed managers and below reporting high levels of competence, except for ‘manage extreme weather and climate influenced emergencies’, which ‘director and above’ reported higher levels of competence (+0.7 mean score). 
When comparing mean scores in self reported capacity statements, little variance was reported. This may be due to a limited scale range of zero to two and again to the smaller sample size. Within the level of seniority comparison of both competence and capacity showed a few discrepancies. ‘Managers and below’ indicated higher levels of general competence and categories related to the science of climate change were higher. However, those at a ‘director and above’ level indicated higher levels of competence to the ‘managing emergencies’ topic. This reflects a gap in manager and below competence, while highlighting a wider gap in the overall level of competence between levels of seniority. 
     



[bookmark: _Toc225937213]Role Setting
Crosstabs were then used to analyse where duties were carried out in relation to three segments of the survey, which is consistent with the country of employment and level of seniority variables above. Table 19 provides mean scores for organisation and climate change education with ‘strongly agree’ statements being scored as a ‘1’ on a five-point Likert Scale. Between workplace settings mean scores varied with strongest agreement occurring with     applicability of health and climate education and/or training for those at a director or program administrator level (1.6) and health leaders at an executive, organisational or trust administrator level (1.6). Additionally, mean scores indicating agreement was higher for the statement: “I am aware of climate influenced hazards within the geographical jurisdiction of where my duties are carried out” (1.7). 
Variance within mean scores occurred most significantly for the statement “I am actively involved in setting direction within my organization for education and/or training for climate change”. Respondents who work in a corporate or administrative setting indicated a mean score of 1.8, whereas respondents who work in a community setting had a mean score of 3.5. When asked the question of whether respondents were educated or trained in the management of climate influenced emergencies or disasters those in a corporate setting (2.0) indicated greater general agreement than those in a hospital setting (3.2). Additionally, those in a corporate setting (2.4) displayed greater general agreement to having been educated or trained in business continuity planning for climate influenced emergencies or disasters than those in the community (2.6) and hospital setting (2.9). When prompted with the statement “My organisation has a dedicated person or team responsible for climate change education and training” those in the hospital (2.3) and corporate (2.3) noted higher agreement than those in the community setting (3.0). This was similar to the statement of whether the respondent’s organisation had developed health and climate education or training with those in a corporate setting having a mean score of 2.4 and those in the community a mean score of 3.1.



When asked whether they had received climate change education and/ or training, 88.6% of those in the corporate setting answered ‘yes’ while 68.8% in the hospital setting and 50.0% of those in the community answered affirmatively. The affirmative position drastically changed when respondents were asked if they had received education and/or training through their organisation. 75% of respondents in the community setting answered ‘no’ to this statement with 62.5% of those working in a hospital setting and 48.6% of those working in a corporate setting.

As depicted in Table 20, mean scores for competencies indicated those in the corporate or administrative setting (n=32; 60%) were most significantly higher in ‘vulnerabilities and hazards’(+0.8), ‘drivers and pressures’ (+0.6), ‘policy, frameworks and legislation’ (+0.5), ‘assessing risk’ (+0.5), ‘addressing risks’ (+0.6), ‘resilient health systems and practice’ (+0.5) and sharing lessons learned (+0.5). Through most competency categories those in a corporate or admin setting reported higher mean scores with a few exceptions. ‘Build or participate’, ‘engage policy makers’ and ‘public health improvements’ were scored higher by those in a community setting (n=6). Within the three groups those in the hospital setting did not have the highest average in any category (n=14); however, this may be reflective of low respondent rates within the community and hospital setting groups. 


Mean scores for capacity (Table 21) within the role setting groupings ranged from 0.6 to 1.5 on the 0–2-point scale as self-reported by respondents. The total count was 49 with 13 indicating their primary role was in the hospital setting, 6 in the community and 30 with the corporate setting. There was a drop in responses to the capacity scale due to values being entered other than 0,1, and 2. Variation occurred between the three groups with the largest mean score differences in ‘mitigation and adaptation’ (0.7 on a two-point scale) and ‘assessing risk’ (0.6 on a two-point scale). For both topics the community score was significantly lower than both the corporate and hospital setting scores. In contrast, those in the community showed higher mean scores in ‘build or participation in community partnerships’ and ‘communication of health impacts, than hospital or corporate group respondents.




 Most respondents to the survey had post graduate education, were at a managerial level or above, and worked for employers that provided health services in the community, hospital or point of care setting. Respondents from the UK nearly doubled those responding from Canada and most had roles in a corporate or administrative setting, which is in line with the desired study population. There was general agreement as to whether organisations had developed climate change education and a dedicated team was responsible for developing related content. Organisations also were thought to be promoting external education and/or training and most respondents felt that their organisation had been impacted by climate influenced emergencies in the last 2 years. 
When asked about whether respondents had received training values were nearly double when compared to whether training was received from their organisation. Mean score variance occurred across levels of seniority when considering levels of self-reported competence and to a lesser degree in capacity scoring. Canadian respondents had a higher mean average in several competency categories, most notably climate change hazards, managing extreme events and sharing lessons learned. Variation occurred within capacity mean scores by employment location, level of seniority and role setting. The data indicated generally that there was capacity to achieve competence across health and safety topics although mean averages ranged. 
Discrepancies existed on where respondents had received climate change education and/or training. Although a high proportion indicated they had received it, about half the time it was received from their organisation. Significant variation occurred between role settings with those in a corporate setting being close to twice as likely to receive climate change education through their employer as opposed to those working in the community setting, however the segmented groups had low respondent rates. 
In the next chapter these findings will be summarised with context being provided from the introduction and review of research chapters. Findings will be presented with consideration given to practical implications and what this means in relation to the questions guiding this research. The philosophical underpinnings of pragmatism will guide these implications and how they can lead to change. Conclusions of the synthesis will be provided with a discussion and suggestions for future research.












[bookmark: _Toc225937214]CHAPTER V: METHODLOGICAL LIMITATIONS, OUTCOMES and IMPLICATIONS 
[bookmark: _Toc225937215]Introduction
Within this chapter there are three main objectives: to present the methodological limitations, outcomes and implications of the data and conclusions based on the pragmatic approach of this research. A methodological limitations section helps to frame the findings and provide context for future research, presented later in the chapter. The research findings, presented in Chapter IV, provide the bases for the section on outcomes based on these findings and a discussion related to implications. Themes within the introduction and results within the review of literature chapters will be considered and explored. This section will include both relevance and primacy of the research within the body of research. 
The central aim of this chapter is to relate the outcomes and implications to the primary and secondary research questions guiding this thesis. The visual mapping of differences, provided in Chapter IV, are the basis of this section; however, have not been validated through tests of significance. As specified in the introduction chapter the central research question is are health leaders educated and trained, have capacity, and are competent to navigate health organisations through the changing climate through self assessment. The secondary question is: what extent is climate change and health education and training available for health professionals, and is the training unique to health leaders, or is general health professional training applicable? 
Methodological Limitations
As noted above, this study compares two geographic cohorts through descriptive statistics. Subsequently, variances are observational when considering competency and capacity. Furthermore, the limitation of self reporting and subjectivity within respondents is suggestive as opposed to definitive. Disparities within the data can be further tested in future studies through inferential models in testing for statistical significance. This would allow stronger conclusions to be drawn to health leaders as a population (Guetterman, 2019). The following outcomes and implications can be viewed as indicative based on the limitations, yet still very applicable to a real-world setting.
[bookmark: _Toc225937217]Outcomes and Implications  
[bookmark: _Toc225937218]Moderate to high levels of competence and capacity
While there is a range of both competence and capacity, both in results and cross tabulation results, mean scores indicate a general degree of achievement or ability to achieve. The outcome when considering the primary research question is that health leaders are mostly educated and/or trained in climate and health topics. This research finds that the proportion of those educated is dependent on factors such as respondents’ role setting and level of seniority to a lesser degree.
Levels of capacity, however, were dependent on the role setting. Health leaders in the community setting indicated lower average scores capacity than those in both the corporate and hospital setting. This is an important consideration when engaging leaders in different settings in the context of education and/or training. Most health leaders attain education and/or training through self-learning opportunities. Practically, those that have limited capacity are likely to experience barriers to undertaking self-learning education (Jeong, et al., 2018). This presents an opportunity for organisations to make education and/or training on climate topics mandatory, or at the very least to provide more formal opportunities to health leaders (Al-Moary et al., 2024). 
This does not come as a surprise. Health professionals largely acknowledge climate change and recognize the importance of addressing challenges in their professional capacity, however, note that barriers such as time constraints exist (Kotcher, et al., 2021). Similarly, Chi et al. (2023), found time constraints and lack of knowledge led to only 19% of Australian physiotherapists feeling very knowledgeable on climate change and health topics. Health organisations ultimately will have to build strategies that enable leaders to participate in climate change and health education, whether organisationally led or external opportunities. 
This may also reflect climate change and health impacts having become a well publicised topic of conversation in both the UK and Canada. High profile events such as the 2022 heatwaves in the UK which contributed to nearly 3,000 excess deaths over the course of the summer (UKHSA, 2025). Canada too has faced numerous extreme weather events over the past 5 years including a heatwave in the province of British Columbia that claimed the lives of 300 (Canadian Climate Institute, 2023).  Health professionals are seeing direct impacts on patients, and they may have been personally impacted. Given this, building competence in climate topics may come as a function of experience of the leader’s activity in their day-to-day roles and therefore not completely dependent on specific education.
One contrasting view is that given the lack of formalized standards within education and the gaps in mandatory organisational education survey respondents may not have fully understood statements within the survey. More specifically, statements aimed to gauge survey respondent competence and capacity and the higher self reported scores may be due to a lack of awareness, rather than competence or having capacity. Again, this highlights the methodological limitations but could also assist future research efforts to determine if respondents understand the meaning of the statements. The use of validated instruments, which is a current gap, would also be useful in measuring competence and capacity on this topic. 
[bookmark: _Toc225937219]Approaches to Organisational Climate Change and Health Education
Interestingly, respondents in the UK had generally greater capacity averages around more knowledge-based capacity topics than those that were more action based. For example, as noted above, Canadian respondents had generally greater mean averages in managing emergencies, awareness of local hazards, and sharing lessons from response. Given that Canadian respondents had greater mean averages to their organisation being impacted by climate change over the past two years, this does not come as a surprise (Health Canada, 2025). The practical implication is there seems to be a link between the types of competencies leaders are developing and how their organisations are impacted. In the Canadian context there is a more critical nature to response and actions-based competencies, with those in the UK having a more balanced inventory of competence (Jagals & Ebi, 2021). 
This connection is also evident across capacity scores. Those in the UK scored higher on more knowledge-based competencies such as those related to policy, system mitigation and health impacts. Less capacity was indicated for most topics including community mitigation, building partnerships, managing extreme weather and assessing and addressing risk, to name a few. When considering the societal nature of resiliency and how the health system functions within the larger context of the community it is likely that those within impacted organisations prioritise differently. For example, following responses to climate change influenced emergencies organisations may be prompted to work more closely with their communities. There may also be public and political pressure to do so. What this finding means is education and/or training will need to cater to the health leader and what they find important. 
This becomes more evident when we relate this to the question of whether leaders are involved in setting organisational strategy in climate and health education. While there was some agreement to this statement there is an opportunity for engagement. Health leaders must decide on what is included in their education and/or training as it relates to climate and health. This research demonstrates that it is applicable to health leaders and needs to be a priority within health organisations. It is a function of health organisations to further develop their leaders and outsourcing or relying on sources external to the organisation may be detrimental to leadership tasked with building resiliency within their organisation. This is one of the core concepts within the systems leadership framework that provides an opportunity to intersect this framework when developing climate change education or training.
There is a gap in the UK and Canada in terms of providing education and/or training to health leaders. Leaders are taking initiative to further themselves in climate and health competencies however, there are limitations to how health leaders can influence curriculum that is taken from external sources. Often, as noted in the literature review section, this training occurs during professional academic-based training, not in leadership training. This is captured in Tomar and Rao’s (2026) scoping review that found manager and leader role-specific competencies in climate and health are under addressed. In addition, the training itself may be through international bodies with more of a global focus on training health professionals. Training designed for and offered to health leaders is also quite limited, with no studies having occurred that were specific to health leaders at the time of the scoping review. Sorensen and Hospedales (2024), argue that a scarcity persists in climate and health education, specifically directed at those that lead.
There is recognition of this need within the international context. The World Health Organization Civil Society Working Group to Advance Action on Climate Change and Health urged that the health consequences of climate change be comprehensively integrated into curricula across all levels of health care education (Global Climate & Health Alliance, 2022). This was provided by way of an open letter to universities and stakeholders in the field of education. If clinicians and other healthcare and public health professionals can teach their patients about best practices in disaster preparedness, individuals and communities can begin to mitigate the adverse health effects of future disasters (Keim, 2008; as cited in Katzman, 2022). However, these positions lack emphasis on the health leader.
When selecting leaders for promotion or filling positions climate and health competencies will need be considered. This likely will become more evident to health organisations in the future as the impacts of climate change increase disruptions and health is impacted. While many of these competencies may be specific to climate and health, they are beneficial to leaders in navigating their organisations through climate change. Both developing competencies and enabling leaders the capacity to further their level of competence will become more critical for health organisations.
[bookmark: _Toc225937220]Frequency and types of learning
What is included in the curriculum is of importance, however, is not the only factor in educating health leaders. How education and training is delivered is a crucial consideration. The scoping review revealed that interventions described in primary studies included a variety of formats. This included those that were simulation and scenario, lecture, team, module, case study, networking, and reporting based. Despite having evaluations for several intervention types, these were not monitored to determine which of the types are most effective. They also ranged in frequency from a single session to over the course of a 2-year continuing education program. 
These factors will carefully need to be considered when educating leaders, especially given capacity challenges. There may not be a one size fits all approach to leader education on climate and health topics. Each topic will need to consider its learning objectives and how to determine whether competency has been developed. This may include didactic learning that incorporates scenario or simulation and team-based exercises. Newer techniques such as audit- based learning (Emblem-Perry, 2022), discussion based (Monroe, et al., 2017) and more classic pedagogical techniques such as case-based (Sarkar, et al., 2023) and problem based (Hettige, et al., 2025) have also demonstrated effectiveness. The duration and frequency will also require input from the health leaders on what is practical and which topics are to be prioritised, as previously noted.
Interprofessional learning and practicing of skills has demonstrated value in medical education (Challa et al., 2021). This is highly applicable to how health leaders receive education and/or training on climate change and health topics. There is value in having leaders contribute to the design of this education and to develop through an inter-disciplinary lens. Continuing to build and practice competencies is an important consideration. Subsequently, leaders will need to be engaged prior to and during their leadership function in health organisations across the spectrum of climate change and health topics, while prioritising those that are most impactful to their organisation. This approach, with enabling capacity, will develop competent leaders that are better able to navigate their organisations through climate change. 
[bookmark: _Toc225937221]Climate and health topics for leadership
When asked about the health and climate topics health leaders in the UK and Canada viewed education and/or training as applicable to all levels of leadership. However, there was less agreement to whether there was a person or team responsible and if their organisation had developed content for health professionals. This was also the case if their organisation promoted external education and/or training. There clearly is a need for this content and an awareness of climate influenced hazards within health leader’s geographical jurisdiction of where their duties are carried out. However, there are gaps in which health leaders receive climate and health education and/or training, which is evident in grouping of health leaders.
As noted in the literature review chapter, climate and health education varies in competencies covered and is found to be provided through a variety of types of intervention. More specifically, when assessing climate and health studies only 2 of 30 education or training interventions were comprehensive (contain material related to all 11 domains of competency). Even when considering that health leaders are likely to have received education and/or training, there is gaps in the material covered. While there are inconsistencies in material covered, albeit not all education and/or training is designed to be comprehensive, there is also a high level of variance in duration and type of intervention. It is important to consider that not all interventions have the same learning objectives and may be specific to segments of the health professional group in developed countries such as Canada and the UK.
From a practice perspective, a lack of a common set of competencies that health leaders aim to achieve has not been seamlessly integrated into climate change education. Conversely, climate change education is not uniform, inconsistent and lacks a universal approach to the phenomenon of climate change. This does not come as a surprise as universities often provide health professional training and national, in the UK, and federal and provincial health systems, in Canada, guide continuing education within the health sector. 
Of greatest concern, when considering the central research question, is health leaders do not have specific content developed that is comprehensive and can be used to help them navigate organisations through climate change. While training exist for those within health professions, in some cases being a part of their professional education and/or training, it is not mandatory for those in health leadership roles. This is not to say that is not being further developed or there is a lack of awareness of its importance. 
There is also a case to be made about the experiential factors in being competent in relation to climate and health topics. Only so much can be gained through education and/or training related to climate and health. Effectiveness of training is often hard to measure. This is evident in a lack of follow up with those who have been educated and or trained, as described in the review of literature. While evaluations are common within interventions summarized in chapter 2, they are not evaluated to determine when a competency has been achieved. This is a limitation of this body of research given the self-reported nature of competencies by respondents. In other words, there are no tools to measure, let alone that are universally accepted, attached to education and/or training. 
In a practical sense having a competency-based paradigm to climate and health education is important for health leaders. Health professions and their respective education and training curriculum have recently shifted to a more competency-based approach. To accomplish this health leaders will require opportunities and the capacity to receive education and/or training on these topics. Therefore, this will need to be a priority within health organisations to further develop their human resources and leaders across all levels of the organisation. 
As previously described, competency-based education is beneficial to health professionals in a variety of ways. In addition, it has been utilized in health professional education and found as an effective way to transfer knowledge that can be measured. Specifically, Frenk (et al., 2022), in a health policy paper, highlighted the need for competency-based education for climate change and health. Competency frameworks specific to climate change and health will be identified and explored further in the following section of this confirmation review. 
Based on this research it is also clear that the setting of the leader may limit exposure to climate change education and/or training. Respondents working in a corporate or administrative setting were more likely to have received education or training than those in the hospital and community setting. To remedy this, health leaders across role settings can advocate for opportunities to build their competencies. From the top down, organisations and leaders at higher levels can remove barriers. One example to encourage leaders across the organisation to build competency is by tying education and/or training to performance goals. Acknowledging the importance of developing leaders in these competencies is only one aspect of the solution. Leaders must also have capacity in which to build these competencies. 
Leaders at all levels indicated that competency and capacity to manage climate influenced crises      is required. In other words, to navigate the more acute experience of climate change, extreme weather as one example, demands educated and/or trained leaders across the health system. Based on the evidence presented above, climate influenced emergencies happen across healthcare settings and are more      prevalent in community and hospital settings than in corporate or administrative settings. However, it was reported that those in corporate/administrative settings are more likely to receive climate change education and/or training through their organisation.
Business continuity and disruptions to providing health care services will also test health organisations, which is identified through this research as a topic that leaders are less familiar with. Critical infrastructure challenges are on the rise and sharing lessons learned from responses will assist with a greater awareness of short- and longer-term impacts. Climate mitigation activities at the local level will lessen the burden of the more acute shocks to the health system, and there is opportunity for further development of health leaders in this respect. Health leaders regardless of level of seniority will need to advocate and share how their organisations are being impacted and disrupted. National and federal levels of the health system will need information from those at local and community levels and communication and reporting will be vital to adapt to the changing climate.
[bookmark: _Toc225937222]Suggestions for Future Research
[bookmark: _Toc225937223]A case for mix methods research
Despite the survey being anonymous, bias may be present within the results, especially given self-reporting scales were used to report competence and capacity. Respondents may over or underestimate their competence. It may be that respondents may not understand the topic statements, as some of the terminology is specific to climate and health topics. Given the lower rates of respondent groups, such as those in the community, there may be unfamiliarity with the statements themselves. Adding a qualitative approach and using mixed methods would allow for a deeper understanding of the qualitative results.
As captured in the literature review section, competency and capacity topics for this research were based on Sorensen et al. (2023) and Jagals and Ebi (2021) work. These two frameworks, while foundational, can be further reviewed and expanded upon with input from experts in the field. Furthermore, specific climate and health competencies could be identified as those relevant to leadership. This was a limitation of the research, the topic list was not weighted nor stratified to competencies relevant to different roles, including leadership, within health organisations- as it was out of scope. 
Climate change influenced extreme weather events in Canada, and the UK present an opportunity to understand how leadership functions during emergencies. Healthcare organisations across Canada have inconsistent approaches to developing leaders to effectively manage emergencies. As described in Wolter et al. (2015; cited in Sriharan, et al., 2022) healthcare leaders commonly progress through health organisations based on their years of experience in a specific area of focus. This recruitment strategy does not necessarily account for exposure nor performance when managing emergencies. 
There is an inherent methodological limitation with the self reporting nature of this study. Self reporting, while effective in cost and efficient in time (Woodfield, 2026), the way in which information is processed by respondents may be biased (Oeberst and Imhoff, 2023). Using instrumentation that account for established psychometric properties (Martinez, Lewis, and Weiner, 2014), is one potential solution to the limitation of this work. A mixed methods approach could be used to review evaluation data drawn from the climate education programmes within respondent’s organisations. 
Furthermore, triangulating through mixed methods could be used to enhance this research and to gain greater clarity (Tonkin-Crine, et al., 2016). One method, as outlined in Chapter 3, is the use of explanatory sequential design. This mixed methods design could be used to consider the self-reporting data and to verify with organisational leaders how actions taken demonstrated competence. This approach could further explore barriers to capacity, not only from a leader perspective, but in how staff prepare for climate change influenced disasters. In addition, leaders could be asked, through a semi-structured interview, to report on observable performance from previous responses.
Therein lies the methodological imperative to explore this topic through a mixed methods approach. As this study has captured, quantitative measures are limited in providing a definitive answer to the question “how do health leaders navigate organisations through climate change”. The analysis must go beyond self perceptions and explore how real-world performance can be measured and how it is influenced by climate and health education. There is a urgency to this inquiry and a need to further engage health leaders on their competence in relation to the climate crisis. 
[bookmark: _Toc225937224]Climate change and health competencies and measuring effectiveness
This research describes the extent of education and health leader competency and capacity for related topics. As noted in Chapter 2 whether education and/or training is effective in building competencies is not well understood in the context of climate change. An area of inquiry that can be considered in future research is to determine if education and/or training is effective. This can include research design aimed at having health leaders reflect on their current level of competence, such as using a scale to self rate, and share how they reached competence. By determining activities that lead to competence in climate change and health topics, research could better guide educational practices. This has general applicability for health professionals, however given the gap in education and/or training for health leaders there is a primacy to this research. 
Recently core competencies in climate change have gained attention including assessment approaches for climate change preparedness, response and recovery in groups such as public health professionals (Perreault-Carranza, et al., 2024). However, approaches are reliant on evaluations of the material and lack demonstrating competency. There is a movement to build knowledge within health professional groups on climate change (Boekels, et al., 2023), but again those aimed at leaders using effectiveness instruments are limited.
As mentioned above, a mixed methods approach, specifically drawing from triangulation methods would benefit further inquiry (Tonkin-Crine, et al., 2016). A 360-degree qualitative interview is one approach that could be used to assist in measuring objective preparedness, competence and capacity (Garbett, et al., 2007). Health leader assessments could be compared against self-reported data to look for how the data between interviews and questionnaires aligns or diverges. This would be more resource intensive and require that leaders to be open to assessment.
[bookmark: _Toc225937225]Further exploration of higher income healthcare systems
The UK and Canada are only two of several higher income countries that face climate change impacts. While these health systems share similarities, such as receiving public funding to operate, there is an opportunity to compare leader competencies and capacity between other health systems. Additional insights may be drawn from countries with greater differences in their health systems, such as the United States. Recently, much discourse has been happening in relation to the education of the workforce and enhancing health system climate resilience. By comparing additional countries would shine a light on this phenomenon and provide a more complete picture.
Digging deeper into climate influenced disaster education and training between countries is of value. To what degree does frequency of exposure and/or experience influence competence of health leaders in managing climate influenced emergencies or disasters. Furthermore, what will be required during longer duration events or those of a poly-crisis nature. In addition, how are lessons learned shared within the health sector and does this occur between health systems.
[bookmark: _Toc225937226]Integrating climate change and health education with low- and middle-income health care systems
Low and middle-income countries (LMICs) are disproportionately impacted by the effects of climate change on human health (Bianco, 2024). While resources may be limited and critical infrastructure less effective during climate influenced emergencies the management of these events has similarities. There is much that can be learned from through the experience of LMICs, especially given these challenges. 
Levels of education on climate change and health topics such as emergency management could provide further insights on health leader gaps. Unique trends may become more evident that are specific to countries within proximity to one another or uncover regional opportunities. From this data more effective strategies could be considered between health systems. The work to address leadership competencies and capacity does not have to be limited to national or local level health systems, rather could be developed jointly through partnerships. 
 As suggested by Mournier-Jack et al. (2017) there is value in integrating comparative learning between health systems in high-and low-income health care systems. This research provides a method in which to build knowledge of the levels of competency and capacity but is limited to two high income countries. Expanding methods across to low-and middle income and high-income countries would allow for further comparative analysis. There is also value in integrating findings into international level health system guidance for health leader education. While development of education and/or training is likely to occur, and has importance, at a more local level, best practices can be highlighted in a global context. 
[bookmark: _Toc225937227]Crisis Management Paradigm
Another opportunity for future research is to further explore crisis management in the context of climate influenced emergencies. This body of research used a general approach to determining competency and capacity for ‘managing’ extreme weather, to offer a glimpse into this function. Future research can expand on the management to include the dimensions of crisis management and its aspects. For example, how does the organisation mitigate and/or prevent climate influenced hazards and what are effective strategies. Another aspect is how organisations recover from climate influenced hazards and what are the key differences from non-climate influenced hazards.
While attention has been given more recently to adaptation, a question for future research is how does health leader education in climate and health effect adaptation to climate change. While workforce capacity has been linked to health system resilience (Clarke et al., 2025) to what degree does this influence the health organisation’s ability to adapt to crisis. This can be expanded to levels of adaptation during prolonged or poly-crisis events. 
[bookmark: _Toc225937228]Conclusion
Health systems will need to better measure climate and health education and/or training and whether competencies are being achieved. This may include having systems that monitor and measure performance. In addition, climate change and health education can be added to performance evaluations if made a clear requirement for health leaders. Time is running out with the more acute presentations of climate change becoming more frequent and severe through extreme weather events. This research highlights this with those working as health leaders in Canada and the UK experiencing climate influenced extreme weather within the past two years. 
When revisiting the main research question health leaders are mostly educated and/or trained through self learning opportunities outside of their organisations. Capacity to achieve competencies is dependent on factors such as role setting, however moderate levels of capacity were reported by respondents in the UK and Canada. Whether health leaders are competent to navigate health organisations through a changing climate is a more nuanced answer. Overall health leaders have ranging levels of competency, however, generally are competent in health and climate topics of competence. These competencies can be applied to leading health organisations. In terms of the more acute impacts of changing climate, leaders are more limited in both competency and capacity to managing extreme weather events and impacts on their organisations. There are also inconsistencies in the level of seniority amongst leaders in health organisations as it relates to competency. Leaders across the organisation regardless of their role setting will need to contribute and navigate organisations in a coordinated way.
Secondarily to this question is whether climate change and health education is available, and applicable, to health professionals through a variety of opportunities. This research demonstrated that climate change and health education and/or training is applicable to health leaders in both Canada and the UK regardless of seniority or setting of roles. Education is available through a variety of opportunities external to the organisation. Within health organisations opportunities for health and climate education are less available and vary greatly across health organisations. 
Limitations exist within this body of research with opportunities to build on this knowledge utilizing mixed methods approaches. The intent was to determine the extent of leader competence and competency, however asking what is missing and what’s important are two questions to guide future research. The scoping review provides insights into the types of education intervention targeting health professionals. Although competencies were mapped, there is still the question around effectiveness on the type, duration and frequency of interventions and if they led to heightened levels of competence. This leads to the importance of this research that can be built upon with climate change education that considers how to increase and measure competence in health leaders.
This research encourages further exploration of climate change and health competencies, most notably what leaders see as the priorities and how they can be developed and supported by their organisations. There is an opportunity for a mixed methods approach and to build a competency inventory specific to leaders and to further align leadership competencies with those used within health and climate change topics. Climate change will challenge health leaders and adapting to this level of change requires leaders who are competent and have capacity to grow. Furthermore, opportunities exist to integrate systems leadership framework into climate change education to prepare leaders at all levels of health organisations to navigate complexities exacerbated by the changing climate. 
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Database:
Ovid MEDLINE(R) and Epub Ahead of Print, In-Process, In-Data-Review & Other Non-Indexed Citations, Daily and Versions <1946 to April 18, 2024>


	#
	Query
	Results from 19 Apr 2024

	1
	climate change/ or climate change mitigation/
	28,480

	2
	(proficien* or skill* or knowled* or competenc* or capacit* or capabil* or abili*).mp. [mp=title, book title, abstract, original title, name of substance word, subject heading word, floating sub-heading word, keyword heading word, organism supplementary concept word, protocol supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms, population supplementary concept word, anatomy supplementary concept word]
	3,421,204

	3
	drought/
	12,924

	4
	(educat* or train* or instruc* or teach* or coach* or taught or course* or pre-regist* or preregistration or degree or baccalaureate or CPD or syllab* or curricu*).mp. [mp=title, book title, abstract, original title, name of substance word, subject heading word, floating sub-heading word, keyword heading word, organism supplementary concept word, protocol supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms, population supplementary concept word, anatomy supplementary concept word]
	3,310,157

	5
	(midwi* or surgeon* or radiographer* or paramedic* or registrar* or consultant* or emergency physician* or nurs* or doctor* or health worker* or health* staff or health* employ* or health* worker*).mp. [mp=title, book title, abstract, original title, name of substance word, subject heading word, floating sub-heading word, keyword heading word, organism supplementary concept word, protocol supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms, population supplementary concept word, anatomy supplementary concept word]
	1,330,082

	6
	exp Health Personnel/
	631,166

	7
	climate change/ or global warming/ or droughts/ or floods/
	47,275

	8
	(proficien* or skill* or knowled* or competenc* or capacit* or capabil* or abili* or educat* or train* or instruc* or course* or pre-regist* or preregistration or CPD or syllab* or curricu*).mp. [mp=title, book title, abstract, original title, name of substance word, subject heading word, floating sub-heading word, keyword heading word, organism supplementary concept word, protocol supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms, population supplementary concept word, anatomy supplementary concept word]
	5,398,995

	9
	5 or 6 or 8
	6,426,828

	10
	7 and 9
	10,232

	11
	(physician* or nurs* or doctor* or health worker* or health* staff or health* employ* or health* worker*).mp. [mp=title, book title, abstract, original title, name of substance word, subject heading word, floating sub-heading word, keyword heading word, organism supplementary concept word, protocol supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms, population supplementary concept word, anatomy supplementary concept word]
	1,575,038

	12
	6 or 8 or 11
	6,514,453

	13
	7 and 12
	10,290

	14
	(proficien* or skill* or knowled* or competenc* or capacit* or capabil* or abili* or educat* or train* or instruc* or course* or syllab* or curricu*).mp. [mp=title, book title, abstract, original title, name of substance word, subject heading word, floating sub-heading word, keyword heading word, organism supplementary concept word, protocol supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms, population supplementary concept word, anatomy supplementary concept word]
	5,391,592

	15
	5 or 6 or 14
	6,419,662

	16
	7 and 15
	10,228

	17
	6 or 11 or 14
	6,507,293

	18
	7 and 17
	10,286

	19
	limit 18 to (english language and yr="2015 -Current")
	7,911

	20
	climate change/ or global warming/
	32,318

	21
	17 and 20
	7,046

	22
	limit 21 to (english language and yr="2015 -Current")
	5,500



Embase (Via Ovid) <1974 to 2024 Week 15>
Search conducted on April 19, 2024

	#
	Query
	Results from 19 Apr 2024

	1
	climate change/ or climate change mitigation/
	64,555

	2
	(proficien* or skill* or knowled* or competenc* or capacit* or capabil* or abili*).mp. [mp=title, abstract, heading word, drug trade name, original title, device manufacturer, drug manufacturer, device trade name, keyword heading word, floating subheading word, candidate term word]
	4,161,741

	3
	drought/
	16,629

	4
	flooding/
	10,555

	5
	(educat* or train* or instruc* or teach* or coach* or taught or course* or pre-regist* or preregistration or degree or baccalaureate or CPD or syllab* or Curricu*).mp. [mp=title, abstract, heading word, drug trade name, original title, device manufacturer, drug manufacturer, device trade name, keyword heading word, floating subheading word, candidate term word]
	4,811,007

	6
	(midwi* or surgeon* or radiographer* or paramedic* or registrar* or consultant* or emergency physician* or nurs* or doctor* or health worker* or health* staff or health* employ* or health* worker*).mp. [mp=title, abstract, heading word, drug trade name, original title, device manufacturer, drug manufacturer, device trade name, keyword heading word, floating subheading word, candidate term word]
	1,788,449

	7
	exp health care personnel/
	2,047,390

	8
	climate change/ or global warming/ or droughts/ or floods/
	97,429

	9
	exp Health Personnel/
	2,047,390

	10
	5 or 6 or 7
	6,825,970

	11
	8 and 10
	9,911

	12
	limit 11 to (english language and yr="2015 -Current")
	7,226

	13
	1 or 3 or 4
	86,146

	14
	5 or 6 or 7
	6,825,970

	15
	13 and 14
	9,209

	16
	limit 15 to (english language and "remove medline records" and yr="2015 -Current")
	3,323


CINAHL (Via Ebscohost) 
( climate change or global warming ) AND ( proficien* or skill* or knowled* or competenc* or capacit* or capabil* or abili* or educat* or train* or instruc* or teach* or coach* or taught or course* or pre-regist* or preregistration or degree or baccalaureate or CPD or syllab* or Curricu* ) AND ( midwi* or surgeon* or radiographer* or paramedic* or registrar* or consultant* or emergency physician* or nurs* or doctor* or health worker* or health* staff or health* employ* or health* worker* ) 
Results: 356
[bookmark: _Toc225937231]Appendix II: Data extraction instrument
	Reference, First Author, Date

	

	Country National or Regional

	

	Organisational, Academic Institution, Conference 

	

	Grey Literature (y/n)

	

	Date of intervention/ type/duration

	

	Outcome Measures

	

	Participants, n

	

	Competencies addressed (Jagals and Ebi 1-6)

	

	Competencies addressed (GCCEH 1-5)

	

	Target health professional group

	

	

	Key Findings

	

	Teaching materials available Y/N
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Figure 16:Mean Scores of Self-rated Compentecies based on Country of Employement (0-5 Scale)

Employer provides services in Canada	
Public health improvements and implementation strategies to increase resiliency within your specific jurisdictional boundaries	Share lessons learned from emergency responses within your specific jurisdictional boundaries	Manage extreme weather and climate emergencies	Guide climate change and health related policy that is evidence informed	Engage policy makers on current policy landscape on climate change and health topics in your specific jurisdictional boundaries	Build or participation in community partnerships related to climate change within your specific jurisdictional boundaries	Communication of health impacts and community advocacy within your specific jurisdictional boundaries.	Resilient health systems and practices	Community mitigation and adaptation strategies in specific jurisdictional boundaries	Assessing and addressing risk (collaboration, assess vulnerabilities, build resilience, conduct planning) to project risks and future trends	Assessing climate influenced risks to your organisation or jurisdiction	Conduct, synthesize and action evidence and research related to climate change	Health system mitigation and adaptation strategies (emissions and waste reduction)	Climate change vulnerabilities and hazards in your specific jurisdictional boundaries	Health system climate change vulnerabilities and hazards	Drivers and pressures of climate change	Population and individual climate change exposure and health outcomes specific to your jurisdictional boundaries	Climate change policy, frameworks, legislation at national and sub national levels	The effects of climate change on human health	3	3.5	3.1	3	3.1	3.4	3.4	3.1	2.9	3	3.1	3.1	3.3	4.0999999999999996	3.8	3.6	3.7	3.3	3.7	Employer provides services in the UK	
Public health improvements and implementation strategies to increase resiliency within your specific jurisdictional boundaries	Share lessons learned from emergency responses within your specific jurisdictional boundaries	Manage extreme weather and climate emergencies	Guide climate change and health related policy that is evidence informed	Engage policy makers on current policy landscape on climate change and health topics in your specific jurisdictional boundaries	Build or participation in community partnerships related to climate change within your specific jurisdictional boundaries	Communication of health impacts and community advocacy within your specific jurisdictional boundaries.	Resilient health systems and practices	Community mitigation and adaptation strategies in specific jurisdictional boundaries	Assessing and addressing risk (collaboration, assess vulnerabilities, build resilience, conduct planning) to project risks and future trends	Assessing climate influenced risks to your organisation or jurisdiction	Conduct, synthesize and action evidence and research related to climate change	Health system mitigation and adaptation strategies (emissions and waste reduction)	Climate change vulnerabilities and hazards in your specific jurisdictional boundaries	Health system climate change vulnerabilities and hazards	Drivers and pressures of climate change	Population and individual climate change exposure and health outcomes specific to your jurisdictional boundaries	Climate change policy, frameworks, legislation at national and sub national levels	The effects of climate change on human health	2.6	2.8	2.4	3.1	3.2	3	3.2	3	2.8	2.9	3.2	3.1	3.9	3.3	3.6	3.9	3.1	3.5	3.3	


Figure 17: Mean Scores of Self-rated Capacity based on Country of Employement (0-2 Scale)

Employer provides services in Canada	
Public health improvements and implementation strategies to increase resiliency within your specific jurisdictional boundaries	Share lessons learned from emergency responses within your specific jurisdictional boundaries	Manage extreme weather and climate emergencies	Guide climate change and health related policy that is evidence informed	Engage policy makers on current policy landscape on climate change and health topics in your specific jurisdictional boundaries	Build or participation in community partnerships related to climate change within your specific jurisdictional boundaries	Communication of health impacts and community advocacy within your specific jurisdictional boundaries.	Resilient health systems and practices	Community mitigation and adaptation strategies in specific jurisdictional boundaries	Assessing and addressing risk (collaboration, assess vulnerabilities, build resilience, conduct planning) to project risks and future trends	Assessing climate influenced risks to your organisation or jurisdiction	Conduct, synthesize and action evidence and research related to climate change	Health system mitigation and adaptation strategies (emissions and waste reduction)	Climate change vulnerabilities and hazards in your specific jurisdictional boundaries	Health system climate change vulnerabilities and hazards	Drivers and pressures of climate change	Population and individual climate change exposure and health outcomes specific to your jurisdictional boundaries	Climate change policy, frameworks, legislation at national and sub national levels	The effects of climate change on human health	1.1000000000000001	1.3	1.1000000000000001	1.1000000000000001	1.2	1.4	1.4	1.3	1.2	1.4	1.2	0.9	1.3	1.6	1.5	1.1000000000000001	1.3	1.2	1.3	Employer provides services in the UK	
Public health improvements and implementation strategies to increase resiliency within your specific jurisdictional boundaries	Share lessons learned from emergency responses within your specific jurisdictional boundaries	Manage extreme weather and climate emergencies	Guide climate change and health related policy that is evidence informed	Engage policy makers on current policy landscape on climate change and health topics in your specific jurisdictional boundaries	Build or participation in community partnerships related to climate change within your specific jurisdictional boundaries	Communication of health impacts and community advocacy within your specific jurisdictional boundaries.	Resilient health systems and practices	Community mitigation and adaptation strategies in specific jurisdictional boundaries	Assessing and addressing risk (collaboration, assess vulnerabilities, build resilience, conduct planning) to project risks and future trends	Assessing climate influenced risks to your organisation or jurisdiction	Conduct, synthesize and action evidence and research related to climate change	Health system mitigation and adaptation strategies (emissions and waste reduction)	Climate change vulnerabilities and hazards in your specific jurisdictional boundaries	Health system climate change vulnerabilities and hazards	Drivers and pressures of climate change	Population and individual climate change exposure and health outcomes specific to your jurisdictional boundaries	Climate change policy, frameworks, legislation at national and sub national levels	The effects of climate change on human health	0.9	1.1000000000000001	0.9	1.2	1.2	1	1.2	1.1000000000000001	1	1.2	1.3	0.9	1.4	1.3	1.5	1.4	1.3	1.3	1.5	


Figure 18: Mean Scores of Self-rated Compentecies based on level of Seniority (0-5 Scale)

Manager and Below	
Public health improvements and implementation strategies to increase resiliency within your specific jurisdictional boundaries	Share lessons learned from emergency responses within your specific jurisdictional boundaries	Manage extreme weather and climate emergencies	Guide climate change and health related policy that is evidence informed	Engage policy makers on current policy landscape on climate change and health topics in your specific jurisdictional boundaries	Build or participation in community partnerships related to climate change within your specific jurisdictional boundaries	Communication of health impacts and community advocacy within your specific jurisdictional boundaries.	Resilient health systems and practices	Community mitigation and adaptation strategies in specific jurisdictional boundaries	Assessing and addressing risk (collaboration, assess vulnerabilities, build resilience, conduct planning) to project risks and future trends	Assessing climate influenced risks to your organisation or jurisdiction	Conduct, synthesize and action evidence and research related to climate change	Health system mitigation and adaptation strategies (emissions and waste reduction)	Climate change vulnerabilities and hazards in your specific jurisdictional boundaries	Health system climate change vulnerabilities and hazards	Drivers and pressures of climate change	Population and individual climate change exposure and health outcomes specific to your jurisdictional boundaries	Climate change policy, frameworks, legislation at national and sub national levels	The effects of climate change on human health	2.7	3	2.4	3.1	3.1	3.1	3.2	3.1	2.9	2.9	3.1	3.2	3.8	3.5	3.7	3.9	3.3	3.5	3.8	Director and Above	
Public health improvements and implementation strategies to increase resiliency within your specific jurisdictional boundaries	Share lessons learned from emergency responses within your specific jurisdictional boundaries	Manage extreme weather and climate emergencies	Guide climate change and health related policy that is evidence informed	Engage policy makers on current policy landscape on climate change and health topics in your specific jurisdictional boundaries	Build or participation in community partnerships related to climate change within your specific jurisdictional boundaries	Communication of health impacts and community advocacy within your specific jurisdictional boundaries.	Resilient health systems and practices	Community mitigation and adaptation strategies in specific jurisdictional boundaries	Assessing and addressing risk (collaboration, assess vulnerabilities, build resilience, conduct planning) to project risks and future trends	Assessing climate influenced risks to your organisation or jurisdiction	Conduct, synthesize and action evidence and research related to climate change	Health system mitigation and adaptation strategies (emissions and waste reduction)	Climate change vulnerabilities and hazards in your specific jurisdictional boundaries	Health system climate change vulnerabilities and hazards	Drivers and pressures of climate change	Population and individual climate change exposure and health outcomes specific to your jurisdictional boundaries	Climate change policy, frameworks, legislation at national and sub national levels	The effects of climate change on human health	2.6	3.2	3.1	2.8	3.2	3.3	3.1	2.6	2.6	2.9	3	2.7	3.4	3.6	3.4	3.2	3.2	3	3.3	


Figure 19: Mean Scores of Organisation and Climate Change Education and role setting (1-5 Scale)

Hospital setting	
I am aware of climate influenced hazards within the geographical jurisdiction of where my duties are carried out	Climate and health topics I am educated on, or trained in, have included business continuity planning for climate influenced emergencies/disasters	Climate and health topics I am educated on, or trained in, have included management of climate influenced emergencies/disasters (e.g. extreme weather events such as heat, floods, etc).	I am actively involved in setting direction within my organization for education and/or training for climate change	Health and climate education and/or training applicable for executive, organizational or trust administrator level within the organisation	Health and climate education and/or training initiatives applicable for director or program administrator level within the organisation	Health and climate education and/or training applicable for managerial level within the organisation	Health and climate education and/or training initiatives applicable for below managerial level within the organisation	My organisation has been impacted by climate influenced emergencies in the last 2 years	My organisation promotes external health and climate education and/or training for health professionals within the organisation for climate change initiatives	My organisation has developed health and climate education and/or training for health professionals within the organisation for climate change initiatives.	My organisation has a dedicated person or team responsible for climate change education and/or training for climate change initiatives.	1.9	2.9	3.2	2.5	1.9	1.9	1.9	2	2.8	2.9	2.8	2.2999999999999998	Community setting	
I am aware of climate influenced hazards within the geographical jurisdiction of where my duties are carried out	Climate and health topics I am educated on, or trained in, have included business continuity planning for climate influenced emergencies/disasters	Climate and health topics I am educated on, or trained in, have included management of climate influenced emergencies/disasters (e.g. extreme weather events such as heat, floods, etc).	I am actively involved in setting direction within my organization for education and/or training for climate change	Health and climate education and/or training applicable for executive, organizational or trust administrator level within the organisation	Health and climate education and/or training initiatives applicable for director or program administrator level within the organisation	Health and climate education and/or training applicable for managerial level within the organisation	Health and climate education and/or training initiatives applicable for below managerial level within the organisation	My organisation has been impacted by climate influenced emergencies in the last 2 years	My organisation promotes external health and climate education and/or training for health professionals within the organisation for climate change initiatives	My organisation has developed health and climate education and/or training for health professionals within the organisation for climate change initiatives.	My organisation has a dedicated person or team responsible for climate change education and/or training for climate change initiatives.	1.9	2.6	2.4	3.5	2.1	1.6	2.6	2.2999999999999998	1.9	3.3	3.1	3	Corporate/Adminstrative setting	
I am aware of climate influenced hazards within the geographical jurisdiction of where my duties are carried out	Climate and health topics I am educated on, or trained in, have included business continuity planning for climate influenced emergencies/disasters	Climate and health topics I am educated on, or trained in, have included management of climate influenced emergencies/disasters (e.g. extreme weather events such as heat, floods, etc).	I am actively involved in setting direction within my organization for education and/or training for climate change	Health and climate education and/or training applicable for executive, organizational or trust administrator level within the organisation	Health and climate education and/or training initiatives applicable for director or program administrator level within the organisation	Health and climate education and/or training applicable for managerial level within the organisation	Health and climate education and/or training initiatives applicable for below managerial level within the organisation	My organisation has been impacted by climate influenced emergencies in the last 2 years	My organisation promotes external health and climate education and/or training for health professionals within the organisation for climate change initiatives	My organisation has developed health and climate education and/or training for health professionals within the organisation for climate change initiatives.	My organisation has a dedicated person or team responsible for climate change education and/or training for climate change initiatives.	1.5	2.4	2	1.8	1.3	1.4	1.5	1.6	1.5	2.5	2.4	2.2999999999999998	


Figure 20: Percentage of affirmative (yes) answers

Hospital setting	I have received climate change education and/or training through my organisation.	I have received climate change education and/or training	0.375	0.68799999999999994	Community setting	I have received climate change education and/or training through my organisation.	I have received climate change education and/or training	0.25	0.5	Corporate/Adminstrative setting	I have received climate change education and/or training through my organisation.	I have received climate change education and/or training	0.51400000000000001	0.88600000000000001	



Figure 21: Mean Scores of Self-rated Compentency based on Role Setting (0-5 Scale)

Hospital setting	
Public health improvements and implementation strategies to increase resiliency within your specific jurisdictional boundaries	Share lessons learned from emergency responses within your specific jurisdictional boundaries	Manage extreme weather and climate emergencies	Guide climate change and health related policy that is evidence informed	Engage policy makers on current policy landscape on climate change and health topics in your specific jurisdictional boundaries	Build or participation in community partnerships related to climate change within your specific jurisdictional boundaries	Communication of health impacts and community advocacy within your specific jurisdictional boundaries.	Resilient health systems and practices	Community mitigation and adaptation strategies in specific jurisdictional boundaries	Assessing and addressing risk (collaboration, assess vulnerabilities, build resilience, conduct planning) to project risks and future trends	Assessing climate influenced risks to your organisation or jurisdiction	Conduct, synthesize and action evidence and research related to climate change	Health system mitigation and adaptation strategies (emissions and waste reduction)	Climate change vulnerabilities and hazards in your specific jurisdictional boundaries	Health system climate change vulnerabilities and hazards	Drivers and pressures of climate change	Population and individual climate change exposure and health outcomes specific to your jurisdictional boundaries	Climate change policy, frameworks, legislation at national and sub national levels	The effects of climate change on human health	2.4	2.7	2.4	2.7	2.9	2.9	3	2.5	2.2999999999999998	2.6	2.9	2.9	3.6	3.1	3.2	3.4	2.6	3.1	3.2	Community setting	
Public health improvements and implementation strategies to increase resiliency within your specific jurisdictional boundaries	Share lessons learned from emergency responses within your specific jurisdictional boundaries	Manage extreme weather and climate emergencies	Guide climate change and health related policy that is evidence informed	Engage policy makers on current policy landscape on climate change and health topics in your specific jurisdictional boundaries	Build or participation in community partnerships related to climate change within your specific jurisdictional boundaries	Communication of health impacts and community advocacy within your specific jurisdictional boundaries.	Resilient health systems and practices	Community mitigation and adaptation strategies in specific jurisdictional boundaries	Assessing and addressing risk (collaboration, assess vulnerabilities, build resilience, conduct planning) to project risks and future trends	Assessing climate influenced risks to your organisation or jurisdiction	Conduct, synthesize and action evidence and research related to climate change	Health system mitigation and adaptation strategies (emissions and waste reduction)	Climate change vulnerabilities and hazards in your specific jurisdictional boundaries	Health system climate change vulnerabilities and hazards	Drivers and pressures of climate change	Population and individual climate change exposure and health outcomes specific to your jurisdictional boundaries	Climate change policy, frameworks, legislation at national and sub national levels	The effects of climate change on human health	3.2	2.7	2.2000000000000002	3	3.5	3.3	3.3	2.8	2.8	2.5	2.5	2.5	3	3.7	3.2	3.5	3.3	3	3.8	Corporate/Admin setting	
Public health improvements and implementation strategies to increase resiliency within your specific jurisdictional boundaries	Share lessons learned from emergency responses within your specific jurisdictional boundaries	Manage extreme weather and climate emergencies	Guide climate change and health related policy that is evidence informed	Engage policy makers on current policy landscape on climate change and health topics in your specific jurisdictional boundaries	Build or participation in community partnerships related to climate change within your specific jurisdictional boundaries	Communication of health impacts and community advocacy within your specific jurisdictional boundaries.	Resilient health systems and practices	Community mitigation and adaptation strategies in specific jurisdictional boundaries	Assessing and addressing risk (collaboration, assess vulnerabilities, build resilience, conduct planning) to project risks and future trends	Assessing climate influenced risks to your organisation or jurisdiction	Conduct, synthesize and action evidence and research related to climate change	Health system mitigation and adaptation strategies (emissions and waste reduction)	Climate change vulnerabilities and hazards in your specific jurisdictional boundaries	Health system climate change vulnerabilities and hazards	Drivers and pressures of climate change	Population and individual climate change exposure and health outcomes specific to your jurisdictional boundaries	Climate change policy, frameworks, legislation at national and sub national levels	The effects of climate change on human health	2.8	3.2	2.8	3.3	3.2	3.2	3.3	3	3	3.2	3.4	3.3	3.9	3.8	4	4.0999999999999996	3.6	3.6	3.9	


Figure 22: Mean Scores of Self-rated Capacity based on Role Setting (0-2 Scale)

Hospital setting	
Public health improvements and implementation strategies to increase resiliency within your specific jurisdictional boundaries	Share lessons learned from emergency responses within your specific jurisdictional boundaries	Manage extreme weather and climate emergencies	Guide climate change and health related policy that is evidence informed	Engage policy makers on current policy landscape on climate change and health topics in your specific jurisdictional boundaries	Build or participation in community partnerships related to climate change within your specific jurisdictional boundaries	Communication of health impacts and community advocacy within your specific jurisdictional boundaries.	Resilient health systems and practices	Community mitigation and adaptation strategies in specific jurisdictional boundaries	Assessing and addressing risk (collaboration, assess vulnerabilities, build resilience, conduct planning) to project risks and future trends	Assessing climate influenced risks to your organisation or jurisdiction	Conduct, synthesize and action evidence and research related to climate change	Health system mitigation and adaptation strategies (emissions and waste reduction)	Climate change vulnerabilities and hazards in your specific jurisdictional boundaries	Health system climate change vulnerabilities and hazards	Drivers and pressures of climate change	Population and individual climate change exposure and health outcomes specific to your jurisdictional boundaries	Climate change policy, frameworks, legislation at national and sub national levels	The effects of climate change on human health	0.8	1.2	1	1.1000000000000001	1.2	1.2	1.2	1.2	1	1.4	1.4	1.2	1.4	1.4	1.4	1.4	1.4	1.4	1.4	Community setting	
Public health improvements and implementation strategies to increase resiliency within your specific jurisdictional boundaries	Share lessons learned from emergency responses within your specific jurisdictional boundaries	Manage extreme weather and climate emergencies	Guide climate change and health related policy that is evidence informed	Engage policy makers on current policy landscape on climate change and health topics in your specific jurisdictional boundaries	Build or participation in community partnerships related to climate change within your specific jurisdictional boundaries	Communication of health impacts and community advocacy within your specific jurisdictional boundaries.	Resilient health systems and practices	Community mitigation and adaptation strategies in specific jurisdictional boundaries	Assessing and addressing risk (collaboration, assess vulnerabilities, build resilience, conduct planning) to project risks and future trends	Assessing climate influenced risks to your organisation or jurisdiction	Conduct, synthesize and action evidence and research related to climate change	Health system mitigation and adaptation strategies (emissions and waste reduction)	Climate change vulnerabilities and hazards in your specific jurisdictional boundaries	Health system climate change vulnerabilities and hazards	Drivers and pressures of climate change	Population and individual climate change exposure and health outcomes specific to your jurisdictional boundaries	Climate change policy, frameworks, legislation at national and sub national levels	The effects of climate change on human health	0.6	0.8	0.8	1.2	1.3	1.5	1.5	1	1.2	1	0.8	0.8	0.8	1.3	1.3	1.2	1.3	1	1.3	Corporate/Admin setting	
Public health improvements and implementation strategies to increase resiliency within your specific jurisdictional boundaries	Share lessons learned from emergency responses within your specific jurisdictional boundaries	Manage extreme weather and climate emergencies	Guide climate change and health related policy that is evidence informed	Engage policy makers on current policy landscape on climate change and health topics in your specific jurisdictional boundaries	Build or participation in community partnerships related to climate change within your specific jurisdictional boundaries	Communication of health impacts and community advocacy within your specific jurisdictional boundaries.	Resilient health systems and practices	Community mitigation and adaptation strategies in specific jurisdictional boundaries	Assessing and addressing risk (collaboration, assess vulnerabilities, build resilience, conduct planning) to project risks and future trends	Assessing climate influenced risks to your organisation or jurisdiction	Conduct, synthesize and action evidence and research related to climate change	Health system mitigation and adaptation strategies (emissions and waste reduction)	Climate change vulnerabilities and hazards in your specific jurisdictional boundaries	Health system climate change vulnerabilities and hazards	Drivers and pressures of climate change	Population and individual climate change exposure and health outcomes specific to your jurisdictional boundaries	Climate change policy, frameworks, legislation at national and sub national levels	The effects of climate change on human health	1	1.2	1	1.2	1.2	1	1.2	1.1000000000000001	1.1000000000000001	1.3	1.3	0.9	1.5	1.4	1.5	1.3	1.3	1.3	1.5	
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Climate Competence: Self-Rated Capacity (N=53)
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PRISMA 2020 flow diagram for new systematic reviews which included searches of databases and registers only
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